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Summary  
	
3.	Diagnosing	the	condition	of	the	pulp		
To	determine	the	sensibility	and,	indirectly,	the	vitality	of	the	pulp,	the	study	group	suggests	the	use	of	
the	cold	test	and	electrical	test.		
[unchanged	after	update	2022/3]	
	
Rational		
Of	none	of	the	tests	to	determine	the	sensibility	and,	indirectly,	vitality	of	the	pulp,	the	diagnostic	value	
has	been	scientifically	demonstrated	with	a	reasonable	to	high	degree	of	certainty.	Of	the	tests	based	
on	measuring	a	response	to	sensory	stimuli,	the	cold	test	and	electrical	test	appear	to	be	the	most	sen-
sitive/specific.	Moreover,	they	are	noninvasive,	inexpensive	tests.	
Tests	based	on	the	measurement	of	blood	circulation	to	determine	the	vitality	of	the	pulp	have	not	yet	
been	investigated	in	a	sufficiently	robust	manner	to	be	applied	routinely,	and	are	also	relatively	ex-
pensive.	Therefore,	the	study	group	assumes	that	pulse	oximetry	and	laser	Doppler	flowmetry,	in	part	
because	of	the	costs	associated	with	them,	are	not	or	rarely	used	by	general	practitioners	for	the	time	
being.	
At	this	time,	one	cannot	rely	purely	on	the	results	of	sensibility	tests	for	an	accurate	diagnosis	of	the	
condition	of	the	pulp.		
The	working	group	believes	that	in	combination	with	the	medical	and	clinical	history,	intra-oral	exa-
mination	and	additional	X-ray	diagnosis,	one	can	ultimately	arrive	at	a	working	diagnosis.		
	
4.	Imaging	diagnostics	
A	periapical	X-ray	image	is	preferred	for	radiologically	assessing	the	condition	of	periapical	tissue.	If	
necessary,	multiple	images	can	be	taken	at	different	angles	to	avoid	overlap	and	get	a	better	view	of	
different	structures	without	a	3D	image.	
	
CBCT	should	not	be	used	by	default	as	an	imaging	technique	for	identifying	periapical	pathology.	The	
ALARA	principle	is	applied	here.	
	
High-resolution	CBCT	with	limited	volume	should	be	considered	when		
1)	no	clear	diagnosis	of	periapical	abnormalities	can	be	made	from	the	clinical	signs	and	periapical	
radiographs	because	of:		
	 (a)	conflicting	clinical	symptoms,	or		
	 b.	because	of	poorly	localized	symptoms	associated	with	an	un-treated	or	previously	endodon-
tically	treated	tooth.		
2)	[update	2022/3]	on	serious	suspicion	of	the	presence	of	an	additional	channel		
3)	[update	2022/3]	in	serious	suspicion	of	the	presence	of	a	vertical	root	fracture.	
	
Application	of	CBCT	should	only	be	done	by	a	dentist	or endodontist who	has	been	trained	in	it.	
Otherwise,	referral	to	a	dentist	or	endodontist	trained	in	it	is	necessary.	
		
When	using	CBCT	to	image	multiple	teeth	in	one	image,	radiological	abnormalities	of	other	teeth	
should	also	be	checked	for.	The	entire	image	should	be	assessed,	and	thus	all	the	different	tissues	and	
structures.	
[modified	after	update	2022/3:	added	two	indications	for	CBCT	and	formulated	recommendation	more	
strongly	on	this	basis]	
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Rational		
Despite	the	fact	that	the	cost	of	CBCT	versus	that	of	a	periapical	X-ray	image	is	higher,	CBCT	gives	a	
higher	radiation	exposure	than	a	periapical	X-ray	image	[update	2022/3],	the	working	group	gave	
great	weight	to	the	evidence	on	presence	of	an	extra	canal	and	a	vertical	root	fracture	as	well	as	the	
relevant	opinions	of	European	Society	of	Endodontology	position	statement	on	CBCT.	
	
5.	Treatment	of	pulpitis	
Consider	the	use	of	MTA*	when	partial	or	total	pulpotomy	is	chosen.		
[update	2022/3:	new	recommendation]*	see	glossary	(https://nvve.com/wp-
content/uploads/2018/03/Begrippenlijst-Endodontologie.pdf).	
	
	
Rationale	
The	working	group	placed	great	weight	on	the	more	favorable	clinical	effect	of	MTA	compared	to	cal-
cium	hydroxide,	the	multiple	uses	of	MTA,	and	little	weight	on	the	fact	that	MTA	is	more	expensive	
than	calcium	hydroxide.	
	
	
When	irreversible	pulpitis	is	suspected,	pulpectomy	is	the	standard	treatment.	[update	2022/3]	
However,	pulpotomy	may	be	considered,	with	the	advantages	and	disadvantages	of	pulpectomy	for	irre-
versible	pulpitis	discussed	with	the	patient	and	weighed	in	concert.	
[modified	after	update	2022/3:	the	old	recommendation	contained	a	passage	that	could	be	perceived	as	
discriminatory.	The	passage	read,	"In	case	of	limited	financial	resources,	pulpotomy	may	be	considered	
as	an	alternative."]	
	
Rational	
The	Working	Group	gave	considerable	weight	to	the	fact	that	despite	new	studies	published	since	
2016,	there	are	still	insufficient	studies	available	comparing	the	long-term	effects	(minimum	follow-up	
duration	of	48-60	months)	of	pulpotomy	with	those	of	pulpectomy.	On	this	basis,	pulpectomy	is	consi-
dered	the	standard	treatment	for	the	time	being.		
	
In	patients	with	permanent	dentition,	try	to	avoid	pulpal	exposure.	
	
[Update	2022/3]	Selective	removal	of	carious	tissue	is	preferable	to	'stepwise	excavation'.	
[modified	after	update	2022/3:	partial	removal	has	been	replaced	by	selective	removal	to	put	more	
emphasis	on	targeted	rather	than	partial	removal	of	carious	tissue]	
	
Rational	
The	working	group	placed	great	weight	on	avoiding	pulpal	exposure.	In	addition,	incomplete	removal	
of	carious	tissue	does	not	reduce	clinical	success,	provided	the	enamel-dentin	boundary	is	clean.		
Selective	removal	of	central	carious	tissue	can	be	done	in	one	sitting,	as	opposed	to	"stepwise	excava-
tion.	
	
	
For	patients	with	permanent	dentition	and	deep	caries	in	whom	pulpal	exposure	occurs,	MTA	and	
[update	2022/3]	Biodentine	are	the	agents	of	first	choice	as	direct	overdenture	materials.	
[modified	after	update	2022/3:	Biodentine	has	been	added	due	to	new	evidence].	
	
Rational	
The	working	group	gave	great	weight	to	the	fact	that	MTA	is	likely	to	be	less	likely	to	cause	treatment	
failure	than	calcium	hydroxide	and	is	the	most	researched	of	the	hydraulic	calcium	silicate-based	ce-
ments	(HCSCs),	and	gave	little	weight	to	the	higher	cost	of	MTA	and	Biodentine.	
	

https://nvve.com/wp-content/uploads/2018/03/Begrippenlijst-Endodontologie.pdf
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The	working	group	does	not	recommend	any	of	the	overdenture	materials	for	indirect	pulpal	over-
denture.	
[unchanged	after	update	2022/3]	
	
Rationale	
	The	working	groupgreat	weight	on	the	fact	that	it	is	far	from	certain	whether	or	not	overdenture	ma-
terial	is	necessary	at	all	in	indirect	pulpal	overdenture.	
	
Consider	treating	(irreversible)	pulpitis	in	one	sitting.	This	may	be	deviated	from	when	warranted	by	the	
presence	of	pain	(emergency),	the	difficulty	of	treatment	and/or	the	patient's	wishes.	
[update	2022/3:	new	recommendation]	
	
Rationale	
The	study	group	gave	great	weight	to	the	fact	that	treating	in	one	session	is	more	pleasant	for	the	pa-
tient	(convenience;	time	savings)	than	treating	in	two	sessions,	costs	less	and	the	risk	of	leakage	is	
reduced	(since	there	is	no	temporary	restoration	as	when	a	second	session	takes	place)	.	The	study	
group	gave	little	weight	to	the	possible	more	frequent	occurrence	of	post-operative	pain	within	one	
week.		
	
For	pain	relief,	do	not	consider	occlusal	reduction.		
[update	2022/3:	new	recommendation]	
	
Rationale	
	The	working	group	gave	great	weight	to	the	view	that	sacrificing	natural	tissue	by	occlusal	reduction	
for	highly	uncertain	pain	reduction	is	undesirable.	
	
	
6.	Regenerative	endodontic	treatment.	
[new	chapter	added]	
	

1. Consider	preservation	of	an	immature	tooth	with	pulpal	necrosis	by	regenerative	therapy	or	
apexification.	The	cause	of	pulpal	necrosis	(trauma,	dens	evaginatus	or	caries)	does	not	play	a	
role	in	choosing	between	the	two	options.		

	
2. If	regenerative	therapy	is	chosen,	consider	

• not	apply	EDTA	irrigation,	but	only	sodium	hypochlorite,	
• avoid	use	of	antibiotics	as	an	intracanal	medication	(in	favor	of	calcium	hydroxide)	
• perform	regeneration	(induction	of	bleeding,	formation	of	a	blood	clot)	in	a	second	session.	

	
3. Consider	using	a	non	discoloring	material	and	inform	patient	and/or	parents	or	guardians	of	

the	possibility	of	discoloration	of	the	element.		
	

4. Regenerative	therapy	is	contraindicated	in	case	of:	
• replantation	of	teeth	because	revitalization	can	occur	naturally,		
• Insufficient	ability	to	isolate	the	dentition,	
• dentition	with	extensive	loss	of	coronal	tissue	requiring	repair	with	a	post	buildup	that	oc-

cupies	the	space	required	for	blood	clot	formation.		
	
5. The	study	group	did	not	formulate	a	recommendation	regarding	regenerative	therapy	in	the	

case	of	mature	teeth.	In	the	study	group's	opinion,	insufficient	research	has	been	conducted	to	
base	a	recommendation	on	this.	
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Rational		
A	clinically	relevant	difference	in	success	or	survival	between	regenerative	therapy	and	apexification	
has	not	been	demonstrated.	The	cause	of	pulpal	necrosis	(trauma,	dens	evaginatus	or	caries)	is	not	an	
indication	for	one	or	the	other	treatment,	the	study	group	believes.	There	is	evidence	from	the	discus-
sed	literature	to	avoid	EDTA	as	an	irrigant	and	make	do	with	sodium	hypochlorite.	There	are	also	indi-
cations	from	the	discussed	literature	that	it	is	better	to	perform	the	entire	regeneration	procedure	in	
two	sessions	rather	than	one.	Regarding	the	avoidance	of	antibiotics	as	an	intracanal	medication,	the	
study	group	believes	that	due	to	the	risk	of	antibiotic	resistance,	it	is	desirable	to	use	them	as	little	as	
possible.	According	to	Kharchi	et	al.	(2020),	their	review	shows	that	the	combination	of	sodium	hypo-
chlorite	with	calcium	hydroxide	may	provide	a	sufficiently	disinfected	environment.	They	acknowled-
ge	that	although	the	evidence	is	weak,	they	note:	'(...)	it	can	be	argued	that	when	evidence	is	questi-
onable	but	calcium	hydroxide	does	not	have	the	disadvantages	of	TAP	[in	addition	to	risk	for	antibiotic	
resistance	a	lesser	control	of	discoloration],	it	is	practical	to	use	calcium	hydroxide	as	a	non-antibiotic	
intra-channel	medication'.	While	the	discussed	literature	provides	evidence	that	calcium	hydroxide	
increases	the	risk	of	calcification	of	the	root	canal	compared	to	antibiotics,	calcification	should	not	be	
considered	as	a	failure	of	regenerative	therapy	nor	an	obvious	risk	factor	for	root	canal	treatment,	
according	to	the	study	group.		
The	study	group	assumes	that	the	costs	for	both	options	will	be	reimbursed	and	thus	not	a	reason	to	
prefer	one	or	the	other.	The	recommendations	on	contraindications	were	taken	from	European	Socie-
ty	of	Endodontists	position	statement	(Galler	et	al.,	2016).	
	
7.	Treatment	of	necrotic	pulp	
It	is	recommended	to	use	hand	irrigation	with	sodium	hypochlorite	during	chemo-mechanical	clea-
ning,	preferably	after	each	instrument.	
[unchanged	after	update	2022/3]	
	
Rationale	The	combination	sodium	hypochlorite	+	EDTA	(and	again	sodium	hypochlorite)	is	a	simple	
procedure,	has	good	dissolution	capacity	of	organic	tissue	and	is	associated	with	low	cost.	
	
	
Do	not	consider	adding	laser	techniques	to	chemo-mechanical	cleaning.	
[update	2022/3:	new	recommendation]	
	
Rationale		
Adding	laser	techniques	to	chemo-mechanical	cleaning	has	no	additional	effect	on	periapical	repair	
but	requires	additional	costs.	
	
Consider	a	reciprocating	or	rotary	system	
[update	2022/3:	new	recommendation]	
	
Rationale		
The	two	systems	differ	little	or	not	at	all	in	terms	of	bacterial	reduction	and	effect	on	postoperative	
pain.	Reciproke	systems	require	a	little	less	operating	time,	providing	a	little	more	comfort	for	the	
patient,	and	give	a	little	less	cost	to	the	patient.	Given	the	possibly	minor	or	even	absent	differences,	
familiarity	and	experience	of	practitioners	with	these	systems	will	play	an	important	role.	
	
At	the	end	of	chemo-mechanical	cleaning,	ultrasonic	activated	irrigation	can	be	considered.	
[unchanged	after	update	2022/3]	
	
Rational		
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Ultrasonic	activated	cleaning	seems	to	lead	to	slightly	less	short-term	pain	and	slightly	more	
healing/reduction	of	periodontitis	apicalis.	As	for	cost,	it	is	variable	and	need	not	be	an	impediment	to	
applying	ultrasonic	activated	cleaning.		
	
Removal	of	the	resulting	smear	layer	with	EDTA	may	also	be	considered.	
[unchanged	after	update	2022/3]	
	
Rationale		
According	to	the	working	group,	removing	the	smear	layer	provides	more	cleaning	and	disinfection	of	
the	root	canal	walls	and	better	adaptation	of	filling	materials	to	the	cavity	wall.	
	
Consider	use	of	epoxy	resin-based	sealers	
[update	2022/3:	new	recommendation]	
	
Rational	
Although	"bioceramic"	sealers	seem	to	show	slightly	more	radiographic	healing	in	the	short	term	than	
epoxy	resin-based	sealers,	nevertheless,	more	studies	are	needed	to	be	more	certain	about	their	long-
term	effect	before	a	recommendation	can	be	given	,	also	considering	the	additional	cost	of	"biocera-
mic"	sealers	.	
	
Consider	performing	root	canal	treatment	of	a	necrotic	pulp	in	one	sitting.	This	may	be	deviated	from	
when	warranted	by	the	presence	of	pain	(emergency),	the	difficulty	of	the	treatment	and/or	the	pa-
tient's	wishes.	
[unchanged	after	update	2022/3]	

Rationale		
The	outcomes	of	treating	in	one	or	more	sessions	seem	to	differ	little	or	not	at	all.	Most	patients	prefer	
treatment	in	one	session.	
	

In	root	canal	treatment	of	a	necrotic	pulp,	consider	not	using	calcium	hydroxide	as	an	intra-canal	medi-
cation.	
[update	2022/3:	new	recommendation]	

Rationale		
The	endotoxin-reducing	effect	of	calcium	hydroxide	as	an	intracanal	medication	seems	to	be	of	little	
importance	for	the	final	treatment	outcomes.	There	are	significant	drawbacks	to	its	use:	it	is	difficult	to	
remove	and	residual	residue	can	cause	reduced	adhesion	of	the	canal	filling	or	composite	filling	used	
	

During	initial	root	canal	treatment	of	a	necrotic	pulp	or	re-treatment	with	periodontitis	apicalis,	consider	
achieving	apical	clearance	to	prevent	apical	blockage.	
[update	2022/3:	new	recommendation]	

	
Rational	
Achieving	apical	clearance	(with	a	#08	or	#10	K	file)	reduces	postoperative	pain	and	may	indirectly	
have	a	beneficial	effect	on	healing/reduction	of	apical	periodontitis.	
	

Antibiotics	for	the	purpose	of	analgesia	should	not	be	administered.	

[unchanged	after	update	2022/3]	
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Rationale	
Use	of	an	antibiotic	as	an	ineffective	form	of	analgesia	should	be	avoided.	Use	of	an	antibiotic	as	an	
ineffective	form	of	analgesia	should	be	avoided.	This	also	helps	reduce	antimicrobial	resistance.		
	
	

8.	Orthograde	re-treatment	
No	studies	were	found,	insofar	as	they	met	the	inclusion	criteria,	that	examined	the	effect	of	the	num-
ber	of	treatment	sessions,	instrumentation,	disinfection	protocol	or	root	canal	filling	material	in	a	
comparative	observational	or	experimental	study.	All	included	studies	aimed	to	detect	prognostic	fac-
tors	for	treatment	outcome.	
	
Inform	the	patient	in	whom	orthograde	re-treatment	is	being	considered,	preferably	also	in	writing,	of	
the	magnitude	of	the	risk	of	inadequate	healing	of	periodontitis	apicalis.		
[unchanged	after	update	2022/3]	
	
Rational	
The	guideline	working	group	attaches	great	importance	to	a	well-informed	patient.	
	
9.	Acute	complaints	and	pain	management	
The	following	recommendations	apply	to	patients	in	whom	the	symptomatic	tooth	has	not	previously	
been	treated	endodontically	by	a	general	practitioner	or	dental	endodontist	
	
Use	of	antibiotics	in	acute	complaints	related	to	irreversible	pulpitis	or	symptomatic	apical	periodonti-
tis	and	acute	apical	abscess	is	not	recommended	in	the	context	of	pain	management.		
[unchanged	after	update	2022/3]	
	
Rationale		
The	guideline	working	group	gave	considerable	weight	to	the	finding	that	an	antibiotic	is	unlikely	to	be	
effective	as	an	analgesic	and	may	lead	to	resistance	and	hypersensitivity.		
	

As	part	of	pain	management,	consider	not	using	an	intracanal	medication.	
[update	2022/3:	new	recommendation]	
	
Rational		
Although	the	use	of	chlorhexidine	and	calcium	hydroxide	as	intracanal	medicament	has	a	beneficial	
effect	on	postoperative	pain,	the	study	group	does	not	recommend	it	because	of	its	various	disadvan-
tages.	For	example,	calcium	hydroxide	is	difficult	to	remove,	dentin	weakens	with	prolonged	presence	
of	an	intracanal	medication,	adhesion	of	the	filling	material	is	impaired	and	an	unfavorable	shift	in	
biofilm	may	occur.	
	
	
The	working	group	does	not	recommend	cooling	irrigans.	
[update	2022/3:	new	recommendation]	
	
Rational	
The	study	group	believes	that	additional	measures	to	provide	cooling	irrigants	are	disproportionate	to	
the	small	effect	they	might	be	expected	to	have	on	postoperative	pain.	
	
	
Use	of	premedication	is	not	recommended.	
[update	2022/3:	new	recommendation]	
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Rationale	
Premedication	seems	to	be	effective	only	when	using	relatively	'heavy'	analgesics,	such	as	corticoste-
roids.	'Lighter'	agents	such	as	paracetamol	and	NSAIDs	have	at	least	the	same	effect	when	given	post-
operatively.	
	
The	working	group	does	not	provide	a	recommendation	Regarding	mepivacaine.		
[update	2022/3:	new	recommendation]	
	
Rationale	The	study	group	has	noted	the	promising	results	of	mepivacaine	(i.c.w.	adrenaline)	but	notes	
that	this	drug	is	not	available	in	the	Netherlands.	The	use	of	articaine	and	bupivacaine	can	be	conti-
nued. 
	
	
In	cases	of	fluctuating	swelling,	an	abscess	incision	is	indicated.		
	
Patients	with	severe	swelling	who	also	have	fever	and/or	swallowing	symptoms	should	be	referred	to	
an	MKA	surgeon	immediately	for	treatment.	
[unchanged	after	update	2022/3]	
	
Rational	
The	proposed	incision	will	quickly	reduce	pain	and	swelling	and	may	allow	further	endodontic	treat-
ment	to	take	place	at	a	later	stage.	
	
As	analgesia,	in	acute	complaints	associated	with	irreversible	pulpitis	or	symptomatic	apical	periodon-
titis,	paracetamol	(whether	or	not	in	combination	with	an	NSAID)	can	be	given.	If	this	medication	does	
not	provide	adequate	analgesia,	the	WHO	pain	ladder	can	be	consulted	(see	Appendix	2	in	Chapter	9	of	
this	guideline).		
	
Use	of	the	combination	paracetamol	and	codeine	is	not	recommended.	
[unchanged	after	update	2022/3]	
	
Rational	
Paracetamol	can	be	used	safely.	[update	2022/3]	In	severe	postoperative	pain,	there	is	a	reasonable	de-
gree	of	certainty	that	paracetamol	is	ineffective	and	the	combination	of	paracetamol	and	NSAIDs	or	
NSAIDs	alone	provide	adequate	analgesia.	Use	of	NSAIDs	may	be	contraindicated	in	patients.	
The	efficacy	of	the	paracetamol-codeine	combination	has	not	been	demonstrated	in	clinical	studies.	
The	advice	regarding	paracetamol/NSAIDs	and	the	WHO	pain	ladder	is	taken	from	the	NHG	standard	
"Pain.	
	
If	there	is	a	previously	endodontically	treated	element	
All	of	the	above	recommendations	and	treatment	strategies	also	apply	to	these.	However,	the	treat-
ment	of	these	elements	is	more	challenging	because	the	old	canal	treatment	will	have	to	be	removed	
first.	In	such	cases,	it	is	worth	considering	referring	the	patient	to	a	dental	endodontist.	If	the	treat-
ment	is	not	going	to	be	performed	immediately,	pain	relief	can	also	be	prescribed	in	this	case.	
[unchanged	after	update	2022/3]	
	
Rational	
The	guideline	working	group	sees	no	reasons	(pathophysiological	or	practical)	why	the	recommenda-
tions	formulated	in	connection	with	acute	complaints	in	an	element	not	previously	endodontically	
treated	should	not	be	applicable	for	an	element	that	has	been	previously	endodontically	treated.	
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10.	Permanent	and	temporary	restoration	of	elements	
Inform	the	patient	in	whom	root	canal	treatment	is	being	considered	that	proper	coronal	closure	will	
affect	the	outcome	of	treatment.		
[unchanged	after	update	2022/3]	
	
Rational	
The	guideline	working	group	places	great	weight	on	a	well-informed	patient.	
	

In	a	patient	in	whom	root	canal	treatment	is	planned	and	in	whom	less	than	two	raised	walls	are	pre-
sent,	consider	using	a	fiberglass	post.		
[unchanged	after	update	2022/3]	
	
Rational	
The	working	group	believes	that	a	fiberglass	post	can	provide	additional	retention	for	coronal	restora-
tion	when	insufficient	tooth	material	remains.	
	

In	a	patient	in	whom	root	canal	treatment	is	planned	and	in	whom	less	than	half	of	the	coronal	tooth	
tissue	is	present,	consider	fabricating	a	nodule-covering	restoration.		
[unchanged	after	update	2022/3]	
	
Rational	
The	guideline	working	group	emphasizes	the	importance	of	avoiding	fracture	of	an	element/node.	
	
	
For	endodontically	treated	molars	with	severe	tissue	loss,	consider	placing	an	endocrown	or	a	build-up	
and	conventional	crown.	
	
For	endodontically	treated	premolars	with	severe	tissue	loss,	consider	placing	not	an	endocrown	but	a	
post	buildup	with	conventional	crown.	
[update	2022/3:	new	recommendation]	
	
Rational		
The	survival	time	of	an	endocrown	for	molars	seems	similar	to	that	of	a	conventional	crown,	The	sur-
vival	time	of	an	endocrown	for	premolars	seems	significantly	shorter	than	that	of	a	conventional	
crown.	
	
For	a	temporary	restoration	associated	with	multiple	consecutive	appointments,	consider	using	Teflon	
instead	of	a	cotton	ball	as	an	"endodontic	spacer,"	if	use	of	a	"spacer"	is	deemed	necessary.	
[update	2022/3:	new	recommendation]	
	
Rational		
The	working	group	attaches	importance	to	the	prevention	of	bacterial	growth,	thereby	reducing	the	
risk	of	endodontic	failure.	
	
12.	Avoidance	and	treatment	of	complications.	
[update	2022/3:	The	term	procedural	errors	has	been	replaced	by	complications].	
	
Inform	the	patient	of	a	complication	that	has	occurred.	
[unchanged	after	update	2022/3]	
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Rational		
The	guideline	working	group	attaches	great	importance	to	informing	the	patient	after	the	occurrence	
of	a	complication.	
	
Consider	the	following	factors	when	deciding	whether	or	not	to	remove	or	have	removed	the	aborted	
instrument:	
-	position	of	the	aborted	fragment;	
-	cleaning	degree	of	the	root	canal;	
-	available	resources;	
-	risk	of	complications	and	
-	Presence	of	periapical	lesion.	
	
Consider	leaving	the	aborted	instrument	in	situ	under	the	following	conditions:	-	There	is	no	periapical	
radiolucency	visible	on	the	solo	recording	at	the	root	where	the	instrument	fracture	occurred,	AND		
-	The	root	canal	apical	to	the	aborted	instrument	is	sufficiently	clean	by	thorough	irrigation	prior	to	
the	instrument	fracture,	AND	
	-	The	fragment	is	inaccessible	(located	in	the	apical	part	of	the	root	canal	or	beyond	the	bend).	
	
In	all	other	conditions,	removal	of	the	aborted	instrument	should	be	considered.	This	should	include	
the	risk	of	complications;	if	the	aborted	instrument	is	not	in	the	coronal	part	of	the	root	canal,	removal	
of	the	fragment	will	involve	tissue	loss	to	make	the	fragment	accessible.	
	
If	the	practitioner	considers	himself	not	competent	in	removing	broken	instruments	and/or	does	not	
have	the	necessary	tools,	he	should	refer	the	patient	to	a	dental	endodontist.	
[unchanged	after	update	2022/3]	
	
Rational	
The	guideline	working	group	places	great	importance	on	preventing	harm	from	repairing	complicati-
ons.	
	
Non-surgical	repair	of	a	root	perforation	using	MTA	material	is	preferred.	The	defect	to	be	repaired	
should	be	cleaned.	When	the	perforation	is	above	bone	level,	composite	or	glass	ionomer	cement	is	the	
material	of	choice.	
[unchanged	after	update	2022/3]	
	
Rational	
The	guideline	working	group	attaches	great	importance	to	repairing	complications	and	the	correct	
choice	of	material.	
	
Accident	prevention	with	sodium	hypochlorite:	

- Identify	risk	factors	such	as	perforations	and	resorptions,	and	
- prevent	jamming	of	the	irrigation	needle	in	the	root	canal.	

	
Treatment	in	the	same	session	in	which	accident	occurred:	
For	mild	damage	(mild	pain,	swelling	<30%,	local	hematoma,	no	ulcerations	or	necrosis),	the	general	
practitioner	or	dental	endodontist	should:		

- explanation	to	the	patient;	
- prescribe	analgesics,	preferably	an	NSAID	to	control	swelling;		
- cool	by	applying	cold	compresses	or	a	cold	pack	to	control	swelling	and	
- perform	an	intra-oral	radiograph	or	OPT	to	determine	the	cause	of	jacking	and	to	aid	in	further	

management.	
	

With	moderate	or	severe	damage	(moderate	or	severe	pain,	swelling	>30%,	diffuse	hematoma,	intraoral	
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ulcerations,	necrosis,	airway	obstruction	or	neurovascular	damage),	the	patient	should	be	referred	to	
the	MKA	surgeon.	
	
Follow-up	treatment	in	the	first	week	after	the	accident	
For	mild	damage	(mild	pain,	swelling	<30%,	local	hematoma,	no	ulcerations	or	necrosis),	the	general	
practitioner	or	dental	endodontist	should:	

- recommend	using	warm	compresses	to	stimulate	blood	flow	and	
- perform	regular	monitoring	to	detect	a	deterioration	in	the	patient's	condition	in	a	timely	man-

ner.	

Longer-term	follow-up	treatment		
With	mild	damage	(mild	pain,	swelling	<30%,	local	hematoma,	no	ulcerations	or	necrosis)	or		
After	referral	back	by	the	MKA	surgeon,	the	general	practitioner	or	dental	endodontist	should	complete	
the	root	canal	treatment.		
	
Also	when	completing	root	canal	treatment,	use	sodium	hypochlorite	as	a	root	canal	irrigant.	In	some	
cases,	physiological	saline	may	be	chosen	as	a	root	canal	irrigant	in	consultation	with	patient,	even	
though	it	may	adversely	affect	treatment	outcome.	
[unchanged	after	update	2022/3]	
	
Rational	
The	guideline	working	group	places	great	importance	on	avoiding	sodium	hypochlorite	injury,	dis-
tinguishing	between	mild	on	the	one	hand	and	moderate	or	severe	on	the	other,	and	verifying	the	cor-
rect	estimation	of	the	level	of	injury.	
	
Good	practice	statements	
As	a	good	practice	point*,	the	guideline	working	group	emphasizes	the	importance	of	always	preceding	
root	canal	treatment	by	making	a	diagnosis	and	identifying	risk	factors	(such	as	by	determining	a	DETI	
score;	see	Appendix	2	of	Chapter	7	in	this	guideline).		
	
As	a	good	practice	point*,	the	guideline	working	group	emphasizes	the	importance	of	using	cofferdam	
because	of	the	following	benefits:		

- protection:	by	using	a	cofferdam,	the	chance	of	aspiration	is	very	small;	
- Endodontic	treatment	with	a	cofferdam	prevents	contamination	of	the	work	area;	
- better	visibility	of	the	work	area	and	
- treatment	can	be	carried	out	more	efficiently.	

	
As	a	good	practice	point*,	the	working	group	emphasizes	the	importance	of	using	an	augmentation	tool	
because	of	the	following	benefits:	

- better	view	of	the	work	area;	
- tool	for	diagnostics	and	
- better	work	attitude.	

	
As	a	good	practice	point*,	the	working	group	recommends	the	following:	

- Inform	the	patient	prior	to	treatment	about	the	prognosis	of	endodontic	treatment	and	the	
possible	effect	of	preoperative	status	on	it.	

- [update	2022/3]	Please	note	that	the	following	factors	may	have	a	negative	effect	on	the	healing	
of	periodontitis	apicalis	he: 
filling	of	the	root	canal	more	than	2	mm	from	the	radiographic	apex	endend;	
-	coarseoverfilling;	
-	voids.	
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*	A good practice point is considered important for good dental practice for which, however, significant evidence may be lacking.	
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1.  General introduction 
	 	

1.	 1Rationale	for	creating	the	guideline		
In	2012,	the	Health	Council	issued	the	report	The	Oral	Care	of	Tomorrow	to	the	Minister	of	Health,	Wel-
fare	and	Sport.	One	of	the	recommendations	from	that	report	was	to	motivate	oral	health	care	profes-
sionals	to	develop	clinical	practice	guidelines	that	describe	the	best	treatment	for	each	diagnosis	based	
on	scientific	evidence.	The	Dutch	Association	for	Endodontology	(NVvE)	wants	to	take	the	initiative	to	
start	guideline	development	in	the	field	of	endodontology.	
	
Why	is	it	important	to	develop	a	guideline	for	this	topic?	
NVvE	believes	it	is	important	to	have	guidelines	for	endodontology	because	it	is	a	complex	and	widely	
practiced	part	of	dentistry.	Endodontology	is	practiced	by	both	general	practitioners	and	differentia-
ted	dentists	(dental	endodontologists).	Diagnostics	is	very	important	in	this.	Once	the	correct	diagno-
sis	is	made,	one	can	prescribe	and	implement	the	best	treatment	based	on	it.	
	
1.2	 Purpose	of	the	Directive	
Develop	an	evidence-based	guideline	for	endodontic	diagnosis	and	treatment	.	
	
1.3Absence	of	the	directive	
Which	patient	group	is	involved?	
The	guideline	targets	all	patients	with	permanent	dentition	who	present	with	suspected	endodontic	
pathology.	
	
What	are	the	most	important	and	patient-relevant	outcome	measures?	

- postoperative	pain	
- postoperative	swelling	
- Survival	and	functional	status	of	dentition	
- quality	of	life	
- costs.	

	
1.4	 Intended	users	of	the	guideline	
This	guideline	is	intended	for	general	practitioners,	dental	students	and	dental	endodontists.	
	
1.	 5Definitions	and	terms.	
What	are	the	key	definitions	used	in	this	guideline?	
A	list	of	definitions	is	available	on	the	NVvE	website	(https://nvve.com/wp-
content/uploads/2018/03/Begrippenlijst-Endodontologie.pdf).	

https://nvve.com/wp-content/uploads/2018/03/Begrippenlijst-Endodontologie.pdf
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2.  Methodology guideline development 
	
	
2.	 1Validity	
No	later	than	2027,	the	NVvE	Board	will	determine	whether	this	guideline	is	still	current.	If	necessary,	
a	new	working	group	will	be	installed	to	revise	the	guideline.	The	validity	of	the	guideline	will	expire	
earlier	if	new	developments	warrant	initiating	a	revision	process.	The	responsibility	for	identifying	
new	developments	(new	evidence,	bottlenecks	presented	from	practice)	lies	with	the	guideline	com-
mittee	of	the	NVvE.		
	
The	NVvE,	as	holder	of	this	guideline,	is	primarily	responsible	for	keeping	this	guideline	current.	
	
2.2	 General	data	
Updating	the	guideline	published	in	2018	was	methodologically	supported	by	J.J.A.	de	Beer,	indepen-
dent	guideline	methodologist,	and	funded	by	the	NVvE.	
	
2.3	 Purpose	and	Target	Group	
Target	
The	goal	of	the	guideline	is	to	create	clarity	and	uniformity	for	practitioners	about	endodontic	dia-
gnostic	and	treatment	methods.	
	
Specific	goal	is	to	develop	evidence-based	recommendations	for	the	following	topics:		

- diagnostics	of	the	pulp;	
- Imaging	diagnostics	of	periapical	tissues;	
- Treatment	of	teeth	with	inflamed	pulp;	
- [update	2022/3]	regenerative	endodontic	treatment	
- Treatment	of	teeth	with	necrotic	pulp;	
- orthograde	revision	of	endodontic	treatment*;	
- Treatment	of	acute	symptoms	and	pain	management;	
- Permanent	and	temporary	restoration	of	teeth	that	have	undergone	root	canal	treatment;	
- Understanding	risks	of	and	exacerbation	of	disease	in	other	organs	due	to	inflammation	of	the	

pulp	and	periapical	tissues	and	
- avoiding	and	treating	complications.	

* Regarding retrograde treatment of a previously endodontically treated element, the guideline working group refers to the guideline apical surgery 
(apical resection) of the Dutch Association for Oral, Maxillofacial and Maxillofacial Surgery (NVMKA).  

	
Target		
The	guideline	aims	to	provide	practical	guidance	for	professional	groups	involved	in	endodontic	dia-
gnosis	and	treatment:	general	practitioners,	dental	endodontists	and	dental	students.	
	
2.4	 Declarations of Interest	
The	working	group	members	declared	in	writing	whether	they	maintained	any	(financially	supported)	
relationship	in	the	last	five	years	with	commercial	companies,	organizations	or	institutions	related	to	
the	subject	of	the	guideline.	Inquiries	were	also	made	about	personal	financial	interests,	interests	
through	personal	relationships,	interests	through	reputation	management,	interests	because	of	exter-
nally	funded	research,	and	interests	through	knowledge	valorization.	The	declarations	of	interest	can	
be	requested	from	the	NVvE.	An	overview	can	be	found	below:	
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2.5	 Input	patient	perspective	
Attention	was	paid	to	the	patient	perspective	by	conducting	literature	searches,	in	particular	studies	
on	values	and	preferences	regarding	treatment	methods	and	treatment	outcomes,	and	shared	decisi-
on-making	(see	appendix	literature	search	patient	perspective).	The	Patient	Federation	of	the	Nether-
lands	(formerly	the	Dutch	Patients'	Consumer	Federation	(NPCF))	was	asked	to	comment	on	the	draft	
guideline.	It	did	not	wish	to	do	so	because	it	was	not	given	the	opportunity	to	provide	bottlenecks	and	
concerns	during	the	preparation	phase.		
[update	2022/3]	Due	to	the	small	number	of	studies	on	patient	values	and	preferences	found	in	2017	
that	are	informative	for	the	Dutch	situation,	the	literature	review	on	this	topic	has	not	been	updated.		
	
2.	 6Implementation	
At	the	various	stages	of	guideline	development,	the	implementation	of	the	guideline	and	the	practical	
feasibility	of	the	recommendations	were	taken	into	account.	In	doing	so,	explicit	attention	was	paid	to	
factors	that	may	promote	or	hinder	the	implementation	of	the	guideline	in	practice	(see	implemen-
tation	chapter).	
	
2.7	 Methodology	
AGREE	and	GRADE	
This	guideline	was	prepared	in	accordance	with	the	requirements	according	to	the	report	Medical	
Specialist	Guidelines	2.0	of	the	Guideline	Advisory	Committee	of	the	Council	for	Quality	
www.kwaliteitskoepel.nl).	This	report	is	based	on	the	AGREE	II	tool	(Appraisal	of	Guidelines	for	Re-
search	&	Evaluation	II)	(www.agreecollaboration.org),	which	is	an	internationally	widely	accepted	
tool,	and	on	"guidelines	for	guideline	quality	assessment"	(www.cvz.nl).		
	
It	was	also	prepared	in	accordance	with	the	GRADE	methodology	(Guyatt	et	al.,	2008).		
[update	2022/3]	Between	2017	and	2023,	some	important	changes	were	made	to	the	GRADE	metho-
dology.	These	are	explained	in	the	section	"Assessing	the	strength	of	the	scientific	evidence.	
	
Bottleneck	analysis,	baseline	questions	and	outcome	measures	
No	bottleneck	inventory	was	conducted	during	the	preparatory	phase.	The	reason	is	that	the	NVvE	
Board's	assignment	was	to	update	and	make	applicable	the	systematic	review	Methods	of	Diagnosis	
and	Treatment	in	Endodontics	written	under	the	auspices	of	the	Swedish	Council	on	Health	Technology	
Assessment.	June	2012.	
	
The	(global)	starting	questions	in	Methods	of	Diagnosis	and	Treatment	in	Endodontics.	June	2012	were	
adopted	by	the	guideline	working	group.	These	read:	

- How	well	can	different	diagnostic	methods	determine	the	condition	of	the	pulp	in	teeth	with	
different	types	of	injury	(caries,	trauma,	restorative	interventions	and	other	causes)?	

- How	well	can	different	imaging	methods	demonstrate	bone	loss	at	the	root	tip?	
- Are	there	effective	methods	for	treating	an	inflamed	pulp	so	that	the	pulp	is	preserved	when	

affected	by	caries,	trauma	or	other	injury?	
- [Update	2022/3]	How	effective	are	regenerative	endodontic	techniques?	
- How	effective	are	different	treatment	modalities	when	the	pulp	is	necrotic?	
- How	effective	are	orthograde	treatments	of	elements	that	have	undergone	root	canal	treat-

ment,	and	show	signs	of	periodontitis	apicalis?	



 
 

21 
 

- How	effective	are	different	methods	of	treating	acute	symptoms	and	pain	management?	
- Can	elements	that	have	undergone	root	canal	treatment	be	effectively	restored	with	multi-year	

survival	of	element	and	restoration?	
- Is	there	a	risk	that	acute	and	chronic	infections	emanating	from	the	pulp	cause	pathological	

conditions	in	other	organs?	
- What	complications	are	associated	with	root	canal	treatment?		

	
For	the	specific	exit	questions,	the	reader	is	referred	to	Appendix	exit	questions.	
Strategy	for	searching	and	selecting	the	literature	for	the	2022/3	update	
The	study	group	searched	PubMed/Medline	and	the	Cochrane	Database	of	Systematic	Reviews	(CDSR)	
for	systematic	reviews	and	meta-analyses,	commentaries	and	editorials	using	the	literature	search	
strategy	shown	in	Appendix	"Update	Literature	2022."	The	choice	of	this	search	strategy	was	based	on	
Shekelle	et	al.	(2001).	
1015	titles/abstracts	were	found	in	PubMed/Medline	using	this	search	strategy.	CDSR	had	no	addi-
tions.	Each	working	group	member	screened	several	hundred	titles/abstracts	for	relevance	to	one	of	
the	existing	chapters	or	to	a	possible	new	chapter.	The	second	step	involved	two	working	group	mem-
bers	checking	the	attribution	of	titles/abstracts	to	the	various	chapters	and	adjusting	them	if	necessa-
ry.	The	third	step	was	to	determine	whether	diagnostic	and	therapeutic	interventions	that	had	not	yet	
been	discussed	in	the	guideline	would	be	included	in	the	update.	Criterion	for	this	was	whether	the	
working	group	believed	that	there	was	discussion	in	the	field	about	the	advantages	and	disadvantages	
of	these	interventions.	This	was	decided	by	majority	vote.	As	a	final	step,	all	systematic	reviews	were	
assessed	for	methodological	quality	using	the	AMSTAR-I	criteria.	Only	systematic	reviews	of	sufficient	
methodological	quality	were	included,	i.e.,	when	they	met	at	least	six	of	the	11	AMSTAR-I	criteria.	The	
reviews	are	included	in	appendix	"update	literature	2022"	which	can	be	requested	through	the	NVvE	
Secretariat.	
	
Strategy	for	literature	search	and	selection	first	version	of	the	guideline	
Additional	searches	were	performed	in	the	Cochrane	Library	and	PubMed/Medline.	The	search	strate-
gies	listed	in	Methods	of	Diagnosis	and	Treatment	in	Endodontics	were	used	for	this	purpose.	June	2012.		
In	principle,	the	selection	of	relevant	studies	adopted	the	criteria	used	by	the	authors	of	Methods	of	
Diagnosis	and	Treatment	in	Endodontics.	June	2012,	unless	the	working	group	considered	these	criteria	
too	limited.	This	means	that	clinical	studies	were	sought	as	much	as	possible,	and	where	efficacy	and	
safety	of	treatment	were	concerned,	studies	with	a	direct	comparative	design,	that	is,	studies	with	a	
control	group.		
The	working	group	members	selected	the	articles	found	through	the	search	based	on	pre-established	
selection	criteria.	The	selected	articles	were	used	to	answer	the	starting	question.	The	selection	crite-
ria	used	can	be	found	in	the	selection	criteria	tables	in	the	different	chapters	of	the	relevant	starting	
question.	
	
Quality	assessment	of	individual	studies	
The	risk	of	biased	outcomes	in	individual	studies	was	systematically	assessed,	based	on	pre-
established	methodological	quality	criteria	
(http://netherlands.cochrane.org/beoordelingsformulieren-en-andere-downloads):	

- For	studies	on	diagnostic	tests/procedure,	this	is	the	QUADAS	tool;	
- For	studies	on	treatment	and/or	therapeutic	interventions,	this	is	the	Cochrane	risk	of	bias	tool	

and	
- For	prognostic	studies,	an	adapted	version	of	the	QUIPS	tool	was	used.	Practically,	this	means,	

in	particular,	dropout	rates,	corrections	for	confounding	variables,	and	quality	of	statistical	
analysis	were	examined.	

	
Summarizing	the	literature	
The	relevant	research	data	from	all	selected	articles	were	conveniently	presented	in	evidence	tables	
and/or	evidence	profiles.	The	main	findings	from	the	literature	were	described	in	the	literature	sum-
mary.		
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[update	2022/3]	For	the	"update	2022/3"	it	was	chosen	not	to	create	evidence	tables,	but	to	describe	
the	summary	of	the	literature	in	more	detail.	The	existing	evidence	tables	are	included	in	a	separate	
appendix	"evidence	tables"	which	can	be	requested	through	the	NVvE	Secretariat.	
	
Assessing	the	strength	of	the	scientific	evidence		
The	quality	of	evidence	("quality	of	evidence")	was	assessed	using	GRADE	(Guyatt	et	al.,	2008).	GRADE	
is	a	method	that	assigns	a	grade	to	the	quality	of	evidence	for	each	outcome	measure	of	an	interven-
tion,	or	for	a	risk	or	prognostic	factor,	based	on	the	degree	of	confidence	in	the	estimate	of	effect	size.	
High	quality	of	evidence	means	there	is	high	confidence	that	the	actual	effect	is	close	to	the	estimated	
effect;	low	quality	of	evidence	means	confidence	in	the	estimated	effect	is	limited:	the	actual	effect	may	
differ	substantially	from	the	estimated	effect.	
[update	2022/3]	The	definition	of	quality	of	evidence	as	of	2017	reads	as	follows:	'the	quality	of	evi-
dence	indicates	how	confident	we	are	that	the	true	effect	is	within	a	certain	range	of	outcomes	or	on	
one	side	of	a	threshold'	(Hultcrantz	et	al.,	2017).	This	is	illustrated	in	Figure	2-1	and		Table	2-1	and	
Table	2-2.	
A	second	change	is	that	instead	of	two	levels,	three	levels	can	be	downgraded	for	imprecision	
("imprecision").	The	width	of	the	confidence	interval	is	the	most	important	criterion	in	relation	to	the	
range	of	outcomes	or	a	threshold	to	assess	the	degree	of	imprecision	(Schunemann	et	al.,	2022;	Zeng	et	
al.,	2022).		
This	is	illustrated	in	Figure	2-2.	
	

Figure	2-1	Illustration	revised	GRADE	definition	quality	of	evidence	

Suppose	intervention	A	reduces	pain	intensity	by	-24	on	a	0-100	VAS	scale	and	intervention	B	by	-10	on	

a	0-100	VAS	scale.	The	difference	is	-14	with	a	95%	confidence	interval	of	(-20,	-8).	For	a	patient-

relevant	difference	in	pain	intensity,	there	is	a	threshold	of	-10.	I.e.,	-11,	-12	etc.	all	indicate	a	relevant	

difference,	while	-9,	-8	etc.	indicate	an	undetectable	or	barely	detectable	difference	in	pain	intensity.	

	

In	this	example,	the	quality	of	evidence	is	about	how	certain	it	is	that	the	difference	in	pain	intensity	

(outcome	-14)	is	to	the	left	of	the	threshold	value	of	-10	or	smaller	than	-10.		
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Figure	2-2	Illustration	markdown	for	severe,	very	severe	or	extremely	severe	inaccuracy	

In	the	illustration	above,	the	difference	in	pain	intensity	between	interventions	A	and	B	is	-14	with	a	

95%	confidence	interval	of	(-20,	-8).	This	is	in	favor	of	intervention	A.	A	threshold	value	of	-10	applies	

for	a	patient-noticeable	difference	in	pain	intensity.	Looking	now	at	the	confidence	interval,	we	find	that	

it	includes	outcomes	-8	and	-9.	These	are	values	that	do	not	indicate	a	noticeable	difference	in	pain	

intensity	between	interventions	A	and	B.	In	this	case,	we	downgrade	by	one	level	for	severe	imprecision	

because	the	confidence	interval	crosses	the	threshold	value	of	-10.	The	conclusion	would	be:	interven-

tion	A	probably	reduces	pain	intensity	slightly	compared	to	intervention	B.	Would	the	confidence	inter-

val	have	been	(-17,	-11)	instead	of	(-20,	-8),	then	the	threshold	value	-10	is	outside	the	confidence	inter-

val	and	there	is	certainty	that	the	lowest	possible	value	of	the	confidence	interval	(-11)	gives	greater	

pain	reduction	than	the	threshold	value	of	-10.	The	conclusion	would	then	be:	intervention	A,	compared	

to	intervention	B,	reduces	pain	intensity	slightly.	

	

Now	instead	of	-14,	let	the	difference	in	pain	intensity	be	-31	on	a	0-100	VAS	scale.	The	95%	confidence	

interval	is	(-54,	-8).	The	study	group	defined	a	reduction	of	0-<10,	10-<20,	20-<30	and	30	and	above	as	

no	relevant	difference,	small	but	significant	difference,	medium	difference	and	large	difference.	Looking	

at	the	difference	(-31)	and	the	confidence	interval	(-54,	-8)	,	we	find	that	the	confidence	interval	crosses	

three	thresholds:	-<10	(no	relevant	difference),	-<20	(medium	difference)	and	-<30	(large	difference).	

In	this	case,	we	downscale	by	three	levels	and	the	conclusion	would	be:	intervention	A	seems	to	result	

in	a	large	reduction	in	pain	intensity	compared	to	intervention	B,	but	the	evidence	is	very	uncertain.	

After	all,	it	cannot	be	excluded	that	there	is	no	relevant	reduction,	or	that	there	is	a	small	but	significant	

reduction	or	a	medium	reduction.	Had	the	confidence	interval	been	(-31,	-26)	instead	of	(-54,	-8),	we	

would	downgrade	by	one	level	for	severe	imprecision,	because	the	confidence	interval	only	crosses	the	

threshold	of	-30,	but	not	those	of	-20	and	-10.	The	conclusion	would	then	be:	intervention	A	is	likely	to	

result	in	a	large	reduction	in	pain	intensity	compared	to	intervention	B.	

	
Table	2-1			Classification	of	quality	of	evidence	according	to	GRADE	[update	2022/3].	
High	 It	is	almost	certain	that	the	true	effect	lies	within	some	range	of	values	or	on	one	side	of	a	

threshold	value		

	 	Fair	 It	is	likely	that	the	true	effect	lies	within	a	certain	range	of	values	or	on	one	side	of	a	thres-
hold	value		

	 	Low	 It	is	possible	that	the	actual	effect	lies	within	a	certain	range	of	values	or	on	one	side	of	a	
threshold	value		

	 	Very	low	 It	is	possible	that	the	true	effect	lies	within	a	certain	range	of	values	or	on	one	side	of	a	
threshold,	but	the	evidence	is	very	uncertain.		

	

Table	2-2	The	quality	of	evidence	is	determined	based	on	the	following	criteria	[update	2022/3]	
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Type	of	evidence		 	 For	studies	on	therapeutic	interventions:	

RCT	starts	in	the	'high'	category.	Observational	study	starts	in	the	
'low'	category.	All	other	study	types	start	in	the	'very	low'	category.	

For	studies	on	diagnostic	accuracy:	

Cross-sectional	study	with	consecutive	patients	and	acceptable	refe-
rence	test	starts	'high'	

For	studies	on	a	risk	or	prognostic	factor:	

Prospective	or	retrospective	cohort	study	starts	in	the	'high'	(Phase	
2)	or	'moderate'	(Phase	1)	category.	For	other	study	designs,	
downgrading	is	done	via	'risk	of	bias'	only.	

	 	 	

Write-down		 'Risk	of	bias'		 -	1	Serious		
-	2	Very	serious	

	 Inconsistency		 -	1	Serious		
-	2	Very	serious	

	 Indirect	evidence		 -	1	Serious		
-	2	Very	serious	

	 Inaccuracy	 -	1	Serious		
-	2	Very	serious	
-	3	Extremely	severe		

	 Publication	bias		 -	1	Likely		
-	2	Very	likely	

	 	 	

Upgrade	 Big	effect		 +	1	Large		
+	2	Very	large	

	 Dose-response	relationship		 +	1	Evidence	for	gradient	

	 All	plausible	'confounding'		 +	1	Could	reduce	an	effect		

+	1	Might	suggest	an	opposite	
effect	while	the	results	show	no	
effect.	

 
 
Formulating	the	conclusions	
A	conclusion	does	not	refer	to	one	or	more	articles,	but	is	drawn	based	on	all	studies	combined	(body	
of	evidence).		
	
Considerations	
In	arriving	at	a	recommendation,	other	aspects	besides	the	quality	of	scientific	evidence	on	the	desired	
and	undesired	effects	of	an	intervention,	on	the	accuracy	of	a	diagnostic	study,	or	on	the	effect	size	of	a	
risk	or	prognostic	factor,	are	often	important.	
Mention	may	be	made	of:		

- the	balance	of	desired	and	undesired	effects	(including	costs);	
- values,	preferences	and	experiences	of	patients	and	practitioners	regarding	interventions	and	

outcomes	of	care;		
- applicability	of	a	recommendation.		
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Preferably,	scientific	evidence	is	also	sought	for	these	aspects.	The	working	group	that	drafted	this	
guideline	has	refrained	from	doing	so,	with	the	exception	of	patient	values	and	preferences,	because	
the	time	required	for	this	would	be	out	of	all	proportion	to	the	expected	yield.	Where	it	was	deemed	
necessary,	the	working	group	inventoried	the	aforementioned	aspects	based	on	its	own	experience	
and	expertise.		
	
These	aspects	are	discussed	after	the	"conclusion"	under	the	heading	"considerations.	
	
Formulating	recommendations	
The	recommendations	answer	the	baseline	question	and	are	based	on	the	best	available	scientific	evi-
dence	and	key	considerations.	The	overall	quality	of	evidence	with	respect	to	desired	and	undesired	
effects	(increases	in	costs	are	also	an	undesired	effect),	the	importance	the	study	group	assigns	to	out-
come	measures	(e.g.,	pain	reduction	or	periapical	healing),	and	the	balance	of	desired	and	undesired	
effects	together	determine	the	strength	of	the	recommendation.		
	
The	overall	quality	of	evidence	is	determined	by	the	lowest	level	of	evidence	of	an	individual	effect.	
For	example,	if	the	quality	of	evidence	for	periapical	healing	is	low	and	the	quality	of	evidence	for	re-
duction	of	postoperative	pain	is	high,	then	the	overall	quality	of	evidence	is	low.	Overall	quality	of	evi-
dence	indicates	how	confident	we	are	about	the	balance	of	desired	and	undesired	effects.		
	
The	GRADE	methodology	has	strong	and	weak	recommendations.	Strong	and	weak	recommendations	
can	be	identified	by	verbs	used.	A	notional	strong	recommendation	might	read,	"Remove	the	smear	
layer	after	chemo-mechanical	preparation.	A	notional	weak	recommendation	could	read,	'Consider	
removing	the	smear	layer	after	chemo-mechanical	preparation'.	In	general,	low	and	very	low	overall	
quality	of	evidence	will	result	in	a	weak	recommendation	and	reasonable	and	high	overall	quality	of	
evidence	will	result	in	a	strong	recommendation.		
	
Indicator	development	
Simultaneously	with	the	development	of	the	draft	guideline,	internal	quality	indicators	were	develo-
ped	to	monitor	and	strengthen	the	application	of	the	guideline	in	practice.	For	this	purpose,	the	me-
thodology	described	in	Programm	für	Nationale	VersorgungsLeitlinien	von	BÄK,	KBV	und	AWMF	Quali-
tätsindikatoren.	Manual	für	Autoren:	6.	Qualitätsindikatoren	für	Nationale	VersorgungsLeitlinien	
(2009).	This	methodology	focuses	on	deriving	indicators	from	strong	recommendations.	In	addition,	
the	presence	of	improvement	potential,	measurability	and	influenceability	play	an	important	role.		
[update	2022/3]	The	indicators	have	not	yet	been	implemented,	and	will	be	retained	-	with	a	new	indi-
cator.	
	
Knowledge	gaps	
During	the	development	of	this	guideline	a	systematic	search	was	made	for	research	whose	results	
contribute	to	an	answer	to	the	starting	questions.	For	each	key	question,	the	study	group	examined	
whether	(additional)	scientific	research	is	required.	An	overview	of	recommendations	for	further	re-
search	or	follow-up	research	can	be	found	in	the	chapter	Knowledge	gaps.	
		
2.8	 Comment	Phase	
After	the	draft	guideline	was	developed,	it	was	submitted	to	a	sounding	board	group	of	general	practi-
tioners	and	dental	endodontists	(see	Appendix	members	sounding	board	group).	Its	comments	were	
then	incorporated	as	far	as	possible.	
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3. 	 Diagnosing the condition of the pulp 
	
Introduction	
The	importance	of	making	an	accurate	diagnosis	of	the	condition	of	the	pulp	in	elements	affected	by	
caries,	dental	injury	or	dental	treatment	can	hardly	be	overstated.	Accurate	diagnosis	is	crucial	for	
appropriate	treatment.	The	goal	of	endodontic	diagnostics	is	to	identify	elements	with	inflamed	or	
necrotic	pulp.	
Signs	and	symptoms	of	various	kinds	can	provide	information	as	to	whether,	and	to	what	extent,	the	
pulp	is	inflamed	or	if,	on	the	contrary,	it	is	necrotic.	There	are	several	tests	based	on	measuring	a	res-
ponse	to	sensory	stimuli	(sensitivity)	and	tests	to	measure	blood	circulation	in	the	pulp	(vitality).	
Currently,	vitality	tests	are	poorly	available	and	sensiblity	tests	are	mainly	used	in	practice	(Don-
nermeyer	et	al.,	2022;	Balevi	,	2019;	Mainkar	&	Kim,	2018).	Thereby,	these	tests	can	be	divided	into	
thermal	tests	(cold	and	heat)	and	the	electrical	tests.	Of	course,	this	is	always	in	combination	with	the	
clinical	history	and	extra-	and	intra-oral	examination.	
	
How	do	you	make	a	reliable	diagnosis	of	the	condition	of	the	pulp?	This	question	has	two	parts:		

1. How	accurate	(sensitivity,	specificity,	positive	and	negative	predictive	value)	are	the	various	
methods	for	determining	pulpal	sensitivity	and	vitality?	Methods:	thermal	testing,	electrical	
testing,	percussion,	pulse	oximetry	and	laser	Doppler	flowmetry.		

2. What	is	the	predictive	value	of	methods	or	markers	for	the	outcome	of	treatment	aimed	at	
keeping	the	pulp	vital,	healthy	and	asymptomatic?	Methods/markers:	bleeding	of	the	pulp,	
preoperative	pain	of	mild	intensity,	thermal	testing,	electrical	testing,	percussion,	and	color	
and	hardness	of	dentin	around	the	affected	pulp	(depth	of	caries	lesion).	

	
	

Search	and	selection	
The	starting	point	is	the	systematic	review	by	Mejare	et	al.	(2012).	This	review	is	the	same	as	the	
Swedish	Council	on	Health	Technology	Assessment's	systematic	review.	The	review	by	Mejare	et	al.	
(2012)	searched	for	literature	in	PubMed,	EMBASE,	The	Cochrane	Central	Register	of	Controlled	Trials	
and	Cochrane	Reviews	published	up	to	June	2011.	Eighteen	studies	were	found	that	met	the	inclusion	
criteria.	Some	of	these	studies	involved	examination	of	signs	and	symptoms	as	indicators	of	pulpal	
inflammation.	Another	part	of	the	studies	involved	examination	of	pulpal	sensitivity	and	vitality.		
The	search	strategy	included	in	the	Swedish	Council	on	Health	Technology	Assessment's	systematic	
review	was	used	to	update	this	review	via	PubMed	(Appendix	3.1).	In	addition	to	the	systematic	re-
view	by	Mejare	et	al.	(2012),	several	other	systematic	reviews	were	found	that	were	relevant	to	the	
starting	question,	but	whose	methodological	quality	(design	and	conduct	of	the	review)	was	insuffi-
cient	(Abu-Tahun	et	al.,	2012;	Jafarzadeh	&	Abbott,	2010a	and	2010b;	Barnes	&	Pattel,	2011).	In	part	
because	no	search	strategy	was	specified	(Barnes	&	Pattel,	2011),	the	selection	of	studies	was	unclear,	
and/or	the	methodological	quality	of	the	studies	(Abu-Tahun	et	al.,	2012;	Jafarzadeh	&	Abbott,	2010a	
and	2010b)	had	not	been	assessed.	Of	the	primary	studies	found,	1	met	the	inclusion	criteria	(Ka-
rayilmaz	&	Kirzioğlu,	2011).	The	reviews	by	Abu-Tahun	et	al.	(2012,	Jafarzadeh	&	Abbott	(2010a;	
20120)	are	briefly	discussed	in	the	considerations	(under	the	heading	professional	perspective).	
Selection Criteria 

Type of studies - SRs 
- original observational studies 
- ex and in vivo studies 
- publications from 2010 

Type of patients - adult patients in whom the pulp may be affected by caries, injury or dental treatment and 
who are undergoing diagnostic testing 

Reference Standard - histological examination or inspection of pulpal tissue 
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Type of outcome 

measures 

- sensitivity and specificity 
- likelihood ratio 
- odds ratio 
- ROC curves 
- AUC (area under the curve). 
- or data from which the above outcomes can be derived 

Type of setting - general practitioners 
- dental endodontists 

 

 

Summary	of	literature	
How	accurate	(sensitivity,	specificity,	positive	and	negative	predictive	value)	are	the	various	methods	
for	determining	pulpal	sensitivity	and	vitality?	Methods:	thermal	testing,	electrical	testing,	percussion,	
pulse	oximetry	and	laser	Doppler	flowmetry?		
10	studies	(Dummer	1980;	Evans	1999;	Georgopoulou	1989;	Gopikrishna	2007;	Johnson	1970;	Kam-
buroğlu	2005;	Petersson	1999;	Seltzer	1963;	Weisleder	2009;	Karayilmaz	2011)	examined	the	sensiti-
vity	and	specificity	of	the	electrical	test.	10	studies	(Dummer	1980;	Evans	1999;	Garfunkel	1973;	
Georgopoulou	1989;	Gopikrishna	2007;	Kamburoğlu;	Petersson	1999;	Seltzer	1963;	Tyldesley	1970;	
Weisleder	2009)	evaluated	the	diagnostic	accuracy	of	the	cold	test.		
The	diagnostic	accuracy	of	the	heat	test	was	evaluated	in	6	studies	(Dummer	1980;	Garfunkel	1973;	
Georgopoulou	1989;	Petersson	1999;	Seltzer	1963;	Tyldesley	1970).	The	diagnostic	accuracy	of	laser	
Doppler	flowmetry	was	verified	in	3	studies	(Evans	1999;	Olgart	1988;	Karayilmaz	2011).	The	diagnos-
tic	accuracy	of	pulse	oximetry	was	examined	in	1	study	(Gopikrishna	2007).	Percussion	was	tested	as	a	
diagnostic	test	in	2	studies	(Seltzer	1963;	Tyldesley	1970).		
	
5	of	the	13	studies	(Dummer	1980;	Garfunkel	1973;	Johnson	1970;	Seltzer	1963;	Tyldesley	1970)	in-
volved	histological	examination	of	the	pulp;	7	studies	(Evans	1999;	Georgopoulou	1989;	Gopikrishna	
2007;	Kamburoğlu	2005;	Olgart	1988;	Petersson	1999;	Weisleder	2009)	involved	visual	inspection,	
and	1	study	(Karayilmaz	2011)	involved	a	control	group	with	elements	deemed	healthy	(Table	3-1).		
	
 

Table	3-1	Characteristics	of	diagnostic	accuracy	studies	to	determine	pulpal	sensitivity	and	vitality	

Study	ID	 Patients		 Index	Tests	of	vitali-
ty	of	the	pulpa	

Reference	Tests	

Dummer	1980	 75	permanent	teeth	to	be	extracted	
mainly	because	of	pain	

Electrical	
Cold	
Heat	

Histology	of	pulp	after	
extraction:	
Classification	according	to	
criteria	by	Seltzer	et	al.	
(1963)	
Dichotomized	into:	
saveable	pulp	(chronic	
partial	pulpitis)	(n	=	50)	
and	nonsaveable	
pulp	(severe	inflamma-
tion/necrosis)	(n	=	25)	
Disease	prevalence:	
Nonsaveable	pulp:	67%	
Nonvital	pulp:	25%	

Evans	1999	 Sample	1:	67	teeth	in	55	patients	aged	
8-35	years.	Anterior	teeth	subjected	to	
dental	trauma	with	at	least	two	signs	of	
pulp	necrosis	(loss	of	pulp	sensitivity,	
discoloration,	radiographic	signs	of	
pathology)	

Laser	Doppler	
flowmetry	
Electrical	
Cold	

Visual	examination	after	
pulp	exposure	
Classification:	
Whole	pulp	necrotic	(n	=	
60)	
Coronal	pulp	necrotic	(n	=	
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Study	ID	 Patients		 Index	Tests	of	vitali-
ty	of	the	pulpa	

Reference	Tests	

Sample	2:	77	non-injured	intact	teeth	
from	the	same	or	other	patients	

7)	
Disease	prevalence:	
(Sample	1)Total	pulp	ne-
crosis:	90%	
Coronal	pulp	necrotic:	
100%	

Garfunkel	
1973	

132	teeth	with	painful	pulp	conditions	
in	need	of	endodontic	therapy.		
Exclusion	criteria:	Teeth	with	radio-
graphic	signs	of	apical	
periodontitis,	incomplete	case	history,	
technical	difficulties	
(n	=	23)	

Cold	
Heat	

Histology	of	extirpated	pulp	
Classification:	
Acute	pulpitis	(n	=	35)	
Chronic	pulpitis	(n	=	27)	
Chronic	pulpitis	with	par-
tial	
necrosis	(n	=	39)	
Total	necrosis	(n	=	8)	
Disease	prevalence:	
Pulpitis	=	57%	
Partial	or	total	necrosis	=	
43%.	

Georgopoulou	
1989	

Patients	scheduled	for	endodontic	
treatment	168	patients	(one	tooth	per	
patient)	aged	11-78	years	

Electrical	
Cold	
Heat	

Visual	examination	after	
pulp	exposure	
Classification:	
Vital	(n	=	100)	
Necrotic	(n	=	68)	
Disease	prevalence:	
Necrotic	pulp:	40%	

Gopikrishna	
2007	

80	patients	with	one	single-rooted	inci-
sor,	canine	or	pre-molar	requiring	en-
dodontic	therapy	because	of	either	deep	
caries	or	prosthodontics		
Control:	Contra-lateral	sound	tooth	

Oxygen	saturation	
Electrical	
Cold	

Visual	examination	after	
pulp	exposure	(test	sample	
only)	
Classification:	
Bleeding	(vital)	(n	=	38)	
No	bleeding	(necrotic)	(n	=	
42)	
Disease	prevalence:	
No	bleeding	(necrotic)	53%	
Controls	subjected	to	EPT	
and	cold	test	only	

Johnson	1970	 706	extracted	teeth	in	94	consecutive	
patients	because	of	full-mouth	extrac-
tion	or	because	of	caries,	tooth	ache,	
marginal	periodontitis,	and	prosthodon-
tics		
361	teeth	pulp	vitality	tested	

Electrical	
	

Histology	of	pulp	after	
extraction	
Classification:	
Hyperaemic	stage	(no	in-
flammatory	cell	infiltrates)	
'Irreversible'	cellular	in-
flammation	or	necrosis	
Disease	prevalence:	
Hyperaemia:	31%	
Severe	inflammation:	10%	
Necrosis:	7%	

Kamburoğlu	
2005	

93	teeth	in	97	patients	aged	15-65	years	
(mean	33	ears)	in	need	of	endodontic	
therapy	because	of	caries	
Comparison	group:	Adjacent	or	contra-
lateral	sound	teeth	
(n	=	49)	

Electrical	
Cold	

Visual	inspection	of	ex-
posed	
pulp	
Classification:	
Bleeding	(n	=	50)	
No	bleeding	(necrotic)	(n	=	
43)	
Disease	prevalence:	
Necrotic	pulp:	46%	

Olgart	1988	 Sample	1:	33	teeth	in	25	patients	aged	 Laser	Doppler	flow- Visual	examination	and	
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Study	ID	 Patients		 Index	Tests	of	vitali-
ty	of	the	pulpa	

Reference	Tests	

7-20	years	with	1	year	history	of	injury	
from	trauma	scheduled	for	endodontic	
treatment	
Control:	33	non-injured	teeth	
Sample	2:	20	teeth	in	18	patients	aged	
7-16	years	subjected	to	moderate	trau-
ma	and	initially	non	sensitive	to	EPT	

metry	 probing	pulp	exposure	
Classification:	
Vital	(n	=	37)	
Necrotic	(n	=	16)	
Disease	prevalence:	(con-
trols	excluded):	
Necrotic	pulp	(no	bleed-
ing):	70%	

Petersson	
1999	

Sample	1:	59	teeth	in	56	patients	(21-79	
years)	scheduled	for	endodontic	treat-
ment.	
Sample	2:	(controls):	16	teeth	in	nine	
dental	students	with	intact	teeth	

Electrical	
Cold	
Heat	

Visual	inspection	after	pulp	
exposure.	(not	sample	2)	
Classification:	
Vital	(bleeding	pulp)	(n	=	
46)	
Nonvital	(no	bleeding)	(n	=	
29)	
Disease	prevalence:	(sam-
ple	2	included):	
Nonvital	pulp:	38%	

Seltzer	1963	 166	teeth	scheduled	for	extraction	be-
cause	of	tooth	ache,	orthodontic,	perio-
dontal	or	prosthetic	reasons	

Pain	(pres-
ence/absence)	
Percussion	
Electrical	
Cold	
Heat	
Heat	and	cold	
combined	

Histology	of	pulp	after	ex-
traction	
Classification:	
a.	Intact	uninflamed	(n	=	
23)	
b.	Atrophic	(n	=	40)	
c.	Intact	with	scattered	
inflammatory	cells	(n	=	19)	
d.	Chronic	partial	pulpitis	
with	partial	necrosis	(n	=	
24)	
e.	Chronic	total	pulpitis	
with	
partial	necrosis	(n	=	14)	
f.	Chronic	total	pulpitis	(n	=	
22).	
g.	Total	necrosis	(n	=	22).	
Dichotomized	in	a-d	=	non-
suppurative	(n	=	106)	
And	e-g	=	suppurative	(n	=	
60)	
Disease	prevalence:	
Total	pulpitis/necrosis	
(e-g):	35%	

Tyldesley	
1970	

142	teeth	scheduled	for	extraction	be-
cause	of	toothache	

Percussion	
Cold		
Heat	

Histology	of	pulp	after	ex-
traction	
Classification:	
a.	Normal/hyperaemic	(n	=	
16)	
b.	Acute	localized	pulpitis	
(n	=	25)	
c.	Acute	generalized	and	or	
chronic	pulpitis	(n	=	69)	
d.	Degeneration	or	necrosis	
(n	=	32)	
Disease	prevalence:	
Localized	pulpitis:	18%	
Generalized	pulpitis:	49%	
Degenerated/necrotic	pulp:	



 
 

31 
 

Study	ID	 Patients		 Index	Tests	of	vitali-
ty	of	the	pulpa	

Reference	Tests	

23%	
Weisleder	
2009	

150	patients	(18-76	years)	undergoing	
endodontic	treatment.	One	tooth	per	
patient	

Electrical	
Cold	
Electrical	and	Cold	
test	combined	

Visual	inspection	after	pulp	
exposure	
Classification:	
Vital	(bleeding)	(n	=	64)	
Necrotic	(no	bleeding,	
Bleeding	in	apical	part	on-
ly)	(n	=	86)	
Disease	prevalence:	
Necrotic	pulp:	57%	

Karayilmaz	
2011	

59	pairs	of	maxillary	anterior	teeth	(38	
pairs	of	central,	21	pairs	of	lateral	inci-
sors)	in	51	patients	(range	12-18	years,	
mean	age	14.6	±1.73	years,	28	women,	
23	men).	The	teeth	with	complete	en-
dodontic	fillings	constituted	
the	study	group,	and	the	healthy,	con-
tralateral	teeth	of	the	same	patients	
were	constituted	the	control	group	

Electrical	
Laser	Doppler	flow-
metry	
	

Case	control	design	
52-56/59	vital	in	control	
group	(electrical	test-LDF)	

Source:	Mejàre	et	al.,	2012;	Karayilmaz	&	Kirzioğlu,	2011	

	
The	following	comments	can	be	made	on	the	results	of	diagnostic	accuracy	studies	of	pulpal	sensitivity	
and	vitality:	

- Electrical,	cold	and	heat	tests	have	been	the	most	researched,	while	studies	of	newer	diagnostic	
tests,	such	as	laser	Doppler	flowmetry	and	pulse	oximetry,	have	been	little	explored.	

- For	any	test	for	which	four	or	more	studies	have	been	conducted,	both	the	fraction	of	false	po-
sitives	and	the	fraction	of	false	negatives	can	be	high.	The	large	variation	of	the	fractions	of	fal-
se	positives	and	false	negatives	of	almost	every	test	studied	is	difficult	to	explain	in	terms	of	
variation	in	patient	group	et	cetera.	

- Therefore,	no	single	test	or	combination	of	tests	is	sufficiently	accurate	to	demonstrate	or	rule	
out	pulpal	vitality.	

	
What	are	the	outcomes	of	the	various	diagnostic	tests	(Table	3-2)?	
 

Table	3-2	Outcomes	of	diagnostic	accuracy	studies	of	pulpal	sensitivity	and	vitality.	

Diagnostic	test	 Reference	test:	histological	examination	of	
the	pulpa	

Visual	inspection	of	the	pulp	(or	
healthy	controls)		

	 Sensitivity	 Specificity	 Sensitivity	 Specificity	
Electrical		 Se	(nonvital)	=	0.21		

Se	(necrosis)	=	0.57	
Se	(necrotic)	=	0.72	

Sp	=	1.00		
Sp	=	0.99	
Sp	=	0.92	

Se	=	0.87	
Se	=	0.94	
Se	=	0.84	
Se	=	0.72	
Se	=	0.75	
Se	=	0.71	
Se	=	0.915	

Sp	=	0.96	
Sp	=	0.73	
Sp	=	0.96	
Sp	=	0.90	
Sp	=	0.92	
Sp	=	0.92	
Sp	=	0.881	

Range		 Se:	0.21-	0.72	
Proportion	of	false	negati-
ves:	
28/100	-	79/100	

Sp:	0.92-1.00	
Proportion	of	false	
positives:	
0/100	-	8/100	

Se:	0.71-0.94	
Proportion	of	false	
negatives:	
6/100	-	29/100	

Sp:	0.73-0.96	
Proportion	of	false	
positives:	
4/100	-	27/100	

	 	 	 	 	
Cold	 Se	(nonvital)	=	0.68	

Se	(necrosis)	=	0.75	
Se	(necrotic)	=	0.89	
Se	(necrotic)	=	0.94	

Sp	=	0.70	
Sp	=	0.57	
Sp	=	0.24	
Sp	=	0.10	

Se	=	1.00	
Se	=	0.93	
Se	=	0.83	
Se	=	0.89	

Sp	=	0.62	
Sp	=	0.98	
Sp	=	0.90	
Sp	=	0.76	
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Diagnostic	test	 Reference	test:	histological	examination	of	
the	pulpa	

Visual	inspection	of	the	pulp	(or	
healthy	controls)		

	 Sensitivity	 Specificity	 Sensitivity	 Specificity	
Se	=	0.81	 Sp	=	0.92	

Range	 Se:	0.68-0.94	
Proportion	of	false	negati-
ves:	
6/100	-	32/100	

Sp:0.10-0.70	
Proportion	of	false	
positives:	
30/100-90/100	

Se:	0.81-1.00	
Proportion	of	false	
negatives:	
0/100	-	19/100	

Sp:	0.62-0.98	
Proportion	of	false	
positives:	
2/100	-	38/100	

	 	 	 	 	
Heat	 Se	(nonvital)	=	0.95		

Se	(necrosis)	=	0.63	
Se	(necrotic)	=	0.94	
Se	(necrotic)	=	0.89	

Sp	=	0.41	
Sp	=	0.61	
Sp	=	0.29	
Sp	=	0.05	

Se	=	1.00	
Se	=	0.86	

Sp	=	0.66	
Sp	=	0.57	

Range	 Se:0.63-0.95	
Proportion	of	false	negati-
ves:	
5/100	-	37/100	

Sp:	0.05-0.61	
Proportion	of	false	
positives:	
39/100-95/100	

Se:	0.86-1.00	
Proportion	of	false	
negatives	
0/100	-	14/100	

Sp:	0.57-0.66	
Proportion	of	false	
positives:	
34/100	-.43/100	

	 	 	 	 	
Cold	and	heat	
combined	

Se	(necrotic)	=	0.78	
Proportion	of	false	nega-
tives:	
32/100	

Sp	=	0.86	
Proportion	of	false	
positives:	
14/100	

Se	=	0.92	
Proportion	of	false	
negatives:	
8/100	

Sp	=	0.89	

	 	 	 	 	
Laser	Doppler	
Flowmetry	

	 	 Se	=	1.00*	
Se	=	0.88	

Sp	=	1.00*	
Sp	=	1.00	

Range	 	 	 Se:	0.88-1.00	
Proportion	of	false	
negatives:	
0/100	-	12/100	

Sp:,.00	
Proportion	of	false	
positives:	
0/100	

	 	 	 	 	
Pulse	oximetry	 	 	 Se	=	1.00	

Se	=	0.813	
Sp	=	0.95	
Sp	=	0.949	

Range	 	 	 Se:	0.813-1.0	
Proportion	of	false	
negatives:	
0/100	-	19/100	

Sp:	0.95	
Proportion	of	false	
positives:	
5/100	

	 	 	 	 	
Percussion	 Se	(necrotic)	=	0.28	

Proportion	of	false	nega-
tives:	
72/100	

Sp	=	0.89	
Proportion	of	false	
positives:	
11/100	

	 	

* flux values at <7.0 and amplitude values at <1.6: 

Source: Mejàre et al., 2012; Karayilmaz & Kirzioğlu, 2011 

	
	
What	is	the	predictive	value	of	methods	or	markers	for	the	outcome	of	treatment	aimed	at	keeping	the	
pulp	vital,	healthy	and	asymptomatic?	Methods/markers:	bleeding	of	the	pulp,	preoperative	pain	of	
mild	intensity,	heat	test,	cold	test	and	percussion	test,	and	color	and	hardness	of	dentin	around	the	
affected	pulp?	
Six	studies	(Seltzer	1963;	Johnson	1970;	Tyldesley	1970;	Dummer	1980;	Kamburoğlu	2005;	Hasler	
1970)	examined	the	accuracy	of	testing	for	signs	and	symptoms	that	may	indicate	an	inflamed	pulp.	
Almost	all	studies	involved	histologic	examination.	The	signs	and	symptoms	looked	at	were	quite	he-
terogeneous	(Table	3-3).	Also,	sensitivity	or	specificity	were	not	always	reported.	In	Table	3-4	sensiti-
vity	and	specificity	are	listed	for	the	studies	that	involved	histological	examination.	As	with	tests	for	
vitality	and	sensitivity	of	the	pulpa,	sensitivity	and	specificity	for	tests	for	signs	and	symptoms	that	
may	indicate	pulpitis	show	strong	variation.		
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1	study	(Matsuo	et	al.,	1996)	examined	the	extent	to	which	different	clinical	signs	and	symptoms	could	
predict	the	outcome	of	pulpal	overcapping.	The	material	consisted	of	44	permanent	elements	with	
affected	pulp	after	excavation	for	deep	caries.	Pulp	with	profuse	and	persistent	bleeding	had	a	signifi-
cantly	worse	outcome	than	when	there	was	moderate	bleeding	or	bleeding	of	short	duration.	Preope-
rative	pain	of	mild	intensity	did	not	affect	the	likelihood	of	treatment	success.	
 

Table	3-3	Characteristics	of	diagnostic	accuracy	studies	of	signs	and	symptoms	that	may	indicate	an	in-
flamed	pulp	
Study	ID	 Patients		 Markers	of	the	in-

flammation	status	of	
the	pulpa	

Reference	Tests	

Dummer	
1980	

75	permanent	teeth	to	be	extracted	
mainly	because	of	pain	

Presence/absence	of	
pain	
Character	of	pain	
Tenderness	at	apex	
Intraoral	swelling	
Tenderness	to	percus-
sion	
Hypersensitivity	to	cold	
and	heat	

Histology	of	pulp	after	
extraction:	
Classification	according	to	crite-
ria	by	Seltzer	et	al.	(1963)	
Dichotomized	into:	
saveable	pulp	(chronic	
partial	pulpitis)	(n	=	50)	
and	nonsaveable	
pulp	(severe	inflamma-
tion/necrosis)	(n	=	25)	
Disease	prevalence:	
Nonsaveable	pulp:	67%	
Nonvital	pulp:	25%	

Hasler	1970	 47	patients	age	13-56	years	
(mean	28	years).	One	tooth	per	
patient	
Control:	Adjacent	or	
contra-lateral	sound	tooth	

Electrical	
Cold		
Heat	
Percussion	test	
Radiographic	findings	

Histology	of	pulp	after	extrac-
tion	
Classification:	
No	or	minimal	pulpitis	(n	=	34)	
Moderate/severe	pulpitis	(n	=	
13)	
Disease	prevalence:	
Moderate/severe	pulpitis:	28%	

Johnson	
1970	

706	extracted	teeth	in	94	consecu-
tive	patients	because	of	full-mouth	
extraction	or	because	of	caries,	
tooth	ache,	marginal	periodontitis,	
and	prosthodontics		
	

Hypersensitivity	to	
heat	and	
cold	
	

Histology	of	pulp	after	
extraction	
Classification:	
Hyperaemic	stage	(no	inflam-
matory	cell	infiltrates)	
'Irreversible'	cellular	inflamma-
tion	or	necrosis	
Disease	prevalence:	
Hyperaemia:	31%	
Severe	inflammation:	10%	
Necrosis:	7%	

Kamburoğlu	
2005	

93	teeth	in	97	patients	aged	15-65	
years	(mean	33	ears)	in	need	of	
endodontic	therapy	because	of	car-
ies	
Comparison	group:	Adjacent	or	
contra-lateral	sound	teeth	
(n	=	49)	

History	of	pain	
Caries	removal	without	
anesthesia	
Sensibility	to	probing	
exposed	pulp	
Percussion	test	
Radiographic	examina-
tion	

Visual	inspection	of	exposed	
pulp	
Classification:	
Bleeding	(n	=	50)	
No	bleeding	(necrotic)	(n	=	43)	
Disease	prevalence:	
Necrotic	pulp:	46%	

Klausen	
1985	

74	patients	with	acute	dental	
pain	
Exclusion	criterion:	Patients	with	
dubious	or	mixed	diagnosis	

Ability	to	point	out	
tooth	interference	with	
sleep	
Constant	pain	
Tenderness	to	temper-
ature	changes	and	

Visual	examination	and	
probing	of	exposed	pulp	
Classification:	
vital	or	necrotic	pulp	
radiography:	normal	or	apical	
rarefaction,	marginal	bone	loss.	
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Study	ID	 Patients		 Markers	of	the	in-
flammation	status	of	
the	pulpa	

Reference	Tests	

chewing	
Tooth	feels	extruded	
Impaired	mouth	open-
ing.	
Reddening	of	the	apical	
oral	mucosa.	
Tenderness	at	apex,	
percussion,	digital	
pressure	
Tooth	mobility	
Swollen	regional	lymph	
nodes	

Marginal	periodontium:	normal	
or	deepened	pocket	
Disease	prevalence:	
1.	Pulpitis	38%	
2.	AP	41%	
3.	MP	12%	
4.	Pulpo-periodontitis	9%.	
(excluded	from	analysis)	

Matsuo	
1996	

44	teeth	in	38	patients	(age	20-69	
years)	with	carious	exposure	and	
without	extensive	pain	
Exclusion	criteria:	
Severe	damage	to	the	pulp	
during	caries	excavation	
(n	=	3)	

History	of	pain	
Heat,	cold	and	
percussion	test	
Color,	hardness	of	den-
tin	surrounding	pulp	
exposure	
Pulp	exposure	size	
Bleeding	character	

Success	of	treatment	(pulp	
capping)	
Criteria:	
No	clinical	signs	or	symptoms	of	
irreversible	pulpitis,	tooth	sen-
sitive	to	EPT	
Follow-up:	≥12	months	

Seltzer	
1963	

166	teeth	scheduled	for	extraction	
because	of	tooth	ache,	orthodontic,	
periodontal	or	prosthetic	reasons	

Presence	and	character	
of	pain	
Sensibility	to	percus-
sion	
Radiographic	signs	
Abnormal	reaction	to	
heat	
or	cold	
Electrical	

Histology	of	pulp	after	extrac-
tion	
Classification:	
a.	Intact	uninflamed	(n	=	23)	
b.	Atrophic	(n	=	40)	
c.	Intact	with	scattered	
inflammatory	cells	(n	=	19)	
d.	Chronic	partial	pulpitis	with	
partial	necrosis	(n	=	24)	
e.	Chronic	total	pulpitis	with	
partial	necrosis	(n	=	14)	
f.	Chronic	total	pulpitis	(n	=	22).	
g.	Total	necrosis	(n	=	22).	
Dichotomized	in	a-d	=	nonsup-
purative	(n	=	106)	
And	e-g	=	suppurative	(n	=	60)	
Disease	prevalence:	
Total	pulpitis/necrosis	
(e-g):	35%	

Tyldesley	
1970	

142	teeth	scheduled	for	extraction	
because	of	toothache	

Character	of	pain	
Heat		
Cold		
Percussion	
	

Histology	of	pulp	after	extrac-
tion	
Classification:	
a.	Normal/hyperaemic	(n	=	16)	
b.	Acute	localized	pulpitis	
(n	=	25)	
c.	Acute	generalized	and	or	
chronic	pulpitis	(n	=	69)	
d.	Degeneration	or	necrosis	
(n	=	32)	
Disease	prevalence:	
Localized	pulpitis:	18%	
Generalized	pulpitis:	49%	
Degenerated/	
necrotic	pulp:	23%	

Source:	Mejàre	et	al.,	2012	
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Table	3-4	Outcomes	of	diagnostic	accuracy	studies	of	signs	and	symptoms	that	may	indicate	(the	severity	
of)	an	inflamed	pulp	

Diagnostic	test	 Reference	test:	histological	examination	of	the	pulpa	
	 Sensitivity	(Se)	 Specificity	(Sp)	
Presence	and	character	of	pain	 	 	

• presence	of	pain		
	

• mild	versus	severe	pain		
	

• intermittent	versus	
constant	pain	

Se	(nonsaveable	pulp)	=	0.88	
Se	(total	pulpitis)	=	0,65	
Se	(generalized	pulpitis/necrosis)	=.68	
	
Se	(generalized	pulpitis/necrosis)	=	0.37		

Sp	=	0.60	
Sp	=	0.76		
Sp	=	0.41	
	
Sp	=	0.61	

	 	 	
Cold	 Se	(nonsaveable)	=	0.40	

Se	(moderate/severe	pulpitis)	=	0.85	
Se	(irreversible	inflammation)	=	0.35	
Se	(total	pulpitis)	=	0.23	
Se	(generalized	pulpitis/necrosis)	=	0.92	

Sp	=	0.84	
Sp	=	0.12	
Sp	=	0.49	
Sp	=	0.80	
Sp	=	0.12	

	 	 	
Heat	 Se	(nonsaveable)	=	0.18	

Se	(moderate/severe	pulpitis)	=	0.54	
Se	(irreversible	inflammation)	=	0.59	
Se	(total	pulpitis)	=	0.31	
Se	(generalized	pulpitis/necrosis)	=	0.92	

Sp	=	0.92	
Sp	=	0.21	
Sp	=	0.39	
Sp	=	0.84	
Sp	=	0.02	

	 	 	
Tenderness	to	percussion	 Se	(nonsaveable)	=	0.66	

Se	(moderate/severe	pulpitis)	=	0.77	
Se	(total	pulpitis)	=	0.38	
Se	(generalized	pulpitis/necrosis)	=	0.16	

Sp	=	0.88	
Sp	=	0.21	
Sp	=	0.92	
Sp	=	0.93	

	 	 	
Pulp	exposed	to	caries	 Se	(moderate/severe	pulpitis)	=	0.77	 Sp	=	0.88	
	 	 	
Character	of	bleeding	of	the	
pulp	

Se	(conspicuous	bleeding	not	arresting	at	30	
s	past	exposure)	=	0.50	

Sp	=	0.86	

Source:	Mejàre	et	al.,	2012	

	

Quality	of	evidence	
According	to	the	review	by	Mejare	et	al.	(2012),	the	risk	of	bias	for	both	sensitivity	and	specificity	is	
severe	in	most	studies.	The	main	reasons	for	this	are:	

- No	information	on	the	reliability	of	the	reference	test;	
- no	confidence	interval	presented	for	sensitivity	and	specificity;	
- in	most	studies,	it	is	unclear	whether	the	results	of	the	index	test	and	the	reference	test	were	

independently	assessed	and	
- ambiguity	about	the	extent	to	which	the	patients	represented	a	representative	spectrum.	

The	study	added	by	the	Working	Group	by	Karayilmaz	&	Kirzioğlu	(2011)	that	evaluated	the	diagnos-
tic	accuracy	of	the	electrical	test	and	laser	Doppler	flowmetry	for	the	detection	and	exclusion	of	necro-
sis	of	the	pulp	can	be	characterized	as	a	study	with	severe	risk	of	bias	(Appendix	3.2).		
	
In	addition,	for	all	tests,	there	was	inconsistency	either	strong	heterogeneity	of	sensitivity	and	specifici-
ty,	or	imprecision	due	to	the	fact	that	only	1	or	2	small	studies	examined	the	accuracy	of	a	test.	
For	all	tests,	therefore,	the	quality	of	evidence	is	low	because	there	is	considerable	uncertainty	in	the	
outcomes	of	sensitivity	and	specificity.	
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Conclusions	

Low	
GRADE	

Sensibility	and	vitality	of	the	pulp	
	
There	is	considerable	uncertainty	regarding	the	diagnostic	value	of	thermal	(heat	
and	cold)	tests	and	electrical	tests.	Cold	tests,	more	so	than	heat	tests,	seem	to	
have	higher	sensitivity	(necrotic	pulp)	than	specificity	(vital	pulp),	whereas	elec-
trical	tests,	on	the	contrary,	seem	to	have	higher	specificity	(vital	pulp)	than	sen-
sitivity	(necrotic	pulp).	Therefore,	cold	tests	seem	more	appropriate	for	demon-
strating	a	necrotic	pulpa	in	the	event	of	a	negative	test	result,	while	electrical	
tests	seem	more	appropriate	for	demonstrating	a	vital	pulp	in	the	event	of	a	posi-
tive	test	result.		
	
There	is	considerable	uncertainty	about	the	diagnostic	value	of	pulse	oximetry	
and	laser	Doppler	flowmetry.	Both	techniques	appear	to	have	high	sensitivity	and	
specificity.	
	
	
Mejàre	et	al.,	2012;	Karayilmaz	&	Kirzioğlu,	2011;		

	

	
Low	
GRADE	

Signs	and	symptoms	that	may	indicate	(severity	of	)	inflammation	of	the	pulp	
	
There	is	considerable	uncertainty	about	the	diagnostic	significance	of	hypersensi-
tivity	to	heat,	response	to	cold,	electrical	stimulation,	or	sensitivity	to	percussion	
in	asymptomatic	elements	with	deep	caries	lesions.	
The	presence	or	absence	of	pain,	the	nature	and	duration	of	this	pain	are	not	con-
clusive	about	the	condition	of	the	pulp.	
	
	
Mejàre	et	al.,	2012	

	

Low	
GRADE	

Success	pulp	capping	
	
There	is	considerable	uncertainty	about	the	predictive	value	of	nature	and	extent	
of	bleeding	from	the	pulp,	preoperative	pain	of	mild	intensity,	heat,	cold	and	per-
cussion	testing,	and	color	and	hardness	of	dentin	around	the	affected	pulp	for	the	
outcome	of	treatment	aimed	at	keeping	the	pulp	vital,	healthy	and	asymptomatic.	
	
Mejàre	et	al.,	2012	

	

Considerations		
Quality	of	evidence	
The	quality	of	evidence	is	low,	meaning	that	there	is	considerable	uncertainty	about	the	value	of	va-
rious	diagnostic	tests.	Recognizing	that	accuracy	parameters	are	surrogates	for	patient-relevant	out-
comes,	such	as	absence	of	pain,	reduction	of	periodontitis	apicalis,	or	restoration	of	dental	function,	
the	overall	quality	of	evidence	is	very	low.		
	
Patient	values	and	preferences	
The	guideline	working	group	has	no	evidence	that	patients	differ	in	preference	for	one	test	or	another.	
All	are	generally	not	perceived	as	very	pleasant.	
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Professional	perspective	
Abu-Tahun	et	al.	(2012)	in	their	review	do	not	provide	figures	on	sensitivity	and	specificity	of	the	var-
ious	diagnostic	tests,	but	conclude	(p.	11):	"Currently,	no	single	pulp	testing	technique	can	reliably	diag-
nose	all	pulpal	conditions	nor	it	has	been	proven	to	be	superior	in	all	aspects."	
	
Jafarzadeh	&	Abbott	(2010a)	found	significantly	fewer	studies	on	thermal	and	electrical	testing	than	
Mejàre	et	al.	(2012):	a	total	of	5,	of	which	2	reported	either	sensitivity	or	specificity,	but	not	both.	Inci-
dentally,	these	are	2	studies	that	Mejàre	et	al.	(2012)	excluded	because	of	"inadequate	reference	stan-
dard"	and	"healthy	teeth	only."	Their	conclusion	"It	should	be	emphasized	that	EPTs	and	thermal	tests	
are	simple	non-invasive	tests,	but	they	are	not	completely	reliable.	Heat	(...)	is	the	least	accurate	overall	of	
the	three	common	pulp	tests	due	to	its	low	specificity	(Petersson	et	al.	1999),	whereas	the	cold	test	is	
more	accurate	than	the	EPT"	(Moody	et	al.	1989,	Peters	et	al.	1994),	is	therefore	based	on	a	limited	
number	of	studies.		
	
Convincing	evidence	to	use	or	not	use	specific	diagnostic	tests	is	lacking.	Therefore,	there	is	no	reason	
to	strongly	recommend	or	discourage	specific	tests	or	combinations	of	tests.	Especially	important	is	
that	a	diagnostic	test	be	performed	to	determine	the	sensibility,	vitality,	inflammatory	status	of	the	
pulp,	and	in	conjunction	with	a	detailed	history,	symptoms,	clinical	findings	and	radiologic	observati-
ons	to	determine	further	management.	
	
Cost	
Thermal	tests	are	generally	not	very	expensive	and	are	ubiquitous	in	dental	practices.	The	electric	
pulpate	tester	is	slightly	more	expensive.	The	new	tests	such	as	pulse	oximetry	and	laser	Doppler	
flowmetry	would	be	more	costly	once	they	become	available.	The	working	group	assumes	that,	for	the	
time	being,	general	practitioners	will	have	little	or	no	access	to	the	equipment	needed	for	pulse	oxime-
try	and	laser	Doppler	flowmetry.	
	
Recommendation		
Always	perform	a	test	to	determine	the	sensibility,	vitality,	and	inflammatory	status	of	the	pulp	(to	
determine	further	management	in	conjunction	with	a	detailed	history,	symptoms,	clinical	findings,	and	
radiologic	observations).	
	
To	determine	the	sensibility	and	-	indirectly	-	the	vitality	of	the	pulp,	the	working	group	suggests	the	
use	of	the	cold	test	and	electrical	test.		
	
Rational		
Of	none	of	the	tests	to	determine	the	sensitivity	and	-	indirectly	-	the	vitality	of	the	pulp,	the	diagnostic	
value	has	been	scientifically	demonstrated	with	a	reasonable	to	high	degree	of	certainty.	Of	the	tests	
based	on	measuring	a	response	to	sensory	stimuli,	the	cold	test	and	electrical	test	seem	to	be	the	most	
sensitive/specific.	Moreover,	they	are	noninvasive,	inexpensive	tests.	
Tests	based	on	the	measurement	of	blood	circulation	to	determine	the	vitality	of	the	pulp	have	not	yet	
been	investigated	in	a	sufficiently	robust	manner	to	be	applied	routinely,	and	are	also	relatively	ex-
pensive.	Therefore,	the	study	group	assumes	that	pulse	oximetry	and	laser	Doppler	flowmetry,	in	part	
because	of	the	costs	associated	with	them,	are	not	or	rarely	used	by	general	practitioners	for	the	time	
being.	
At	this	time,	one	cannot	rely	purely	on	the	results	of	sensibility	tests	for	an	accurate	diagnosis	of	the	
condition	of	the	pulp.		
The	working	group	believes	that	in	combination	with	the	medical	and	clinical	history,	intraoral	exami-
nation	and	the	additional	X-ray	diagnosis,	one	can	ultimately	arrive	at	a	working	diagnosis.		
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Knowledge	gaps	
Future	scientific	research	should	focus	on	exploring	methods	that	clarify	whether	a	vital	but	affected	
pulp	can	be	preserved	or	should	be	removed	and	replaced	with	filling	material.		
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Appendix	3.1.	Search	strategy	

	
Retrieved	from	PubMed	September	3,	2015	
	
((("dental	pulp	diseases/classification"[MeSH	Major	Topic]	OR	"dental	pulp	diseases/	
diagnosis"[MeSH	Major	Topic]	OR	"dental	pulp	test"[MeSH	Major	Topic]	OR	((diagnos*	
[Title]	OR	test*[Title]	OR	indication*[Title]	OR	clinical	symptom*[Title])	AND	pulp*	
[Title])	OR	("dental	pulp	diseases"[MeSH	Terms]	AND	"tooth	discoloration"[MeSH	
Terms]))	NOT	("case	reports"[Publication	Type]	OR	"clinical	conference"[Publication	
Type]	OR	"comment"[Publication	Type]	OR	"congresses"[Publication	Type]	OR	"editorial"[	
Publication	Type]	OR	"letter"[Publication	Type]	OR	"news"[Publication	Type].	
OR	hasabstract[text]))	OR	(("dental	pulp	diseases/classification"[MeSH	Terms]	OR	
"dental	pulp	diseases/diagnosis"[MeSH	Terms]	OR	"dental	pulp	test"[MeSH	Terms].	
OR	((diagnos*[Title]	OR	test*[Title]	OR	indication*[Title]	OR	clinical	symptom*[Title]))	
AND	pulp*[Title])	OR	("dental	pulp	diseases"[MeSH	Terms]	AND	"tooth	discoloration"	
[MeSH	Terms]))	NOT	("case	reports"[Publication	Type]	OR	"clinical	conference"[Publication	
Type]	OR	"comment"[Publication	Type]	OR	"congresses"[Publication	Type]	OR	
"editorial"[Publication	Type]	OR	"letter"[Publication	Type]	OR	"news"[Publication	
Type])	AND	hasabstract[text]))	
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Appendix	3.2.	Risk	of	bias	assessment	of	Karayilmaz	&	Kirzioğlu	(2011).	

	

Quadas	criteria	for	assessing	risk	of	bias	

Representative	patient	spectrum	 	unclear	
Population	adequately	described	 	yes	
Reference	test	classifies	the	target	condition	correctly	 	case-control	design	(healthy	controls)*	
Time	interval	between	index	and	reference	test	adequate	 	unclear	
Reference	test	applied	on	all	or	on	a	randomized	sample	of	patients	 	not	applicable	
The	same	reference	test	irrespective	of	results	of	index	test	 	not	applicable	
Index	test	adequately	described	 	yes	
Reference	test	adequately	described	 	not	applicable	
Index	test	interpreted	without	knowledge	of	results	of	reference	test	 	no	(one	examiner)	
Reference	test	interpreted	without	knowledge	of	results	of	index	test	 	no	(one	examiner)	
Uninterpretable	test	results	reported	 	no	
At	least	two	independent	examiners	of	reference	test	 	no	
Reliability	concerning	reference	test	reported	 	no	
Precision	of	test	results	reported	 	no	
	

Assessment:	serious	risk	of	bias	

	
* Case-control studies tend to overestimate sensitivity and specificity because of plausible spectrum bias. 
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4.  Imaging diagnostics	
	
Introduction1	
X-ray	examination	is	an	essential	complement	to	the	clinical	examination	for	a	diagnosis	of	the	condi-
tion	of	the	periapex.	Changes	in	the	bone	tissue	around	the	root	tip	are	a	very	important	indicator	of	a	
severely	inflamed	or	necrotic,	infected	pulp.	These	changes	in	the	bone	tissue	around	the	root	tip	may	
appear	on	an	x-ray	image	as	an	increase	in	bone	density	(sclerosis)	or	as	periapical	bone	loss.		
Both	conditions	may	indicate	inflammatory	reactions	due	to	an	infected	pulp.	
Periodontitis	apicalis/lateralis	is	diagnosed	by	radiographic	evidence	of	periapical	bone	loss,	combi-
ned	with	clinical	signs	of	the	periradicular	tissue	and/or	the	absence	of	a	positive	response	of	the	pulp	
on	the	sensibility	test.		
The	ability	of	imaging	to	reveal	periapical	bone	loss	depends	on	several	factors.	The	extent	and	locati-
on	of	the	bone	loss	are	important	features	and	actually	determine	whether	the	lesion	can	be	detected	
at	all	using	imaging	techniques.		
Conventional	intra-oral	X-ray	examination	is	the	most	widely	used	technique.	Meanwhile,	digital	tech-
niques	are	increasingly	used	in	dental	practice.	In	the	1990s,	the	so-called	cone	beam	computed	tomo-
graphy	(CBCT)	was	developed.	Clinical	studies	comparing	periapical	radiographs,	either	conventional	
or	digital,	with	CBCT	have	shown	significantly	more	periapical	lesions	detected	with	CBCT	(Saidi,	
Naamen	&	Zogheib,	2015;	Davies	et	al.,	2015)	or	root	canals	identified	(Davies	et	al.,	2015).	Not	only	in	
terms	of	detecting	periapical	lesions,	but	also	in	verifying	the	nature	of	periapical	lesions,	conventional	
periapical	radiographs	have	limitations.		
With	color	Doppler	ultrasound,	it	may	be	more	possible	to	distinguish	between	various	types	of	le-
sions,	for	example,	a	cyst	or	a	granuloma	(Sandhu	et	al.,	2015).		
It	is	important	to	emphasize	that	a	radiolucent-associated	inflammatory	lesion	cannot	be	diagnosed	
with	sufficient	accuracy	based	solely	on	clinical	or	radiographic	findings.	For	example,	a	New	Zealand	
study	with	thousands	of	specimens	examined	histopathologically	(Becconsall-Ryan,	Tong	&	Love,	
2010)	showed	that	a	preliminary	diagnosis	based	on	clinical	presentation	and	imaging	examination,	
which	incidentally	was	unclear	which	imaging	technique	was	used,	was	correct	for	a	periapical	granu-
loma	in	only	48.3%	of	cases	and	for	a	radicular	cyst	in	36%	of	cases.	
Imaging	diagnostics	is	not	a	matter	of	´reading´	but	of	interpreting	X-rays.	It	is	known	that	both	inter-
rater	and	intra-rater	reliability	is	low	in	interpreting	conventional	X-rays	(Tewary	et	al.,	2011).	As	far	
as	interpretation	of	digital	images	is	concerned,	inter-rater	reliability	appears	to	be	moderate,	as	evi-
denced	by	a	kappa	coefficient	of	0.35	(percentage	agreement	was	25%).	This	is	equally	true	for	intra-
assessor	reliability	(kappa	coefficient:	0.5).	Both	figures	are	from	a	study	in	which	six	evaluators	(radi-
ologists	and	endodontologists)	had	to	assess	150	periapical	images	of	molars	from	maxilla	and	mandi-
ble	in	two	rounds	(Tewary	et	al.,	2011).	
Using	a	virtual	simulation	platform	and	digitally	reconstructed	radiographs,	based	on	a	micro-CT	scan	
of	a	specimen	of	the	mandible,	Gao	et	(2010)	showed	that	conventional	radiographs	cannot	detect	
early	stages	of	periapical	lesions,	and	that	the	image	of	the	lesions	obtained	is	influenced	by	the	shape,	
location	and	size	of	the	lesion.	

	
Specific	questions	are:	

1. How	accurate	(sensitivity,	specificity,	positive	and	negative	predictive	value)	is	a	digital	X-ray	
image	compared	to	a	conventional	X-ray	image	for	detecting	changes	in	periapical	tissue?	

2. How	accurate	(sensitivity,	specificity,	positive	and	negative	predictive	value)	is	a	CBCT	com-
pared	to	a	periapical	X-ray	image	for	detecting	changes	in	periapical	tissue?	

3. How	accurate	(sensitivity,	specificity,	positive	and	negative	predictive	value)	is	color	Doppler	
ultrasound	compared	to	X-ray	for	detecting	changes	in	periapical	tissue?	

 
1	This	introduction	is	partly	an	adaptation	of	introduction	to	section	3.2	of	the	Swedish	report.	
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4. How	accurate	(sensitivity,	specificity,	positive	and	negative	predictive	value)	are	color	Doppler	
ultrasound,	CBCT	and	periapical	radiographs	for	determining	the	nature	of	the	condition	(in-
cluding	degree	of	inflammation,	presence	of	cyst	or	granuloma,	or	healing	with	scar	tissue)?		

5. How	accurate	(sensitivity,	specificity,	positive	and	negative	predictive	value)	is	subtraction	ra-
diography	compared	to	an	X-ray	image	for	detecting	minor	bone	lesions?	

6. Is	there	a	relationship	between	the	width	and	shape	of	the	paradontal	ligament	and	the	vitality	
of	the	pulp?	

7. [update	2022/3]	How	accurate	(sensitivity,	specificity)	is	CBCT	in	detecting	vertical	root	fractu-
res	in	(permanent)	elements	with	canal	filling	compared	to	a	reference	standard	(direct	visua-
lization	by	surgical	exploration,	extraction	or	orthograde	re-treatment)?	

8. [update	2022/3]	How	accurate	is	CBCT	(sensitivity,	specificity)	in	detecting	an	extra	canal	in	
permanent	teeth	with	no	root	anomalies	and	no	calcification	compared	to	reference	standard	
(micro-CT	or	'staining	&	clearing'	or	sectioning	of	the	root)?	

	
Search	and	selection	
The	starting	point	for	the	specific	questions	1,	3,	5	to	6	is	the	systematic	review	by	the	Swedish	Council	
on	Health	Technology	Assessment	(2012)	and	published	as	Petersson	et	al.	(2012).	This	review	
searched	for	literature	in	PubMed,	EMBASE,	The	Cochrane	Central	Register	of	Controlled	Trials	and	
Cochrane	Reviews	published	up	to	June	2011.	Twenty-six	studies	were	found	that	met	the	inclusion	
criteria.		
The	search	strategy	included	in	the	Swedish	Council	on	Health	Technology	Assessment's	systematic	
review	was	used	to	update	this	review	via	PubMed	(Appendix	4.3).	278	studies	were	found,	of	which	
47	were	potentially	relevant	based	on	title/abstract/language.	Among	these	studies	were	4	systematic	
reviews	(Rosen	et	al.,	2015;	Kruse	et	al.,	2015;	Todd,	2014;	Tyndall	&	Kohltfarber,	2012).	No	relevant	
reviews	were	found	in	the	Cochrane	Database	of	Systematic	Reviews.	None	of	the	reviews	adequately	
met	the	selection	criteria.	1	primary	study	was	found	that	met	the	selection	criteria	(Raghav	et	al.,	
2010).	
[Update	2022/3]	Two	and	one	systematic	review(s)	of	good	methodological	quality,	respectively,	were	
used	to	update	the	text	related	to	specific	questions	2	and	4	(Yapp,	Brennan	&	Ekpo,	2021;	Ramis-
Alario	et	al.,	2021	and	Natanasabapathy	et	al.,	2021).	For	the	specific	questions	7	and	8	added	in	2022,	
the	systematic	reviews	of	good	methodological	quality	by	PradeepKumar	et	al.	(2021)	and	Aung	&.	
Myint	(2021)	were	used.	
 

Selection Criteria 

Type of studies - SRs 
- original observational studies 
- ex and in vivo studies 
- publications from 2010 

Type of patients - adult patients expected to undergo examination in a dental setting 
- post-mortem studies 

Index Test - various x-ray or ultrasound methods compared to a reference standard 

Reference Standard - histological examination or bony cavity in skeletal material or other methods (see starting 
questions) 

Type of outcome 

measures 

- sensitivity and specificity 
- likelihood ratio 
- odds ratio 
- ROC curves 
- AUC (area under the curve). 
- data from which the above outcomes can be derived 

Type of setting - general practitioners 
- dental endodontists 

 
Remark:	
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An	evidence-based	guideline	from	the	European	Commission	entitled	Radiation	Protection	No	172	Co-
ne	beam	CT	for	dental	and	maxillofacial	radiology	(Evidence-based	guidelines)	was	published	in	2012	as	
a	result	of	the	SEDENTEXCT	project.	This	guideline	is	partly	based	on	a	systematic	review	of	the	litera-
ture.	The	synthesis	of	the	evidence	found	was	done	in	a	narrative	manner.	This	means,	among	other	
things,	that	numbers	about	sensitivity	and	specificity	cannot	be	found	in	this	guideline.	Since	quantita-
tive	representation	of	accuracy	parameters	is	a	selection	criterion	(see	later),	this	guideline	was	not	
used	for	a	review	of	the	literature	related	to	CBCT,	but	is	used	in	the	considerations	for	the	recom-
mendations	(see	there).		

	

Summary	of	literature	
How	accurate	(sensitivity,	specificity,	positive	and	negative	predictive	value)	is	a	digital	X-ray	image	
compared	to	a	conventional	X-ray	image	for	detecting	changes	in	periapical	tissue?	
In	5	studies	reported	in	Petersson	et	al.	(2012),	conventional	radiographs	were	compared	with	digital	
radiographs	using	phosphor	plates	(Barbat	&	Messer	1998;	Holtzmann	et	al.,	1998)	or	sensors	(Kul-
lendorff	&	Nilsson	1996;	Kullendorff	et	al.,	1996;	Raghav	et	al.,	2010).	See	Table	4-1.2	All	studies	show	
that	the	conventional	film	technique	and	digital	techniques	have	similar	diagnostic	accuracy,	as	evi-
denced	by	the	similarity	in	the	'areas	under	the	curve',	and	sensitivity	and	specificity	(Table	4-1).	Two	
studies	show	that	image	enhancement	does	not	yield	greater	diagnostic	accuracy	(Kullendorff	&	Nils-
son	1996,	Barbat	&	Messer	1998).	
 

Table	4-1	Diagnostic	accuracy	of	conventional	x-rays,	digital	techniques	with	storage	on	phosphor	plates	
or	with	sensors,	and	cone	beam	computed	tomography	for	the	diagnosis	of	small	lesions	of	bone	tissue	

	 Material/	
reference	
test/	index	
test	

Number	of	
jaws/type	
of	lesions	

Number	of	
observati-
ons/	
observers	

Sensitivi-
ty/	
PPV	

Specifici-
ty/	
NPV	

ROC	curve,	
AUC	

Risk	of	
bias*	

Barbat	&	
Messer	
1998	

Post-
mortem	
mandibles,	
molars/	
Artificial	
lesions/	
D	-speed	
film	and	
storage	
phosphor	
plates	(SPP)	

8	Jaws/19	
roots,	arti-
ficial	
(bur)	le-
sions	with	
4	depths	

116	Images/8	
observers	

-	 -	 Anova;	
Film	and	
SPP	
compara-
ble	

Serious	

Holtzmann	
et	al.,	1998	

Post-
mortem	
lower	and	
upper	jaws/.	
Histology/	
D-E	-	films	
and	storage	
phosphor	
plates	(SPP)	

28	Cadav-
ers/50	
teeth	
lower	jaw,	
50	teeth	
upper	jaw,	
histology	

300	Images/3	
observers	

-	 -	 AUC:	
SPP:	
0,74-0,88	
D-film	
0,80-0,91	
E-film	
0,75-0,88	

Serious		

Kullendorff	
&	Nilsson,	
1996	

Dry	human	
mandibles,	
premolars	
and	molars/	
Artificial	

6	jaws	/	
artificial	
(bur)	le-
sions	1,	3	
and	

20	Images	
with	lesions,	
16	images	
without	le-
sions/7	

-	 -	 AUC:	
Movie	0.84	
Sensor	
0.79	

Serious		

 
2	AUC	Interpretation:	
1.0:	Perfect	test;	0.9	to	0.99:	Excellent	test;	0.8	to	0.89:	Good	test;	0.7	to	0.79:	Fair	test;	0.51	to	0.69:	Poor	test;	
0.5:	Worthless	test	
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	 Material/	
reference	
test/	index	
test	

Number	of	
jaws/type	
of	lesions	

Number	of	
observati-
ons/	
observers	

Sensitivi-
ty/	
PPV	

Specifici-
ty/	
NPV	

ROC	curve,	
AUC	

Risk	of	
bias*	

lesions/	
E	-	film	and	
CCD	sensor	

5	mm	 observers	

Kullendorff	
et	al.,	1996	

Dry	human	
mandibles,	
premolars	
and	molars/	
Artificial	
Lesions/	
CCD	sensor	
and	image	
processing	

6	Jaws/	
artificial	
(bur)	le-
sions	1-5	
mm	

293	Observa-
tions/7	ob-
servers	

-	 -	 AUC:	
Sensor	
original	
0.79	
Image	
processing	
0.79	

Serious	

Raghav	et	
al.,	2010	

Clinical	
study		
/histology/
D-film	and	
CCD	in-
traoral	sen-
sor	and	
ultrasound	
with	color	
Doppler	

21	patients	
aged	15-45	
years	with	
periapical	
radiolucen-
cy	in	rela-
tion	to	
anterior	
maxillary	
or	mandib-
ular	teeth	
as	a	sequel	
to	dental	
caries	or	
trauma	
indicated	
for	extrac-
tion	or	root	
canal	
treatment	

D-movie:	3	
observers	
CCD:	3	ob-
servers	
Ultrasound:	3	
observers	

D-film:	
0.714	
(0.359-
0.918))	
	
CCD:	
0,857	
(0,487-
0,974)	
	
Ultrasound:		
0.952	

D-film:		
0.500	
(0,268-
0,732)	
	
CCD:	
0,567	
(0,326-
0,786)		
	
Ultrasound 
1,000	

	 Modera-
te	

Estrela	et	
al.,	2008	

Clinical/	
CBCT/		
periapical	F-
film	or	
panoramic	
radiographs	

888	Pa-
tients/PAI	
scoring	

1508	Teeth/3	
observers	

Periapical	
radio-
graphs:	
0,55	
	
Panoramic:	
0,28	

Periapical	
radio-
graphs:	
0.98	
	
Panoramic:	
1,00	

	 Modera-
te	

Patel	et	al.,	
2009	

Dry	human	
mandibles,	
molars/	
Artificial	
lesions/	
CBCT	and	
CCD	sensor	

Jaws/lesion
s	with	bur	
2	and	4	mm	
	
	
CBCT	
mean	1/1	
Periapical	
radio-
graphs	
mean	
1/0.38	
CBCT	

10	First	
molars/6	
observers	

Periapical	
radio-
graphs:	
0,25	
	
CBCT:		
1,0	

Periapical	
radio-
graphs:	
1.0	
	
CBCT:	
1,0	

	 Modera-
te	
	

Sogur	et	al.,	
2009	

Dry	human	
mandibles,	
premolars/	

12	jaws/	
chemically	
created	

924	Ima-
ges/252	
periapical	

Movie:	
0,68	
	

Movie:		
0,52	
	

	 Modera-
te		



 
 

45 
 

	 Material/	
reference	
test/	index	
test	

Number	of	
jaws/type	
of	lesions	

Number	of	
observati-
ons/	
observers	

Sensitivi-
ty/	
PPV	

Specifici-
ty/	
NPV	

ROC	curve,	
AUC	

Risk	of	
bias*	

Artificial	
lesions/	
CBCT,	peri-
apicals	F-
film	and	
SPP	

lesions	
after	0,	
1,	1.5	and	2	
h	

areas/6	
observers	

	SPP:		
0.739	
	
	CBCT:		
0,83	

SPP:		
0.67	
	
CBCT:		
0.71	

Christian-
sen	et	al.,	
2009	

Clinical/	
root-end	
resection/	
CBCT	and	
periapical	
radiographs	
with	SPP	

50	Pa-
tients/	
Surgically	
treated	
teeth	with	
retrograde	
root	fillings	

58	Teeth	ex-
amined	
after	1	week	
and	52	teeth	
after	12	
months/3	
observers	

-	 -	 A	bone	
defect	was	
observed	
at	all	teeth	
with	both	
methods	
after	1	
week.	After	
12	months	
28%	more	
bone	de-
fects	were	
seen	with	
CBCT,	but	
in	5%	a	
bone	defect	
was	seen	
only	in	the	
periapical	
radio-
graphs.	

Modera-
te	

*Note:	sources	are	Petersson	et	al.	(2012)	and	the	Working	Group	(2015).	The	latter	assigned	levels	of	risk	of	
bias	(no	serious,	serious,	very	serious	risk	of	bias)	based	on	Table	2	from	Petersson	et	al.	In	this	regard,	small,	
moderate	or	high	risk	of	bias	(Table	2	from	Petersson	et	al.,	included	in	Appendix	4.2	of	this	guideline)	was	con-
verted	by	the	working	group	to	no	serious,	serious,	very	serious	risk	of	bias,	respectively.	The	risk	of	bias	as-
sessment	of	Raghav	et	al.,	2010	was	done	by	the	working	group	(Appendix	4.1).	
	
	
Quality	of	evidence	
In	the	GRADE	methodology,	diagnostic	accuracy	studies	whose	study	design	is	cross-sectional	and	
involves	consecutive	patients	initially	start	as	high	quality	of	evidence.	Based	on	the	following	GRADE	
criteria,	risk	of	bias,	indirectness,	inconsistency,	imprecision	and	publication	bias	can	be	downgraded	
by	one	or	more	levels.	
According	to	the	review	by	Petersson	et	al.	(2012),	most	studies	have	low	to	very	low	quality	of	evi-
dence.	
	
Conclusion	
	
Diagnostic	
accuracy	
	
	
	
Low	

Conventional	versus	digital	x-ray	recording	
	
There	appears	to	be	no	essential	difference	in	accuracy	between	conventional	
and	digital	X-ray	imaging	for	detecting	changes	in	periapical	tissue.3	
	
Petersson	et	al.,	2012	(Barbat	&	Messer	1998;	Holtzmann	et	al.,	1998;	Kullen-
dorff	&	Nilsson	1996;	Kullendorff	et	al.,	1996;	Raghav	et	al.,	2010)	

 
3	In	the	text	of	the	conclusions,	the	word	"seems"	rather	than	"is"	is	used	throughout	to	indicate	that	the	conclu-
sions	are	based	on	low	quality	evidence.	
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GRADE	
	
	
For	information:	In	1	study	(Estrela	et	al.,	2008)	reported	by	Petersson	et	al.	(2012),	periapical	radio-
graphs	on	F-speed	films	were	compared	with	panoramic	radiographs	for	detecting	periodontitis	apica-
lis,	using	CBCT	as	a	reference	test.	Panoramic	radiographs	appear	to	have	lower	sensitivity	than	peri-
apical	radiographs,	while	specificity	appears	to	be	nearly	equal.	
	
How	accurate	(sensitivity,	specificity,	positive	and	negative	predictive	value)	is	a	periapical	X-ray	ima-
ge	compared	with	CBCT	for	detecting	changes	in	periapical	tissue?	
[Update	2022/3]	The	purest	way	to	compare	the	diagnostic	accuracy	of	periapical	radiographs	to	CBCT	
is	to	compare	both	of	them	to	histological	data	(the	reference	standard).	This	is	what	Yapp,	Brennan	&	
Ernest	Ekpo	(2021)	examined.	On	the	other	hand,	many	studies	have	been	conducted	in	which	CBCT	
and	periapical	radiographs	were	only	compared	among	themselves.	From	a	pragmatic	perspective,	it	
is	desirable	to	also	summarize	the	results	of	these	studies,	as	Ramis-Alario	et	al.	(2021)	have	done.	
		
Yapp,	Brennan	&	Ekpo	(2021)	present	two	cadaveric	studies	(Kanagasingam	et	al.	2017,	Kruse	et	al.,	
2019)	using	histological	data	as	a	reference	standard.	Kanagasingam	et	al.	(2017)	examined	67	teeth;	
Kruse	et	al.,	2019	examined	222	teeth.	The	index	test	was	"presence	of	a	periapical	lesion"	or	"perio-
dontitis	apicalis"	determined	using	a	5-point	scale.	Multiple	endodontists	assessed	the	outcomes	of	the	
tests.	The	sensitivity	[identifying	periodontitis	apicalis]	of	periapical	x-rays	ranged	from	27	to	60%,	
that	of	CBCT	from	80	to	89%.	The	specificity	of	a	periapical	x-ray	image	[excluding	periodontitis	apica-
lis]	-	only	1	study	provided	data	on	this	-	was	99%,	that	of	CBCT	ranged	from	79	to	100%.	In	both	stu-
dies,	sensitivity	and	specificity	concerned	roots,	not	teeth.	
	
Quality	of	evidence	
In	the	GRADE	methodology,	diagnostic	accuracy	studies	whose	study	design	is	cross-sectional	and	
involves	consecutive	patients	initially	start	as	high	quality	of	evidence.	Based	on	the	following	GRADE	
criteria,	risk	of	bias,	indirectness,	inconsistency,	imprecision	and	publication	bias	can	be	downgraded	
by	one	or	more	levels.	
[Update	2022/3]	Yapp,	Brennan	&	Ekpo	(2021)	assessed	the	risk	of	bias	with	the	QUADAS	tool.	There	
is	potential	for	bias	for	most	criteria.	The	numbers	of	patients	were	small.	Based	on	this,	the	quality	of	
evidence	can	be	downgraded	from	high	to	low	because	of	severe	risk	of	bias	and	imprecision.	There	is	
no	downgrade	for	other	GRADE	criteria.		
		

Conclusion	

	
	
Diagnostic	
accuracy	
	
Low	
GRADE	

X-ray	image	versus	CBCT	versus	histological	data	
	
Regarding	the	exclusion	of	periapical	changes	(absence	of	periodontitis	apica-
lis),	there	seems	to	be	no	difference	between	a	periapical	radiograph	and	
CBCT.	
Regarding	the	detection	of	periapical	changes	(presence	of	periodontitis	apica-
lis),	CBCT	seems	to	be	more	accurate	than	X-ray	imaging.	
	
Yapp,	Brennan	&	Ekpo,	2021	(Kanagasingam	et	al.	2017;	Kruse	et	al.,	2019)	

	
[Update	2022/3]	Ramis-Alario	et	al.	(2021)	used	CBCT	as	the	starting	point	in	their	systematic	review.	
Their	considerations	were	(see	Ramis-Alario,	p.	e154):		
1)	while	histological	data	are	the	purest	reference	standard,	histological	examination	is	not	applicable	
in	practice;		
2)	there	are	many	studies	comparing	periapical	x-rays	with	CBCT.		
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They	included	cohort	studies,	case-control	studies,	cross-sectional	studies,	randomized	clinical	trials	
that	aimed	to	detect	persistent	periapical	lesions	after	root	canal	treatment	using	conventional	(peri-
apical	and	panoramic)	radiographs	as	well	as	CBCT	(the	chosen	reference	standard).	Ramis-Alario	et	
al.	(2021)	included	27	studies.	Thirteen	studies	compared	digital	periapical	radiographs	with	CBCT.	
Five	studies	compared	conventional	radiographs	with	CBCT.	Three	studies	compared	panoramic	radi-
ographs	with	CBCT.	The	remaining	six	studies	compared	different	radiographs	(conventional,	digital	
and	panoramic)	among	themselves	and	with	CBCT.	
The	lowest	value	for	sensitivity	was	27.83%,	the	highest	was	94.83%.	Regarding	specificity,	there	was	
no	variation	at	all.	Ramis-Alario	et	al.	(2021)	performed	a	meta-analysis	to	make	a	combined	estimate	
of	the	sensitivity	and	specificity	of	the	individual	studies.	They	arrived	at	a	sensitivity	of	0.58	and	a	
specificity	of	1.00,	These	results	may	have	been	influenced	by	financial	sponsorship	of	some	studies:	
sponsored	studies	seem	to	overestimate	sensitivity.	Sensitivity	may	be	negatively	affected	the	more	
time	elapsed	between	diagnosis	and	root	canal	treatment.		
Table	4-2	provides	information	on	the	number	of	false	negatives	and	number	of	false	positives.	At	a	
low	prevalence	of	periodontitis	apicalis,	periapical	radiographs	miss	approximately	75	cases	per	1,000	
patients.	At	a	high	prevalence	of	periodontitis	apicalis,	this	number	rises	to	nearly	25%,	i.e.	244	cases	
per	1,000	patients.	Missing	the	diagnosis	of	(persistent)	periodontitis	apicalis	may	increase	the	risk	of	
loss	of	function	or	extraction	of	a	tooth	(Kirkevang	et	al.,	2017).	However,	periapical	radiographs	rare-
ly	misdiagnose	cases	as	periodontitis	apicalis.		
	

Table	4-2	Summary	findings	from	Ramis-Alario	et	al.	(2021)	

Should	periapical	radiographs	be	used	to	diagnose	(persistent)	apical	periodontal	disease	in	patients	
w/	root	canal	treatment?	
Patient	or	population:	patients	w/	root	canal	treatment	
Setting:	endodontologists;	dentists	
New	test:	periapical	radiographs		
Reference	test:	CBCT		
Pooled	sensitivity:0.58	(95%	CI:	0.53	to	0.64)|Pooled	specificity:1.00	(95%	CI:	1.00	to	1.00)	

Test	result	

Number	of	results	per	1,000	pa-
tients	tested	(95%	CI)	

Number	of	
participant 

(studies)	

Certainty	
of	the	

Evidence	
(GRADE).	

Comments	Prevalence16%	
Jimenez-Pinzon	
et	al.	(2004)	

Prevalence52%.	
Tibúrcio-

Machado	et	al.	
(2021)	

True	posi-
tives	 93	(85	to	102)	 302	(276	to	333)	

8367	
(26)	

⨁⨁◯◯	
Lowa,b	

	

False	nega-
tives	 67	(58	to	75)	 218	(187	to	244)	

When	prevalence	of	apical	peri-
odontitis	is	low,	67	cases	per	
1,000	patients	may	be	missed.	
When	prevalence	of	apical	peri-
odontitis	is	high,	218	cases	per	
1,000	patients	may	be	missed.	

True	nega-
tives	

840	(840	to	
840)	 480	(480	to	480)	

8019	
(23)	

⨁⨁⨁◯	
Moderatea	

	

False	posi-
tives	 0	(0	to	0)	 0	(0	to	0)	 The	number	of	false	positives	is	

probably	near	zero.	
CI:	confidence	interval	
Explanations	
a.	There	were	serious	methodological	flaws	in	the	index	test	and	the	flow	and	timing	risk	of	bias	according	to	the	QUADAS	instrument.	There-
fore	rated	down	by	one	level.	
b.	There	is	serious	inconsistency	(serious	fluctuation	of	point	estimates;	p-value	<0.001).	Therefore	rated	down	by	one	level.	
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Conclusion	

Diagnostic	
accuracy	
	
Fair	to	low	
	
GRADE	

Periodontitis	apicalis:	x-ray	versus	CBCT	(considered	acceptable	reference	stan-
dard)	
	
A	periapical	radiograph	is	probably	an	accurate*	test	particularly	for	excluding	
periodontitis	apicalis.	A	periapical	radiograph	appears	to	be	a	less	accurate	
test	for	detecting	periodontitis	apicalis.		
	
Ramis-Alario	et	al.,	2021	

*	A	test	is	considered	accurate	when	the	sum	of	sensitivity	and	specificity	≥	1.5.4	
	
How	accurate	(sensitivity,	specificity,	positive	and	negative	predictive	value)	is	color	Doppler	ultra-
sound	compared	to	X-ray	for	detecting	changes	in	periapical	tissue?	
Raghav	et	al.	(2010)	examined	the	use	of	ultrasound	with	color	Doppler	in	a	study	with	severe	risk	of	
bias	(Appendix	4.1;	Table	1).	They	found	a	sensitivity	of	0.952	and	a	specificity	of	1.000.	This	study	
also	addressed	the	question	of	the	extent	to	which	ultrasound	with	color	Doppler	allows	differentiati-
on	of	the	nature	of	lesions.	That	question	is	addressed	elsewhere.		
	
Quality	of	evidence	
In	the	GRADE	methodology,	diagnostic	accuracy	studies	whose	study	design	is	cross-sectional	and	
involves	consecutive	patients	initially	start	as	high	quality	of	evidence.	Based	on	the	following	GRADE	
criteria,	risk	of	bias,	indirectness,	inconsistency,	imprecision	and	publication	bias	can	be	downgraded	
by	one	or	more	levels.	
There	is	low	quality	of	evidence	because	there	is	serious	risk	of	bias	(unclear	whether	results	from	one	
test	were	determined	without	prior	knowledge	of	the	other	test;	unclear	whether	consecutive	patients	
were	involved)	and	very	high	imprecision	of	outcomes	(no	reporting	of	confidence	intervals).	
	
Conclusion		
	
	
Diagnostic	
accuracy	
	
Low	
GRADE	

X-ray	image	versus	color	Doppler	ultrasound	
	
Color	Doppler	ultrasound	appears	to	be	more	accurate	than	X-ray	for	detec-
ting	changes	in	periapical	tissue.	
	
Raghav	et	al.,	2010	

	
	
How	accurate	(sensitivity,	specificity,	positive	and	negative	predictive	value)	is	subtraction	radiograp-
hy	compared	to	an	X-ray	image	for	detecting	minor	bone	lesions?	
In	2	in	vitro	studies	(Kullendorff	et	al.,	1988,	Dove	et	al.,	2000)	with	moderate	risk	of	bias,	conventio-
nal	radiographs	were	compared	with	subtraction	radiography	for	the	detection	of	periapical	bone	le-
sions	in	2	consecutive	studies	(Table	4-3).	In	both	studies,	diagnostic	accuracy	-	especially	sensitivity	
by	all	appearances	-	improved	in	the	detection	of	small	bone	lesions.	Moreover,	there	was	less	assessor	
variation	with	(Kullendorff	et	al.,	1988).	
 

Table	4-3	Diagnostic	accuracy	of	conventional	X-ray	images	and	digital	X-ray	images	with	sensors	for	
diagnosis	of	small	lesions	of	bone	tissue,	ex	vivo	studies	

 
4	A	test	is	(sufficiently)	accurate	when	the	sum	of	sensitivity	and	specificity	is	at	least	halfway	between	one	
(completely	inaccurate)	and	two	(perfectly	accurate).	See	Power,	Fell	&	Wright	(2013).		
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	 Material/	
reference	
test/	index	
test	

Number	
of	
jaws/type	
of	lesions	

Number	of	
observati-
ons/	
observers	

Sensitivity/	
PPV	

Specificity/	
NPV	

ROC	curve,	
AUC	

Risk	
of	
bias	

Dove	et	
al.,	2000	

Dry	human	
mandible/	
Artificial	
lesions/	
Conven-
tional	tech-
nique	and	
subtraction	
radiography	

1	Mandi-
ble/6	loca-
tions	'bone	
'chips'	
with	dif-
ferent	
weights	

78	Images	
with	234	
sites/4	
observers	

Conventio-
nal:	
57,4	
	
Subtraction:	
88,1	

Conventio-
nal:	
98,0	
	
Subtraction:	
88,8	

-	 Se-
rious		

Kullen-
dorff	
et	al,	1988	

Dry	human	
mandibles/	
Artificial	
lesions/	
Conven-
tional	tech-
nique	and	
subtraction	
radiography	

6	Jaws/26	
artificial	
(bur)	le-
sions	with	
different	
depths	

26	Pairs	of	
images/10	
observers	

	 	 Depth	≤	1	
mm:	
Convention-
al:		
0.601	
	
Subtraction:	
0.819	
	
Depth	≤	2	
mm:	
Conventio-
nal:		
0.767	
	
Subtraction:	
0.955	

Se-
rious	

Source:	Petersson	et	al.	(2012).	See	also	the	note	to	Table	4-1.	
 
Quality	of	evidence	
In	the	GRADE	methodology,	diagnostic	accuracy	studies	whose	study	design	is	cross-sectional	and	
involves	consecutive	patients	initially	start	as	high	quality	of	evidence.	Based	on	the	following	GRADE	
criteria,	risk	of	bias,	indirectness,	inconsistency,	imprecision	and	publication	bias	can	be	downgraded	
by	one	or	more	levels.	
According	to	the	review	by	Petersson	et	al.	(2012),	there	is	low	quality	of	evidence	due	to	serious	risk	
of	bias	and	high	imprecision	of	outcomes.	
	
Conclusion	
	
	
Diagnostic	
accuracy	
	
low	
GRADE	

Conventional	radiograph	compared	with	subtraction	radiography	
	
Subtraction	radiography	appears	to	be	more	accurate	than	x-ray	for	detecting	
minor	bone	lesions.	
	
Petersson	et	al.,	2012	(Kullendorff	et	al.,	1988,	Dove	et	al.,	2000)	

	
How	accurate	(sensitivity,	specificity,	positive	and	negative	predictive	value)	are	color	Doppler	ultra-
sound,	CBCT	and	periapical	radiographs	for	determining	the	nature	of	the	condition	(including	degree	
of	inflammation,	presence	of	cyst	or	granuloma,	or	healing	with	scar	tissue)?	
In	a	dissertation	(Brynolf,	1967)	in	which	intra-oral	periapical	radiographs	were	compared	with	histo-
logic	specimens	from	the	same	periapical	area,	the	ability	of	radiographs	to	distinguish	between	nor-
mal	conditions	and	conditions	indicative	of	inflammation	of	any	severity	was	found	to	increase	as	mo-
re	radiographs	were	taken.	However,	this	study	only	looked	at	anterior	elements	in	the	maxilla,	which	
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limits	the	generalizability	of	the	findings.	A	similar	study	(Green	et	al.,	1997)	concluded	that	even	if	
normal	conditions	appear	on	an	X-ray	image,	inflammation	may	still	be	histologically	detectable.	
A	study	with	severe	risk	of	bias	(Rosenberg	et	al.,	2010)	showed	that	CBCT	is	not	a	reliable	imaging	
technique	for	differentiating	radicular	cysts	and	granulomata.	The	accuracy	rate	(true-positive	and	
true-negative	test	results	combined)	was	51%	and	63%	for	the	two	radiologists	involved,	respectively.	
In	2	other	studies	with	severe	risk	of	bias,	the	presence	of	a	lesion	on	an	X-ray	image	did	not	appear	to	
provide	accurate	information	regarding	a	histologic	diagnosis	of	granuloma	or	cyst	(Linenberg	et	al.,	
1964;	Ricucci	et	al.,	2006).	There	was	agreement	between	practitioner	and	pathologist	for	only	60%	of	
assessments	(Linenberg	et	al.,	1964).	In	the	study	by	Riccucci	et	al.,	2006),	only	3	of	10	radiopaque	
lamina	recordings	were	confirmed	histologically	as	the	presence	of	cysts	(Table	4-4).	Of	the	47	digiti-
zed	periapical	radiographs	without	a	radiopaque	lamina,	40	were	found	to	be	granulomas	or	abscesses	
after	histological	examination,	while	7	were	cysts.	See	Table	4-4.	
	

Table	4-4	Diagnostic	value	of	conventional	radiographs	and	CBCT	for	accurate	information	on	the	nature	
of	the	condition.	
	 Material/	

reference	test/	
index	test	

Number	of	
jaws/type	
of	lesions	

Number	of	
observations/	
observers	

Sensitivity/	
PPV	

Specificity/	
NPV	

Risk	of	
bias	

Brynolf	
1967	

Biopsy	specimens	
from	upper	inci-
sors,	teeth	with	
normal	periapical	
conditions/		
Histology	of	peri-
apical	
tissue	speci-
mens/	
Periapical	film	
(Radia-Tized)	
radiographs,	
short	cone	bisect-
ing	angle	tech-
nique	and	tubular	
diaphragm.	

142	subjects,	
320	periapical	
biopsy	speci-
mens	from	
upper	incisors,	
292	teeth	ra-
dio-graphed.	
93	teeth	with	
normal	periap-
ical	conditions	

Histology	of	
periapical	
tissue	speci-
mens.	One	
observer	
(same	for	his-
tology	and	
radiology)	

	 	 Serious	

Rosenberg	
et	al.,	2010	

Clinical	study	/	
Histopathology/	
CBCT	(i-CAT)	

45	patients	
referred	for	
endodontic	
surgery.	Peri-
apical	lesion	
with	a	mini-
mum	diameter	
of	5	mm	

2	oral	and	
maxillofacial	
Radiologists	
(index	test)	
	
2	oral	patholo-
gists	(referen-
ce	test)	

Accuracy	(true-positives	
plus	true-negatives)	for	the	
two	radiologists	was	51%	
and	63%	respectively	
	
Strong	interrater	reliability	
between	pathologists	(kap-
pa=0.79,	z=5.46,	p<0.0001)	
Weak	interrater	reliability	
between	radiologists	(kap-
pa=0.14,	p=not	significant).	

Serious	

Linenberg	
et	al.,	1964	

Biopsies/	
Histology	of	peri-
apical	
biopsies/	
Complete	mouth	
roentgenograms	
and	clinical	im-
pression	at	sur-
gery	of	periapical	
lesion.	

68	healthy	
male	basic	
recruits.	Spec-
imens	from	
apices	of	non-
restorable	
teeth.	

110	periapical	
biopsy	
specimens	

The	surgeon	was	in	agree-
ment	of	the	pathologists'	
findings	in	66	of	the	110	
cases	(60%)	

Serious	

Ricucci	et	
al.,	2006	

Clinical	material/		
Histologic	exami-

60	teeth	with	
periapical	

2	observers	
recorded	

Out	of	57	electronic	images	
that	could	be	interpreted,	

Serious	
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	 Material/	
reference	test/	
index	test	

Number	of	
jaws/type	
of	lesions	

Number	of	
observations/	
observers	

Sensitivity/	
PPV	

Specificity/	
NPV	

Risk	of	
bias	

nation/		
Paralleling	film	
radiographs	
scanned	
and	digitized.	

radiolucencies	 the	presence	
or	absence	of	a	
radiopaque	
lamina	on	
periapical	
lesions	

10	lesions	had	a	radiopaque	
lamina,	but	of	these	only	3	
were	histologically	diag-
nosed	as	cysts,	while	7	were	
granulomas	or	abscesses.	
Out	of	47	lesions	without	a	
radiopaque	lamina,	40	were	
histologically	diagnosed	as	
granulomas	or	abscesses,	
while	7	were	cysts.	

	 	 	 	 	 	 	
Source:	Petersson	et	(2012).	See	also	the	note	to	Table	4-1.		
	
[Update	2022/3]	Natanasabapathy	et	al.	(2021)	examined	the	diagnostic	accuracy	of	ultrasound	for	
differentiating	periapical	lesions	(cysts	and	granulomas)	from	histopathologic	data.	They	included	
eleven	cross-sectional	studies	and	one	case	report.	These	included	histopathologic	data	for	191	pa-
tients	(the	reference	standard).	Ultrasound	was	used	for	the	differential	diagnosis	of	periapical	lesions	
localized	in	the	anterior	region	of	the	maxilla	(45	elements)	and/or	mandibula	(14	elements)	in	five	
studies.	In	four	studies,	periapical	lesions	were	diagnosed	in	all	regions	of	the	maxilla	(38	anterior	
elements,	16	posterior	elements)	and	mandibula	(13	anterior	elements,	15	posterior	elements).	The	
remaining	studies	did	not	specifically	state	exactly	where	periapical	lesions	were	found.	Ultrasound	
was	color/power	Doppler	ultrasound	in	different	planes	(apical	region	of	the	element	and/or	the	sul-
cus	buccalis)	with	frequencies	ranging	from	7	to	12	MHz.	
Natanasabapathy	et	al.	(2021)	calculated	a	sensitivity	of	0.94	(95%	BI:	0.68-0.99)	and	a	specificity	of	
0.98	(0.90-1.00)	for	periapical	granulomas.	For	periapical	cysts,	they	calculated	a	sensitivity	of	0.98	
(95%	BI:	0.85-1.00)	and	specificity	of	0.99	(95%	BI:	0.71-1.00).	
Table	4-5	and	Table	4-6	provide	information	on	the	number	of	false	negatives	and	number	of	false	
positives.	At	a	low	prevalence	of	29%	granulomas,	approximately	17	cases	per	1,000	patients	are	mis-
sed.	At	a	high	prevalence	of	70%	granulomas,	this	can	reach	42	missed	cases	per	1,000	patients.	The	
number	of	cases	incorrectly	labeled	as	"granuloma"	is	less	than	2%.	
At	low	and	high	prevalence	of	6-55%	cysts,	approximately	1	and	11	cases	per	1,000	patients,	respecti-
vely,	are	missed.	Granulomas	can	become	cysts.	Untreated	cysts	may	possibly	lead	to	periapical	infec-
tions,	loss	of	an	element,	and	jaw	fracture	or	tumor.	The	number	of	cases	incorrectly	referred	to	as	
"cyst"	is	barely	1%.	
	
	

Table	4-5	Summary	findings	from	Natanasabapathy	et	al.	(2021)	regarding	granulomas5	

Should	Ultrasound	imaging	be	used	to	diagnose	granulomas	in	individuals	with	periapical	lesions?	
Patient	or	population:	individuals	with	periapical	lesions	
Setting:	dentists	/	endodontologists	
New	test:	Ultrasound		
Reference	test:	histological	data	
Pooled	sensitivity:0.94	(95%	CI:	0.68	to	0.99)|Pooled	specificity:0.98	(95%	CI:	0.90	to	1.00)	

Test	result	 Number	of	results	per	1,000	pa-
tients	tested	(95%	CI)	

Number	of	
participants	

Certainty	of	
the	Evi- Comments	

 
5	The	GRADE	assessment	was	not	fully	adopted	from	Natanasabapathy	et	al.	(2021).	The	GRADE	assessment	was	
partially	redone	by	the	guideline	working	group.	
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Prevalence46%	
From	references	
in	Natanasabapa-
thy	et	al.	(2021)		

Prevalence84%	
From	references	
in	Natanasabapa-
thy	et	al.	(2021)		

(studies)	 dence	
(GRADE).	

True	posi-
tives	 432	(313	to	455)	 790	(571	to	832)	

79		
(11)	

⨁⨁⨁◯	
Moderatea,b,c	

	

False	nega-
tives	 28	(5	to	147)	 50	(8	to	269)	

In	case	of	a	low	prevalence	of	
granulomas	28	cases	per	
1,000	patients	may	be	
missed.	In	case	of	a	high	
prevalence	of	granulomas	50	
cases	per	1,000	patients	may	
be	missed.	

True	nega-
tives	 529	(486	to	540)	 157	(144	to	160)	

95		
(11)	

⨁⨁⨁◯	
Moderatea,c	

	

False	posi-
tives	 11	(0	to	54)	 3	(0	to	16)	

In	case	of	both	low	and	high	
prevalence	of	granulomas	the	
number	of	false	positives	is	
probably	very	small.	

CI:	confidence	interval	
Explanations	
a.	Based	on	the	QUADAS-2	criteria,	in	the	patient	selection	domain,	the	risk	of	bias	and	concerns	regarding	ap-
plicability	were	serious	for	all	the	included	studies.	articles.	Therefore	rated	down	by	one	level.	
b.	There	is	some	heterogeneity	(I2	=	47%)	but	not	enough	to	rate	down	certainty.	
c.	Borderline	risk	of	publication	bias;	p-value	Egger	test	0.062.	Not	rated	down.	
	

Table	4-6	Summary	findings	from	Natanasabapathy	et	al.	(2021)	regarding	cysts6	

Should	Ultrasound	imaging	be	used	to	diagnose	cysts	in	individuals	with	periapical	lesions?	
Patient	or	population:	individuals	with	periapical	lesions	
Setting:	dentists	/	endodontologists	
New	test:	ultrasound	
Reference	test:	histological	data		
Pooled	sensitivity:0.98	(95%	CI:	0.85	to	1.00)|Pooled	specificity:0.99	(95%	CI:	0.71	to	1.00)	

Test	re-
sult	

Number	of	results	per	1,000	pa-
tients	tested	(95%	CI)	

Number	of	
participant 

(studies)	
Certainty	of	the	Evi-
dence	(GRADE).	 Comments	Prevalence6%.	

From	references	
in	Natanasabapa-
thy	et	al.	(2021)	

Prevalence55%	
From	references	
in	Natanasabapa-
thy	et	al.	(2021)	

True	
positives	 59	(51	to	60)	 539	(468	to	550)	

90		
(11)	

	

⨁⨁⨁◯	
Moderatea,b,c	

	

False	
negatives	 1	(0	to	9)	 11	(0	to	82)	

	 In	case	of	a	low	preva-
lence	of	cysts	1	case	
per	1,000	patients	is	
likely	to	be	missed.	In	
case	of	a	high	preva-
lence	of	cysts	11	cases	
per	1,000	patients	are	

 
6	The	GRADE	assessment	was	not	fully	adopted	from	Natanasabapathy	et	al.	(2021).	The	GRADE	assessment	was	
partially	redone	by	the	guideline	working	group.	
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Test	re-
sult	

Number	of	results	per	1,000	pa-
tients	tested	(95%	CI)	

Number	of	
participant 

(studies)	
Certainty	of	the	Evi-
dence	(GRADE).	 Comments	Prevalence6%.	

From	references	
in	Natanasabapa-
thy	et	al.	(2021)	

Prevalence55%	
From	references	
in	Natanasabapa-
thy	et	al.	(2021)	

likely	to	be	missed.	

True	
negatives	 931	(667	to	940)	 445	(319	to	450)	

84		
(11)	

	

⨁⨁⨁◯	
Moderatea,c,d	

	

False	
positives	 9	(0	to	273)	 5	(0	to	131)	

	 In	case	of	a	low	preva-
lence	of	cysts	9	cases	
may	be	falsely	classi-
fied	as	a	cyst.	In	case	of	
a	high	prevalence	of	
cysts	5	cases	per	1,000	
patients	may	be	falsely	
classified	as	a	cyst.	

CI:	confidence	interval	
	
Explanations	
a.	Based	on	the	QUADAS-2	criteria,	in	the	patient	selection	domain,	the	risk	of	bias	and	concerns	regarding	ap-
plicability	were	serious	for	all	the	included	studies.	Therefore	rated	down	by	one	level.	
b.	There	is	some	heterogeneity	(variation	in	estimates	of	sensitivity)	but	not	enough	to	rate	down	certainty.	
c.	p	value	Deeks	test	=	0.069.	Borderline	risk	of	publication	bias.	Not	rated	down.	
d.	I2	is	67%.	However,	only	one	estimate	is	substantially	higher.	Therefore	not	rated	down.	
	
Quality	of	evidence	x-rays	and	CBCT	
In	the	GRADE	methodology,	diagnostic	accuracy	studies	whose	study	design	is	cross-sectional	and	
involves	consecutive	patients	initially	start	as	high	quality	of	evidence.	Based	on	the	following	GRADE	
criteria,	risk	of	bias,	indirectness,	inconsistency,	imprecision	and	publication	bias	can	be	downgraded	
by	one	or	more	levels.	
According	to	the	review	by	Petersson	et	al.	(2012),	the	quality	of	evidence	is	(very)	low	due	to	very	
serious	risk	of	bias	and/or	high	imprecision	of	outcomes.		
	
Conclusions	
	
Diagnostic	
accuracy	
	
	
	
low	
GRADE	

X-ray	and	CBCT	(nature	of	the	condition)	
	
Neither	an	X-ray	nor	CBCT	provides	accurate	information	about	the	nature	of	
the	condition	(including	degree	of	inflammation,	cyst	or	granuloma,	or	healing	
with	scar	tissue).	
	
Petersson	et	al.,	2012	(Brynolf,	1967;	Green	et	al.,	1997;	Rosenberg	et	al.,	
2010;	Linenberg	et	al.,	1964;	Ricucci	et	al.,	2006	
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Diagnostic	
accuracy	
	
Fair		
GRADE	

Granulomas	and	cysts:	color	Doppler	ultrasound	versus	histological	data		
	
Ultrasound	is	probably	an	accurate*	test	for	detecting	and	excluding	granulo-
mas	and	cysts.		
	
Natanasabapathy	et	al.	(2021)	

*	A	test	is	considered	accurate	when	the	sum	of	sensitivity	and	specificity	≥	1.5.7	
	

Is	there	a	relationship	between	the	width	and	shape	of	the	paradontal	ligament	and	the	vitality	of	the	
pulp?	
This	question	has	been	addressed	in	only	1	study	with	very	serious	risk	of	bias	(Kaffe	&	Gratt	1988).	
This	study	with	28	patients/dentures	with	pain	and	28	"healthy"	dentures	showed	that	radiological	
signs	such	as	changes	in	the	width	and	shape	of	the	paradontal	ligament,	and	an	interrupted	lamina	
dura,	were	associated	with	a	non-vital	pulp.	
	
Quality	of	evidence	x-ray	recording	
In	the	GRADE	methodology,	diagnostic	accuracy	studies	whose	study	design	is	cross-sectional	and	
involves	consecutive	patients	initially	start	as	high	quality	of	evidence.	Based	on	the	following	GRADE	
criteria,	risk	of	bias,	indirectness,	inconsistency,	imprecision	and	publication	bias	can	be	downgraded	
by	one	or	more	levels.	
According	to	the	review	by	Petersson	et	al.	(2012),	there	is	very	low	quality	of	evidence	due	to	very	
serious	risk	of	bias	and	high	imprecision	of	outcomes.	
	
Conclusion	
	
	
Diagnostic	
accuracy	
	
very	low	
GRADE	

X-ray	image	
	
Changes	in	the	width	and	shape	of	the	paradontal	ligament,	and	an	interrup-
ted	lamina	dura,	appear	to	be	associated	with	a	nonvital	pulp.	
	
Petersson	et	al.,	2012	(Kaffe	&	Gratt	1988)	

	
	
[Update	2022/3]	How	accurate	(sensitivity,	specificity)	is	CBCT	in	detecting	vertical	root	fractures	in	
(permanent)	elements	with	canal	filling	compared	to	a	reference	standard	(direct	visualization	by	sur-
gical	exploration,	extraction	or	orthograde	re-treatment)?	
PradeepKumar	et	al.	(2021)	investigated	the	diagnostic	accuracy	of	CBCT	in	detecting	vertical	root	
fractures	in	elements	with	canal	filling	compared	with	direct	visualization	as	the	reference	standard.	
They	found	eight	studies	that	met	the	inclusion	criteria	(clinical	studies	that	used	CBCT	for	diagnosis	
of	root	fracture	in	permanent	teeth),	with	a	total	of	363	cases.	The	index	test	used	was	CBCT	with	dif-
ferent	parameters/models.	The	images	were	mainly	interpreted	by	radiologists	and/or	endodontolo-
gists.	The	reference	standard	in	the	eight	studies	consisted	of	surgical	exploration	(four	studies),	ex-
traction	(three	studies)	or	orthograde	re-treatment	(one	study).	
PradeepKumar	et	al.	(2021)	calculated	a	sensitivity	of	0.78	(95%	BI:	0.64-0.88)	and	a	specificity	of	
0.80	(0.63-0.91).	
Table	4-7	provides	information	on	the	number	of	false	negatives	and	number	of	false	positives.	
At	a	low	prevalence	of	64%	vertical	root	fractures,	approximately	141	cases	per	1,000	patients	are	
missed.	At	a	high	prevalence	of	84%	vertical	root	fractures,	this	can	reach	185	missed	cases	per	1,000	
patients.	Delay	in	proper	diagnosis	can	lead	to	the	formation	of	a	bone	defect,	which	can	complicate	
future	tooth	replacement.	

 
7	A	test	is	(sufficiently)	accurate	when	the	sum	of	sensitivity	and	specificity	is	at	least	halfway	between	one	
(completely	inaccurate)	and	two	(perfectly	accurate).	See	Power,	Fell	&	Wright	(2013).		
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The	number	of	cases	incorrectly	referred	to	as	"vertical	root	fracture"	at	low,	medium	and	high	preva-
lence	is	less	than	10%.	
	

Table	4-7	Summary	findings	from	PradeepKumar	et	al.	(2021)8	

Should	CBCT	be	used	to	diagnose	vertical	root	fractures	in	endodontically	treated	teeth?	
Patient	or	population:	endodontically	treated	teeth	
Setting:	dentists;	endodontologists	
New	test:	CBCT		
Reference	test:	direct	visualization		
Pooled	sensitivity:0.78	(95%	CI:	0.64	to	0.88)|Pooled	specificity:0.80	(95%	CI:	0.63	to	0.91)	

Test	re-
sult	

Number	of	results	per	1,000	patients	tested	(95%	CI)	
Number	of	
participants	
(studies)	

Certainty	
of	the	

Evidence	
(GRADE).	

Comments	

	

Prevalence:	64%	
PradeepKumar	et	

al.	(2021)	

Prevalence:	74%	
PradeepKumar	et	

al.	(2021)	

Prevalence:	84%	
PradeepKumar	et	

al.	(2021)	

	

True	po-
sitives	 499	(410	to	563)	 577	(474	to	651)	 655	(538	to	739)	

262	
(8)	

⨁◯◯◯	
Very	lo-
wa,b,c	

	 	

False	
negatives	 141	(77	to	230)	 163	(89	to	266)	 185	(101	to	302)	

In	case	of	a	
low	preva-
lence	141	
vertical	
root	frac-
tures	per	
1,000	pa-
tients	may	
be	missed.	
In	case	of	a	
high	preva-
lence	185	
vertical	
root	frac-
tures	per	
1,000	pa-
tients	may	
be	missed.	

	

True	ne-
gatives	 288	(227	to	328)	 208	(164	to	237)	 128	(101	to	146)	

101	
(8)	

⨁⨁◯◯	
Lowa,c	

	 	

False	
positives	 72	(32	to	133)	 52	(23	to	96)	 32	(14	to	59)	

In	case	of	a	
low	preva-
lence	72	
cases	per	
1,000	pa-
tients	may	
be	falsely	
classified	as	
a	vertical	
root	frac-
ture	(VRF)	.	

	

 
8	The	GRADE	assessment	was	not	fully	adopted	from	PradeepKumar	et	al.	(2021).	The	GRADE	assessment	was	
partially	redone	by	the	guideline	working	group.	The	main	reason	is	that	the	working	group	saw	no	reason	to	
also	upgrade	for	a	large	effect	since	the	authors	do	not	mention	what	the	threshold	for	a	large	effect	is	and	also	
otherwise	it	is	hard	to	see	why	0.78	(sensitivity)	and	0.80	(specificity)	with	lower	limits	of	the	confidence	inter-
val	just	above	0.60	would	be	a	large	effect.	
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Test	re-
sult	

Number	of	results	per	1,000	patients	tested	(95%	CI)	
Number	of	
participants	
(studies)	

Certainty	
of	the	

Evidence	
(GRADE).	

Comments	

	

Prevalence:	64%	
PradeepKumar	et	

al.	(2021)	

Prevalence:	74%	
PradeepKumar	et	

al.	(2021)	

Prevalence:	84%	
PradeepKumar	et	

al.	(2021)	

	

When	the	
prevalence	
is	high,	32	
cases	may	
be	falsely	
classified	as	
VRF.	

CI:	confidence	interval	
	
Explanations	
a.	High	risk	of	bias	in	"reference	test"	domain	of	QUADAS	ROB	tool	for	6	out	of	the	8	included	studies.	2	of	the	
included	studies	show	high	risk	of	bias	with	respect	to	"Flow	and	timing"	domain	
b.	substantial	variation	in	accuracy	estimates.	Therefore	rated	down	by	one	level.		
c.	wide	confidence	interval.	Therefore	rated	down	by	one	level.	
	
	
Conclusions	

Diagnostic	
accuracy	
	
Low	to	very	
low	
GRADE	

Vertical	root	fractures:	CBCT	versus	direct	visualization	
	
CBCT	appears	to	be	an	accurate*	test	for	detecting	and	excluding	vertical	root	
fractures.	
	
	
PradeepKumar	et	al.	(2021)	

*	A	test	is	considered	accurate	when	the	sum	of	sensitivity	and	specificity	≥	1.5.9	
	
	
[Update	2022/3]	How	accurate	is	CBCT	in	detecting	an	extra	canal	in	permanent	teeth	with	no	root	
anomalies	and	no	calcification	compared	to	reference	standard	(micro-CT	or	'	staining	and	clearing'	or	
'	sectioning')?10	
Aung	&.	Myint	(2021)	investigated	the	diagnostic	accuracy	of	CBCT	in	detecting	the	second	canal	of	
permanent	teeth	not	previously	endodontically	treated,	without	internal	or	external	resorption,	com-
pared	with	micro-CT,	"staining	and	clearing"	or	"sectioning.11	The	authors	used	Vertucci's	classificati-
on	of	a	second	canal.	This	means	that	all	types	of	this	classification	except	type	I	were	denoted	as	se-
cond	canal.	

 
9	A	test	is	(sufficiently)	accurate	when	the	sum	of	sensitivity	and	specificity	is	at	least	halfway	between	one	
(completely	inaccurate)	and	two	(perfectly	accurate).	See	Power,	Fell	&	Wright	(2013).		
10	It	is	usual	to	perform	diagnostic	examination	of	the	anatomy	of	the	root	canal.	Checking	for	the	presence	or	
presence	of	a	"second"	canal	is	part	of	this.	The	reason	for	writing	this	review	by	Aung	&.	Myint	is	that	missing	a	
canal	is	one	of	the	most	common	reasons	for	orthograde	endodontic	re-treatment.	Prevalence	rates	of	a	"second"	
canal	are:	5	and	14%	respectively	in	permanent	central	and	lateral	incisors	(in	the	mandibula);	37-97%	in	the	
first	upper	premolar	;	6-23%	in	the	first	lower	premolar;	60%	of	MB2	in	the	mesiobuccal	roots	of	the	first	upper	
molar	and	94%	of	MB2	in	the	mesial	roots	of	the	first	lower	molar.		
11	'Staining	and	clearing'	is	a	procedure	to	examine	the	internal	anatomy	of	'calcified'	tissue.	The	process	of	ma-
king	a	tooth	transparent	involves	many	physical	and	chemical	changes.	The	tooth's	inorganic	components	are	
first	dissolved	by	decalcification	and	then	water,	air	and	lipid	components	are	removed	by	dehydration.	Subse-
quent	immersion	in	a	liquid	makes	the	tooth	transparent	(Bansal.,	et	al.	2019).	Sectioning	of	the	root:	the	root	is	
embedded	in	a	piece	of	resin	after	which	it	is	cut	at	different	heights.	These	can	then	be	viewed	under	the	micro-
scope.		
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They	found	12	studies,	including	10	cohort	studies	and	two	case-control	studies,	with	a	total	of	1086	
roots.	The	index	test	used	was	CBCT.	The	images	were	mainly	interpreted	by	radiologists	and/or	en-
dodontologists.		
Six	studies	reported	the	diagnostic	accuracy	of	CBCT	in	detecting	the	MB2.	Two	studies	reported	the	
effectiveness	of	CBCT	in	detecting	second	canal	anatomy	in	permanent	molars	in	the	mandibula.	Three	
studies	examined	the	second	canal	anatomy	of	premolars	in	the	maxilla	and	mandibula.	One	study	
examined	CBCT	for	detecting	second	canal	anatomy	of	permanent	canines	in	the	mandibula.	
Micro-CT	was	used	as	the	reference	standard	in	five	studies	of	second	channel	anatomy.	'Staining	and	
clearing'	was	used	as	the	reference	standard	in	three	studies.	'Sectioning'	was	used	as	the	reference	
standard	in	four	studies.	
Aung	&.	Myint	(2021)	calculated	for	a	sensitivity	of	0.94	(95%	BI:	0.81-0.98)	and	specificity	of	0.93	
(0.84-0.97).	These	results	do	not	take	into	account	the	circumstance	that	the	estimates	seem	to	vary	
with	location	of	second	channel	(molar,	MB2	etc.)	and	reference	test	used	(micro-CT,	'staining	and	
clearing'	and	'sectioning'),	as	mentioned	by	the	authors	themselves	(p.8,	p.10).	The	usual	way	to	cor-
rect	the	estimate	of	-	in	this	case	-	sensitivity	and	specificity	for	these	'confounding'	variables	is	to	per-
form	a	(weighted)	regression	analysis.	The	study	group	performed	this	analysis	(see	Appendix	4.4).	It	
appears	that	when	'staining	and	clearing'	is	used	as	the	reference	standard	the	sensitivity	is	signifi-
cantly	underestimated	and	when	it	involves	a	molar	in	the	mandibula	the	sensitivity	is	overestimated.	
Corrected	for	these	variables,	the	sensitivity	is	0.87	(95%	BI:	0.76-0.98).	Specificity	does	not	require	
correction	because	none	of	the	"confounding"	variables	has	a	statistically	significant	effect	on	specifici-
ty	(see	Appendix	4.4).	
Table	4-8	provides	information	on	the	number	of	false	negatives	and	number	of	false	positives.	At	a	
low	prevalence	of	30%	roots	with	a	second	channel,	approximately	39	cases	per	1,000	roots	are	mis-
sed.	At	a	high	prevalence	of	70%	roots	with	a	second	canal,	this	can	reach	91	missed	second	canals	per	
1,000	roots.	Missing	a	second	canal	can	lead	to	failure	of	endodontic	treatment,	especially	molars	in	
the	maxilla	(Khademi	et	al.,	2022),	and	necessitate	re-treatment.	
The	number	of	cases	mistakenly	referred	to	as	"second	channel"	at	low,	medium	and	high	prevalence	
is	less	than	5%.	
	
	

Table	4-8	Summary	findings	from	Aung	&.	Myint	(2021) 

Should	CBCT	be	used	to	diagnose	detection	of	the	second	canal	of	the	root	canal	system	in	permanent	
teeth	w/o	root	anomalies	and	calcification?	
Patient	or	population:	permanent	teeth	w/o	root	anomalies	and	calcification	
Setting:	endodontologists,	dentists	
New	test:	CBCT		
Reference	test:	micro-CT,	staining	and	clearing,	and	root	sectioning		
Pooled	sensitivity:0.87	(95%	CI:	0.76	to	0.98)|Pooled	specificity:0.93	(95%	CI:	0.84	to	0.97)	

Test	result	

Number	of	results	per	1,000	roots	tested	(95%	CI).	
Number	
of	roots	
(studies)	

Certainty	
of	the	

Evidence	
(GRADE).	

Comments	Prevalence30%	
Aung	&.	Myint	

(2021)	

Prevalence50%	
Aung	&.	Myint	

(2021)	

Prevalence70%	
Aung	&.	Myint	

(2021)	

True	posi-
tives	

261	(228	to	
294)	

435	(380	to	
490)	

609	(532	to	
686)	

505	
(12)	

⨁◯◯◯	
Very	
lowa,b,c	

	

False	nega-
tives	 39	(6	to	72)	 65	(10	to	120)	 91	(14	to	168)	

In	case	of	a	low	
prevalence	of	2nd	
canals,	39	cases	
per	1,000	roots	
may	be	missed.	In	
case	of	a	high	
prevalence	of	2nd	
canals,	91	cases	
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Test	result	

Number	of	results	per	1,000	roots	tested	(95%	CI).	
Number	
of	roots	
(studies)	

Certainty	
of	the	

Evidence	
(GRADE).	

Comments	Prevalence30%	
Aung	&.	Myint	

(2021)	

Prevalence50%	
Aung	&.	Myint	

(2021)	

Prevalence70%	
Aung	&.	Myint	

(2021)	

per	1,000	roots	
may	be	missed.	

True	nega-
tives	

651	(588	to	
679)	

465	(420	to	
485)	

279	(252	to	
291)	

581	
(12)	

⨁⨁◯◯	
Lowa,c	

	

False	posi-
tives	 49	(21	to	112)	 35	(15	to	80)	 21	(9	to	48)	

In	case	of	a	low	
prevalence	of	2nd	
canals,	49	cases	
per	1,000	roots	
may	be	falsely	
classified	as	'2nd	
canal'.	In	case	of	
high	prevalence	of	
2nd	canals,	21	
cases	per	1,000	
roots	may	be	
falsely	classified.	

CI:	confidence	interval	
	
Explanations	
a.	For	the	patient	selection	domain,	all	of	the	included	studies	were	stated	as	high	risk	of	bias	due	to	lack	of	ran-
domization	or	consecutive	series.	Most	studies	unclear	whether	results	of	index	test	and/or	reference	test	were	
blindly	assessed.	Therefore	rated	down	by	one	level.	
b.	Substantial	variation	in	estimates	of	sensitivity,	and	presence	of	non-overlapping	confidence	intervals.	There-
fore	rated	down	by	one	level.	
c.	"funnel	plot	asymmetry"	and	six	additional	studies	were	needed	to	be	filled	for	its	symmetry!	Publication	bias	
seriously	suspected.	Rated	down	by	one	level.	
	
	
Conclusions	

Diagnostic	
accuracy	
	
Low	to	very	
low	
GRADE	

Second	channel:	CBCT	versus	reference	standard	(micro-CT,	'staining	and	clea-
ring,'	section	of	root)	
	
CBCT	appears	to	be	an	accurate*	test	for	detecting	and	excluding	second	chan-
nel.	
	
	
Aung	&.	Myint	(2021)	

*	A	test	is	considered	accurate	when	the	sum	of	sensitivity	and	specificity	≥	1.5.12	
	
Considerations		
Quality	of	evidence	
The	quality	of	evidence	is	low	to	very	low	for	all	diagnostic	accuracy	outcomes	of	the	different	imaging	
techniques.	This	means	that	there	is	high	uncertainty	about	the	value	of	the	different	diagnostic	tests.	
However,	the	different	imaging	techniques	seem	to	be	more	accurate	in	predicting	healthy	periapical	
conditions	(high	specificity)	than	in	predicting	lesions.	
	

 
12	A	test	is	(sufficiently)	accurate	when	the	sum	of	sensitivity	and	specificity	is	at	least	halfway	between	one	
(completely	inaccurate)	and	two	(perfectly	accurate).	See	Power,	Fell	&	Wright	(2013).		
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Recognizing	that	accuracy	parameters	are	a	surrogate	for	patient-relevant	outcomes	such	as	absence	
of	pain,	reduction	of	periodontitis,	or	restoration	of	dental	function,	the	overall	quality	of	evidence	is	
very	low.		
	
Patient	values	and	preferences	
In	principle,	all	patients	will	want	to	undergo	as	little	radiation	exposure	as	possible.	However,	patients	
will	probably	be	willing	to	accept	more	radiation	exposure	if	they	are	told	that	this	will	lead	to	a	better	
diagnosis	and	more	focused	treatment.	Most	patients	will	prefer	a	better	diagnosis	to	a	moderate	dia-
gnosis.		
	
Cost	
Both	CBCT	and	ultrasound	are	significantly	more	expensive	than	periapical	X-rays,	but	CBCT	is	be-
coming	cheaper	and	cheaper	because	of	improvements	the	industry	is	making	to	the	equipment.	
	
Consideration	of	desired	and	undesired	effects	
In	the	context	of	diagnostic	accuracy,	sensitivity	and	specificity,	or	the	fraction	of	true-positive	and	
true-negative	results,	respectively,	are	the	desired	effects.	The	undesirable	effects	in	this	context	are	
radiation	exposure	and	cost.	
	
CBCT	
For	the	application	of	CBCT	in	the	diagnostic	process,	European	experts	have	considered	the	following:	
"The	current	evidence	suggests	that	high	resolution	CBCT	may	have	higher	sensitivity	for	detection	of	
periapical	lesions	than	conventional	radiography	in	laboratory	studies	and	that	this	is	achieved	without	
loss	of	specificity.	However,	the	results	should	be	interpreted	with	caution	when	based	on	the	available	
studies.	In	practice,	clinical	signs	and	symptoms	add	significantly	to	the	diagnostic	process	and	radiologi-
cal	evidence	is	not	always	of	critical	importance.	Furthermore,	the	relatively	high	economic	cost	of	CBCT	
compared	with	intraoral	radiography	should	not	be	ignored.	Consequently,	the	Panel	concluded	that	it	
was	not	appropriate	to	recommend	CBCT	as	a	standard	method	for	diagnosis	of	periapical	inflammatory	
disease"	(Radiation	Protection	No	172,	2012).	The	Working	Group	adopts	this	consideration.	
[update	2022/3]	A	European	Society	of	Endodontology	position	statement	on	CBCT	cites	a	series	of	
examples	justifying	application	of	CBCT.	For	example,	this	position	statement	states,	"In	those	cases	in	
which	lower	dose	conventional	radiography	does	not	provide	sufficient	information	for	confident	di-
agnosis	a	small	FOV	CBCT	examination	should	be	considered	if	the	additional	information	from	recon-
structed	three-dimensional	images	is	likely	to	aid	diagnosis	and	treatment	planning	and/or	enhance	
clinical	management.	Examples	include	the	following	(...):	

• detection	of	periradicular	bone	(secondary)	changes	indicative	of	root	fractures,	when	clinical	
examination	and	conventional	imaging	modalities	are	not	conclusive;	

• nonsurgical	re-treatment	of	cases	with	possible	untreated	canals	and/or	previous	treatment	
complications	(e.g.	perforations);	

• identification	of	the	spatial	location	of	extensively	obliterated	canals,	also	taking	into	account	
the	possibilities	of	guided	endodontics.	

The	working	group	accepts	these	opinions.		
	
Ultrasound	
[update	2022/3]	Research	on	this	seems	promising,	but	ultrasound	is	not	yet	available	in	the	daily	
practice	of	dentist	and	endodontist.		
	
Digital	versus	conventional	x-ray	recording	
In	diagnostic	accuracy,	there	seems	to	be	no	substantial	difference.	
	
Side	note	on	a	2D	image	versus	CBCT		
On	a	2D	image,	we	can	see	that	different	structures	overlap,	even	the	small	changes	in	bone	structure	
are	not	always	detectable.	After	all,	there	must	be	a	large	amount	of	bone	loss	before	it	becomes	visible	
on	a	2D	image.	Of	course,	this	depends	on	the	location,	thickness	of	the	cortical	bone	and	amount	of	
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different	layers	of	tissue	at	the	site	we	are	examining.	To	overcome	this	problem,	it	is	recommended	to	
take	multiple	images	from	different	angles	to	get	more	of	a	three-dimensional	impression.	

Of	course	if	enough	bone	loss	has	occurred,	the	lesion	will	be	clearly	visible.	Again,	whether	the	size	of	
the	lesion	on	the	2D	image	matches	reality	is	debatable.	In	most	cases,	this	does	not	affect	the	treat-
ment	plan	and	healing	much	if	the	lesion	is	visible	and	not	too	large.	

If	the	periapical	image	does	not	give	a	clear	picture,	the	lesion	is	too	large,	the	symptoms	and	the	X-ray	
image	do	not	indicate	the	same	diagnosis,	and	for	the	purpose	of	treatment,	more	information	is	nee-
ded	to	provide	more	targeted	and	precise	treatment,	then	a	3D	image	is	helpful.		

According	to	the	position	statement	on	indications	justifying	the	use	of	CBCT	formulated	by	the	NVvE	
in	2012,	one	of	the	indications	relevant	here	is:	"When	the	diagnosis	of	periapical	abnormalities	in	
patients	who	show	conflicting	clinical	symptoms,	or	who	show	poorly	localized	symptoms	associated	
with	an	untreated	or	previously	endodontically	treated	dentition,	cannot	be	made	using	radiographs	
obtained	by	conventional	means."		
Application	of	CBCT	should	only	be	done	by	a	dentist	or	endodontist	who	has	been	trained	in	it.	
Otherwise,	referral	to	a	dentist	or	endodontist	trained	in	it	is	necessary.	
	

Recommendations		

A	periapical	X-ray	image	is	preferred	for	radiologically	assessing	the	condition	of	periapical	tissue.	If	
necessary,	multiple	images	can	be	taken	at	different	angles	to	avoid	overlap	and	get	a	better	view	of	
different	structures	without	a	3D	image.	
	
CBCT	should	not	be	routinely	used	as	an	imaging	technique	for	identifying	periapical	pathology.	The	
ALARA	principle	is	applied	here.	
	
High-resolution	CBCT	with	limited	volume	should	be	considered	when		
1)	no	clear	diagnosis	of	periapical	abnormalities	can	be	made	from	the	clinical	signs	and	periapical	
radiographs	because	of:		
	 (a)	conflicting	clinical	symptoms,	or		
	 b.	because	of	poorly	localized	symptoms	associated	with	an	un-treated	or	previously	endodon-
tically	treated	tooth.		
2)	[update	2022/3]	on	serious	suspicion	of	the	presence	of	an	additional	channel		
3)	[update	2022/3]	in	serious	suspicion	of	the	presence	of	a	vertical	root	fracture.	
	
Application	of	CBCT	should	only	be	done	by	a	dentist	or endodontist who	has	been	trained	in	it.	
Otherwise,	referral	to	a	dentist	or	endodontist	trained	in	it	is	necessary.	
		
When	using	CBCT	to	image	multiple	teeth	in	one	image,	radiological	abnormalities	of	other	teeth	
should	also	be	checked	for.	The	entire	image	should	be	assessed,	and	thus	all	the	different	tissues	and	
structures.	
[modified	after	update	2022/3:	added	two	indications	for	CBCT	and	formulated	recommendation	more	
strongly	on	this	basis]	
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Rational		
Despite	the	fact	that	the	cost	of	CBCT	versus	that	of	a	periapical	X-ray	image	is	higher,	CBCT	gives	a	
higher	radiation	exposure	than	a	periapical	X-ray	image	[update	2022/3],	the	working	group	gave	
great	weight	to	the	evidence	on	presence	of	an	extra	canal	and	a	vertical	root	fracture	as	well	as	the	
relevant	opinions	of	European	Society	of	Endodontology	position	statement	on	CBCT.	
	
Knowledge	gaps	
There	is	a	lack	of	reasonable	to	high	quality	evidence	on	the	relative	diagnostic	usefulness	of	conventi-
onal	and	intra-oral	radiographs	and	CBCT	over	histopathologic	data.		
A	possible	research	approach	could	be,	when	one	imaging	technique	has	a	negative	result	and	the	
other	indicates	periapical	pathology,	to	take	a	biopsy	during	surgical	apical	endodontic	treatment	and	
examine	it	histologically	(source:	Petersson	et	al.,	2012).	
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Appendix	4.1.		

	

Assessment	risk	of	bias	from	Raghav	et	al.,	2010	

	

Quadas	criteria	for	assessing	risk	of	bias	

	 Item	 Assessment	

1.	
Was	the	spectrum	of	patients	representative	of	the	patients	who	
will	receive	the	test	in	practice?	

Unclear		

2.	 Were	selection	criteria	clearly	described?	

Not	reported	whether	patients	
were	consecutively	enrolled	or	
randomized	

3.	
Is	the	reference	standard	likely	to	correctly	classify	the	target	condi-
tion?	

Yes	

4.	

Is	the	time	period	between	reference	standard	and	index	test	short	
enough	to	be	reasonably	sure	that	the	target	condition	did	not	change	
between	the	two	tests?	

Yes		

5.	
Did	the	whole	sample	or	a	random	selection	of	the	sample,	receive	
verification	using	a	reference	standard	of	diagnosis?	

Yes		

6.	
Did	patients	receive	the	same	reference	standard	regardless	of	the	
index	test	result?	

Yes		

7.	
Was	the	reference	standard	independent	of	the	index	test	(i.e.	
the	index	test	did	not	form	part	of	the	reference	standard)?	

Yes	

8.	
Was	the	execution	of	the	index	test	described	in	sufficient	detail	
to	permit	replication	of	the	test?	

Yes		

9.	
Was	the	execution	of	the	reference	standard	described	in	suffi-
cient	detail	to	permit	its	replication?	

No		

10.	
Were	the	index	test	results	interpreted	without	knowledge	of	
the	results	of	the	reference	standard?	

Yes		

11.	
Were	the	reference	standard	results	interpreted	without	
knowledge	of	the	results	of	the	index	test?	

Unclear		

12.	
Were	the	same	clinical	data	available	when	test	results	were	inter-
preted	as	would	be	available	when	the	test	is	used	in	practice?	

Yes		

13.	 Were	uninterpretable/intermediate	test	results	reported?	 No		

14.	 Were	withdrawals	from	the	study	explained?	 Not	relevant	
Note:	bold	are	the	criteria	that	received	particular	attention	from	Petersson	et	al.	(2012)	

	

Assessment:	serious	risk	of	bias.	
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Appendix	4.2	

	

Criteria	of	high-,	moderate-	and	low-study	quality,	mainly	according	to	QUADAS	

High:	small	risk	
or	bias	

Study	design	either	cross-sectional	or	prospective.	A	case-control	design	was	not	ac-
cepted,	because	it	usually	overestimates	diagnostic	accuracy.	Particular	emphasis	was	
put	on	the	following	items:	

- Randomly	or	consecutively	selected,	adequately	described	patients	involving	a	
representative	and	

- clinically	relevant	sample	(QUADAS	items	1,	2)	
- The	index	test	should	not	form	part	of	the	reference	standard	(item	7)	
- Evaluators	should	be	masked	to	results	of	index	test	and	reference	test	(items	

10,	11)	
- The	tests	should	be	described	in	sufficient	detail	to	permit	replication	(items	

8,	9)	
- Sample	size	in	subgroups	≥30	
- Diagnostic	accuracy	presented	as	sensitivity	and	specificity	

Moderate:	mod-
erate	
risk	of	bias	

A	case-control	design	was	accepted	as	well	as	nonrandom	or	nonconsecutive	enrol-
ment	of	patients.	
Otherwise	the	same	criteria	as	for	high	quality.	A	sample	size	of	≥20	in	subgroups	was	
accepted	

Low:	high	risk	of	
selection	and/or	
verification	bias	

Criteria	of	moderate	quality	not	met	

Source:	Petersson	et	al.,	2012.	

	



 
 

66 
 

Appendix	4.3.	Search	strategy	
	
Retrieved	from	PubMed	on	August	31,	2015	
	
("sensitivity	and	specificity"[MeSH	Terms]	OR	"Detection"[title/abstract]	OR	"ROC	curve"[MeSH	Terms]	OR	"di-
agnostic	accuracy"[title/abstract]	OR	"Periapical	diseases/diagnosis"[MeSH	Terms]	OR	"Periapical	diseas-
es/radiography"[MeSH	Terms]	OR	"Dental	pulp	diseases/diagnosis"[MeSH	Terms]	OR	"Dental	pulp	diseas-
es/radiography"[MeSH	Terms]	OR	"Periapical	lesions"[tiab]	OR	"Cadaver"[MeSH	Terms])		
AND	("Cone	beam	computed	tomography"[MeSH	Terms]	OR	"Radiography,	panoramic"[MeSH	Terms]	OR	"peri-
apical	radiography"[title/abstract]	OR	"cone	beam	computed	tomography"[title/abstract]	OR	
"CBCT"[title/abstract]	OR	"radiologic"[	title/abstract]	OR	"radiology"[title/abstract]	OR	"radiologi-
cal"[title/abstract]	OR	"radiography"[title/abstract]	OR	"radiographic"[title/abstract]	OR	"radiographical"[title/	
abstract])	AND	(endodontic[title/abstract]	OR	"root	canal[title/abstract]"	
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Appendix 4.4 

Outcomes	of	(weighted)	regression	analysis	where	sensitivity	(se)	or	specificity	(sp)	are	the	depen-
dent	variable	and	the	dependent	variables	are	a	set	of	dummy	variables:		

-	Staining	(0	or	1),	root	section	(0	or	1);	reference:	micro-CT	

-	Maxillary	and	mandibular	premolars	(mmp:	0	or	1),	mandibular	molar	(mm:	0	or	1),	mandibular	ca-
nine	(mc:	0	or	1);	reference:	MB2.	

Weighted	variable:	1/(unstandardized	predicted	value)2	

 
Coefficientsa,b	

Model	

Unstandardized	Coeffi-
cients	

Standardized	
Coefficients	

t	 Sig.	

95.0%	Confidence	In-
terval	for	B	

B	 Std.	Error	 Beta	
Lower	
Bound	

Upper	
Bound	

	 (Constant)	 ,869	 ,044		 19,639	 ,000	 ,760	 ,977	
staining	 -,249	 ,071	 -,832	 -3,524	 ,012	 -,421	 -,076	
root_section	 ,077	 ,059	 ,233	 1,301	 ,241	 -,068	 ,222	
mpm	 -,029	 ,065	 -,093	 -,455	 ,665	 -,187	 ,128	
mm	 ,162	 ,082	 ,398	 1,973	 ,096	 -,039	 ,363	
mc	 ,050	 ,100	 ,115	 ,501	 ,634	 -,194	 ,294	
a.	Dependent	Variable:	sensitivity	
b.	Weighted	Least	Squares	Regression	-	Weighted	by	weight	
	
	
 

Coefficientsa,b	

Model	

Unstandardized	Coeffi-
cients	

Standardized	
Coefficients	

t	 Sig.	

95.0%	Confidence	Interval	
for	B	

B	 Std.	Error	 Beta	
Lower	
Bound	 Upper	Bound	

	 (Constant)	 ,907	 ,115		 7,885	 ,000	 ,625	 1,188	
staining	 -,028	 ,213	 -,068	 -,132	 ,900	 -,549	 ,493	
root_section	 -,122	 ,143	 -,352	 -,854	 ,426	 -,473	 ,229	
mpm	 ,126	 ,169	 ,301	 ,742	 ,486	 -,289	 ,540	
mm	 ,023	 ,212	 ,049	 ,109	 ,917	 -,496	 ,542	
mc	 ,121	 ,327	 ,177	 ,370	 ,724	 -,680	 ,923	
a.	Dependent	Variable:	specificity	
b.	Weighted	Least	Squares	Regression	-	Weighted	by	weight2	
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5.  Treatment of pulpitis 
	
Introduction13	
Causes	of	pulpitis	
Caries	is	the	most	common	cause	of	pulpitis.	Several	symptoms	and	clinical	findings	may	indicate	
that	the	pulp	is	irreversibly	inflamed,	such	as	spontaneous	or	persistent	pain,	or	unstoppable	
bleeding	from	an	exposed	pulp.	The	significance	of	these	symptoms	and	signs	for	the	prognosis	of	
treatment	aimed	at	preserving	the	pulp	has	not	yet	been	adequately	investigated.		
The	pulp	can	also	be	damaged	by	trauma.	If	the	pulpa	is	exposed	by	a	complicated	fracture	in	the	
crown,	the	wound	is	often	superficial.	An	infection	will	then	be	limited	in	the	short	term	to	the	area	at	
the	site	of	exposure.	If	treated	in	time,	the	pulp	has	a	good	prognosis.	
	
What	are	the	benefits	of	keeping	the	pulp	vital?	
A	tooth	with	an	inflamed	vital	pulp,	caused	by	a	deep	carious	lesion	or	by	a	complicated	fracture	of	the	
crown	due	to	trauma,	can	be	treated	in	two	ways:	preservation	or	removal	of	the	pulp.	The	advantage	
of	the	first	option	is	obvious	when	a	young	permanently	incomplete	tooth	is	involved,	because	pulpec-
tomy	brings	root	development	to	a	halt.	The	root	will	remain	undeformed	and	therefore	weaker,	in-
creasing	the	risk	of	fracture.	Also	in	general,	the	risk	of	fracture	of	an	element	and	root	is	higher	when	
the	element	has	been	treated	endodontically.	From	a	cost	perspective,	the	option	of	preserving	all	or	
part	of	the	pulp	is	also	desirable.	
	
Types	of	treatment	
There	are	several	treatment	options	to	keep	the	pulp	vital.	With	indirect	pulp	capping,	the	deepest	
layer	of	carious	dentin	is	left	undisturbed.	The	goal	of	this	method	is	to	avoid	trauma	to	the	pulp	and	
pulpal	exposure,	thus	promoting	healing.	Another	treatment	option	is	the	complete	removal	of	carious	
tissue,	either	during	the	same	appointment	(immediate	complete	removal	of	carious	dentin)	or	in	se-
veral	treatment	steps	(stepwise	excavation).	
In	the	latter	case,	the	goal	is	to	avoid	potentially	unnecessary	pulpal	exposure.	If	the	pulp	is	exposed	
during	treatment,	then	the	pulp	can	be	immediately	roofed.	Another	option	is	to	remove	inflamed	
pulpal	tissue	and	apply	a	wound	dressing	to	the	remaining	pulp	(partial	pulpotomy).	Yet	another	opti-
on	is	to	remove	the	entire	contents	of	the	pulpal	chamber	(pulpotomy).	The	most	radical	approach	-	
apart	from	extraction	-	is	pulpectomy.	
The	outcome	of	treatment	(the	effect	measure)	is	determined	by	examination	of	the	degree	of	healing.	
With	stepwise	removal	of	carious	dentin	and	pulpal	overdenture	or	partial	pulpotomy,	the	following	
criteria	apply	for	healing:	

- treated	element	is	asymptomatic;	
- Positive	response	to	sensitivity	test;	
- radiographically	normal	periapex	and	
- Continued	development	of	the	root	in	unformed	teeth.	

	
Criteria	for	lack	of	cure:	

- treated	dentition	is	symptomatic	and	
- Necrotic/infected	pulp	as	determined	by	clinical	and	radiographic	examination.		

For	elements	treated	by	pulpotomy	or	pulpectomy,	the	outcome	is	determined	primarily	on	the	basis	
of	radiographic	examination	and	any	complaints	to	the	treated	element.	Subjective	symptoms	are	im-
portant,	as	are	other	clinical	findings	that	may	indicate	root	canal	infection.	
[Update	2022/3]	Post-operative	pain	may	occur	as	a	result	of	treatment.	Ways	to	reduce	the	likelihood	
of	afterpain	include	preoperative	and/or	postoperative	medication.	Instead	of	or	in	addition	to	this,	
some	practitioners	use	occlusal	reduction.	This	technique	involves	selective	removal	of	hard	tissue	

 
13	This	introduction	is	based	in	part	on	Methods	of	Diagnosis	and	Treatment	in	Endodontics.	A	systematic	review	
(2012)	and	supplemented	where	necessary.	
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(enamel)	with	subsequent	loss	of	some	of	the	anatomical	features	of	the	occlusal	surface	of	the	affec-
ted	tooth.	The	effect	of	occlusal	reduction	would	be	to	reduce	the	mechanical	stimulation	of	peripheral	
ends	of	nociceptors.	Whether	this	technique	merits	recommendation	is	highly	questionable:	1)	it	ap-
pears	far	from	clear	how	great	the	analgesic	effect	is	and	2)	sacrificing	natural	tissue	for	a	highly	un-
certain	pain	reduction	is	questionable.	
	
Pulpa	canopy	material	
When	the	pulp	is	directly	exposed,	it	is	roofed.	Calcium	hydroxide	(CaOH2	)	can	be	used	for	this	purpo-
se	and	has	long	been	the	material	of	choice.	Despite	its	high	pH,	calcium	hydroxide	creates	conditions	
that	promote	pulpal	healing.	Other	agents	contain	steroids	-	with	or	without	antibiotics	-	but	are	not	
routinely	used.	
In	recent	years,	promising	results	have	been	reported	for	"mineral	trioxide	aggregate"	(MTA).		
		
	
Other	factors	affecting	pulpal	healing	
The	treatment	outcome	of	a	deep	carious	lesion	-	with	or	without	pulpal	exposures	-	depends	largely	
on	how	infected	the	pulp	is	at	the	time	of	treatment.	
The	outcome	may	also	depend	on	the	age	of	the	patient,	the	approach	chosen	(indirect	or	direct	pulpal	
overdenture	et	cetera)	and	the	choice	of	overdenture	material.	The	ability	of	restorative	material	to	
prevent	bacterial	leakage	is	another	factor.	For	pulpal	reconstruction	due	to	trauma,	the	treatment	
outcome	may	depend	on	the	location	of	the	fracture,	the	degree	of	root	development	of	the	element	
and	the	time	elapsed	between	accident	and	treatment.	
	
Factors	affecting	healing	after	pulpectomy	
The	goal	of	pulpectomy	is	to	prevent	infection	of	the	pulpal	cavity,	keep	the	periapical	tissues	healthy	
and	ensure	asymptomatic	conditions.	To	achieve	this,	proper	disinfection	during	treatment,	effective	
removal	of	pulpal	tissue	and	compact	filling	of	the	instrumented	root	canal	are	crucial	conditions	to	
prevent	infection	of	the	root	canal.	A	complicated	anatomy	of	the	root	canal	and	the	skills	of	the	surge-
on	can	influence	the	outcome.		
	
Specific	questions	are:	

1. Is	there	a	difference	in	effect	between	incremental,	partial	or	complete	removal	of	carious	den-
tin?	

2. Is	there	a	difference	in	effect	between	MTA	versus	other	materials	and	among	other	materials	
(Biodentine,	glass	ionomer	cement	and	calcium	hydroxide)	in	indirect	pulp	capping?	

3. Is	there	a	difference	in	effect	between	direct	pulpal	overdenture	versus	partial	or	complete	
pulpotomy?	

4. Is	there	any	difference	in	effect	between	calcium	hydroxide,	MTA	or	other	materials	in	direct	
pulp	capping?	

5. [update	2022/3]	Is	there	any	difference	in	effect	between	calcium	hydroxide,	MTA	or	other	ma-
terials	in	pulpotomy?	

6. Is	there	a	difference	in	effect	between	pulpotomy,	partial	and	total	pulpectomy?		
7. Is	there	a	difference	in	effect	between	single-session	pulpectomy	versus	two-session	pulpec-

tomy?	
8. Is	there	a	difference	in	effect	between	occlusal	reduction	versus	no	occlusal	reduction?	

Search	and	selection	
As	a	starting	point	for	the	literature	search,	the	systematic	review	Methods	of	Diagnosis	and	Treatment	
in	Endodontics	(2012)	was	taken	as	an	update.	The	search	strategy	contained	therein	was	used	for	this	
update.	The	criteria	for	selecting	found	studies	were	created	by	the	working	group	itself,	and	do	not	
entirely	match	the	criteria	used	in	Methods	of	Diagnosis	and	Treatment	in	Endodontics	(2012).	14	

 
14	For	example,	a	minimum	of	15	dentures	per	group	in	controlled	trials,	or	30	dentures	in	cohort	studies	was	
not	applied.	Nor	was	a	maximum	dropout	rate	of	30	applied.	Regarding	follow-up	duration,	a	minimum	of	1	year	
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The	search	strategy	was	conducted	in	April	2016	through	a	search	in	PubMed.	Details	of	the	search	
strategy	are	provided	in	Appendix	5.1.	A	total	of	168	articles	were	found,	of	which	20	were	eligible	for	
inclusion.	These	included	4	systematic	reviews	and	16	original	studies.	After	reviewing	the	studies	in	
the	4	systematic	reviews,	the	16	original	studies	and	the	relevant	studies	in	Methods	of	Diagnosis	and	
Treatment	in	Endodontics	(2012),	30	studies	that	met	the	selection	criteria	could	finally	be	included.		
	
[update	2022/3]	With	regard	to	the	update	of	the	starting	question	on	incremental,	partial,	no	or	com-
plete	removal	of	carious	dentin,	one	systematic	(Cochrane)	review	of	very	good	methodological	quality	
was	included	(Schwendicke	et	al.,	2021).		Regarding	the	basic	question	on	direct	pulpal	overdenture	
and	pulpotomy,	one	systematic	review	of	good	methodological	quality	was	included	(Jakovljevic	et	al.,	
2022).	Regarding	the	baseline	question	on	calcium	hydroxide,	MTA	or	other	materials	in	direct	pulpal	
overdenture,	two	systematic	reviews	of	very	good	methodological	quality	were	included	(Cushley	et	al,	
2021;	Didilescu	et	al,	2018).	One	review	looked	at	success	as	an	outcome	measure,	the	other	review	
looked	at	whether	or	not	dentin	bridge	formation	occurred.	Regarding	the	baseline	question	on	calci-
um	hydroxide,	MTA	or	other	materials	in	partial	or	total	pulpotomy,	one	systematic	review	of	good	me-
thodological	quality	was	included	(Li	et	al.,	2019).			
Regarding	the	starting	question	on	pulpotomy,	partial	and	total	pulpectomy,	one	systematic	review	of	
good	methodological	quality	was	included	(Jakovljevic	et	al.,	2022)	and	a	critical	commentary	by	
Brignardello-Petersen	(2017).15	Regarding	the	baseline	question	on	pulpectomy	in	one	session	versus	
pulpectomy	in	two	over	more	sessions,	one	systematic	review	of	very	good	methodological	quality	
was	included	(Mergoni	et	al,	2022).	Regarding	the	starting	question	on	occlusal	reduction,	one	syste-
matic	review	of	reasonable	methodological	quality	was	included	(Nguyen	et	al,	2020).	
	
Selection Criteria 

Type of patients - patients with permanent teeth with an inflamed vital pulp  

Type of Intervention - indirect and direct pulp capping 
- stepwise, partial and complete caries removal  
- (partial) pulpotomy  

Type of outcome 

measures 

- failure of therapy: a composite outcome measure, i.e. complications such as: 
* signs or symptoms of irreversible pulpitis, inflammation or mortality; 
* endodontic therapy (pulp capping, pulp therapy or root canal treatment; 
* extraction of the dentition; 
* Restorative failure or re-treatment (restore replace, restore), or both;  
* or a combination of the above. 
- clinical cure  
- X-ray-based healing (PAI) 
- extraction 
- quality of life 
- number of sessions 
- cost 
- postoperative pain 
- positive or negative bacterial culture 
- hard tissue barrier 

Type of setting - general practitioners 
- dental endodontists 

Inclusion and exclusi-

on criteria 

- Inclusion criteria: 
- human in vivo studies 
- comparative observational studies 
- (quasi-) randomized) or controlled experimental studies 
- systematic reviews (with or without meta-analyses) 

 
- Exclusion criteria: 

 
was	not	used.	The	study	group	believes	that	applying	the	GRADE	criteria	of	'imprecision'	and	'indirectness'	can	
sufficiently	take	into	account	limited	study	size	and	short	follow-up	duration,	respectively.		
15	Partial	pulpectomy	was	examined	only	in	the	Brignardello-Petersen-commented	study	by	Eren	et	al.	(2017)	
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- case reports 
- patient series 
- in vitro, ex vivo (human) studies 

 

	
Summary	of	literature	
Is	there	a	difference	in	effect	between	stepwise,	partial	or	complete	removal	of	carious	dentin	for	teeth	
with	(irreversible)	pulpitis?	
[update	2022/3]a.	Comparison	complete	versus	stepwise	removal	of	carious	dentin	
Schwendicke	et	al.	(2021)	included	three	randomized	studies	with	a	total	of	398	teeth	with	deep	le-
sions	(Bjørndal	2017,	Orhan	2010	and	Leksell	1996)	in	which	there	was	permanent	dentition.16	It	is	
important	to	note	that	at	least	in	Bjørndal's	study	there	was	caries	in	more	than	three-quarters	of	the	
dentin.	For	study	characteristics,	see	Schwendicke	et	al,	(2021,	pp.	51-53,	73-74,	81-83).		
	
Outcome	measure	failure	
Failure	was	defined	as	a	composite	outcome	measure	(Schwendicke	et	al.,	2021,	p.	16):	
• signs	or	symptoms	of	irreversible	pulpitis,	inflammation	or	mortality;	
• Endodontic	therapy	(pulp	capping,	pulp	therapy	or	root	canal	treatment;	
• extraction	of	the	tooth;	
• restorative	failure	or	re-treatment	(restore	replace,	restore),	or	both;		
• Or	some	combination	of	the	above.	

The	outcomes	on	failure	are	listed	in	Table	5-1.	
	
Quality	of	evidence	failure	follow-up	duration	6-60	months	
The	quality	of	evidence	is	reasonable.	It	was	downgraded	by	one	level	for	severe	risk	of	bias	and	by	
one	level	for	imprecision.	There	was	no	downgrading	for	indirect	evidence,	inconsistency,	imprecision	
and	publication	bias.	The	reasons	for	downgrading	are	that	no	blinding	of	the	outcome	assessor	took	
place,	and	there	are	ambiguities	about	generation	of	randomization	order	and/or	blinding	of	allocati-
on	to	experimental	or	control	group.		
	
Outcome	measures	long-term	survival	and	function	of	element,	pain,	swelling,	fistula,	patient	satis-
faction	
These	outcomes	were	not	reported	in	Schwendicke	et	al.	(2021).	Nor	were	other	systematic	reviews	of	
sufficient	methodological	quality	found	on	this	subject.	
Conclusions	

Fair	
	
GRADE	

Failure,	follow-up	duration	6-60	months	
	
Stepwise	removal	of	carious	dentin	appears	to	confer	a	lower	risk	of	failure	than	
complete	removal	of	carious	dentin.		
	
Bjørndal	et	al,	2017;	Orhan	et	al,	2010;	Leksell	et	al,	1996	

	
	
b.	Partial	removal	of	carious	dentin	versus	complete	removal	of	carious	dentin		
[update	2022/3]	Schwendicke	et	al.	(2021)	included	two	randomized	studies	(Khokhar	et	al,	2018;	
Orhan	et	al,	2010)	with	179	teeth	with	deep	lesions	involving	permanent	dentition.	For	study	charac-
teristics,	see	Schwendicke	et	al	(2021,	pp.	70-71,	81-83).	
The	outcomes	on	failure	are	listed	in Table	5-1.	
	

 
16	Deep	lesions	are	defined	as	lesions	close	to	the	pulp	where	there	is	a	risk	of	exposure,	extending	into	the	inner	
third	or	quarter	of	the	dentin	(Schwendicke	et	al,	2021,	p.	16).	



 
 

72 
 

Quality	of	evidence	failure	follow-up	duration	12-18	months	
The	quality	of	evidence	is	very	low.	It	was	downgraded	by	one	level	for	severe	risk	of	bias	and	by	two	
levels	for	imprecision.	There	was	no	downgrading	for	indirect	evidence,	inconsistency	and	publication	
bias.	The	reasons	for	downgrading	are	that	the	study	size	is	small,	no	blinding	of	the	outcome	assessor	
took	place,	and	there	are	ambiguities	about	generation	of	randomization	order	and/or	blinding	of	allo-
cation	to	experimental	or	control	group.		
	
Outcome	measures	long-term	survival	and	function	of	element,	pain,	swelling,	fistula,	patient	satis-
faction	
These	outcomes	were	not	reported	in	Schwendicke	et	al.	(2021).	Nor	were	other	systematic	reviews	of	
sufficient	methodological	quality	found	on	this	subject.	
	
Conclusions	

	
Very	low	
	
GRADE	

Failure;	follow-up	duration	12-18	months	
	
Partial	removal	of	carious	dentin	appears	to	confer	a	lower	risk	of	failure	than	
complete	removal	of	carious	dentin.	
	
Khokhar	et	al.,	2018;	Orhan	et	al.,	2010	

		
c.	Is	there	a	difference	in	effect	between	partial	removal	versus	incremental	removal	of	carious	dentin?	
[update	2022/3]	Schwendicke	et	al.	(2021)	included	three	randomized	studies	(Labib	et	al,	2019;	Maltz	
et	al,	2018;	Orhan	et	al,	2010)	with	371	teeth	with	deep	lesions	involving	permanent	dentition.	For	
study	characteristics,	see	Schwendicke	et	al.	(2021,	pp.	71-73,	77-79,	81-83).	
The	outcomes	on	failure	are	listed	in Table	5-1.	
	
Quality	of	evidence	failure	follow-up	duration	12-24	months	
The	quality	of	evidence	is	reasonable.	It	was	downgraded	by	one	level	for	severe	risk	of	bias.	There	
was	no	downgrading	for	indirect	evidence,	inconsistency,	imprecision	and	publication	bias.	Main	
reasons	were	flaws	in	statistical	analysis	and	inadequate	randomization	procedure.	
	

Outcome	measures	long-term	survival	and	function	of	element,	pain,	swelling,	fistula,	patient	satis-
faction	
These	outcomes	were	not	reported	in	Schwendicke	et	al.	(2021).	Nor	were	other	systematic	reviews	of	
sufficient	methodological	quality	found	on	this	subject.	
	

Conclusions	

Fair	
	
GRADE	

Failure;	follow-up	duration	12-24	months	
	
Partial	removal	of	carious	dentin	seems	to	be	more	likely	to	be	successful	than	
incremental	removal	of	carious	dentin.	
	
Labib	et	al,	2019;	Maltz	et	al,	2018;	Orhan	et	al,	2010	

	

Summary	
Complete	removal	is	probably	a	less	good	option,	because	leads	to	more	failure,	than	stepwise	and	
partial	(or	selective)	removal	of	carious	dentin.	Stepwise	removal	of	carious	dentin	appears	to	be	a	
less	good	option	than	partial	removal	of	carious	dentin	(Table	5-1).	
Note:	In	general,	young	patients	(<29	years)	were	recruited	for	the	mentioned	trials.		
	
Table	5-1	Odds	ratios	and	absolute	effects	related	to	failure	of	complete,	partial	and	incremental	removal	of	carious	
dentin	
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Interventions	compared	pairwise	 Odds	ratio	
(95%	BI)	

Absolute	effect	
(95%	BI)	

complete	versus	incremental	removal	of	ca-
rious	dentin	

206	(1.34;	3.17)		
(3	studies)	

17%	(7-28%)	more	failure	with	
complete	removal	

	 	 	
complete	versus	partial	removal	of	carious	
dentin	

11.32	(1.96;	65.02)		
(2	studies)	

11%	(1-42%)	more	failure	with	
complete	removal	

	 	 	
incremental	versus	partial	removal	of	carious	
dentin	

225	(1.33;	3.82)		
(3	studies)	

13%	(4-25%)	more	failure	with	
stepwise	removal	

	

Is	there	a	difference	in	effect	between	MTA	versus	other	materials	and	among	other	materials	(Bioden-
tine,	glass	ionomer	cement	and	calcium	hydroxide)	in	indirect	pulp	capping?	
A	trio	of	publications	compared	the	following	materials:	Biodentine	versus	glass	ionomer	cement,	MTA	
versus	calcium	hydroxide	and	calcium	hydroxide	versus	glass	ionomer.	
	
a.	Calcium	hydroxide	cement	versus	glass	ionomer	cement.	
Through	a	systematic	review,	Mickenautsch	et	al.	(2010)	sought	to	determine	whether	the	pulmonary	
response	of	resin-modified	glass	ionomer	cement	placed	in	a	deep	cavity	differs	from	that	of	calcium	
hydroxide	cement.	The	reviewers	found	6	trials,	1	of	which	was	a	randomized	trial.	However,	this	trial	
involved	a	primary	dentition.	The	age	of	the	patients	in	these	trials	ranged	from	9	to	32	years.	The	
teeth	were	premolars	(Costa	et	al.,	2003),	2e	maxillary	molars	and	mandibular	premolars	(Murray	et	
al.,	2001),	1e	premolars	(Mousavinasab	et	al.,	2008),	1e	and	2e	premolars	(About	et	al.,	2001),	2e	pre-
molars	(Murray	et	al.,	2002).	All	teeth	were	free	of	caries.	Outcomes	evaluated	by	Mickenautsch	et	al.	
were	inflammatory	cell	response,	hard	tissue	formation,	soft	tissue	organization,	bacterial	leakage,	
odontoblast	changes,	numbers	of	intact	odontoblasts,	and	lack	of	clinically	identifiable	symptoms	of	
the	pulp.	These	studies	yielded	17	data	sets.	Because	of	clinical	and	methodological	heterogeneity,	
meta-analysis	was	not	an	option	for	most	outcomes.	Summary	of	results	provides	the	table	below.	
 
Table	5-2.	Relative	risks	resin	modified	glass	ionomer	cement	versus	calcium	hydroxide	cement.	
Outcome	measure	 Number	of	data-

sets	
Number	of	patients	 Relative	risk	[range].	

	 	 	 	
Inflammatory	cell	response	 7	 179	 0.61	-	1.00	(5	studies)	

0.13	(1	study)	
Formation	of	hard	tissue	 3	 85	 0,34	-	2,00	
Organization	soft	tissue	 1	 15	 0,97	
Leaking	bacteria		 2	 28	 0,88	-	0,94	
Changes	odontoblasts	 2	 23	 0,60	-	2,00		
Number	of	intact	odontoblasts	 2	 124	 0,45	-	0,66	
Note:	In	13	datasets,	there	was	no	statistically	significant	difference.	Source:	Mickenautsch	et	al.	(2010)	

	
Quality	of	evidence	outcome	measures	in	Table	5-2	
The	quality	of	evidence	for	the	in	Table	5-2	outcome	measures	listed	is	very	low.	The	reasons	are	
imprecise	outcomes	(downgraded	by	one	level)	and	the	studies	not	being	randomized	(downgraded	
by	two	levels	for	risk	of	bias).	
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Conclusion	
	
	
Very	low	
	
	
GRADE	

Outcome	measures	in	Table	5-2	
	
Calcium	hydroxide	cement	may	give	slightly	more	favorable	results	than	glass	
ionomer	cement.	
	
Mickenautsch	et	al.,	2010	

	
b.	Biodentine	versus	glass	ionomer	cement.	
In	a	randomized	trial,	Hashem	et	al.	(2015)	examined	the	effectiveness	of	calcium	silicate	cement	(Bio-
dentine)	versus	glass	ionomer	cement	in	patients	with	reversible	pulpitis.	They	also	compared	the	
effectiveness	of	CBCT	periapical	radiographs	to	detect	periapical	changes	over	12	months	postoperati-
vely.	
Important	exclusion	criteria	were:	clinical	signs	of	irreversible	pulpitis	for	which	endodontic	treat-
ment	is	indicated,	presence	of	fistula	or	swelling,	mobile	elements	or	sensitivity	to	percussion,	women	
who	are	pregnant	and	patients	younger	than	18	years.	Important	inclusion	criteria	were:	a	deep	ca-
rious	lesion	with	extension	to	at	least	three-quarters	into	the	dentin	based	on	radiograph,	clinical	signs	
of	reversible	pulpitis,	positive	response	of	the	pulp	to	electrical	test	or	heat	stimulation,	and	no	peri-
apical	changes	on	a	periapical	radiograph.	
72	restorations	(36	Biodentine	and	36	glass	ionomer	cement)	were	performed	in	53	patients	(40%	
female)	patients	ranging	in	age	from	18	to	76	years	(median	28	years).	85%	of	restorations	occurred	
in	a	molar.	Superficial	and	softly	infected	dentin	was	removed	under	local	anesthesia	and	with	rubber	
dam	isolation.	Deeper	carious	dentin	(more	than	three-quarters)	was	removed	with	chemo-
mechanical	gel	and	hand	instrumentation.	The	outcome	measures	were	as	follows:		

- Clinical	success:	positive	response	to	cold	test/electrical	pulp	test,	absence	of	spontaneous	pain,	
negative	sensitivity	to	percussion,	absence	of	fistula/swelling	and	abnormal	motility,	and	ab-
sence	of	a	periapical	radiolucency	as	determined	by	periapical	radiographs;	

- Detection	of	presence	or	absence	of	periapical	lucency	with	CBCT;	
- Intra-rater	and	inter-rater	reliability	for	periapical	radiographs	and	CBCT.	
- Diagnostic	accuracy	parameters	of	periapical	radiographs	(CBCT	'gold'	standard).	

	
Clinical	success	after	12	months	
In	both	groups,	the	success	rate	was	83.3	(RR:	1.00;	95%	BI:	0.81	-	1.23).	There	were	5	dropouts.	Nei-
ther	cavity	size	nor	gender	had	any	effect	on	pulpal	vitality.	
	
Detection	of	presence	or	absence	of	periapical	lucency	with	CBCT	after	12	months	
Based	on	CBCT,	65.4%	(34/52)	of	the	pulp	was	healthy	and	90.4%	(47/52)	based	on	the	X-ray	image.	
A	significant	difference	in	the	presence	of	periapical	radiolucency	(p	=	0.02)	was	observed	when	using	
CBCT	between	Biodentine	(71%)	and	glass	ionomer	cement	(88%).	It	should	be	noted	that	in	the	glass	
ionomer	group,	the	number	of	elements	with	severe	pulpitis	was	higher.	On	the	other	hand,	after	12	
months	the	distribution	of	severe/mild	lesions	in	the	glass	ionomer	cement	group	was	similar	to	that	
in	the	Biodentine	group.		
	
Intra-assessor	and	inter-assessor	reliability	for	periapical	radiographs	and	CBCT	
Kappa	values	for	intra-rater	reliability	were	0.68	and	0.66	for	CBCT	and	periapical	radiographs,	res-
pectively.	Kappa	values	for	inter-rater	reliability	were	0.53	and	0.26	for	CBCT	and	periapical	radio-
graphs,	respectively.	
	
Diagnostic	accuracy	parameters	of	periapical	radiographs	(CBCT	'gold'	standard).	
The	sensitivity	of	periapical	radiographs	was	0.24,	the	specificity	1,	the	positive	predictive	value	1	and	
the	negative	predictive	value	0.63.	The	low	sensitivity	of	periapical	radiographs	means	that	relatively	
few	periapical	changes	were	detected	with	this	imaging	technique.		
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Quality	of	evidence	clinical	success	and	detection	periapical	lesions	
The	quality	of	evidence	regarding	clinical	success	after	12	months	is	low	because	of	ambiguity	regar-
ding	blinding	of	allocation	to	experimental	and	control	group,	and	imprecision	of	outcome	(clinical	
success).	It	was	downgraded	by	one	level	for	risk	of	bias	and	by	one	level	for	imprecision.	There	was	
no	downgrading	for	indirect	evidence,	inconsistency	and	publication	bias.	See	also	evidence	profile	1	
in	appendix.		
The	quality	of	evidence	for	the	outcome	the	detection	of	presence	or	absence	of	periapical	lesions	with	
CBCT,	diagnostic	accuracy	parameters,	and	intra-	and	inter-rater	reliability	cannot	be	determined	with	
GRADE.	This	is	because	these	outcomes	have	not	been	determined	through	diagnostic	testing.	
	
Conclusions	
	
	
Low	
	
	
GRADE	

Clinical	success	after	12	months	
	
Biodentine	and	glass	ionomer	cements	do	not	appear	to	differ	in	terms	of	clinical	
success	at	12	months	in	patients	with	reversible	pulpitis.	
	
Hashem	et	al.,	2015	

	
	
	
-------	
	
	
GRADE	

Detection	of	presence	or	absence	of	periapical	lesions	with	CBCT	after	12	months	
	
CBCT	appears	better	than	X-ray	in	detecting	periapical	changes	in	patients	with	
reversible	pulpitis.	
	
Hashem	et	al.,	2015	

	
	
	
-------	
	
	
	
	
GRADE	

Intra-	and	inter-rater	reliability	periapical	radiographs	
	
Intra-assessor	reliability	for	radiographs	and	CBCT	do	not	seem	to	differ	for	de-
tecting	periapical	changes	in	patients	with	reversible	pulpitis.	However,	inter-
rater	reliability	appears	to	be	better	for	CBCT	than	for	periapical	radiographs.		
	
Hashem	et	al.,	2015	

	

c.	MTA	versus	calcium	hydroxide	cement.	
Leye	Benoist	et	al	(2012)	investigated	the	effectiveness	of	MTA	and	calcium	hydroxide	cement	in	for-
ming	a	dentin	bridge	in	a	randomized	controlled	trial.	Important	inclusion	criteria	were:	an	active	
deep	carious	lesion	on	the	occlusal	or	approximal	surface,	reversible	inflammation	of	the	pulp	(deter-
mined	based	on	a	painful	response	to	pulp	testing).	Important	exclusion	criteria	were:	elements	with	
periodontal	lesions,	internal	or	external	root	resorptions,	and	systemic	medical	conditions	of	the	pa-
tient.	Patients	were	24	years	old	on	average.	The	MTA	group	(n=30)	included	40%	women,	and	the	
calcium	hydroxide	group	(n=30)	47%.	Of	the	teeth,	30%	were	premolar	and	15%	the	1e	molar	in	the	
maxilla,	28%	the	1e	molar	and	15%	the	2e	or	3e	molar	in	the	mandible.	After	local	anesthesia	and	rub-
ber	dam	isolation,	the	carious	lesions	were	removed	in	three	steps:	high-speed	removal	of	carious	
enamel	with	a	round	drill;	mechanical	excavation	of	dentin	with	a	low-speed	drill;	manual	dentin	ex-
cavation	with	a	spoon-shaped	excavator.	Glass	ionomer	cement	was	applied	over	MTA	or	calcium	hy-
droxide	paste.	Outcome	measures	were:	

- Clinical	success:	the	pulp	remained	vital	with	normal	response	to	thermal	and	electrical	testing	
with	no	signs	of	spontaneous	pain.	

- X-ray	success:	dentin	bridge	was	present	over	the	lesions,	without	radiolucency,	widening	of	
periodontal	ligament,	internal	or	external	root	resorption.	All	radiographs	were	digitized	and	
analyzed	by	an	operator.		

Follow-up	took	place	up	to	6	months.		
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Clinical	success	after	6	months	
In	the	MTA	group,	90.0%	(27/30)	of	the	elements	were	successful.	In	the	calcium	hydroxide	group,	it	
was	73.3%	(22/30).	This	corresponds	to	a	relative	risk	of	1.23	(95%	BI:	0.96	-	1.57).	For	every	1,000	
elements	treated,	169	more	were	successful	(95%	BI:	29	fewer	to	418	more)	with	MTA	than	with	cal-
cium	hydroxide.		
	
X-ray	success	after	6	months	
The	dentin	bridge	thickness	was	0.235	mm	±	0.110	mm	in	the	MTA	group	and	0,	221	±	0.059	mm	in	
the	calcium	hydroxide	group.	This	difference	was	not	statistically	significant	at	the	5%	level.	
	
Using	logistic	regression,	the	researchers	determined	which	of	the	following	variables	influenced	clini-
cal	success:	age,	gender,	localization	of	the	dentition,	type	of	dentition	(premolar	et	cetera),	location	of	
caries	(occlusal	et	cetera),	type	of	capping	material	(MTA	or	calcium	hydroxide).	Disto-occlusal	caries	
was	found	to	have	a	significant	negative	and	MTA	a	significant	positive	effect	on	outcome.	However,	
this	analysis	only	refers	to	the	outcome	after	3	months.	Moreover,	it	cannot	be	ruled	out	that	the	out-
come	is	not	due	to	the	site	of	the	caries	but	to	the	practitioner.		
	
Quality	of	evidence	clinical	and	radiographic	success	after	6	months	
The	quality	of	evidence	is	low.	It	was	downgraded	by	one	level	for	risk	of	bias	and	by	one	level	for	
imprecision.	The	reasons	are	imprecision	of	outcomes	due	to	small	study	size,	and	no	adequate	ran-
domization	and	blinding	of	allocation	to	study	groups.	See	evidence	profile	2	in	appendix.	
	
Conclusions	
	
	
Low	
	
	
GRADE	

Clinical	success	after	6	months	
	
MTA	compared	with	calcium	hydroxide	could	slightly	increase	clinical	success	
after	6	months	in	patients	with	deep	carious	lesions.	
	
Leye	Benoist	et	al.,	2012	

	
	
	
Low	
	
	
GRADE	

X-ray	success	after	6	months	
	
Between	MTA	and	calcium	hydroxide	there	appears	to	be	little	difference	in	radi-
ographic	success	after	6	months	in	patients	with	deep	carious	lesions.	
	
Leye	Benoist	et	al.,	2012	

	

Is	there	a	difference	in	effect	between	direct	pulpal	overdenture	versus	partial	or	complete	pulpotomy?	
[update	2022/3]	Jakovljevic	et	al,	2022	included	two	randomized	studies	(Asgary	et	al,	2018;	Bjørndal	
et	al,	2010,	2017)	that	compared	direct	pulpal	overdenture	with	partial	and/or	complete	pulpotomy.	A	
group	of	patients	from	the	previously	discussed	trial	of	Bjǿrndal	2010,	2017	had	pulpal	exposure	
(n=58).	This	group	was	divided	into	two	groups	via	a	randomized	trial,	where	either	direct	pulpal	
overdenture	(n=27)	or	partial	pulpotomy	(n=31)	was	performed.	Important	inclusion	criterion	was	
that	pulpal	exposure	was	due	to	removal	of	carious	dentin.	Exclusion	criteria	were	prolonged	excruci-
ating	pain	or	pain	that	disturbed	sleep,	and	pus	drainage	from	the	exposed	pulp.	Direct	pulp	capping	
was	performed	after	complete	removal	of	carious	dentin	using	hand	instruments	for	excavation.	For	
partial	pulpotomy,	the	same	procedures	and	materials	were	used	as	for	direct	pulpal	overdenture	ex-
cept	that	1-1.5	mm	of	pulpal	tissue	was	removed	with	a	round	drill.	What	the	patient	characteristics	
were	and	whether	they	differed	between	the	two	groups	was	not	reported.	In	the	direct	pulpal	over-
denture	group,	5	patients	dropped	out,	in	the	other	group	2	patients.	To	what	extent	the	dropouts	in	
one	group	differed	from	the	dropouts	in	the	other	group	was	not	reported.	Outcome	measure	was	suc-
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cess,	defined	as	vitality	of	the	pulp	(positive	response	to	cold	or	electrical	stimulation)	without	periapical	
radiolucency.		
The	Asgary	2018	trial	involved	pulpal	exposure	(n=218).	This	group	was	divided	into	three	groups	via	
a	randomized	trial	where	either	direct	pulpal	overdenture	(n=73)	or	partial	pulpotomy	(n=76)	or	
complete	pulpotomy	(n=69)	was	performed.	After	pulpal	exposure,	1	mm	of	pulpal	tissue	was	remo-
ved	with	a	diamond	drill.	The	same	procedures	and	materials	were	used	for	partial	and	complete	pul-
potomy	as	for	direct	pulpal	overdenture.	The	outcome	measure	success	was	defined	as	clinical	(absen-
ce	of	signs	and	symptoms	of	inflammation/infection)	and	radiographic	success	(normal	contour	of	
periodontal	ligament	was	rated	as	"healed,"	evident	decrease	periapical	lesion	was	rated	as	"healed").	
The	outcomes	on	success	are	listed	in	Table	5-3,	Table	5-4,	Table	5-5.	
	
Table	5-3.	Success	at	12-month	follow-up	of	direct	pulpal	overdenture	versus	partial	pulpotomy	

	 direct	pulp	capping	
(I)	

partial	pulpotomy	
(II)	

relative	risk	(95%	BI)	
(I)/(II)	

Bjørndal	2010	 7/27	(26%)	 10/31	(32%)	 0,80	(0,36;	1,82)	
Asgary	2018	 45/73	(62%)	 31/76	(41%)	 1,51	(1,09;	2,09)	
	
Table	5-4.	Success	at	60-month	follow-up	of	direct	pulpal	overdenture	versus	partial	pulpotomy	

	 direct	pulp	capping	
(I)	

partial	pulpotomy	
(II)	

relarisk 
(95% BI) (I)/(II)	

Bjørndal	2017	 1/27	(4%)	 3/31	(10%)	 0,38	(0,04;	3,47)	
	
Table	5-5.	Success	at	12-month	follow-up	of	direct	pulp	capping	versus	full	pulpotomy	

	 direct	pulp	capping	
(I)	

complete	pulpotomy	
(II)	

relative	risk 
(95% BI)	(I)/(II)	

Asgary	2018	 45/73	(62%)	 39/69	(57%)	 1,09	(0,83;	1,44)	
	
Quality	of	evidence	success	after	12	and	60	months	
The	quality	of	evidence	for	success	of	direct	pulpal	overdenture	versus	partial	pulpotomy	after	12	
months	is	low.	It	was	downgraded	by	one	level	for	severe	risk	of	bias,	and	by	one	level	for	severe	in-
consistency.	The	main	reasons	are	the	possible	selective	dropout	of	study	participants	and	no	blinding	
of	outcome	assessor,	and	the	conflicting	outcomes	of	both	trials.		
	
The	quality	of	evidence	for	success	of	direct	pulpal	overdenture	versus	partial	pulpotomy	after	60	
months	is	very	low.	There	are	so	many	study	dropouts	that	it	has	been	downgraded	by	two	levels	for	
very	serious	risk	of	bias.	In	addition,	it	has	been	downgraded	by	two	levels	for	very	serious	imprecisi-
on.	
The	quality	of	evidence	for	success	after	12	months	of	direct	pulpal	overdenture	versus	complete	pul-
potomy	is	low.	It	was	downgraded	by	one	level	for	severe	risk	of	bias,	and	by	one	level	for	severe	
imprecision.	The	main	reasons	are	the	large	dropout	rate	of	study	participants	(>20%),	no	blinding	of	
outcome	assessor	and	the	fact	that	the	confidence	interval	crosses	the	"no	effect	line.		
	
Outcome	measures	long-term	survival	and	function	of	element,	pain,	swelling,	fistula,	patient	satis-
faction	
These	outcomes	were	not	reported.	Nor	were	other	systematic	reviews	of	sufficient	methodological	
quality	found	on	this	subject.	
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Conclusion	

	
Low	
	
GRADE	

Success	after	12	months	
	
Because	of	conflicting	study	outcomes,	it	is	unclear	whether	direct	pulp	capping	
and	partial	pulpotomy	differ	in	terms	of	success	.		
	
Asgary	et	al.,	2018;	Bjørndal	et	al.,	2010,	2017		

	

	
Very	low	
	
GRADE	

Success	after	60	months	
	
Direct	pulp	capping	seems	less	successful	than	partial	pulpotomy	but	the	eviden-
ce	is	very	uncertain.		
	
Bjørndal	et	al.,	2010,	2017		

	

	
Low	
	
GRADE	

Success	after	12	months	
	
Direct	pulp	capping	does	not	seem	to	differ	from	full	pulpotomy	in	terms	of	suc-
cess	.		
	
Asgary	et	al.,	2018		

	
Is	there	any	difference	in	effect	between	calcium	hydroxide,	MTA	or	other	materials	in	direct	pulp	
capping?	
[update	2022/3]	Cushley	et	al.	(2021)	included	nine	comparative	studies,	including	four	randomized	
studies	(Suhag	et	al.	2019;	Awawdeh	et	al.	2018;	Parinyaprom	et	al.	2018;	Kundzina	et	al.,	2017;	and	
five	non-randomized	studies	(Çaliskan	et	al.	2017;	Mente	et	al.	2014;	Cho	et	al.,	2013;	Mente	et	al.	
2010).	Nine	studies,	some	with	multiple	follow-up	dates	ranging	from	6	months	to	2-3	years,	examined	
MTA	versus	calcium	hydroxide.	Five	studies	some	with	multiple	follow-up	dates	ranging	from	6	
months	to	3	years	examined	Biodentine	versus	MTA.	Inclusion	criteria	were:	permanent	dentition,	
dentition	with	deep	caries	and	an	exposed	pulp	with	a	clearly	formulated	pulp	diagnosis	(normal	or	
reversible	pulpitis).		
Almost	all	studies	had	included	patients	with	reversible	pulpitis.	In	terms	of	radix	development,	most	
cases	had	a	closed	apex.	As	for	the	type	of	dentition,	molars	and	premolars	were	in	the	majority.	A	few	
studies	also	included	incisors.	The	mean	age	ranged	from	10	to	mostly	30-40	years.	Women	were	
overrepresented	in	some	studies,	men	in	others.	
	
Good	luck	
Success	was	defined	as	absence	of	signs	and	symptoms	of	irreversible	pulpitis,	periodontitis	apicalis	or	
loss	of	vitality	of	the	pulp.	
The	outcomes	on	success	are	listed	in	Table	5-6.	This	shows	that	at	any	follow-up	duration,	MTA	gives	
more	success	than	calcium	hydroxide.	Here	a	difference	of	5%	is	taken	as	a	significant	difference	in	
success.	Furthermore,	when	5%	is	again	taken	as	a	significant	difference	in	success,	the	table	shows	
that	Biodentine	appears	to	be	little	or	no	different	from	MTA.	Finally,	there	also	seems	to	be	a	signifi-
cant	difference	in	success	between	Biodentine	and	calcium	hydroxide.	Indeed,	the	difference	in	success	
is	always	greater	than	5%	at	different	follow-up	durations.	
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Table	5-6.	Odds	ratios	and	absolute	effects	related	to	success	of	MTA,	calcium	hydroxide	and	Biodentine	in	
direct	pulpal	overdenture	
Interventions	compared	
among	themselves	

Follow-up	
duration	

Odds	ratio	(95%	BI).	 Absolute	effect	(95%	
BI).		

MTA	versus	calcium	hydroxide*	 6	months	 2.30	(0.91;	5.78)		
(2	studies)	

13%	(-2%;	20%)	more	
successful	with	MTA		

	 1	year	 2.66	(1.46;	4.84)		
(3	studies)	

16%	(7%;	21%)	more	
successful	with	MTA	

	 2-3	years	 2.21	(1.42;	3.44)		
(4	studies)	

16%	(8%;	22%)	more	
successful	with	MTA	

	 	 	 	
MTA	versus	Biodentine*	 6	months	 2.56	(0.25;25.00)		

(2	studies)	
4%	(-16%;	7%)	more	
successful	with	MTA	

	 1	year	 1.12	(0.31;	4.17)		
(3	studies)	

1%	(-20%;	10%)	more	
success	with	MTA	

	 2	years	 1.56	(0.28;	9.09)		
(2	studies)	

5%	(-23%;	13%)	more	
successful	with	MTA	
	

Indirect	evidence:**	 	 	 	
Biodentine	versus	calcium	hy-
droxide	

6	months	 -	 9%	(-7%;	25%)	more	
success	with	Biodenti-
ne	

	 1	year	 -	 15%	(-2%;	32%)	
greater	success	with	
Biodentine	

	 2	years	 -	 11%	(-8%;	30%)	more	
success	with	Biodenti-
ne	

*	Subgroup	analysis	showed	no	significant	effect	of	study	design	(randomized/not	randomized)	on	effect	estima-
tes	(odds	ratio).	**	Calculated	from	absolute	effects	MTA	versus	calcium	hydroxide	and	MTA	versus	Biodentine.	
	
For	information:	Didilescu	et	al.	(2018)	compared	the	effects	of	various	pulp	capping	materials	on	hard	
tissue	formation.17	After	applying	the	exclusion	criteria,	meta-analyses	were	performed	for	22	rando-
mized	and	non-randomized	comparative	studies.	Non-randomized	studies	far	outnumbered	randomi-
zed	studies	by	75%	of	the	total.	The	inclusion	criteria	were:		

• Permanent	dentition	with	mechanical	exposure	that	underwent	vital	pulp	therapy,		
• Use	of	commercially	available	materials	for	pulp	capping,		
• Use	of	calcium	hydroxide	as	a	control	material,		
• histological	evaluation	performed	on	an	extracted	tooth,		
• formation	of	a	dentin	bridge	as	an	outcome	measure	and		
• A	minimum	follow-up	duration	of	30	days.		

The	meta-analyses	involved	a	total	of	190	teeth	for	which	MTA	was	used	and	which	were	compared	to	
142	teeth	for	which	calcium	hydroxide	was	used	and	161	teeth	for	which	a	resin	material	was	used	
and	which	were	compared	to	93	teeth	for	which	calcium	hydroxide	was	used.		
Use	of	MTA	resulted	in	2.5	times	more	frequent	dentin	bridge	formation	than	calcium	hydroxide	(odds	
ratio:	2.45,	95%	BI:	1.39;	4.29).	Compared	with	calcium	hydroxide,	resin	materials	provided	less	posi-
tive	outcomes	with	respect	to	dentin	bridge	formation	(odds	ratio:	0.02,	95%	BI:	0.01;	0.05).	
These	meta-analyses	support	the	conclusions	that	can	be	drawn	from	Cushley	et	al.	(2021).	These	
seem	to	indicate	that	MTA	forms	a	more	homogeneous	dentin	bridge	than	calcium	hydroxide	and	resin	
materials.	
	
Quality	of	evidence	success	1-3	years	and	formation	dentin	bridge		

 
17	A	critical	review	by	Shenkin	&	Wilson	(2019)	was	used	for	this	summary.	
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Regarding	the	comparison	MTA	versus	calcium	hydroxide	in	terms	of	success	for	a	follow-up	duration	
1-3	years,	the	quality	of	evidence	is	reasonable.	It	was	downgraded	by	one	level	for	severe	imprecision	
(wide	confidence	interval).	There	was	no	downgrading	for	risk	of	bias,	indirect	evidence,	inconsistency	
and	publication	bias.	
Regarding	the	comparison	of	MTA	versus	Biodentine	in	terms	of	success	for	a	follow-up	duration	1-3	
years,	the	quality	of	evidence	is	very	low.	It	was	downgraded	by	two	levels	for	very	severe	imprecision	
(very	wide	confidence	interval).	It	was	downgraded	by	one	level	for	severe	risk	of	bias	(no	blinding	of	
allocation	interventions	and	of	study	participants)	but	not	for	indirect	evidence,	inconsistency	and	
publication	bias.	
With	regard	to	the	indirect	comparison	Biodentine	versus	in	terms	of	success	for	a	follow-up	duration	
1-3	years,	the	quality	of	evidence	is	very	low.	It	was	downgraded	by	two	levels	for	very	severe	indirect	
evidence	and	by	two	levels	for	imprecision	(very	wide	confidence	interval).	There	was	no	downgra-
ding	for	risk	of	bias,	inconsistency	and	publication	bias.	
Regarding	the	comparisons	MTA	versus	calcium	hydroxide	and	resin	materials	versus	calcium	hy-
droxide	in	terms	of	dentin	bridge	formation,	the	quality	of	evidence	is	very	low.	It	was	downgraded	by	
one	level	for	severe	risk	of	bias:	most	studies	were	non-randomized.	In	addition,	two	levels	were	
downgraded	for	very	severe	imprecision:	the	ratio	of	upper	limit	and	lower	limit	of	the	confidence	
interval	is	greater	than	2.5.	No	downgrading	was	done	for	other	factors.	
	
Outcome	measures	long-term	survival	and	function	of	element,	pain,	swelling,	fistula,	patient	satis-
faction	
These	outcomes	were	not	reported.	Nor	were	other	systematic	reviews	of	sufficient	methodological	
quality	found	on	this	subject.	
	
Conclusion	

	
	
Fair	
	
	
GRADE	

Success	after	1-3	years	
	
In	direct	pulpal	overdenture,	compared	with	calcium	hydroxide,	MTA	likely	in-
creases	the	probability	of	success	(absence	of	signs	and	symptoms	of	irreversible	
pulpitis,	periodontitis	apicalis	or	loss	of	pulpal	vitality)	of	treatment.	
	
Cushley	et	al.,	2021	(Suhag	et	al.,	2019;	Kundzina	et	al.,	2017;	Çaliskan	et	al.	2017;	
Cho	et	al.,	2013;	Mente	et	al.	2010)		

	

	
	
Very	low	
	
	
GRADE	

Success	after	1-3	years	
	
In	direct	pulp	capping,	MTA	and	Biodentine	may	not	differ	in	the	probability	of	
success	(absence	of	signs	and	symptoms	of	irreversible	pulpitis,	periodontitis	
apicalis	or	loss	of	pulp	vitality)	of	treatment,	but	the	evidence	is	very	uncertain.	
	
Cushley	et	al.,	2021	(Awawdeh	et	al.	2018;	Parinyaprom	et	al.	2018;	Linu	et	al.	
2017;		

	

	
	
Very	low	
	
	
GRADE	

Success	after	1-3	years	
	
In	direct	pulp	capping,	Biodentine	compared	to	calcium	hydroxide	may	increase	
the	probability	of	success	(absence	of	signs	and	symptoms	of	irreversible	pulpitis,	
periodontitis	apicalis	or	loss	of	pulp	vitality)	of	treatment,	but	the	evidence	is	
very	uncertain.	
	
Cushley	et	al.,	2021	(indirect	comparison)	
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Very	low	
	
	
GRADE	

Formation	of	a	dentin	bridge	after	30	days	
	
In	direct	pulpal	overdenture,	compared	with	calcium	hydroxide	and	with	resin	ma-
terials,	MTA	may	increase	the	likelihood	of	successful	dentin	bridge	formation,	but	
the	evidence	is	very	uncertain.	Resin	materials	seem	to	be	the	least	effective	in	
dentin	bridge	formation.	
	
Didilescu	et	al.,	2018	(Shenkin	&	Wilson,	2019)	

	
	
[update	2022/3]	Is	there	a	difference	in	effect	between	calcium	hydroxide,	MTA	or	other	materials	in	
partial	or	full	pulpotomy?	
Li	et	al.	(2019)	included	thirteen	randomized	studies	investigating	MTA,	calcium	hydroxide,	calcium	
enriched	mixture	(CEM),	platelet-rich	fibrin	and	triple	antibiotic	paste.	Inclusion	criteria	included	pre-
sence	of	carious	pulpal	exposures	or	pulpitis	associated	with	caries	and	clear	definitions	of	success:	
• clinical	success	defined	as	absence	of	clinical	manifestations	of	such	as	pain	on	percus-

sion/palpation	and	spontaneous	pain,	and	absence	of	the	need	for	further	root	canal	treatment,	
• radiographic	success	defined	as	healing	or	resolution	of	radiographic	periapical	lesions,	and	

absence	of	need	for	further	root	canal	treatment,		
• overall	success	defined	as	achieving	both	clinical	and	radiographic	success.	

Three	studies	were	conducted	in	India,	two	in	Egypt,	two	in	Jordan,	two	in	Turkey,	two	in	Iran,	one	in	
Australia	and	one	in	Thailand.	Eight	studies	involved	immature	permanent	teeth,	four	studies	involved	
mature	permanent	teeth,	and	one	study	involved	both	mature	and	immature	teeth.		
Most	of	the	evidence	relates	to	the	comparison	between	MTA	and	calcium	hydroxide.	For	other	com-
parisons,	at	most	two	studies	were	available,	usually	also	implicitly	comparing	mature	and	immature	
teeth.	
	
Good	luck	
Limiting	ourselves	to	the	comparison	between	MTA	and	calcium	hydroxide	(five	studies	[Taha,	N.	A.,	&	
Khazali,	M.	A.,	2017;	Özgür,	Uysal	&	Güngör,	2017;	Kumar	et	al.,	2016;	Chailertvanitkul	et	al,	2014;	
Qudeimat,	Barrieshi-Nusair	&	Owais,	2007]	and	315	dentitions),	then	the	results	can	be	summarized	
as	follows:	the	meta-analysis	showed	that	pulpotomies	performed	with	MTA	had	2.23	(95%	BI:	1.16;	
4.29),	2.19	(95%	BI:	1.18;	4.14),	and	2.20	(95%	BI:	1.15;	4.20)	were	as	likely	to	have	clinical	success	at	
12	months	and	radiographic	and	overall	success	at	12	months	and	radiographic	and	overall	success	at	
24	months,	respectively,	than	pulpotomies	performed	with	calcium	hydroxide.	On	a	side	note,	four	of	
the	five	studies	performed	a	partial	pulpotomy	and	only	one	study	(Kumar	et	al.,	2016)	performed	a	
full	pulpotomy.	This	study	shows	a	smaller	effect	of	MTA	versus	calcium	hydroxide,	namely	1.44	(95%	
BI:	0.32;	6.53)	as	likely	to	be	clinical	and	1.45	(95%	BI:	0.38;	5.54)	as	likely	to	be	radio-
graphic/complete	success	at	12	months,		
	
Quality	of	evidence	success	after	12,	24	months	
For	most	studies	in	which	partial	pulpotomy	was	used,	there	is	serious	risk	of	bias.	In	addition,	there	is	
serious	imprecision	for	all	outcome	measures	listed:	the	confidence	intervals	(approximately	2.3	to	
18%	greater	success)	cross	the	5%	threshold,	considered	a	minimum	for	a	significant	difference.	The-
re	was	no	downscaling	for	other	factors.	So	there	is	two-level	downscaling.	
In	the	study	in	which	complete	pulpotomy	was	applied,	there	was	very	serious	imprecision	(ratio	up-
per	and	lower	limits	of	odds	ratio	greater	2.5)	on	the	basis	of	which	this	was	downgraded	by	two	le-
vels.	In	addition,	there	is	serious	risk	of	bias.	So	there	is	a	three-level	downgrade.		
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Outcome	measures	long-term	survival	and	function	of	element,	pain,	swelling,	fistula,	patient	satis-
faction	
These	outcomes	were	not	reported.	Nor	were	other	systematic	reviews	of	sufficient	methodological	
quality	found	on	this	subject.	
	
Conclusion	
	
	
Low	
	
	
GRADE	

Success	after	12-24	months	
	
In	partial	pulpotomy,	MTA	compared	with	calcium	hydroxide	may	increase	the	
likelihood	of	clinical,	radiographic	and	overall	success.		
	
Li	et	al.,	2019	(Taha	&	Khazali,	2017;	Özgür,	Uysal	&	Güngör,	2017;	Chailertvanit-
kul	et	al.,	2014;	Qudeimat,	Barrieshi-Nusair	&	Owais,	2007)	

	
	
	
Very	low	
	
	
GRADE	

Success	after	12	months	
	
In	complete	pulpotomy,	MTA	compared	to	calcium	hydroxide	may	increase	the	
likelihood	of	clinical,	radiographic	and	overall	success,	but	the	evidence	is	very	
uncertain.		
	
Li	et	al.,	2019	(Kumar	et	al.,	2016)	

	
	
Is	there	a	difference	in	effect	between	pulpotomy,	partial	and	total	pulpectomy?		
Asgary	et	al.	(2010a,	2010b,	2013,	2014,	2015)	compared	pulpotomy	(vital	pulp	therapy	using	calci-
um-enriched	cement)	with	pulpectomy	in	a	large	randomized	multicenter	trial.	23	general	practitio-
ners	from	Iran	participated.	30	dentists	attended	a	workshop	in	which	the	study	protocol	was	discus-
sed,	training	was	given	in	standardized	root	canal	treatment,	as	well	as	instructions	for	pulpotomy	
treatment.	Seven	dentists	did	not	pass	the	exam,	and	did	not	participate	in	the	trial.	Each	dentist	was	
asked	to	include	18	patients	with	a	permanent	molar	with	irreversible	pulpitis.		
	
Important	inclusion	criteria	were:	molar	with	vital	pulp,	pain	indicative	of	irreversible	pulpitis,	and	
patients	had	opted	for	extraction	for	pain	relief.	Important	exclusion	criteria	were:	patients	with	poc-
kets	with	a	depth	of	>3	mm,	internal/external	root	resorption	visible	on	radiograph,	a	non-restorable	
tooth	(with	amalgam),	and	pregnancy/lactation.	
Patients,	more	than	60%	of	whom	were	women,	had	an	average	age	of	26	years.	In	the	pulpectomy	
group,	there	were	152	1st	molars,	47	2nd	molars	and	3	3rd	molars.	In	the	pulpotomy	group,	the	cor-
responding	numbers	were	144,	56	and	5.		
During	root	canal	treatment,	the	canals	were	frequently	irrigated	with	sterile	saline,	filled	with	AHPlus	
and	gutta-percha	using	the	cold	lateral	condensation	technique.	The	element	was	temporarily	sealed	
with	Cavittm	,	which	was	replaced	with	amalgam	after	7	days.	In	the	pulpotomy	group,	the	tooth	was	
anesthetized	similarly	to	the	root	canal	treatment.	Pulpotomy	was	done	with	a	round	diamond	drill	in	
the	air	rotor.	The	pulpal	tissue	was	removed	up	to	the	pulpal	pump	in	the	root	canal.	The	pulp	was	
covered	with	an	approximately	2	mm	thick	layer	of	CEM	cement.	After	covering	with	a	sterile	wet	cot-
ton	pellet,	the	element	was	sealed	with	Cavittm	,	which	was	replaced	with	amalgam	after	7	days.	
	
Outcome	measures	were:		

- Clinical	success:	determined	based	on	subjective	symptoms	and	objective	observation	of	in-
flammation	and/or	infection.	Objective	signs	included	abscess,	swelling,	fistula,	redness,	ten-
derness,	recorded	by	the	dentist	at	each	follow-up.	

- X-ray	success:	success	was	classified	using	modified	Strindberg	criteria.	Dental	elements	with	
normal	contour	and	width	of	the	periodontal	ligament	were	rated	as	"cured,"	elements	with	



 
 

83 
 

markedly	reduced	extent	of	periapical	radiolucency	were	rated	as	"cured,"	and	elements	with	
unchanged,	increased,	or	new	periapical	radiolucency	were	rated	as	"failed.	

- Pain	for	7	days	postoperatively	measured	on	a	numerical	scale.	
- Costs.	

	
The	overall	picture	is	that	the	results	of	pulpotomy	appear	comparable	to	those	of	root	canal	treat-
ment,	at	least	in	terms	of	clinical	and	radiographic	success.	At	12-month	follow-up,	pulpotomy	shows	a	
higher	success	rate	than	pulpectomy	that	can	be	considered	clinically	relevant.	Moreover,	at	24-month	
follow-up,	the	rates	are	almost	the	same:	clinical	success	rate	in	both	study	arms	98.19%;	radiographic	
success	rates	were	79.5	and	86.7%	for	root	canal	treatment	and	pulpotomy,	respectively.	Postoperati-
ve	pain	is	probably	less	in	case	of	pulpotomy,	but	whether	the	effect	is	relevant	to	the	patient	is	ques-
tionable.	Indeed,	the	difference	in	pain	intensity	is	only	0.59	on	a	10-point	scale,	whereas	a	difference	
of	at	least	1	can	be	considered	clinically	relevant.	According	to	Asgary	et	al.	pulpotomy	is	cost-effective.	
To	what	extent	this	cost	can	be	translated	to	the	Dutch	situation	is	unclear.	They	calculate	28	US	dol-
lars	per	molar	for	a	root	canal	treatment,	and	over	7	US	dollars	for	a	pulpotomy.	
For	outcome	measures	at	60-month	follow-up,	Asgary	et	al.	examined	the	extent	to	which	age,	gender	
and	preoperative	periapical	lesion	affected	the	clinical	success	rate.	Table	5-7	summarizes	this.	Accor-
ding	to	Asgary	et	al.	none	of	the	three	variables	had	any	effect	on	the	treatment	outcome	of	pulpotomy	
compared	with	pulpectomy.	For	example,	a	preoperative	periapical	lesion	present	gave	a	less	favora-
ble	treatment	outcome	with	both	pulpotomy	and	pulpectomy.	
 

Table	5-7	Effect	of	age,	gender	and	periapical	status	on	treatment	outcome	

	 Pulpotomy	 Root	canal	treatment	
Age	 Clinical	success	rate	

• <21	 75	 68	
• 21-29	 81,4	 77,9	
• >29	 76,1	 75,6	

Gender	 	 	
• Women	 75,3	 74,4	
• Men		 84,1	 77,1	

Preoperative	periapical	lesion	 	 	
• Present	 65,7	 66,7	
• Absent	 82,4	 80,4	

Source: Asgary (2015) 
[update	2022/3]		
Jakovljevic	et	al.,	2022	included	a	randomized	study	(Galani	et	al.,	2017)	that	compared	pulpotomy18	
with	complete,	two-session	pulpectomy	in	patients	with	mature	teeth	with	pulpal	exposures	associa-
ted	with	caries.	They	included	54	patients	(mean	age:	25	years,	48%	female)	with	carious	pulpal	expo-
sures	in	vital	teeth	without	periapical	lesions.	Pain	intensity	was	on	average	1.32,	1.93,	1.34,	1.05,	0.64,	
and	0.44	points	higher	on	a	0-10	VAS	scale	in	patients	who	underwent	pulpectomy	than	in	patients	
who	underwent	pulpotomy	after	1,	2,	3,	4,	5,	and	6	days.		
Regarding	success	after	18	months,	84.6%	(22/26)	had	success	in	case	of	pulpotomy	and	87.5%	
(21/24)	had	success	in	case	of	pulpectomy,	giving	a	relative	risk	of	1.03	(95%	BI:	0.83;	1.29).	The	re-
searchers	defined	success	as	no	pain,	swelling,	fistula,	an	intact	restoration	and	a	periapical	index	of	no	
more	than	one.	
	
Eren	et	al.	(2017)	compared	three	interventions,	pulpotomy,	partial	and	total	pulpectomy,	in	terms	of	
pain	reduction.19	They	included	66	patients	with	irreversible	pulpitis	in	one	vital	molar.	The	mean	age	

 
18	The	surgeon	removed	the	pulpal	tissue	to	the	canal	opening	and	covered	the	chamber	floor	with	MTA,	after	
checking	bleeding	and	cleaning.	
19	The	working	group	draws	on	the	critical	discussion	of	Brignadello-Petersen	(2017).	
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was	36	years;	58%	were	women;	and	47%	involved	a	molar	in	the	maxilla.	All	patients	received	600	
mg	ibuprofen	after	treatment.	Pain	intensity	was	reduced	in	all	groups	after	7	days.	Comparing	pre-
operative	and	postoperative	pain,	the	researchers	found	that	patients	experienced	a	mean	pain	reduc-
tion	of	3.0,	1.0	and	5.5	points	on	a	0-10	VAS	scale	when	they	underwent	partial	pulpectomy,	pulpo-
tomy	and	total	pulpectomy,	respectively.	Thus,	pulpotomy	seems	to	provide	less	pain	reduction	than	
partial	and	especially	total	pulpectomy.		
	
Quality	of	evidence	success	at	1-2	years,	60	months	and	postoperative	pain	at	7	days,	 
[update	2022/3]	For	the	outcome	measures	regarding	success	measured	by	Asgary	et	al.	after	1	and	2	
years,	the	quality	of	evidence	is	mostly	low.	The	reasons	for	downgrading	the	quality	of	evidence	are:	
doubts	about	the	randomization	procedure;	lack	of	information	about	differences	in	success	rates	
between	dental	practices;	composition	of	calcium-enriched-mixture	cement	is	not	known;	no	sodium	
hypochlorite	solution	was	used	during	root	canal	treatment	as	is	common	in	the	Netherlands.	The	
small	study	by	Galani	et	al.	(2017)	was	without	serious	risk	of	bias.	On	the	basis	that	Asgary	et	al.	eva-
luated	many	more	patients,	it	was	downgraded	by	one	level	for	risk	of	bias,	and	by	one	level	for	indi-
rect	evidence.	There	was	no	downgrading	for	publication	bias	and	inconsistency.	
[update	2022/3]	For	the	outcome	measure	postoperative	pain	after	7	days	was	also	downgraded	by	one	
level	for	severe	risk	of	bias.	Although	Galani	et	al.	and	Eren	et	al.	(2017)	did	not	have	severe	risk	of	
bias.	However,	the	largest	study	(Asgary	et	al.)	did	have	severe	risk	of	bias	(see	1e	paragraph).	On	this	
basis,	we	downgraded	by	one	level.	It	was	not	downgraded	for	indirect	evidence,	but	it	was	downgra-
ded	for	severe	inconsistency.	No	downgrading	was	done	for	imprecision	and	publication	bias.	For	the	
outcome	clinical	success	after	60	months	of	follow-up,	there	is	very	low	quality	of	evidence.	In	addition	
to	the	aforementioned	reasons,	the	dropout	rate	was	high,	and	there	is	imprecision	of	the	outcome,	as	
reflected	in	a	wide	confidence	interval,	which	includes	both	a	clinically	relevant	and	no	clinically	rele-
vant	effect.	See	also	evidence	profile	3	in	appendix.	
	
Outcome	measures	long-term	survival	and	function	of	element,	patient	satisfaction	
These	outcomes	were	not	reported.	Nor	were	other	systematic	reviews	of	sufficient	methodological	
quality	found	on	this	subject.	
Conclusions	

	
	
Low	
	
	
GRADE	

Postoperative	pain	(calculated	over	7	days)	
	
Pulpotomy	seems	to	give	somewhat	less	pain	reduction	in	some	studies	and	so-
mewhat	more	pain	reduction	than	(partial)	pulpectomy	in	some	studies,	if	we	
take	a	value	of	1	on	a	10-point	scale	as	a	significant	effect.	
	
Eren	et	al,	2017;	Galani	et	al,	2017;	Asgary	et	al,	2010a;	Asgary	et	al,	2010b	

	
	
	
Low	
	
	
GRADE	

Clinical	success	at	12,	18	and	24	months	
	
Pulpotomy	may	have	as	much	success	at	12	and	24	months	follow-up	as	pulpec-
tomy.	
	
Galani	et	al,	2017;	Asgary	et	al,	2013;	Asgary	et	al,	2014	

	
	
	
Low	
	
GRADE	

X-ray	success	at	24	months	
	
Pulpotomy	may	have	the	same	degree	of	success	as	pulpectomy.	
	
Asgary	et	al.,	2014	
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Very	low	
	
GRADE	

Clinical	success	at	60	months	
	
Pulpotomy	may	have	the	same	degree	of	success	as	pulpectomy.	
	
Asgary	et	al.,	2015	

	
	
	
--------	
	
GRADE	

Cost	
	
Pulpotomy	seems	cheaper	than	pulpectomy	on	a	5-year	term.	
	
Asgary	et	al.,	2015	

	
	
Is	there	a	difference	in	effect	between	single-session	pulpectomy	versus	two-session	pulpectomy?	
[update	2022/3]	Mergoni	et	al.	(2022)	included	seven	randomized	and	quasi-randomized	trials	(Dhya-
ni	et	al.,	2022;	Patil	et	al.,	2016;	Pragya	et	al.,	2016;	Wang,	2016;	Wang	et	al.,	2010;	Ince	et	al.,	2009;	
Gesi	et	al.,	2006)	that	investigated	root	canal	treatment	due	to	pulpitis	and	reported	on	one	or	more	of	
the	following	outcome	measures:	
• Radiological	failure	after	1	year,	i.e.,	periapical	radiolucency	
• Nap	pain	within	1	week	
• Pain	in	the	immediate	postobturation	period	(<	3	days)	
• Postobturation	pain	after	1	week	
• Swelling	or	flare-up	
• Use	of	pain	medication.20	

The	inclusion	criteria	were:	
• Patients	10	years	and	older	who	needed	root	canal	treatment.	
• All	patients	had	teeth	with	completely	formed	apex	and	no	internal	resorption.	
• Root	canal	treatment	was	performed	in	one	or	two	or	more	sessions.	
• Treatment	was	to	be	carried	out	using	a	rubber	dam	and	sodium	hypochlorite	(0.5%	to	5.25%)	

as	irrigant.	
• Any	systemic	drug	treatment	(antibiotics,	NSAIDs	or	analgesics)	had	to	be	the	same	in	experi-

mental	and	control	groups.	

Three	studies	were	conducted	in	India,	two	in	China,	one	in	Turkey	and	one	in	Italy.	Together,	these	
studies	counted	844	dentitions	for	the	mentioned	outcome	measures.	The	sex	ratio	was	(v/m)	0.84.	
The	mean	age	was	between	31	and	45	years.	Almost	all	studies	were	conducted	in	a	clinic	affiliated	
with	a	university,	hospital	or	military	agency.	
The	results	are	listed	in	Table	5-8.	
If	5%	or	more	is	taken	for	a	significant	difference	in	effect	on	radiological	failure,	then	there	appears	to	
be	no	significant	difference	between	root	canal	treatment	in	one	versus	two	or	more	sessions.		
If	10%	or	more	is	held	for	a	significant	difference	in	effect	on	pain	(post-pain	within	1	week	and	pain	in	
the	immediate	post-obturation	period),	then	treating	in	a	single	session	seems	to	lead	to	unfavorable	
outcomes.		
For	the	other	outcome	measures	(postobturation	pain	at	1	week,	swelling	or	flare-up,	use	of	analge-
sia),	no	significant	difference	in	effect	can	be	observed	when	a	10%	margin	is	used	for	a	significant	
difference).	
	

 
20	The	Cochrane	reviewers	included	studies	on	dentures	with	vital	and	necrotic	pulp.	In	this	chapter	only	the	
studies	on	a	nonnecrotic	pulp,	in	chapter	7	only	the	studies	on	a	necrotic	pulp	are	described	in	which	the	effects	
of	treating	in	one	session	versus	in	multiple	sessions	were	examined.	The	reviewers	named	the	interventions	for	
a	necrotic	or	a	nonnecrotic	pulp,	as	root	canal	treatment	or	endodontic	treatment.	Extraction	was	also	an	outco-
me	measure	but	there	were	no	studies	reporting	on	this	separately	for	pulpitis	and	pulpal	necrosis. 
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Table	5-8.	Outcomes	root	canal	treatment/pulpectomy	in	one	session	versus	in	two	or	more	sessions	

Outcome	measure	 Relative	effect	
(95%	BI).	

Absolute	effect	

radiological	failure	after	1	year	
(1	study;	n=184)	

1,19	
(0,4;	3,55)	

1.1%	more	radiological	failure	at	one	session	(	
-3.6%;	15.3%)	

	 	 	
after	pain	within	1	week	
(2	studies;	n=316)	

2,16	
(1,39;	3,36)	

14.1%	more	after	pain	at	one	session	(	
4.7%;	28.7%)	

	 	 	
pain	in	the	immediate	
postobturation	period	(<72h)	
(4	studies;	n=402)	

1.33	
(0.94;	1.88)	

16.2%	more	pain	at	one	sitting	(-2.9%;	43.10%)	

	 	 	
postobturation	pain	after	1	
week	
(5	studies;	n=249)	

1.52	
(0.9;	2.55)	

7.0%	more	pain	at	one	sitting		
(-1.3%;	20.9%)	

	 	 	
swelling	or	flare-up	
(2	studies;	n=209)	

0,53	
(0.09;	3.0)	

1.8%	less	swelling	or	flare-up	at	one	sitting	
	(-3.4%;	7.5%)	

	 	 	
Use	of	pain	relief	
(2	studies;	n=149)	

0.93	
(0.71;	1.23)	

2.8%	less	use	of	pain	medication	at	one	sitting		
(-10.3%;	8.2%)	

	
Quality	of	evidence	radiological	failure,	follow-up	pain	<	1	week,	postobturation	pain	<	1	week,	swelling	
and	flare-up	and	use	of	analgesia	
With	regard	to	radiological	failure,	the	quality	of	evidence	is	low.	It	was	downgraded	by	one	level	for	
severe	risk	of	bias	due	to	ambiguity	in	allocation	blinding.	In	addition,	by	one	level	for	severe	impreci-
sion:	confidence	interval	crosses	threshold	for	a	significant	effect	(5%).	No	downgrading	was	done	for	
other	GRADE	criteria.	
With	regard	to	post-pain	within	one	week,	the	quality	of	evidence	is	reasonable.	One	level	was	
downgraded	for	severe	imprecision:	confidence	interval	crosses	threshold	for	a	significant	effect	
(10%).	There	was	no	downgrading	for	other	GRADE	criteria.	
With	regard	to	pain	in	the	immediate	postobturation	period	(<72h),	the	quality	of	evidence	is	low.	It	
was	downgraded	by	one	level	for	severe	risk	of	bias	because	of	ambiguity	about	allocation	blinding	
and	randomization	procedure	in	half	of	the	studies.	In	addition,	by	one	level	for	severe	inconsistency:	
some	studies	showed	a	small	but	significant	to	large	effect,	others	a	trivial	effect.	There	was	no	
downgrading	for	other	GRADE	criteria.	
Regarding	postobturation	pain	after	1	week,	the	quality	of	evidence	is	low.	It	was	downgraded	by	one	
level	for	severe	risk	of	bias	because	of	ambiguity	about	blinding	allocation	and	randomization	proce-
dure	in	half	of	the	studies.	Additionally	by	one	level	for	severe	imprecision:	confidence	interval	crosses	
threshold	for	a	significant	effect	(10%).	There	was	no	downgrading	for	other	GRADE	criteria.	
With	regard	to	swelling	and	flare-ups,	the	quality	of	evidence	is	very	low.	It	was	downgraded	by	one	
level	for	severe	risk	of	bias	because	of	ambiguity	about	blinding	allocation	and	randomization	proce-
dure	in	half	of	the	studies.	In	addition,	by	two	levels	for	very	serious	imprecision:	ratio	of	upper	and	
lower	limits	of	confidence	interval	is	>3.	There	was	no	downgrading	for	other	GRADE	criteria.	
With	respect	to	use	of	analgesia,	the	quality	of	evidence	is	low.	It	was	downgraded	by	two	levels	for	
severe	imprecision:	confidence	interval	crosses	threshold	for	a	significant	effect	(-10%)	and	ratio	of	
upper	and	lower	limits	of	confidence	interval	equals	3.	No	downgrading	was	done	for	other	GRADE	
criteria.	
	
	
Outcome	measures	long-term	survival	and	function	of	element,	patient	satisfaction	
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These	outcomes	were	not	reported.	Nor	were	other	systematic	reviews	of	sufficient	methodological	
quality	found	on	this	subject.	
	
Conclusions	

Low	
	
GRADE	

Radiological	failure	after	1	year	
	
Performing	root	canal	treatment/pulpectomy	in	one	session	compared	to	
treating	in	two	or	more	sessions	may	have	little	or	no	effect	on	radiological	failu-
re.	
	
Mergoni	et	al.,	2022	(Gesi	et	al.,	2006)	

	

Fair	
	
GRADE	

Nap	pain	within	1	week	
	
Performing	root	canal	treatment	/	pulpectomy	in	one	session	compared	to	
treating	in	two	or	more	sessions	probably	increases	the	risk	of	post-operative	
pain	slightly.	
	
Mergoni	et	al.,	2022	(Dhyani	et	al.,	2022;	Gesi	et	al.,	2006)	

	

Very	low	
	
GRADE	

Pain	in	the	immediate	postobturation	period	(<72h)	
	
Performing	root	canal	treatment/pulpectomy	in	one	session	compared	to	
treating	in	two	or	more	sessions	may	slightly	increase	the	risk	of	pain	in	the	im-
mediate	postobturation	period,	but	the	evidence	is	very	uncertain.		
	
Mergoni	et	al.,	2022	(Dhyani	et	al.,	2022;	Pragya	et	al.,	2016;	Wang	et	al.,	2010;	
Ince	et	al.,	2009)	
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Low	
	
GRADE	

Postobturation	pain	after	1	week	
	
Performing	root	canal	treatment/pulpectomy	in	one	session	compared	to	
treating	in	two	or	more	sessions	may	have	little	or	no	effect	on	postobturation	
pain	after	1	week.		
	
Mergoni	et	al.,	2022	(Dhyani	et	al.,	2022;	Pragya	et	al.,	2016;	Wang	et	al.,	2010)	

	

Very	low	
	
GRADE	

Swelling	and	flare-up	
	
Performing	root	canal	treatment/pulpectomy	in	one	session	compared	to	
treating	in	two	or	more	sessions	may	have	little	or	no	effect	on	swelling	and	flare-
ups,	but	the	evidence	is	very	uncertain.	
	
	Mergoni	et	al.,	2022	(Wang,	2016;	Wang	et	al.,	2010)	

	

	
Low	
GRADE	

Use	of	pain	relief	
	
Performing	root	canal	treatment/pulpectomy	in	one	session	compared	to	
treating	in	two	or	more	sessions	may	have	little	or	no	effect	on	use	of	analgesia.		
	
Mergoni	et	al.,	2022	(Dhyani	et	al.,	2022;	Wang	et	al.,	2010)	

	
	
Is	there	a	difference	in	effect	between	occlusal	reduction	versus	no	occlusal	reduction?	
[update	2022/3]	Nguyen	et	al.	(2020)	included	seven	randomized	studies	with	a	total	of	987	patients,	
both	men	and	women	aged	approximately	25	to	35	years,	in	their	systematic	review	related	to	the	
above	question	(Emara	et	al.,	2019;	Arslan	et	al.,	2017;	Raza	et	al.,	2016;	Zaman	et	al.,	2016;	Sheikh	et	
al.,	2015;	Asghar	et	al.,	2014;	Parirokh	et	al.,	2013).21	These	studies	were	conducted	in	various	
countries	(Pakistan	[n=4],	Turkey	[n=1],	Egypt	[n=1],	and	Iran	[n=1]).	Studies	that	did	not	evaluate	
preoperative	or	postoperative	pain	intensity	in	a	quantitative	manner	were	excluded.	Of	these	seven	
studies,	only	three	could	be	used	for	a	meta-analysis	to	determine	the	effect	of	occlusal	reduction	on	
postoperative	pain	on	day	six.	The	remaining	four	studies	either	had	not	evaluated	pain	intensity	on	
day	six	or	did	not	report	mean	and	standard	deviation	of	pain	scores.	
	
These	three	studies	in	the	meta-analysis	included	in	terms	of	diagnosis:		

• (Acute)	irreversible	pulpitis	of	posterior	teeth,	
• pain	on	cold	test	or	percussion	(however:	no	information	on	preoperative	pain	intensity)	
• No	periapical	peculiarities.	

The	interventions	in	these	three	studies	involved	reduction	of	occlusal	contacts	by	1	mm.	Irrigation	
was	done	with	sodium	hypochlorite	[1.3,	2.5	or	3%]	and	calcium	hydroxide	was	used	as	an	intracanal	
medication.	In	two	studies,	manual	instrumentation	was	used.	In	the	third	study	rotary	instrumen-
tation	was	used.	Endodontic	treatment	took	place	in	two	sessions.	
In	the	remaining	four	studies,	the	diagnosis	involved:	

• (symptomatic)	irreversible	pulpitis	of	posterior	teeth	with	moderate	to	severe	pain	on	cold	
test	or	percussion	and	no	periapical	peculiarities	in	three	studies	and	periodontitis	apicalis	in	
one	study.	

 
21	Not	all	studies	reported	data	on	sex	and	age.	
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Two	studies	involved	reduction	by	1	mm	;	two	others	involved	"complete	reduction"	or	"reduction	
where	absence	of	contact	was	confirmed	with	articulation	paper."	Irrigation	was	done	with	sodium	
hypochlorite	[1.25	or	1.3%]	in	two	studies,	and	calcium	hydroxide	was	used	as	an	intracanal	medicati-
on.	The	remaining	two	studies	did	not	report	on	this.	In	three	of	the	four	studies,	rotary,	in	one	study	
hand	instrumentation	was	used.		
As	from	the	above	description	of	diagnoses	and	interventions,	the	three	studies	in	the	meta-analysis	
are	not	fully	representative	of	the	remaining	four	studies.		
	
Postoperative	pain	
The	meta-analysis	performed	refers	to	pain	intensity	on	day	6	after	surgery.	The	standardized	mean	
difference	(SMD)	is	-1.10	(95%	BI:	-2.06;	-0.15).	An	SMD	of	-0.8	and	smaller	is	considered	a	large	ef-
fect.	Thus,	in	this	case	there	appears	to	be	a	large	effect.	Stated	differently,	occlusal	reduction	would	
significantly	reduce	pain	intensity	(on	day	6).	
A	narrative	analysis	of	the	remaining	four	studies	seems	to	confirm	that	the	intervention	and/or	oc-
clusal	reduction	has	a	beneficial	effect	on	pain	intensity:		

• Emara	et	al.	(2019):	mean	pain	scores	in	the	intervention	group	were	lower	than	pain	scores	in	
the	control	group	at	all	follow-up	time	points	(6,	12,	24	and	48	hours)	

• Raza	et	al.	(2016):	in	three	of	the	four	age	groups,	there	was	more	pain	relief	in	the	interven-
tion	group	than	in	the	control	group	after	24	hours	

• Arslan	et	al.	(2017):	on	days	3,	5	and	7,	pain	intensity	was	lower	in	the	intervention	group	than	
in	the	control	group	except	on	day	1	

• Parirokh	et	al.	(2013):	from	24	hours	to	day	7,	the	intervention	group	had	only	mild	or	no	pain;	
in	the	control	group	there	were	some	patients	with	moderate	or	severe	pain.	

	
Quality	of	evidence	postoperative	pain	<	6	days	
The	quality	of	evidence	is	very	low.	It	was	downgraded	by	three	levels	for	extreme	imprecision:	the	
confidence	interval	(-2.06;	-0.15)	crossed	the	thresholds	for	a	small	(-0.2),	moderate	(-0.5)	and	large	(-
0.8)	effect.	There	was	no	downscaling	for	other	factors.	
	
Outcome	measures	long-term	survival	and	function	of	element,	swelling,	fistula,	patient	satisfaction	
These	outcomes	were	not	reported.	Nor	were	other	systematic	reviews	of	sufficient	methodological	
quality	found	on	this	subject.	
	
Conclusion	

Very	low	
	
GRADE	

Postoperative	pain	up	to	6	days	after	surgery	
	
Occlusal	reduction	seems	to	reduce	pain	intensity	but	the	evidence	is	very	uncer-
tain.	
	
Nguyen	et	al.,	2020	(Zaman	et	al.,	2016;	Sheikh	et	al.,	2015;	Asghar	et	al.,	2014)	

	
	
Considerations	for	use	of	MTA	vs	calcium	hydroxide	in	pulpotomy	(partial/full)	
Quality	of	evidence	
The	overall	quality	of	evidence	is	low	(partial	pulpotomy)	to	very	low	(full	pulpotomy)	for	the	outco-
me	measure	success.	
	
Patient	values	and	preferences	
Success	is	an	important	outcome	measure	for	patients	(and	practitioners).	
	
Balance	of	desired	effects	versus	undesired	effects	and	costs	
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MTA	is	significantly	more	expensive	than	calcium	hydroxide	and	may	cause	discoloration.	However,	
compared	with	calcium	hydroxide,	MTA	has	a	potentially	large	effect	on	clinical	and	overall	success	of	
a	(partial)	pulpotomy.	
	
Applicability	
Calcium	hydroxide	is	still	in	limited	practical	use.	This	is	in	contrast	to	MTA.	Even	though	applying	
MTA	requires	a	certain	amount	of	dexterity	and	practice.	This	apparently	does	not	prevent	the	use	of	
MTA.	
	
	
Considerations	for	pulpotomy	versus	pulpectomy	
Quality	of	evidence	
The	quality	of	evidence	ranges	from	low	to	very	low	for	the	outcome	measures	pain,	(clinical	and	radi-
ographic)	success	(follow-up	duration:	12-60	months).	Thus,	the	overall	quality	of	evidence	is	very	
low.	
	
Patient	values	and	preferences		
There	will	be	variation	in	the	extent	to	which	patients	consider	preservation	of	the	dentition	impor-
tant.	For	many	patients,	preservation	will	be	important	regardless	of	cost.	But	a	portion	of	patients	will	
find	extraction	not	an	insurmountable	problem,	while	another	portion	of	patients	opt	for	pulpotomy	
because	of	the	lower	cost.	For	example,	a	utility	study	by	Ismail	et	al.	(2004)	shows	that	when	patients	
with	an	element	with	reversible	pulpitis	are	presented	with	a	choice	between	filling,	dentin	regenera-
tion,	root	canal	treatment	and	extraction,	most	make	the	choice	of	filling,	followed	by	dentin	regenera-
tion,	then	root	canal	treatment	and	lastly	extraction.		
According	to	Johnson	et	al.	(2006),	when	there	is	an	indication	for	root	canal	treatment	or	extraction,	
information	about	success,	risks,	prognosis,	and	costs	can	help	with	decision-making.	
	
Balance	of	desired	effects	versus	undesired	effects	and	costs	
Pulpotomy	and	pulpectomy	may	give	similar	results.	However,	pulpotomy	is	cheaper.	
	Applicability	
A	pulpectomy	is	the	standard	treatment	in	cases	of	irreversible	pulpitis.	A	pulpotomy	seems	to	give	
equal	results	as	a	pulpectomy.	[update	2022/3]	More	studies	with	a	higher	strength	of	evidence	(in	
GRADE	terms:	at	least	reasonable	quality	of	evidence)	and	with	a	follow-up	duration	of	at	least	48-60	
months	are	needed	before	pulpotomy	is	considered	an	equivalent	alternative	to	pulpectomy	in	prac-
tice.		
	
Considerations	for	treatment	of	deep	caries	
Quality	of	evidence	
The	quality	of	evidence	for	the	outcome	measure	failure	is	(very)	low.	
	
Patient	values	and	preferences		
Almost	all	patients	prefer	one	rather	than	two	appointments	for	treatment.	
	
Balance	of	desired	effects	versus	undesired	effects	and	costs	
Exposition	of	the	pulp	should	be	avoided	as	much	as	possible.	For	this	reason,	but	also	because	stop-
ping	the	disease	process	does	not	require	removing	all	carious	tissue,	complete	removal	of	caries	
should	be	avoided.	Stepwise	removal	of	caries	requires	two	appointments.	Quite	apart	from	the	addi-
tional	cost	of	two	appointments,	one	appointment	is	preferable	from	a	patient	perspective.	
	
Applicability	
Given	that	it	is	widely	known	that	to	stop	the	disease	process,	removal	of	all	carious	tissue	is	unneces-
sary,	preventing	complete	caries	removal	will	be	acceptable	to	all.		
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Considerations	for	direct	pulp	capping	("wound	dressing")	
Quality	of	evidence	
The	quality	of	evidence	is	fair	(MTA	vs.	CaOH2)	to	very	low	(Biodentine	vs.	MTA	and	CaOH2)	for	the	
outcome	measure	success.	
	
Values	and	preferences	
Patients	have	no	preference	for	applying	MTA	or	calcium	hydroxide	or	Biodentine.	
	
Balance	of	desired	effects	versus	undesired	effects	and	costs	
MTA	and	Biodentine	are	(probably)	less	likely	to	cause	treatment	failure	than	calcium	hydroxide	but	
are	more	expensive.		
	
Applicability	
MTA	and	Biodentine	are	the	most	studied,	which	is	favorable	for	professional	acceptability.	
		
Considerations	for	indirect	pulp	capping	
According	to	the	guideline	working	group,	it	is	far	from	certain	whether	or	not	overdenture	material	is	
necessary	at	all	in	indirect	pulpal	overdenture.		
	
Treating	considerations	in	one	or	two	sessions	
Quality	of	evidence	
The	quality	of	evidence	ranges	from	reasonable	(afterpain	within	1	week)	to	very	low	(all	other	out-
come	measures	including	radiological	failure).	Thus,	the	quality	of	evidence	is	very	low.	
	
Values	and	preferences		
Both	follow-up	pain	and	failure	are	critical	outcome	measures	for	patients.	Frequency	of	sessions	is	an	
important	outcome	measure	for	patients	with	strong	preference	for	one	rather	than	two	sessions.		
	
Balance	of	desired	effects	versus	undesired	effects	and	costs	
For	most	outcome	measures,	there	is	little	or	no	difference	between	treatment	in	one	or	two	sessions.	
Napache	within	one	week	may	occur	more	frequently	with	single-session	treatment.	An	additional	
advantage	of	treating	in	one	session	is	a	lower	risk	of	leakage	because	there	is	no	temporary	restorati-
on.	In	addition,	there	are	fewer	costs	when	treatment	is	done	in	one	sitting.	For	most	patients,	the	be-
nefits	of	single-session	treatment	outweigh	the	greater	risk	of	short-term	afterpain,	the	study	group	
believes.	
	
Applicability		
Treating	in	one	session	is	acceptable	and	feasible	for	most	patients.	This	is	also	true	for	the	practitio-
ner.	
	
Considerations	related	to	application	of	occlusal	reduction		
Quality	of	evidence	
The	quality	of	evidence	is	very	low	for	the	outcome	measure	postoperative	pain	up	to	6	days	after	sur-
gery.	
Values	and	preferences.	
Most	patients	consider	pain	a	critical	outcome	measure,	as	well	as	loss	of	enamel	due	to	occlusal	re-
duction.	
	
Balance	of	desired	effects	versus	undesired	effects	
Virtually	all	patients	and	practitioners,	in	light	of	the	very	weak	evidence	for	a	beneficial	effect	of	oc-
clusal	reduction	on	pain	on	the	one	hand,	and	of	the	available	alternatives	to	pain	relief	such	as	medi-
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cation,	and	loss	of	enamel	on	the	other,	see	more	disadvantages	than	advantages	in	applying	occlusal	
reduction.		
	
Recommendations	
	
Consider	the	use	of	MTA*	when	partial	or	total	pulpotomy	is	chosen.		
[update	2022/3:	new	recommendation]*	see	glossary	(https://nvve.com/wp-
content/uploads/2018/03/Begrippenlijst-Endodontologie.pdf).	
	
Rationale	
The	working	group	placed	great	weight	on	the	more	favorable	clinical	effect	of	MTA	compared	to	cal-
cium	hydroxide,	the	multiple	uses	of	MTA,	and	little	weight	on	the	fact	that	MTA	is	more	expensive	
than	calcium	hydroxide.	
	
	
When	irreversible	pulpitis	is	suspected,	pulpectomy	is	the	standard	treatment.	[update	2022/3]	
However,	pulpotomy	may	be	considered,	with	the	advantages	and	disadvantages	of	pulpectomy	for	irre-
versible	pulpitis	discussed	with	the	patient	and	weighed	in	concert.	
[modified	after	update	2022/3:	the	old	recommendation	contained	a	passage	that	could	be	perceived	as	
discriminatory.	The	passage	read,	"In	case	of	limited	financial	resources,	pulpotomy	may	be	considered	
as	an	alternative."]	
	
Rational	
The	Working	Group	gave	considerable	weight	to	the	fact	that	despite	new	studies	published	since	
2016,	there	are	still	insufficient	studies	available	comparing	the	long-term	effects	(minimum	follow-up	
duration	of	48-60	months)	of	pulpotomy	with	those	of	pulpectomy.	On	this	basis,	pulpectomy	is	consi-
dered	the	standard	treatment	for	the	time	being.		
	
In	patients	with	permanent	dentition,	try	to	avoid	pulpal	exposure.	
[Update	2022/3]	Selective	removal	of	carious	tissue	is	preferable	to	'stepwise	excavation'.	
[modified	after	update	2022/3:	partial	removal	has	been	replaced	by	selective	removal	to	put	more	
emphasis	on	targeted	rather	than	partial	removal	of	carious	tissue]	
	
Rational	
The	working	group	placed	great	weight	on	avoiding	pulpal	exposure.	In	addition,	incomplete	removal	
of	carious	tissue	does	not	reduce	clinical	success,	provided	the	enamel-dentin	boundary	is	clean.		
Selective	removal	of	central	carious	tissue	can	be	done	in	one	sitting,	as	opposed	to	"stepwise	excava-
tion.	
	
For	patients	with	permanent	dentition	and	deep	caries	in	whom	pulpal	exposure	occurs,	MTA	and	
[update	2022/3]	Biodentine	are	the	agents	of	first	choice	as	direct	overdenture	materials.	
[modified	after	update	2022/3:	Biodentine	has	been	added	due	to	new	evidence].	
	
Rational	
The	working	group	gave	great	weight	to	the	fact	that	MTA	is	likely	to	be	less	likely	to	cause	treatment	
failure	than	calcium	hydroxide	and	is	the	most	researched	of	the	hydraulic	calcium	silicate-based	ce-
ments	(HCSCs),	and	gave	little	weight	to	the	higher	cost	of	MTA	and	Biodentine.	
	
The	working	group	does	not	recommend	any	of	the	overdenture	materials	for	indirect	pulpal	over-
denture.	
[unchanged	after	update	2022/3]	
	

https://nvve.com/wp-content/uploads/2018/03/Begrippenlijst-Endodontologie.pdf
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Rationale	
	The	working	group	placed	great	weight	on	the	fact	that	it	is	far	from	certain	whether	or	not	over-
denture	material	is	necessary	at	all	in	indirect	pulpal	overdenture.	
	
Consider	treating	(irreversible)	pulpitis	in	one	sitting.	This	may	be	deviated	from	when	warranted	by	the	
presence	of	pain	(emergency),	the	difficulty	of	treatment	and/or	the	patient's	wishes.	
[update	2022/3:	new	recommendation]	
	
Rationale	
The	study	group	gave	great	weight	to	the	fact	that	treating	in	one	session	is	more	pleasant	for	the	pa-
tient	(convenience;	time	saving)	than	treating	in	two	sessions,	costs	less	and	the	risk	of	leakage	is	re-
duced	(since	there	is	no	temporary	restoration	as	when	a	second	session	takes	place)	.	The	study	
group	placed	little	weight	on	the	possible	more	frequent	occurrence	of	post-operative	pain	within	one	
week.		
	
For	pain	relief,	do	not	consider	occlusal	reduction.		
[update	2022/3:	new	recommendation]	
	
Rationale	
	The	working	group	gave	great	weight	to	the	view	that	sacrificing	natural	tissue	by	occlusal	reduction	
for	highly	uncertain	pain	reduction	is	undesirable.	
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Appendix	5.1	Search	strategy	

Using	the	Search	Terms	below,	a	search	was	conducted	April	1,	2016	in	PubMed.	This	yielded	168	hits.	During	
the	search,	the	results	were	limited	to	English-language	articles	published	as	of	2010.	
	
((("dental	caries"[MeSH	Terms]	OR	"dental	pulp	exposure"[MeSH	Terms]	OR	"dental	pulp	diseases"[MeSH	
Terms]	OR	"Tooth	fractures"[MeSH	Terms]	OR	(("caries"[Title]	OR	"carious"[Title]	OR	pulp*[Title])	AND	(vi-
tal[title]	OR	expos*[Title]	OR	lesion*[Title])))	AND	("ultraconservative"[Title]	OR	"pulpotomy"[MeSH	Terms]	OR	
pulpotom*[Title/Abstract]	OR	"dental	pulp	capping"[MeSH	Terms]	OR	"calcium	hydroxide"[MeSH	Terms]	OR	
"pulp	capping"[Title]	OR	("stepwise"[Title/Abstract]	AND	"excavation"[Title/Abstract]))	AND	("observation-
al"[Title]	OR	"clinical	report"[Title]	OR	"Follow-Up	Studies"[Mesh	Terms]	OR	"comparative	study"[Publication	
Type]	OR	"randomized	controlled	trial"[Publication	Type]	OR	"review"[Publication	Type]	OR	"retrospec-
tive"[Title]	OR	"retrospective	studies"[MeSH	Terms]	OR	random*[Title/	Abstract]	OR	allocat*[Title/Abstract]	OR	
systematic[sb]	OR	"time	factors"[MeSH	Terms])	AND	(Humans[MeSH	Terms])	NOT	("case	reports"[Publication	
Type]	OR	"clinical	conference"[Publication	Type]	OR	"comment"[Publication	Type]	OR	"congresses"[Publication	
Type]	OR	"editorial"[Publication	Type]	OR	"letter"[Publication	Type]	OR	"news"[Publication	Type]) 
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6. 	 Regenerative endodontic treatment	
 

Introduction	
Regenerative	endodontic	procedures	(also	referred	to	as	revascularization	or	revitalization)	are	defi-
ned	as	biology-based	procedures	that	aim	to	repair	or	replace	damaged	element	structures	and	rege-
nerate	part	of	the	pulpadentine	complex.	Several	studies	have	shown	that	regenerative	procedures	can	
produce	acceptable	outcomes	such	as	the	disappearance	of	signs	and	symptoms	and/or	show	comple-
te	healing	of	periapical	tissues,	thickening	of	root	canal	walls	and	continuation	of	root	formation,	along	
with	apical	closure.	To	what	extent	now	are	regenerative	endodontic	procedures	an	alternative	to	
conventional	endodontic	treatment	of	mature	teeth	with	pulpal	necrosis	and	periodontitis	apicalis?	
Especially	since	conventional	endodontic	treatment	also	leads	to	loss	of	proprioception	and	destructi-
on	of	structure	of	the	mature,	permanent	dentition	(Glynis	et	al.,	2021).	Case	reports	and	patient	series	
with	results	of	regenerative	procedures	or	MTA	Apical	Plug	methods	(MAP)	showed	a	survival	of	
97.8%	and	97.1%,	respectively,	and	a	success	rate	of	91.3	and	94.6,	respectively,	summarized	Torabi-
nejad	et	al.	in	2017.	They	concluded,	"The	existing	literature	lacks	high-quality	studies	with	a	direct	
comparison	of	outcomes	of	MAP	and	RET.	Randomized	multicenter	clinical	trials	with	large	sample	
sizes	and	long-term	follow-ups	are	needed	to	address	this	gap	in	knowledge."	Since	the	publication	of	
the	literature	review	by	Torabinejad	et	al.	(2017),	several	randomized	studies	have	been	published,	
examined	whether	irrigants	used	and	cause	of	pulpal	necrosis	of	an	immature,	permanent	dentition	
have	an	effect	on	the	outcome	of	regenerative	therapy.	As	the	literature	review	will	show,	the	total	
number	of	patients	is	still	relatively	small	and	follow-up	duration	is	limited.	
Regeneration	is	a	procedure	that	is	typically	done	in	multiple	sessions;	however,	it	is	possible	to	per-
form	this	procedure	in	one	session.	It	is	important	for	practitioners	to	know	whether	the	effectiveness	
of	treatment	is	affected	by	the	number	of	sessions	in	which	regeneration	is	performed.	
	
Definitions	
Success	(clinical	and	radiographic):	combination	of	clinical	symptoms	(elimination	of	pain,	sensitivity,	
swelling)	and	radiographic	findings	(radiographic	evidence	of	reduction	in	the	size	of	an	apical	lesion	
and	-	possibly	for	immature	teeth	-	radiographic	evidence	of	increase	in	root	thickness	and	length).	
	
Specific	questions	are:	

1. In	patients	with	permanent,	immature	teeth	with	pulpal	necrosis,	what	is	the	survival,	healing	
and	root	development	of	regenerative	endodontic	treatment?	

2. In	patients	with	permanent,	mature	or	immature	teeth	with	pulpal	necrosis,	what	is	the	clinical	
and/or	radiographic	success	of	regenerative	endodontic	treatment	compared	with	conventio-
nal	nonsurgical	endodontic	treatment?	

3. Does	the	cause	of	pulpal	necrosis	(trauma,	dens	evaginatus	and	caries)	of	permanent	teeth	
with	immature	roots	in	patients	treated	with	a	regenerative	procedure	affect	the	outcomes	of	
this	procedure?	

4. In	patients	with	permanent,	immature	teeth	with	pulpal	necrosis,	what	is	the	clinical	and/or	
radiographic	success	of	regenerative	endodontic	treatment	in	one	session	compared	with	re-
generative	endodontic	treatment	in	two	sessions?	

5. In	patients	with	permanent,	immature	teeth	with	pulpal	necrosis	receiving	regenerative	endo-
dontic	treatment,	what	is	the	effect	of	using	calcium	hydroxide	versus	antibiotics	as	an	intra-
canal	medication	on	root	canal	calcification?	

	
	
Literature	search	and	selection	
A	literature	search	was	performed	in	PubMed/Medline	in	May	2022	(appendix	"update	literature	
2022,"	available	from	the	Secretariat).	Systematic	reviews	were	searched,	whether	or	not	combined	
with	a	meta-analysis	or	network	meta-analysis.	The	reviews	found	were	selected	according	to,	in	ac-
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cordance	with	the	criteria	below	and	methodologically	assessed	with	AMSTAR-I.	
	
Type	of	patients	 - permanent	(mature	or	immature)	necrotic	teeth	with	periodontitis	apicalis	

Type	of	Intervention	 - regenerative	endodontic	treatment	

Check	 - conventional,	nonsurgical	endodontic	treatment	(only	in	studies	on	effectiveness	is	a	
control	group	important,	not	in	studies	on	prognosis)	

Type	of	outcome	

measures	

- clinical	and/or	radiographic	success		
- Positive	response	to/sensitivity	to	thermal/electrical	pulp	test	
- Discoloration	and	calcification	in	the	root	canal	(side	effects)	
- patient	satisfaction	
- quality	of	life	
- cost		

Type	of	setting	 - general	practitioners	
- dental	endodontists	

Inclusion	and	exclu-

sion	criteria	

Inclusion	criteria:	

- regarding	questions	of	effectiveness:	systematic	reviews	of	randomized	clinical	trials	
and/or	comparative	observational	studies	controlling	for	confounding	variables		

- regarding	prognostic	questions:	systematic	reviews	of	randomized	clinical	trials	
and/or	observational	studies	controlling	for	confounding	variables	
	

Exclusion	criteria:	

- individual	randomized	clinical	trials	
- non-comparative	experimental	and	observational	studies	(for	prognostic	questions,	
this	is	not	an	exclusion	criterion)	

- in	vitro,	ex	vivo	(human)	studies	
	

Four	systematic	reviews	of	good	methodological	quality	were	found:	Nangia	et	al.	(2021),	Glynis	et	al.	
(2021),	Meschi	et	al.	(2022)	and	Almutairi	et	al.	(2022).		
The	review	by	Meschi	et	al.	(2022),	unlike	the	reviews	by	Glynis	et	al.	(2021)	and	Nangia	et	al.	(2021),	
also	covers	immature	permanent	dentition.	We	utilize	the	review	by	Glynis	et	al.	(2021)	primarily	for	a	
scientific	summary	regarding	mature	dentition,	because	this	review	provides	the	most	manageable	
overview	of	the	characteristics	of	the	included	studies.22	Moreover,	between	the	three	reviews	there	is	
a	very	high	degree	of	overlap	in	the	studies	that	were	included.	The	reviews	by	Nangia	et	al.,	Glynis	et	
al.	and	Meschi	et	al.	address	the	second	starting	question:	regenerative	endodontic	treatment	com-
pared	to	conventional	nonsurgical	endodontic	treatment.	The	review	by	Almutairi	et	al.	discusses	the	
fifth	starting	question	on	the	risk	of	calcium	hydroxide	on	root	canal	calcification.	
In	addition,	three	systematic	reviews	of	moderate	quality	were	found	(Koc	&Del	Fabbro,	2020;	Ong	et	
al.,	2020;	Rossi-Fedele	et	al.,	2019).	The	review	by	Ong	et	al.	(2020)	concerns	the	first	baseline	questi-
on	on	the	prognosis	of	regenerative	therapy.	The	review	by	Koc	&Del	Fabbro	(2020)	relates	to	the	
third	starting	question,	which	is	about	the	prognostic	significance	of	the	cause	of	pulpal	necrosis	for	
the	success	of	regenerative	therapy.	The	review	by	Rossi-Fedele	et	al.	(2019)	concerns	the	fourth	star-
ting	question:	regenerative	therapy	in	one	versus	two	sessions?		
	

Summary	of	literature	

In	patients	with	permanent,	immature	teeth	with	pulpal	necrosis,	what	is	the	survival,	healing	and	root	
development	of	regenerative	endodontic	treatment?	
Ong	et	al.	(2020)	conducted	a	review	of	studies	on	the	prognosis	of	regenerative	endodontic	treatment	
of	permanent,	immature	teeth	with	pulpal	necrosis.	The	reviewers	examined	the	effect	of	this	therapy	
on	survival,	healing	and	root	development.	Survival	was	defined	as	preservation	of	the	tooth	during	

 
22	A	very	comprehensive	overview	of	study	characteristics	is	provided	by	Meschi	et	al.	(2022)	in	appendix	1	of	
the	review.	
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the	follow-up	period.	Healing	was	defined	as	the	absence	of	clinical	symptoms	combined	with	elimina-
tion	of	periapical	radiolucency.	Root	elongation	was	defined	as	increase	in	root	length.	Root	thickening	
was	defined	as	an	increase	in	root	thickness.	Apical	narrowing/closure	was	defined	as	decreasing	the	
apical	diameter	of	the	root.	
Ong	et	al.	(2020)	included	randomized	studies	as	well	as	prospective	and	retrospective	cohort	studies	
with	a	minimum	follow-up	duration	of	12	months.	The	follow-up	period	ranged	from	12	to	93	months.	
In	four	of	the	11	studies,	it	was	12	months.	In	almost	all	studies,	anterior	elements	or	premolars	were	
treated.	The	causes	of	pulpal	necrosis	were	trauma	(all	11	studies),	dental	anomaly	(seven	of	11	stu-
dies)	or	caries	(five	of	11	studies).	EDTA	irrigation	was	used	in	five	of	the	eleven	studies,	but	not	in	the	
remaining	studies.	In	all	eleven	studies,	a	blood	clot	was	applied	as	a	matrix.	MTA	was	almost	always	
applied	for	closure.	Restoration	was	almost	always	with	composite.		
The	outcomes	are:	

• survival	was	97.3%	(95%	BI:	94.34-98.75%);		
• the	cure	rate	was	93.0	(95%	BI:	88.16-96.00%).		
• Root	extension	was	present	in	77.3%	(95%	BI:	66.34-85.41%)	of	cases.	However,	if	a	minimum	

20%	increase	in	root	elongation	was	maintained	as	a	clinically	relevant	increase,	the	said	per-
centage	dropped	from	77.3%	to	16.1%	(95%	BI:	5.59-38.35%).		

• In	80.6%	(95%	BI:	71.53-87.31%)	of	cases,	there	was	an	increase	in	root	canal	wall	thickness.	
However,	if	a	minimum	20%	increase	in	root	thickness	was	taken	as	a	clinically	relevant	incre-
ase,	the	mentioned	percentage	dropped	from	80.6	to	39.8	(95%	BI:	21.98-60.79%).		

• Apical	stenosis/closure	was	present	in	79.1%	(95%	BI:	65.53-88.22%)	of	cases.	However,	if	a	
minimum	20%	increase	in	apical	stenosis/closure	was	maintained	as	a	clinically	relevant	in-
crease,	the	said	percentage	increased	from	79.1	to	90.7	(95%	BI:	75.26-96.91%).		

Quality	of	evidence	survival	to	12	months,	healing,	root	extension	and	thickness,	apical	narro-
wing/closure23	
Studies	on	prognosis	start	for	both	randomized	and	observational	studies	as	high	quality	of	evidence.	
To	assess	the	quality	of	evidence	of	prognostic	studies,	the	following	criteria	are	particularly	impor-
tant:	was	there	a	representative	and	well-defined	sample	of	patients;	was	follow-up	sufficiently	long	
and	complete;	were	objective	outcome	criteria	used?	
Survival:	studies	with	a	12-month	follow-up	duration	provided	the	lion's	share	of	patients	(163/289).	
Twelve	months	is	short	for	evaluation	of	element	survival;	≥24	months	is	a	more	patient-relevant	fol-
low-up	duration.	Ergo:	one	level	is	downgraded	for	severe	risk	of	bias.	There	is	no	downgrading	for	
inconsistency,	indirect	evidence,	publication	bias.	As	for	imprecision,	the	confidence	interval	shows	
that	at	least	94%	survive.	This	seems	a	high	enough	percentage	(cutoff	value:	90%)	to	consider	a	rege-
neration	procedure	at	all.	Thus,	the	quality	of	evidence	is	reasonable.	
Healing:	no	downgrading	is	done	for	severe	risk	of	bias.	Unlike	for	survival,	a	follow-up	duration	of	12	
months	seems	sufficiently	long	for	evaluating	healing,	Well	is	downgraded	for	imprecision:	the	confi-
dence	interval	shows	that	12%	(100-88%)	do	not	heal.	This	is	more	than	the	10%	(100-90%)	that	is	
considered	the	threshold	for	considering	a	regeneration	procedure	at	all.	Thus,	the	quality	of	evidence	
is	reasonable.	
Root	lengthening,	root	thickness	and	apical	constriction/closure	(20%	increase):	one	level	is	
downgraded	for	severe	risk	of	bias.	This	is	because	it	is	highly	questionable	whether	these	outcome	
measures	can	be	sufficiently	objectively	measured.24	In	addition,	two	levels	are	downgraded	for	very	
serious	imprecision:	the	confidence	intervals	are	very	wide.	Thus,	the	quality	of	evidence	is	very	low.	

 
23	Ong	et	al,	(2020,	table	3)	assess	risk	of	bias	with	incorrect	assessment	criteria.	These	are	primarily	designed	
for	efficacy	studies	and	not	appropriate	for	prognostic	studies.	Their	assessment	of	the	"level	of	evidence"	is	thus	
incorrect.	
24	From	the	review	by	Ong	et	al.	(2020,	p.	5):	'(...)	Besides,	the	different	angulation	in	positioning	of	the	X-ray	beam	
could	lead	to	radiographic	image	distortions,	giving	rise	to	the	wrong	interpretation	of	the	result.	A	few	studies	
showed	some	negative	values	in	root	development	after	RET,	and	this	indicated	the	inconsistency	in	radiographic	
positioning.	Likewise,	it	is	arguable	that	some	positive	values	in	root	development	after	RET	could	be	caused	by	an	
error	in	radiographic	positioning'.		
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Conclusions	

	
Fair		
	
GRADE	

Survival	and	healing	
	
A	regenerative	procedure	is	likely	to	have	a	favorable	prognosis.	
	
Ong	et	al,	2020	

	
	
	
Very	low		
	
GRADE	

20%	or	more	increase	in	root	elongation,	thickening	of	root,	apical	narrowing/closure	
	
A	regenerative	procedure	does	not	seem	to	have	a	favorable	prognosis	for	said	out-
come	measures,	but	the	evidence	is	very	uncertain.	
	
Ong	et	al,	2020	

	
	
In	patients	with	permanent,	mature	or	immature	teeth	with	pulpal	necrosis,	what	is	the	clinical	and/or	
radiographic	success	of	regenerative	endodontic	treatment	compared	with	conventional	nonsurgical	
endodontic	treatment?	
	
a.	Comparison	of	regenerative	procedures	with	conventional	nonsurgical	endodontic	treatment	of	mature	
permanent	teeth	with	necrotic	pulp	and/or	apical	periodontitis	
Glynis	et	al.	(2011)	found	three	randomized	studies	comparing	regenerative	procedures	with	conven-
tional	endodontic	treatment	(Table	6-1).	A	total	of	112	patients	were	randomized.	All	studies	involved	
mature,	permanent	teeth	with	periodontitis	apicalis.	Which	teeth	were	involved	were	not	specified	by	
the	studies,	only	in	terms	of	"teeth	of	any	type."	Most	patients	were	of	adult	age.	Table	6-1	further	
shows	what	the	regenerative	procedure	and	conventional	treatment	consisted	of.	In	addition,	the	fol-
low-up	period	ranged	from	12	to	18	months.		
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Table	6-1	Summary	of	study	characteristics	

Study	 Population		 Intervention		 Comparison		 Outcome		 Notes	
Arslan	et	al.,	
2019	
[Turkey]	

46	patients	
(11	female,	35	
male;	REP	
age,	
20.58,±2.53;	
NSRCT	age,	
20.66±1.27),	
46	teeth	of	any	
type	(mature,	
necrotic	with	
apical	lesions)	

REP	[triple	
antibiotic	
paste	and	
EDTA	5%/	
bleeding	in-
duction	for	
blood	clot	
formation]	

NSRCT	[calcium	
hydroxide	and	
EDTA	
5%/gutta-
percha	cones	
and	epoxy	resin-
based	sealer-
cold	lateral	
condensation	
technique]	

1.	successful	
cases	[based	
on	clinical	and	
radiographic	
healing]	
2.	number	of	
teeth	positive	
to	EPT	

Clinical	&	
radiographic	
assessment	up	
to	12	mo	fol-
low-up	

Brizuela	et	al.,	
2020	[Chile].	

36	patients	
(25	female,	11	
male;	age	
range	overall,	
16-58),	36	
teeth	of	any	
type	(mature	
with	apical	
lesions)	

REP	[calcium	
hydroxide/	
encapsulated	
human	umbili-
cal	cord	mes-
enchymal	stem	
cells	in	a	plas-
ma	derived	
biomaterial]	

NSRCT	[calcium	
hydroxide/gutta-
percha	cones	+	
Topseal	
sealer-
continuous	wave	
condensation	
technique]	

1.	successful	
cases	[based	
on	clinical	and	
radiographic	
healing]	
2.	response	to	
thermal	and	
EPT	

Clinical	&	
radiographic	
assessment	at	
12	mo	follow-
up	

Jha	et	al,	2019	
[India]	

30	patients	
(age	range	9-	
15);	30	teeth	
of	any	type	
(permanently	
mature	with	
apical	lesions)	

REP	[EDTA	
17%/	SealBio	
technique,	
stimulating	
stem	cells	
of	the	region	
and	calcium	
sulfate-based	
cement]	

NSRCT	[gutta-
percha	cones-
cold	lateral	con-
densation	
technique]	

1.successful	
healing	(com-
bined	radio-
graphic	and	
clinical	crite-
ria)	

Clinical	&	
radiographic	
assessment	at	
18	mo	
follow-up	

EPT,	electric	pulp	testing;	EDTA,	ethylenediaminetetraacetic	acid;	mo,	months;	MRI,	magnetic	resonance	imaging;	NSRCT,	non	
surgical	root	canal	treatment;	PA,	periapical;	REP,	regenerative	endodontic	procedure	
	

The	combined	results	of	these	trials	are	shown	in	Table	6-2.	For	the	critical	outcome	measure	"suc-
cess,"	a	regenerative	procedure	shows	28	more	successes	per	1,000	patients	(2.8%)	than	conventional	
nonsurgical	endodontic	treatment.	If	we	take	50	per	1,000	(±5%)	as	the	cutoff	value	for	a	small	but	
significant	effect,	there	would	be	little	or	no	difference	in	effect	between	the	two	treatments.	However,	
the	confidence	interval	shows	that	a	regenerative	procedure	can	have	both	a	significant	unfavorable	
effect	(-7.4%)	and	a	significant	more	favorable	effect	(+13.9%)	than	nonsurgical	endodontic	treat-
ment.	For	the	important	outcome	measure	"positive	response	to	electrical	stimuli,"	a	regenerative	pro-
cedure	shows	a	(very)	favorable	effect	compared	to	nonsurgical	endodontic	treatment,	namely	348	
more	successes	per	1,000.	However,	there	is	a	high	degree	of	uncertainty	about	this	effect	(Table	
6-2).25	
Other	outcome	measures	(including	quality	of	life;	patient	satisfaction;	side	effects)	were	not	reported	
in	the	studies,	if	at	all.	Regarding	adverse	events,	in	one	study	(Arslan	et	al.,	2019),	more	discoloration	
of	the	element	was	seen	in	the	regeneration	group	(38.5%)	than	in	the	group	with	conventional	non-
surgical	endodontic	treatment	(0%).	Regarding	oral	health-related	quality	of	life,	this	was	reported	in	
Arslan	et	al.	(2019):	there	was	no	difference	after	treatment	between	the	two	interventions.	
		
Table	6-2	Summary	of	outcomes	and	assessment	of	quality	of	evidence	

 
25	Glynis	et	al.	(2021)	presented	a	more	favorable	GRADE	rating:	moderate	rather	than	low.	However,	they	did	
not	adequately	account	for	the	(large)	degree	of	uncertainty	of	the	effect	on	"success"	and	on	"positive	response	
to	electrical	stimuli,"	as	reflected	in	the	wide	confidence	intervals	(see	Table	6-2).	
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Regenerative	procedure	compared	with	nonsurgical	endodontic	treatment	

Patients	or	population:	patients	with	necrotic	teeth	with	periodontitis	apicalis	
Setting:	academic	dentistry/endodontology		
Intervention:	regenerative	procedure	(RP)	
Control:	conventional	nonsurgical	endodontic	treatment	(NCEB) 

Outcomes	

Number	of	
participant 

(st) 
Follow up	

Certainty	
of	the	

evidence		
(GRADE).	

Relative	
effect		
(95%	
CI).	

Absolute	effects	

Risk	with	
NCEB	

Risk	diffe-
rence	with	

RP	

success	
follow	up:	12	months	on	average	

112	
(3	RCTs)	

⨁⨁◯◯	
Lowa	

RR	1.03	
(0.92	to	
1.15)	

925	per	
1,000	

28	more	
per	1,000	
(74	less	to	
139	more)	

positive	response	to	electrical	stimuli	
follow	up:	12	months	on	average	

82	
(2	RCTs)	

⨁⨁◯◯	
Lowb	

RR	4.31	
(1.36	to	
13.62)	

105	per	
1,000	

348	more	
per	1,000	
(38	more	
to	1,328	
more)	

The	risk	in	the	intervention	group	(and	the	95%	confidence	interval)	is	based	on	the	risk	in	the	control	group	
and	the	relative	effect	of	the	intervention	(and	the	95%	BI).		
	
CI:	Confidence	interval;	RR:	Risk	ratio.	

GRADE	Working	Group	grades	of	evidence	
High	certainty:	we	are	very	confident	that	the	true	effect	lies	close	to	that	of	the	estimate	of	the	effect.		
Moderate	certainty:	we	are	moderately	confident	in	the	effect	estimate:	the	true	effect	is	likely	to	be	close	to	the	
estimate	of	the	effect,	but	there	is	a	possibility	that	it	is	substantially	different.		
Low	certainty:	our	confidence	in	the	effect	estimate	is	limited:	the	true	effect	may	be	substantially	different	
from	the	estimate	of	the	effect.		
Very	low	certainty:	we	have	very	little	confidence	in	the	effect	estimate:	the	true	effect	is	likely	to	be	substan-
tially	different	from	the	estimate	of	effect.	
Explanation	
a.	When	>50	per	1,000	(>5%	difference)	is	taken	as	the	limit	for	a	small	but	significant	beneficial	or	adverse	ef-
fect,	the	confidence	interval	crosses	both	a	small	but	significant	beneficial	and	adverse	effect.	Therefore,	it	is	
downgraded	by	two	levels	from	high	to	low.	
b.	The	ratio	of	the	upper	to	lower	limit	of	the	confidence	interval	around	relative	risk	(4.31),	i.e.,	13.62/1.36,	is	>	
3.	Therefore,	it	is	downgraded	by	two	levels.	
	

For	information:	Nangia	et	al.	(2021)	who,	like	Glynis	et	al.	(2021),	compared	regenerative	procedures	
with	nonsurgical	conventional	endodontic	treatment,	reached	the	same	conclusion	as	stated	below,	
namely,	'Based	on	a	limited	number	of	comparative	studies,	REP	[regenerative	endodontic	procedu-
res]	has	a	similar	success	rate	to	NSET	[nonsurgical	endodontic	treatment]	in	mature	permanent	
teeth'.	Meschi	et	al.	(2022)	concluded,	'The	survival	and	success	rates	were	favorable	in	all	included	
studies	and	for	all	groups;	however,	these	outcomes	are	not	reliable	due	to	the	low	certainty	level'.	
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Conclusions	

	
Low		
	
GRADE	

Clinical	and/or	radiographic	success	
	
A	regenerative	procedure	appears	to	be	little	or	no	less	successful	for	permanent	matu-
re	teeth	than	conventional	nonsurgical	endodontic	treatment.	
	
Glynis	et	al,	2021;	Nangia	et	al,	2021;	Meschi	et	al,	2022	[Arslan	et	al,	2019;	Jha	et	al,	
2019;	Brizuela	et	al,	2020].	

	

	

Very	low		

	

GRADE	

Positive	response	to	electrical	stimuli	
	
A	regenerative	procedure	appears	to	result	in	a	significant	increase	in	positive	respon-
se	to	electrical	stimuli	for	permanent	mature	teeth	compared	with	conventional	non-
surgical	endodontic	treatment,	but	the	evidence	is	highly	uncertain.	
	
Glynis	et	al.,	2021	
[Arslan	et	al.,	2019;	Brizuela	et	al.,	2020]	

	
	
b.	Comparison	of	regenerative	procedures	with	conventional	nonsurgical	endodontic	treatment	of	imma-
ture	permanent	teeth	with	necrotic	pulp	and/or	apical	periodontitis	
Meschi	et	al.	(2022)	included	one	randomized	study	(Lin	et	al.,	2017)	examining	immature	teeth	(34	
central	incisors,	69	premolars;	15	dropouts).	This	study	involved	children	and	adolescents	aged	8-16	
years.	The	sex	ratio	was	not	stated	by	the	investigators.	The	causes	of	periodontitis	apicalis	were	ca-
ries,	trauma,	dens	evaginatus.	The	interventions	compared	were	regeneration	versus	MTA	apexificati-
on.	Irrigants	used	in	the	regeneration	procedure	and	MTA	apexification:	(first	session)	20	ml	1.5%	
sodium	hypochlorite,	0.9%	saline,	and	20	ml	17%	EDTA;	(second	session)	0.9%	saline	and	20	ml	17%	
EDTA.		
Intracanal	medication	used	in	the	regeneration	procedure:	0.1	mg/	ml	mixture	of	ciprofloxacin,	me-
tronidazole,	clindamycin	(1:1:1	mixed	with	distilled	water)	and	in	the	MTA	apexification:	calcium	hy-
droxide,	after	1	week	Vitapex	paste	to	apical	barrier	that	was	confirmed	radiographically.	Filling	of	the	
root	canal	at	the	regeneration	procedure:	blood	clot	plus	absorbable	collagen	barrier	and	at	the	MTA	
apexification:	warm	gutta-percha.	Composite	was	used	for	the	coronal	restoration.		
Both	MTA	apexification	and	regeneration	were	100%	successful	after	one	year	(RR	1.0;	95%	BI:	0.96-
1.05).	The	regeneration	procedure	showed	an	increase	in	root	length	of	1.64	mm	(SD:	1.43	mm).	MTA	
apexification	showed	a	smaller	increase	in	root	length	of	0.60	mm	(SD:	1.06	mm).	Converted	to	a	stan-
dardized	mean	difference	(SMD),	this	is	0.788	(95%	BI:	0.363	-	1.211).	An	SMD	of	0.788	is	a	reasonably	
large	effect.26	The	regeneration	procedure	showed	an	increase	in	root	thickness	of	0.24	mm	(SD:	0.25	
mm).	MTA	apexification	showed	a	smaller	increase	in	root	thickness	of	0.08	mm	(SD:	0.21	mm).	Con-
verted	to	an	SMD,	this	is	0.673	(95%	BI:	0.252	-	1.094).	An	SMD	of	0.673	is	a	reasonably	large	effect.	
It	seems	that	the	root	length	of	the	immature	dentition	in	case	of	regeneration	increases	particularly	in	
the	dens	evaginatus	group	and	less	in	the	trauma	group.	Thus,	a	comparison	of	the	increase	in	root	
length	between	the	two	regeneration	groups	(dens	evaginatus	versus	trauma)	showed	a	difference	of	
2.06	-	0.68	mm:	1.38	mm	in	favor	of	the	dens	evaginatus	group.		
Of	the	69	cases	with	a	regeneration	procedure,	30	(43.5%;	95%	BI:	32.4-55.2)	developed	discoloration	
in	the	root	canal,	while	calcification	in	the	root	canal	was	found	in	26	(37.7%;	95%	BI:	27.2-49.5)	ca-
ses.27	These	were	the	main	complications	of	this	procedure.	
	

 
26	SMDs	of	0.2,	0.5	and	0.8	correspond	to	small,	reasonable	and	large	effect,	respectively.	
27	Almutairi	et	al.	(2022)	estimated	the	overall	prevalence	of	intracanal	calcification	in	a	regenerative	procedure	
to	be	30.7%.		
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For	information:	Santos	et	al.	(2018)	investigated	the	following	question:	are	there	alternative	materi-
als	to	conventional	materials	such	as	"triple	antibiotic	paste"	(TAP)	and	"Grey	MTA"	in	order	to	pre-
vent	discoloration	of	the	dentition	after	revitalization	of	the	pulp.	They	included	prospective	and	re-
trospective	studies,	patient	series	and	clinical	trials,	all	in	vivo.	A	total	of	38	studies.	Discoloration	was	
found	in	more	than	50%	of	the	regenerated	dentition.	Particularly	when	TAP	was	used	as	an	intracanal	
medication	and	gray	MTA	(GMTA)	as	a	sealing	material.	The	reviewers	concluded	that	alternatives	to	
TAP	(DAP,	calcium	hydroxide,	in	TAP	replacement	of	minocycline	with	cefaclor,	amoxicillin,	clindamy-
cin)	and	to	gray	MTA	(white	MTA,	Biodentine	and	calcium	enriched	mixture[CEM])	showed	less	disco-
loration:	the	TAP/	GMTA	combination	would	cause	discoloration	in	93%	of	cases,	while	an	alternative	
to	TAP	combined	with	an	alternative	to	GMTA	would	still	cause	discoloration	only	in	33%	of	cases.		
	
Quality	of	evidence	success,	root	length	and	thickness,	discoloration	and	calcification	
Success,	root	length	and	thickness:	there	was	difference	in	percentage	of	dropouts	between	the	two	
groups	of	interventions:	11	dropouts	for	the	regeneration	procedure	(5	cases	of	dens	evaginatus	and	6	
cases	of	trauma)	and	4	dropouts	for	MTA	apexification	(2	cases	of	dens	evaginatus,	2	cases	of	trauma).	
There	were	ambiguities	regarding	randomization/blinding	allocation.	In	addition,	it	strongly	appears	
that	the	outcome	assessors	were	not	blinded.	On	this	basis,	two	levels	are	downgraded	for	very	se-
rious	risk	of	bias.		
Success:	the	number	of	"events"	is	small	(about	100),	considerably	less	than	the	200-300	usually	re-
quired	for	an	adequate	study	size.	On	this	basis,	we	also	downgrade	for	severe	imprecision.	No	
downgrading	was	done	for	other	factors,	so	the	quality	of	evidence	for	the	outcome	success	is	very	
low.	
Increase	in	root	length	and	root	thickness:	both	involve	wide	confidence	intervals	and	fall	far	short	of	
the	number	of	patients	required	(approx.	800)	to	demonstrate	a	small	but	significant	effect	(n=103:	
smaller	than	30-50%	of	800).	On	this	basis,	two	levels	were	downgraded	for	very	severe	imprecision.	
There	was	no	downscaling	for	other	factors,	so	the	quality	of	evidence	for	root	length	and	root	thick-
ness	is	very	low.	
Discoloration	and	calcification	in	the	root	canal:	the	limitations	in	study	design	and	conduct,	as	descri-
bed	for	the	outcomes	success,	root	length	and	thickness,	do	not	apply,	or	hardly	apply,	to	the	outcomes	
discoloration	and	calcification.	Therefore,	there	is	no	downgrading	for	risk	of	bias.	Nor	for	other	GRA-
DE	factors.	Thus,	there	is	strong	evidence	for	these	side	effects.	
	
Conclusions	
	

Very	low		

	

GRADE	

Clinical	and/or	radiographic	success	
	
A	regenerative	procedure	appears	to	be	no	less	successful	than	MTA	apexification	for	
permanent	immature	teeth	but	the	evidence	is	very	uncertain.		
	
Meschi	et	al.,	2022	[Lin	et	al.,	2017]	

	

	

Very	low		

	

GRADE	

Root	length	and	root	thickness	
	
A	regenerative	procedure	-	especially	in	the	case	of	dens	evaginatus	-	for	permanent	
immature	teeth	seems	to	have	a	greater	effect	on	increasing	root	length	and	root	thick-
ness	compared	to	MTA	apexification,	but	the	evidence	is	very	uncertain.		
	
Meschi	et	al.,	2022	[Lin	et	al.,	2017]	
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Very	low		

	

GRADE	

Root	length	and	root	thickness	
	
A	regenerative	procedure	-	especially	in	the	case	of	dens	evaginatus	-	for	permanent	
immature	teeth	seems	to	have	a	greater	effect	on	increasing	root	length	and	root	thick-
ness	compared	to	MTA	apexification,	but	the	evidence	is	very	uncertain.		
	
Meschi	et	al.,	2022	[Lin	et	al.,	2017]	

	
	

High	

	

GRADE	

Discoloration	and	calcification	in	the	root	canal	
	
A	regenerative	procedure	causes	discoloration	and	calcification	in	the	root	canal	in	at	
least	25%	of	cases.		
	
Meschi	et	al.,	2022	[Lin	et	al.,	2017]	

	
	
Does	the	cause	of	pulpal	necrosis	(trauma,	dens	evaginatus	and	caries)	of	permanent	teeth	with	imma-
ture	roots	in	patients	treated	with	a	regenerative	procedure	affect	the	outcomes	of	this	procedure?	
Koc	and	Del	Fabbro	(2020)	conducted	a	review	of	studies	investigating	whether	the	cause	of	pulpal	
necrosis	of	teeth	with	immature	roots	influenced	the	success	of	a	regenerative	procedure.	Asympto-
matic	teeth-clinically	and	radiographically	examined	during	the	follow-up	period-and	teeth	that	requi-
red	no	further	endodontic	treatment	after	completion	of	the	RET	protocol	were	considered	successful	
cases.	
They	included	randomized	and	non-randomized	and	non-comparative	studies.	Inclusion	criteria	fur-
ther	included:	specification	of	cause	of	pulpal	necrosis,	more	than	five	patients,	outcome	based	on	cli-
nical	and	radiographic	examination,	both	pre-	and	postoperative,	follow-up	duration	of	at	least	6	
months.	Eighteen	studies	met	the	inclusion	criteria:	randomized	studies	(n=8),	patient	series	and	re-
trospective	studies	(n=10).	
In	all	studies,	there	were	multiple	sessions	for	performing	a	regeneration	procedure.	
Koc	and	Del	Fabbro's	(2020)	analysis	consists	of	two	separate	analyses:	

- In	part	1	of	the	analysis,	they	performed	a	number	of	univariate	analyses	(Table	6-3),	
- In	Part	2	of	the	analysis,	they	conducted	meta-analyses	of	outcomes	from	four	studies	that	each	

compared	success	rates	for	different	causes	of	pulpal	necrosis.		
	
Univariate	analyses	
Univariate	analyses	have	major	limitations	because	prognostic	factors	tend	to	be	correlated.	Multiva-
riate	analyses	are	needed	to	evaluate	the	specific	effect	of	an	individual	prognostic	factor.	In	these	ty-
pes	of	analyses,	other	potential	prognostic	factors	are	corrected	for.	Table	6-3	lists	all	potential	prog-
nostic	factors,	including	pulpal	necrosis.28	This	table	shows,	first,	that	the	cause	of	pulpa	necrosis	does	
not	appear	to	statistically	significantly	influence	the	outcome	of	regenerative	treatment	although	ca-
ries	appears	to	have	a	slightly	more	favorable	prognosis	than	either	of	the	other	two	causes.	The	only	
statistically	significant	potential	prognostic	variables	are	the	irrigation	protocol	used	and	whether	or	
not	EDTA	irrigation	is	applied.	Irrigation	with	the	combination	of	sodium	hypochlorite	and	EDTA	ap-
pears	to	be	less	successful	than	sodium	hypochlorite	alone	or	the	combination	of	sodium	hypochlorite,	
EDTA	and	chlorhexidine.	EDTA	irrigation	seems	to	reduce	the	likelihood	of	success.	
	
 

 
28	Table	6-3	is	taken	from	Koc	&	Del	Fabbro	(2020).	However,	the	p-values	were	recalculated	because	almost	all	
p-values	were	incorrect.	An	example	by	way	of	explanation.	Koc	&	Del	Fabbro	(2020)	report	for	ear	room	of	
pulpal	necrosis	a	p-value	of	0.055,	at	the	limit	of	statistical	significance.	Looking	at	the	success	rate	of	the	indivi-
dual	causes	of	pulpa	necrosis,	the	reader	with	some	statistical	knowledge	will	conclude	that	this	p-value	is	bor-
derline	impossible.	Calculation	from:	https://www.socscistatistics.com/tests/chisquare2/default2.aspx.		

https://www.socscistatistics.com/tests/chisquare2/default2.aspx
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Table	6-3	Comparison	of	factors	with	possible	influence	on	outcome	of	regenerative	procedure	

Factors	 	 Success	
(n=422)	

Failure	
(n=23)	

%	success	 P	value	

Cause	of	pulpal	
necrosis	

Trauma	(T)	 274	 15	 94,81	 0,770	
Dens	evaginatus	
(DE)	

95	 7	 93,14	

Caries	(C)	 24	 1	 96	
	 	 Odds	ratio	T/C:		 0.76	(95%	BI:	0.096-6.012)	

Odds	ratio	DE/C:	0.57	(95%	BI:	0.066-4.819	
	

Dentition	 Anterieur	 275	 15	 0,0	 0,911	
Premolar	 135	 7	 193,66	
Miller	 12	 1	 92,31	

	 	 	 	 	 	
Intrachannel	me-
dication	

Ca(OH)2	 63	 0	 100	 0,179	
CHP	(CaOH2	+	
CHX)	

10	 1	 90,91	

Double	antibiotic	
paste	

38	 1	 97,44	

Triple	antibiotic	
paste	

287	 13	 95,67	

	 	 	 	 	 	
Irrigation	protocol	 NaOCl	 111	 0	 100	 0,003	

NaOCl+EDTA	 240	 21	 91,95	
NaOCl+EDTA+CHX	 71	 2	 97,26	

	 	 Odds	ratio	NAOCl+EDTA	/NaOCl+EDTA+	CHX:		
0.32	(95%	BI:	0.074-1.406	

	

EDTA	irrigation	 EDTA(+)	 311	 23	 93,11	 0,005	
EDTA(-)	 111	 0	 100	

	 	 Odds	ratio	EDTA+/EDTA-:	
0.12	(95%	BI:	0.016-0.921)29	

	

Matrix	 Collagen	 118	 9	 92,91	 0,15	
No	 279	 11	 96,21	

	 	 	 	 	 	
Matrices	
("scaffold").	

Blood	clot	 296	 19	 93,97	 0,126	
Plate	Concentrati-
on.	

93	 1	 98,94	

Blood	clot	
+additives	

8	 0	 100	

No	 25	 3	 89,29	
Meta-analyses	
Two	studies	(Linsuwanont	et	al.,	2017;	Silujjai	&	Linsuwanont,	2017)	compared	outcome	failure	for	
caries	and	dens	evaginatus	as	causes	of	pulpal	necrosis.	In	case	of	caries,	the	failure	rate	was	0	(0/4);	
in	case	of	dens	evaginatus	33%	(6/18).	Four	studies	compared	(Alagl	et	al.,	2017;	Linsuwanont	et	al.,	
2017;	Silujjai	&	Linsuwanont,	2017;	Bezgin	et	al.,	2015)	compared	the	outcome	failure	rate	for	caries	
and	trauma	as	causes	of	pulpa	necrosis.	In	case	of	caries,	the	failure	rate	was	0	(0/9);	in	case	of	trauma	
10%	(3/30).	Caries	appears	to	have	a	more	favorable	prognosis	than	either	of	the	other	two	causes.	
See	Figure	6-1,	in	which	failure	for	both	causes	(trauma	and	dens	evaginatus)	is	compared	with	caries	
as	a	cause	of	pulpal	necrosis.	Compared	with	caries,	14%	(95%	BI:	-8%;	36%)	more	regenerative	pro-
cedure	failure	occurs	with	trauma/dens	evaginatus.	Incidentally,	all	these	studies	used	a	blood	clot	
("blood	clot")	as	a	matrix	("scaffold").	
	
	

 
29	The	odds	ratio	is	in	fact	0	because	the	failure	rate	for	not	applying	EDTA	is	0.	However,	to	still	calculate	confi-
dence	intervals,	1	case	of	failure	out	of	110	successes	was	assumed.	
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Figure	6-1	Percent	failure	rate:	trauma	or	dens	evaginatus	(DE)	versus	caries	as	a	cause	of	pulpal	necro-
sis	

 
	
	
Quality	of	evidence	failure	
Prognostic	studies	start	as	high	quality	of	evidence	in	case	of	randomized	or	observational	studies.	For	
risk	of	bias,	it	is	downgraded	by	one	level	because	of	the	lack	of	multivariable	analysis.	Prognostic	fac-
tors	are	often	correlated.	Determining	an	independent	prognostic	factor	-	in	this	case,	the	cause	of	
pulpal	necrosis	-	requires	multivariable	analysis.	In	such	an	analysis,	other	potential	prognostic	factors	
are	included	for	correction.	Furthermore,	two	levels	are	marked	down	for	very	severe	imprecision:	
compare	the	wide	confidence	interval	of	the	odds	ratios	(Table	6-3)	and	of	the	risk	difference	('risk	
difference'	in	Figure	6-1).		
For	the	factors	for	which	a	statistically	significant	effect	was	found,	namely	the	irrigation	protocol	and	
whether	or	not	EDTA	was	applied,	the	same	assessment	of	the	quality	of	evidence	applies	as	for	the	
prognostic	significance	of	the	cause	of	pulpal	necrosis.	
	
Conclusions	

	
Very	low		
	
GRADE	

Prognostic	significance	of	cause	of	pulpal	necrosis	
	
Trauma	or	dens	evaginatus	as	a	cause	of	pulpal	necrosis	appears	to	increase	the	likeli-
hood	of	regenerative	procedure	failure	compared	to	caries,	but	the	evidence	is	very	
uncertain.		
	
Koc	and	Del	Fabbro,	2020		
[Alagl	et	al.,	2017;	Linsuwanont	et	al.,	2017;	Silujjai	&	Linsuwanont,	2017;	Bezgin	et	al.,	
2015]	

	

	
Very	low		
	
GRADE	

Prognostic	significance	of	irrigation	protocol	and	application	of	EDTA	irrigation	
	
NaOCl+EDTA	as	a	combination	in	the	irrigation	protocol	appears	to	increase	the	risk	of	
regenerative	procedure	failure	compared	to	NaOCl	alone	or	in	combination	with	chlor-
hexidine	and	EDTA	,	but	the	evidence	is	very	uncertain.		
	
Applying	EDTA	irrigation	appears	to	increase	the	risk	of	regenerative	procedure	failure	
compared	to	not	applying	it,	but	the	evidence	is	very	uncertain.		
	
Koc	and	Del	Fabbro,	2020		

	
	
In	patients	with	permanent,	immature	teeth	with	pulpal	necrosis,	what	is	the	clinical	and/or	radio-
graphic	success	of	regenerative	endodontic	treatment	in	one	session	compared	with	regenerative	en-
dodontic	treatment	in	a	second	session?	
Rossi-Fedele	et	al.	(2019)	included	studies	that	included	at	least	one	session	of	regenerative	endodon-
tic	treatment.	They	found	five	case	reports,	one	animal	study	and	one	randomized	trial.	In	accordance	
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with	the	inclusion	and	exclusion	criteria	used	in	this	guideline,	only	the	design	and	results	of	the	ran-
domized	trial	(Botero	et	al.,	2017)	are	presented	and	analyzed.	
Botero	et	al.	(2017)	included	25	patients	(28	teeth),	17	boys	and	8	girls,	with	a	mean	age	of	10.5	years.	
In	22	of	the	25	patients,	trauma	was	the	cause	of	pulpal	necrosis,	in	three	of	the	25	patients	caries	or	a	
dental	anomaly.	Of	the	teeth	involved,	79%	were	anterior	teeth,	19%	were	premolar,	and	2%	were	
molar.	Thirteen	patients	were	randomized	to	the	experimental	group	(regeneration	in	one	session)	
and	15	patients	to	the	control	group	(regeneration	in	second	sessions).	
The	experimental	group	received	the	following	treatment:	
'A	20	k	file	with	a	curved	tip	was	placed	2-3	mm	beyond	the	apex	to	induce	bleeding	in	the	canal.	Fifteen	
minutes	were	allotted	for	it	to	obtain	a	blood	clot	that	would	reach	the	coronal	third	of	the	canal.	If	no	
bleeding	occurred,	patients	were	transferred	to	the	"Rescue	Protocol	Group."	This	group	received	the	
same	treatment	as	the	control	group.	After	the	formation	of	the	blood	clot,	a	small	Collacote	piece	was	
placed	on	the	blood	clot,	followed	by	2-3	mm	of	white	MTA.	An	X-ray	was	taken	and	a	sponge	was	placed	
before	temporization	with	glass	ionomer.	The	occlusion	was	evaluated	and	adjusted.	If	a	sinus	tract	was	
present,	0.12%	chlorhexidine	was	used	to	irrigate	the	sinus	tract	before	the	patient	was	discharged'.	
The	control	group	-	as	well	as	the	"Rescue	Protocol	Group"	-	received	the	following	treatment:	
'Calcium	hydroxide	was	used	as	an	intracanal	drug	to	fill	the	entire	canal,	and	access	to	the	pulp	chamber	
was	closed	with	glass	ionomer.	Occlusion	was	evaluated	and	adjusted.	If	a	sinus	tract	was	present,	0.12%	
chlorhexidine	was	used	to	irrigate.	At	the	next	appointment,	patients	were	examined.	If	signs	and	symp-
toms	had	disappeared,	access	to	the	dentition	was	again	obtained	and	a	blood	clot	was	induced	as	descri-
bed	in	the	experimental	protocol.	If	signs	and	symptoms	of	disease	persisted	or	if	bleeding	was	not	indu-
ced,	calcium	hydroxide	was	replaced	in	the	canal.	A	maximum	of	two	visits	involving	further	irrigation	
and	placement	of	calcium	hydroxide	in	the	canal	was	allowed	before	cases	were	categorized	as	failure	
and	"Rescue	Protocol	Treatment"	was	offered'.		
	
After	inducing	the	blood	clot,	patients	were	examined	for	the	presence	of	symptoms,	but	no	
radiograph	was	taken.	Patients	were	advised	to	return	at	3,	12,	and	24	months	for	clinical	and	
radiographic	follow-up.	Financial	reimbursement	was	given	at	each	follow-up	visit.	The	radiographs	
were	reviewed	"blind"	by	four	investigators.	The	reviewers	evaluated	and	classified	the	difference	in	
periapical	radiolucency	(before	and	after	treatment)	as	decreased,	unchanged,	or	increased.	Decreased	
lesions	combined	with	absence	of	signs	or	symptoms	were	considered	success.	Cases	with	increased	or	
indistinct/unchanged	periapical	lesion	combined	with	signs	or	symptoms	were	classified	as	failure.	
	
After	12	months	of	follow-up,	the	success	rate	in	the	group	in	whom	the	regeneration	procedure	was	
applied	in	one	session	was	33	(4/12).	In	the	group	in	whom	the	regeneration	procedure	was	applied	
only	in	a	second	session,	the	success	rate	was	71	(5/7).	Thus,	the	difference	in	success	was	-38%	(95%	
BI:	-58%;	13%)	to	the	detriment	of	the	group	in	whom	regeneration	was	applied	in	one	session.	
The	percentages	71	and	33	in	the	control	and	experimental	groups,	respectively,	are	definitely	distor-
ted	by:	

1) the	percentage	of	patients	in	whom	failure	to	induce	a	blood	clot	differed	between	the	two	
groups:	31%	(4/13)	versus	53%	(8/15)	in	the	experimental	and	control	groups,	respectively,	
and	

2) there	were	eight	dropouts	in	the	control	group	and	one	dropout	in	the	experimental	group.	
	
Quality	of	evidence	clinical	and	radiographic	success	
One	level	is	downgraded	for	risk	of	bias	because	of	ambiguity	about	the	randomization	procedure	and	
because	of	the	many	dropouts.	In	addition,	two	levels	are	marked	down	for	very	severe	imprecision:	
the	upper	limit	indicates	a	significant	benefit	for	the	experimental	group	("one	session")	while	the	
lower	limit	indicates	a	very	significant	benefit	for	the	control	group	(regeneration	in	second	session).		
	
Conclusion	
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Very	low		
	
GRADE	

Clinical	and	radiographic	success	of	regeneration	procedure	in	one	session	or	in	a	second	
session	
	
Success	of	regeneration	of	permanent	immature	anterior	teeth	appears	to	be	lower	
when	done	during	one	session	rather	than	a	second	session,	but	the	evidence	is	very	
uncertain.		
	
Rossi-Fedele	et	al.,	2019		
[Botero	et	al.,	2017]	

	
	
In	patients	with	permanent,	immature	teeth	with	pulpal	necrosis	receiving	regenerative	endodontic	
treatment,	what	is	the	effect	of	using	calcium	hydroxide	versus	antibiotics	as	an	intra-canal	medication	
on	root	canal	calcification?	
Almutairi	et	al.	(2022)	conducted	a	review	of	studies	examining	whether	there	was	an	association	
between	use	of	calcium	hydroxide	or	antibiotics	as	a	medication	and	root	canal	calcification.	Inclusion	
criteria	included	adolescents	<	14	years	old,	and	follow-up	duration	of	at	least	12	months.	Eight	stu-
dies	(300	teeth)	met	the	inclusion	criteria:	three	randomized	and	five	non-comparative	observational	
studies.	None	of	the	randomized	studies	involved	a	direct	comparison	of	the	two	drugs!	The	mean	age	
of	study	participants	was	11	years.	Antibiotics	had	been	applied	in	76%	of	the	teeth,	and	calcium	hy-
droxide	in	24%.		
	
When	complete	and	partial	calcification	are	taken	together,	the	odds	ratio	of	calcium	hydroxide	versus	
antibiotics	is:	2.50	(95%	BI:	1.440-4.348).	In	other	words,	in	case	of	calcium	hydroxide,	approximately	
2.5	times	more	(partial	and/or	complete)	calcification	of	the	root	canal	occurs.	For	complete	calcifica-
tion,	the	ratio	is	even	more	unfavorable	for	calcium	hydroxide,	odds	ratio:	6.21	(95%	BI:	3.293-
11.695).	
	
Quality	of	evidence	calcification	root	canal	
There	is	no	downgrading	for	risk	of	bias,	inconsistency	or	publication	bias	because	two	levels	could	
already	be	downgraded	for	indirect	evidence	and	two	levels	for	imprecision.	Note:	No	direct	compari-
son	of	the	two	intra-channel	drugs	took	place.	In	addition,	the	confidence	intervals	are	wide	(upper	
limit	at	least	2.5x	larger	than	the	lower	limit).	Thus,	the	quality	of	evidence	is	very	low.	
	
Conclusion	

	
Very	low		
	
GRADE	

Calcification	of	the	root	canal		
	
Calcium	hydroxide	appears	to	increase	the	prevalence	of	root	canal	calcification	com-
pared	with	antibiotics	as	an	intracanal	medication,	but	the	evidence	is	very	uncertain.		
	
Almutairi	et	al.,	2022	

	
Considerations	
Quality	of	evidence	
For	most	outcome	measures,	the	quality	of	evidence	is	(very)	low.	In	a	single	case,	namely	the	outcome	
measure	discoloration	and	calcification,	the	quality	of	evidence	is	high.	
	
Values	and	preferences	
Dental	retention	and	absence	of	discoloration	are	crucial	outcome	measures	for	patients.	
	
Balance	of	desired	and	undesired	effects	
Re	recommendation	2.	A	clinically	relevant	difference	in	success	or	survival	between	regenerative	
therapy	and	apexification	has	not	been	demonstrated.	The	study	group	assumes	that	the	costs	for	both	
options	are	reimbursed	and	therefore	not	a	reason	to	prefer	one	or	the	other.	The	cause	of	pulpal	ne-
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crosis	(trauma,	dens	evaginatus	or	caries)	is	not	an	indication	for	one	or	the	other	treatment,	the	wor-
king	group	believes	based	on	the	literature.	
Re	recommendation	3.		

• NaOCl	+	EDTA	as	a	combination	in	the	irrigation	protocol,	compared	to	NaOCl	alone	or	in	com-
bination	with	chlorhexidine	and	EDTA,	seems	to	increase	the	risk	of	regenerative	procedure	
failure.	According	to	the	working	group,	sodium	hypochlorite	is	therefore	sufficient.	

• Use	of	antibiotics	should	be	avoided	whenever	possible.	While	the	discussed	literature	provi-
des	evidence	that	calcium	hydroxide	compared	with	antibiotics	increases	the	risk	of	root	canal	
calcification,	the	study	group	believes	that	calcification	should	not	be	considered	as	a	failure	of	
regenerative	therapy	nor	an	obvious	risk	factor	for	root	canal	treatment.	

• The	evidence	seems	to	indicate	that	a	better	result	is	achieved	with	a	second	session.	
	
Re	recommendation	4.	
There	are	alternatives	to	TAP	and	gray	MTA	that	reduce	the	risk	of	discoloration.		
Re	recommendation	5.	This	is	taken	from	European	Society	of	Endodontists	position	statement	(Galler	
et	al.,	2016).		
	
Recommendations	
	

1. Consider	preservation	of	an	immature	tooth	with	pulpal	necrosis	by	regenerative	the-
rapy	or	apexification.	The	cause	of	pulpal	necrosis	(trauma,	dens	evaginatus	or	caries)	
does	not	play	a	role	in	choosing	between	the	two	options.	

	
2. If	regenerative	therapy	is	chosen,	consider	

• not	apply	EDTA	irrigation,	but	only	sodium	hypochlorite,	
• avoid	use	of	antibiotics	as	an	intracanal	medication	(in	favor	of	calcium	hydroxide)	
• perform	regeneration	(induction	of	bleeding,	formation	of	a	blood	clot)	in	a	second	

session.	
	

3. Consider	using	a	non	discoloring	material	and	inform	patient	and/or	parents	or	guar-
dians	of	the	possibility	of	discoloration	of	the	element.		

	
4. Regenerative	therapy	is	contraindicated	in	case	of:	

• replantation	of	teeth	because	revitalization	can	occur	naturally,		
• Insufficient	ability	to	isolate	the	dentition,	
• dentition	with	extensive	loss	of	coronal	tissue	requiring	repair	with	a	post	buildup	

that	occupies	the	space	required	for	blood	clot	formation.		
	
5. The	study	group	did	not	formulate	a	recommendation	regarding	regenerative	therapy	

in	the	case	of	mature	teeth.	In	the	study	group's	opinion,	insufficient	research	has	been	
conducted	to	base	a	recommendation	on	this.	

	

Rational		
A	clinically	relevant	difference	in	success	or	survival	between	regenerative	therapy	and	apexification	
has	not	been	demonstrated.	The	cause	of	pulpal	necrosis	(trauma,	dens	evaginatus	or	caries)	is	not	an	
indication	for	one	or	the	other	treatment,	the	study	group	believes.	There	is	evidence	from	the	discus-
sed	literature	to	avoid	EDTA	as	an	irrigant	and	make	do	with	sodium	hypochlorite.	There	are	also	indi-
cations	from	the	discussed	literature	that	it	is	better	to	perform	the	entire	regeneration	procedure	in	
two	sessions	rather	than	one.	Regarding	the	avoidance	of	antibiotics	as	intra-channel	medications,	the	
study	group	believes	that	due	to	the	risk	of	antibiotic	resistance,	it	is	desirable	to	use	them	as	little	as	
possible.	According	to	Kharchi	et	al.	(2020),	their	review	shows	that	the	combination	of	sodium	hypo-
chlorite	with	calcium	hydroxide	may	provide	a	sufficiently	disinfected	environment.	They	acknowled-
ge	that	although	the	evidence	is	weak,	they	note:	'(...)	it	can	be	argued	that	when	evidence	is	questi-
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onable	but	calcium	hydroxide	does	not	have	the	disadvantages	of	TAP	[in	addition	to	risk	for	antibiotic	
resistance	a	lesser	control	of	discoloration],	it	is	practical	to	use	calcium	hydroxide	as	a	non-antibiotic	
intra-channel	medication'.	While	the	discussed	literature	provides	evidence	that	calcium	hydroxide	
increases	the	risk	of	calcification	of	the	root	canal	compared	to	antibiotics,	calcification,	according	to	
the	working	group,	should	not	be	considered	as	a	failure	of	regenerative	therapy	nor	an	obvious	risk	
factor	for	root	canal	treatment.		
The	study	group	assumes	that	the	costs	for	both	options	will	be	reimbursed	and	thus	not	a	reason	to	
prefer	one	or	the	other.	The	recommendations	on	contraindications	were	taken	from	European	Socie-
ty	of	Endodontists	position	statement	(Galler	et	al.,	2016).	
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7. 	 Treatment of a necrotic pulp	
	
Introduction30	
The	purpose	of	root	canal	treatment	of	a	tooth	with	a	necrotic	and/or	infected	pulp	is	to	prevent	peri-
odontitis	apicalis	or	restore	the	normal	structure	of	the	periapical	tissues.	Usually,	the	teeth	become	
asymptomatic	immediately	or	a	few	days	later	after	treatment.		
The	persistence	of	symptoms	may	indicate	that	removal	of	the	bacterial	infection	has	not	been	succes-
sful.	Incidentally,	the	restoration	of	the	normal	structure	of	the	periapical	tissues	is	a	relatively	slow	
process.	It	may	take	six	to	12	months	before	there	are	signs	of	full	recovery,	and	sometimes	it	may	
even	take	several	years.	
Therefore,	it	can	be	difficult	to	use	imaging	diagnostics	to	determine	whether	the	jawbone	is	fully	re-
covering	or	not.	
	
The	essential	steps	in	root	canal	treatment	include:	instrumentation	(shaping),	irrigation	and	disinfec-
tion,	followed	by	filling	the	root	canal.	Instrumentation	and	irrigation	together	are	called	chemo-
mechanical	cleaning.	The	goal	of	chemo-mechanical	cleaning	is	to	remove	the	infected	hard	and	soft	
tissue	so	that	the	root	canal	can	be	effectively	disinfected	and	closed	with	a	root	canal	filling.		
Instrumentation	and	preparation	of	root	canals	can	be	done	with	regular	hand	instruments	or	with	
machine-driven	instruments.	
Various	irrigants	with	disinfectant	properties	have	been	tested	over	the	years.	It	is	desirable	that	the	
irrigant	help	dissolve	necrotic	tissue	and	kill	bacteria	in	areas	inaccessible	to	the	instruments	used.		
To	enhance	the	effect	of	treatment,	medications	are	often	inserted	for	some	time.	Techniques	and	ma-
terials	vary.	There	is	uncertainty	as	to	which	produce	the	best	results.	Root	canal	filling	is	intended	to	
prevent	reinfection	and	regrowth	of	retained	bacteria.	
NaOCl	is	generally	recommended	as	the	main	irrigant	for	the	root	canal	because	of	broad	antimicrobial	
spectrum,	effective	organic	agent	for	dissolving	necrotic	tissue,	low	cost,	despite	concerns	about	che-
mical	and	cytotoxic	effects.	CHX	is	also	widely	used	because	of	broad	antimicrobial	spectrum	and	low	
risk	of	side	effects.	Can	CHX	be	recommended	to	replace	NAOCL	or	as	additional	irrigation	after	NaOCl	
and	EDTA?	What	does	the	recent	literature	say	about	this?	
[Update	2022/3]	During	endodontic	treatment,	residual	soft	tissue	or	debris	in	the	apical	region	of	the	
root	canal	can	cause	blockage	of	the	third	apical	portion.	This	can	be	avoided	if	the	permeability	of	the	
apical	foramen	is	maintained	during	canal	shaping.	To	this	end,	a	"patency"	file	(a	small	flexible	#08	or	
#10	K	file)	can	be	used	during	instrumentation.	Although	this	technique	facilitates	intracanal	irri-
gation	as	well	as	access	of	medication	to	the	foramen	apical	and	periapical	tissues,	there	is	a	potential	
risk	of	apical	extrusion	of	infected	debris,	secondary	to	mechanical	instrumentation,	beyond	the	fora-
men	apical.	This	could	cause	postoperative	pain.	To	what	extent	does	recent	research	demonstrate	
this?	
Also	related	to	reducing	the	risk	of	postoperative	pain,	ultrasonic	(activated)	irrigation	has	been	inves-
tigated.	Conventional	irrigation	with	syringe	and	endodontic	suction	cannula	has	limitations,	partly	
because	it	is	usually	limited	to	the	main	canal	and,	for	example,	lateral	canals	do	not	benefit	from	it,	
and	fails	in	removing	debris.	It	is	therefore	unlikely	to	remove	all	pathogenic	microorganisms.	Against	
this	background,	alternative	techniques,	such	as	ultrasound-activated	irrigation,	have	been	developed	
for	better	diffusion	of	chemical	fluids	into	the	complex	anatomical	structures	of	the	root	canal.	To	what	
extent	is	this	successful	according	to	recent	literature?		
Reciproke	systems	offer	slightly	more	comfort	for	both	patient	and	professional	because	it	shortens	
working	time	somewhat.	It	is	still	up	for	debate	whether	an	instrumentation	technique	with	a	single	
file	can	shape	and	clean	the	canal	in	a	shorter	time	and	with	a	smaller	amount	of	antimicrobial	agent	
as	well	as	a	rotary	system	with	multiple	files.	What	does	the	recent	literature	say	about	the	degree	of	
bacterial	reduction	of	both	systems?	

 
30	This	introduction	is	based	in	part	on	Methods	of	Diagnosis	and	Treatment	in	Endodontics.	A	systematic	review	
(2012)	and	supplemented	where	necessary.	
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An	effective	sealer	prevents	future	pathology	by	preventing	bacterial	proliferation.	There	are	several	
types	of	sealers.	Important	types	are	resin-based	sealers	and	"bioceramic"	sealers.	According	to	recent	
literature,	to	what	extent	do	both	types	yield	corresponding	results	with	respect	to	an	important	out-
come	measure	such	as	periapical	healing?	
Two	approaches	exist	for	root	canal	treatment:	treating	in	one	session	or	in	two	(or	more)	sessions.	The	
advantage	of	endodontic	treatment	in	one	session	is	that	it	saves	both	practitioners	and	patients	time	
"in	the	chair.	In	addition,	it	is	cheaper,	and	it	may	also	be	more	comfortable	for	patients	with	tempo-
romandibular	disorders	who	cannot	tolerate	lengthy	treatment.	However,	treatment	in	multiple	sessi-
ons	may	be	indicated	if	the	patient	can	tolerate	extended	time	in	the	chair,	if	there	is	insufficient	time	
available	for	the	dentist	to	complete	treatment	to	the	required	standard	of	quality,	or	if	the	canal	con-
tinues	to	fill	with	fluid	and/or	blood	and	cannot	be	dried.	Well,	what	are	the	clinical	and	patient-
relevant	outcomes	of	both	approaches	according	to	the	recent	literature?	In	the	case	of	multiple	sessi-
ons,	there	is	also	the	question	of	the	importance	of	an	intracanal	medication,	for	which	calcium	hy-
droxide	is	generally	used.	What	does	the	recent	literature	say	about	this?		
An	important	question	is	to	what	extent	the	quality	of	root	canal	filling	and	coronal	restoration	proce-
dure	has	an	effect	on	periodontitis	apicalis.	What	does	recent	literature	reveal	about	this?	
	
For	medicinal	analgesia,	refer	to	Chapter	9.	Acute	symptoms	and	pain	management.	
	
Specific	questions	related	to	effect	of	different	methods	and	materials	for	instrumentation,	filling	ma-
terials	and	disinfection	(irrigation	and	medication)	on	outcomes	of	root	canal	treatment:	

1. Is	there	any	difference	in	effect	of	irrigating	with	sodium	hypochlorite	(different	concentra-
tions)	versus	chlorhexidine	(different	concentrations)?	

2. Is	there	any	difference	in	effect	of	irrigating	with	0.2%	chlorhexidine	versus	saline?	
3. Is	there	a	difference	in	effect	of	irrigating	with	1%	sodium	hypochlorite	with	additional	ir-

rigation	of	chlorhexidine	2%	versus	saline?	
4. Does	the	use	of	lasers	in	combination	with	chemo-mechanical	cleaning	of	infected	root	ca-

nals	add	value?	
5. Is	there	any	difference	in	effect	of	irrigating	with	negative	pressure	versus	irrigating	with	

positive	pressure?		

6. Is	there	any	difference	in	effect	of	irrigating	with	1%	sodium	hypochlorite	versus	a	passive	
ultrasound	protocol	prescribing	1%	sodium	hypochlorite,	17%	EDTA,	and	2%	chlorhexidi-
ne?	

7. Is	there	any	difference	in	effect	of	irrigating	with	Er,Cr:YSGG	versus	3%	sodium	hypochlori-
te?	

8. Is	there	a	difference	in	effect	of	conventional	irrigation	and	ultrasonic	(activated)	irri-
gation?	

9. [update	2022/3]	Is	there	difference	in	effect	of	reciprocal	versus	rotational	motion?		
10. [update	2022/3]	Is	there	a	difference	in	effect	of	"bioceramic"	and	epoxy	resin-based	sea-

lers?	

	
Any	specific	questions	regarding	effect	of	other	factors	(number	of	treatment	sessions,	preoperative	
periapical	status,	microbiological	status,	root	canal	filling	quality)	that	may	affect	the	outcome	of	root	
canal	treatment?	

1. Is	there	a	difference	in	the	effect	of	treating	in	one	session	versus	treating	in	two	sessions?		
2. [update	2022/3]	Is	there	a	difference	in	endotoxin	levels	in	infected	root	canals	before	and	

after	application	of	calcium	hydroxide	medication?	
3. Does	the	preoperative	status	of	dentition	with	necrotic	pulp,	with	or	without	periodontitis	

apicalis,	have	a	significant	effect	on	periapical	healing	?	
4. Is	there	difference	in	effect	of	adequate	versus	inadequate	root	canal	filling	and	coronal	

restoration	procedures?		
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Specific	questions	regarding	effect	of	methods	for	prevention	or	treatment	of	postoperative	complica-
tions	after	treatment	of	a	necrotic	pulp?		

1. Is	there	a	difference	in	effect	of	administration	of	systemic	antibiotics	versus	no	antibio-
tics/placebo?	

2. Is	there	difference	in	effect	of	calcium	hydroxide	paste	with	2%	chlorhexidine	gel	versus	
2%	chlorhexidine	gel	versus	calcium	hydroxide	paste	versus	no	disinfectant	as	intracranial	
medicament	?	

3. Is	there	a	difference	in	effect	of	5.25%	sodium	hypochlorite	versus	2%	chlorhexidine	gel	as	
an	intracanal	medication?	

4. [update	2022/3]	Is	there	difference	in	effect	of	retained	versus	nonretained	apical	patency?	
("apical	patency")?	

 

Search	and	selection	
As	a	starting	point	for	the	literature	search,	the	systematic	review	Methods	of	Diagnosis	and	Treatment	
in	Endodontics	(2012)	was	taken	as	an	update.	The	search	strategy	contained	therein	was	used	for	this	
update.	The	criteria	for	selecting	found	studies	were	created	by	the	working	group	itself	and	do	not	
entirely	match	the	criteria	used	in	Methods	of	Diagnosis	and	Treatment	in	Endodontics	(2012).	31	
The	search	strategy	(see	Appendix	7.1)	was	conducted	in	September	2015	through	a	search	in	
PubMed.	A	total	of	228	articles	were	found,	of	which	20	were	included.	These	included	4	systematic	
reviews	and	16	original	studies.	These	systematic	reviews	included	a	total	of	14	original	studies	that	
met	the	selection	criteria.	This	brings	the	total	to	30	original	studies.	Methods	of	Diagnosis	and	Treat-
ment	in	Endodontics	(2012)	provided	5	additional	studies.	
[update	2022/3]	For	the	starting	question	on	sodium	hypochlorite	versus	chlorhexidine,	a	systematic	
review	of	good	methodological	quality	(Ruksakiet	et	al.,	2020)	was	selected.	For	the	starting	question	
on	ultrasonic	versus	conventional	irrigation,	two	systematic	reviews	of	good	methodological	quality	
(Chalub	et	al.,	2022;	Căpută	et	al.,	2019)	were	selected.	For	the	output	question	on	reciprocal	versus	
rotary	motion,	one	systematic	review	of	reasonable	methodological	quality	(Siddique	et	al.,	2019)	and	
one	review	of	good	methodological	quality	(Martins	et	al.,	2019)	were	selected.	For	the	baseline	ques-
tion	on	single	versus	multiple	sessions,	a	systematic	review	of	good	methodological	quality	(Mergoni	et	
al.,	2022)	was	selected.	A	systematic	review	of	good	methodological	quality	(Mekhdieva	et	al.,	2021)	
and	one	of	moderate	methodological	quality	(Khandelwal	et	al.,	2022)	were	selected	for	the	output	
question	on	"bioceramic"	versus	resin-based	sealers.	These	reviews	reported	on	different	outcome	
measures	(postoperative	pain	and	periapical	healing,	respectively).	For	the	baseline	question	on	ade-
quate	versus	non-adequate	filling,	a	systematic	review	of	good	methodological	quality	(Jakovljevic	et	al.,	
2020)	was	selected.	For	the	baseline	question	on	antibiotics	and	pain/swelling,	a	systematic	review	of	
good	quality	was	selected	(Shamszadeh	et	al.,	2021).	A	systematic	review	of	reasonable	methodologi-
cal	quality	was	selected	for	the	output	question	on	maintaining	apical	clearance	(Abudulrab	et	al.,	
2018).	
	
Selection Criteria 

Type of patients - patients with permanent teeth with necrotic pulp, with or without periodontitis apicalis 

Type of Intervention - root canal instrumentation 
- root canal disinfection 
- filling materials 

Type of outcome 

measures 

- clinical cure  
- X-ray-based healing (PAI) 
- extraction 
- quality of life 
- number of sessions 
- cost 

 
31 For example, a minimum of 15 dentures per group in controlled trials, or 30 dentures in cohort studies was not applied. Nor was a maximum 
dropout rate of 30 applied. Regarding follow-up duration, a minimum of 1 year was not used. The study group believes that applying the GRADE 
criteria of 'imprecision' and 'indirectness' can sufficiently take into account limited study size and short follow-up duration, respectively.		
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- postoperative pain 
- positive or negative bacterial culture 

Type of setting - general practitioners 
- dental endodontists 

Inclusion and exclusi-

on criteria 

Inclusion criteria: 

- human in vivo studies 
- comparative observational studies 
- (quasi-) randomized) or controlled experimental studies 
- systematic reviews (with or without meta-analyses) 
 

Exclusion criteria: 

- case reports 
- patient series 
- in vitro, ex vivo (human) studies 

 

Summary	of	literature	
	
Effect	of	different	methods	and	materials	for	disinfection	(irrigation	and	medication),	instrumentation,	
and	filling	materials	on	outcomes	of	root	canal	treatment	
	
Disinfection	
The	well-conducted	Cochrane	review	by	Fedorowicz	et	al.	(2012)	included	four	randomized	studies	
(Bebek	et	al.,	2009;	Zamany	et	al.,	2003;	Ercan	et	al.,	2004;	Vianna	et	al.,	2006)	that	involved	patients	
with	necrotic	pulpitis/irreversible	pulpitis/parodontitis	apicalis,	and	contained	sufficient	data	for	
quantitative	analysis.	These	four	randomized	studies	evaluated	the	following	comparisons:	

- sodium	hypochlorite	versus	chlorhexidine	
- chlorhexidine	versus	saline	and	
- chlorhexidine	versus	saline	after	initial	chemo-mechanical	cleaning	with	1%	sodium	hypochlo-

rite.	
In	addition	to	this	review,	the	literature	search	yielded	1	observational	study	(Rôças	&	Siqueira,	2011)	
evaluating	sodium	hypochlorite	and	chlorhexidine.	
	
Is	there	any	difference	in	effect	of	irrigating	with	sodium	hypochlorite	(different	concentrations)	ver-
sus	chlorhexidine	(different	concentrations)?	
The	RCTs	by	Ercan	et	al.	and	Vianna	et	al.	and	the	comparative	study	by	Rôças	&	Siqueira	involved	a	
total	of	109	teeth.	Evaluated	were	5.25%	sodium	hypochlorite	versus	2%	chlorhexidine,	2.5%	sodium	
hypochlorite	versus	2%	chlorhexidine,	and	2.5%	sodium	hypochlorite	versus	0.12%	chlorhexidine.		
For	the	outcome	measure	"percentage	of	positive	bacterial	culture,"	the	results	of	these	3	studies	can	
be	combined.	The	relative	risk	of	a	positive	bacterial	culture	is	0.955	(95%	BI:	0.58	-	1.59)	of	sodium	
hypochlorite	compared	with	chlorhexidine.	This	may	not	indicate	a	clinically	relevant	difference.	
[update	2022/3]	The	review	by	Ruksakiet	et	al.	(2020)	shows	-despite	some	more	recent	studies	
(Rôças	et	al.,	2016;	Zandi	et	al.,	2016,	2019;	Xavier	et	al.,	2013;)-	almost	the	same	effect	size,	namely,	
instead	of	a	relative	risk	of	0.955,	a	relative	risk	of	1.003	(95%	BI:	0.729;	1.380).	
	
Quality	of	evidence	percentage	of	positive	bacterial	culture	
The	quality	of	evidence	is	very	low.	It	was	downgraded	by	one	level	for	risk	of	bias	(2	of	3	studies	have	
severe	bias	because	of	inadequate	randomization	and	no	blinding	of	practitioner	and	outcome	asses-
sor),	by	one	level	for	circumstantial	evidence	(bacterial	culture	is	not	a	patient-relevant	outcome	mea-
sure),	and	by	one	level	for	imprecision	(small	study	size).	There	was	no	downgrading	for	publication	
bias	and	inconsistency.	
[update	2022/3]	Ruksakiet	et	al.	(2020;	'summary	of	findings	table')	rated	the	quality	of	evidence	as	
low	because	most	(new)	studies	did	not	have	severe	risk	of	bias.	As	a	result,	it	was	downgraded	by	one	
level.	
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Conclusion	

	
	
Low	
	
GRADE	

Outcome	measure	bacterial	culture	
	
Sodium	hypochlorite	and	chlorhexidine	do	not	seem	to	differ	in	effect.	
	
Ruksakiet	et	al.,	2020	(Ercan	et	al.,	2004;	Vianna	et	al.,	2006;	Rôças	et	al.,	2011,	
2016;	Xavier	et	al.,	2013;	Zandi	et	al.,	2016,	2019)	

	
Is	there	any	difference	in	effect	of	irrigating	with	0.2%	chlorhexidine	versus	saline?	
Bebek	et	al.	(2009)	studied	44	subjects	with	necrotic	pulp	and	periodontitis	apicalis.	Orthograde	root	
canal	treatment	took	place	in	one	session.	No	intracanal	medication	was	included.	Bacterial	samples	
were	taken	at	the	start	of	treatment.	Irrigation	of	root	canals	occurred	three	times	during	instrumen-
tation,	with	0.2%	chlorhexidine	or	saline.	All	canals	were	tolerated	with	paper	pins	and	temporarily	
closed	with	zinc	oxide	sulfate.	After	48	hours,	bacterial	samples	were	taken	for	the	second	time.	In	the	
chlorhexidine	group	(n=25),	65%	of	the	samples	were	positive;	in	the	group	receiving	saline	(n=19),	
89%	of	the	samples	were	positive	(RR:	0.72;	95%	BI:	0.51	-	1.00).32	The	relative	risk	seems	to	indicate	
that	chlorhexidine	is	more	effective	than	saline.	
	
Quality	of	evidence	percentage	of	positive	bacterial	culture	
The	quality	of	evidence	is	very	low.	It	was	downgraded	by	one	level	for	risk	of	bias	(2	of	3	studies	have	
severe	bias	because	of	inadequate	randomization	and	no	blinding	of	practitioner	and	outcome	asses-
sor),	by	one	level	for	circumstantial	evidence	(bacterial	culture	is	not	a	patient-relevant	outcome	mea-
sure),	and	by	one	level	for	imprecision	(small	study	size).	There	was	no	downgrading	for	publication	
bias	and	inconsistency.		
	
Conclusion	
	
	
Very	low	
	
GRADE	

Bacteria	Culture	
	
0.2%	Chlorhexidine	seems	to	have	better	results	than	saline.	
	
Bebek	et	al.,	2009	

	
Is	there	a	difference	in	effect	of	irrigating	with	1%	sodium	hypochlorite	with	additional	irrigation	of	
chlorhexidine	2%	versus	saline?	
Zamany	et	al.	(2003)	investigated	in	24	individuals	with	a	necrotic	pulp	of	a	single-root	dentition,	
whether	chlorhexidine	and	saline	after	initial	biomechanical	preparation	with	sodium	hypochlorite	as	
irrigant	differed	in	their	effect	on	the	percentage	of	positive	cultures.	Samples	taken	after	the	first	ap-
pointment	revealed	that	in	the	chlorhexidine	group	1	out	of	12	had	a	positive	culture,	in	the	group	
using	physiological	saline	it	was	7	out	of	12	(RR	0.14;	95%	BI:	0.02	-	0.99).	The	relative	risk	seems	to	
indicate	that	sodium	hypochlorite	is	more	effective	than	saline.	
	

Quality	of	evidence	percentage	of	positive	bacterial	culture	
The	quality	of	evidence	is	very	low.	It	was	downgraded	by	one	level	for	risk	of	bias	(2	of	3	studies	have	
severe	bias	because	of	inadequate	randomization	and	no	blinding	of	practitioner	and	outcome	asses-
sor),	by	one	level	for	circumstantial	evidence	(bacterial	culture	is	not	a	patient-relevant	outcome	mea-
sure),	and	by	one	level	for	imprecision	(small	study	size).	There	was	no	downgrading	for	publication	
bias	and	inconsistency.	
	

Conclusion	

 
32	Calculation	by	guideline	working	group	(2015-2017)	
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Very	low	
	
	
GRADE	

Bacteria	Culture	
	
Chlorhexidine	with	sodium	hypochlorite	seems	to	have	better	results	than	saline.	
	
Zamany	et	al.,	2003	

	

Does	the	use	of	lasers	in	combination	with	chemo-mechanical	cleaning	of	infected	root	canals	add	va-
lue?	
Fransson	et	al.	(2013)	conducted	a	systematic	review	of	studies	on	the	efficacy	of	different	types	of	
laser	techniques	as	an	adjunct	to	chemo-mechanical	cleaning	of	infected	root	canals	with	'reduction	of	
bacteria'	or	'normal	periapical	condition'	as	outcome	measures.	They	found	5	studies	of	which	4	were	
non-randomized,	experimental	studies	(Dostálová	et	al.,	2002;	Bonsor	et	al.,	2006;	Garcez	et	al.,	2007	
and	2008),	and	1	RCT	(Koba	et	al.,	1999).	These	studies	involved	irreversible	pulpitis,	necrotic	pulp,	or	
periodontitis	apicalis.	In	the	RCT	of	Koba	et	al.	(1999),	44	teeth	were	examined.	5%	sodium	hypochlo-
rite	and	2%	hydrogen	peroxide	were	used	as	disinfectants.	Between	the	group	with	chemo-mechanical	
cleaning	alone	and	the	group	with	chemo-mechanical	cleaning	plus	laser	treatment,	there	was	no	sta-
tistically	significant	difference	in	periapical	recovery	based	on	radiographic	examination.	In	the	other	4	
studies,	the	outcome	measure	was	reduction	of	microorganisms.	All	4	non-randomized	studies	-	tota-
ling	more	than	100	teeth	-	indicated	reduction	of	bacterial	"load"	in	different	terms:	"3	of	4	canals	that	
remained	infected	after	conventional	treatment	were	negative	after	laser	treatment";	"combining	with	
photodynamic	therapy	promoted	reduction	of	bacterial	load	significantly").	Because	of	the	lack	of	
quantitative	information	in	several	cases,	a	meta-analysis	was	impossible.	Most	studies	were	seriously	
deficient	in	reporting	essential	characteristics	of	the	studies,	such	as	information	on	buffering	a	sodi-
um	hypochlorite	solution,	or	the	distance	between	topical	working	length	and	foramen	apicale.		
	
Quality	of	evidence	reduction	bacterial	load	and	periapical	recovery	based	on	radiological	examination	
The	quality	of	evidence	for	bacterial	load	reduction	is	very	low.	It	was	downgraded	by	two	levels	for	
risk	of	bias	because	it	was	not	a	comparative	study,	by	one	level	for	circumstantial	evidence	(bacterial	
load	is	not	a	patient-relevant	outcome	measure),	and	by	one	level	for	imprecision	(small	study	size).	
There	was	no	downgrading	for	publication	bias	and	inconsistency.	
The	quality	of	evidence	for	periapical	repair	based	on	radiological	examination	is	very	low.	
It	was	downgraded	by	one	level	for	risk	of	bias	(incomplete	description	of	laser	treatment;	criteria	for	
evaluation	periapical	recovery	('good',	'poor'	or	'unchanged')	were	not	stated;	blinding	practitioner	
and	outcomes	practitioner	not	reported),	and	by	two	levels	for	imprecision	(precision	of	outcome	
could	not	be	ascertained)).	
	
Conclusion	

	
Very	low	
	
	
	
GRADE	

Periapical	repair	and	bacterial	culture	
	
Several	studies	indicate	a	beneficial	effect	of	laser	exposure	in	terms	of	more	ex-
tensive	bacterial	reduction,	but	this	does	not	seem	to	have	an	effect	on	periapical	
repair.	
	
Dostá-Lová	et	al.,	2002;	Bonsor	et	al.,	2006;	Garcez	et	al.,	2008	and	2010;	Koba	et	
al.,	1999.	

	

Is	there	any	difference	in	effect	of	irrigating	with	negative	pressure	versus	irrigating	with	positive	
pressure?	
The	literature	search	yielded	2	studies	(Cohenca	et	al.,	2013;	Pawar	et	al.,	2012)	comparing	irrigating	
with	negative	pressure	to	irrigating	with	positive	pressure.	A	total	of	72	teeth	with	necrotic	pulp	and	
periodontitis	apicalis	were	evaluated.	Parwar	et	al.	irrigated	with	buffered	0.5%	sodium	hypochlorite	
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and	17%	EDTA.	After	complete	chemo-mechanical	cleaning,	the	root	canal	was	rinsed	with	5%	sodium	
thiosulfate,	and	filled	with	sterile	saline,	after	which	a	final	microbiological	sample	was	taken	before	
filling	the	root	canal.	Cohenca	et	al.	irrigated	with	6%	sodium	hypochlorite	(2	minutes)	followed	by	
17%	EDTA	(1	minute)	and	then	6%	sodium	hypochlorite	again	(2	minutes).	Rinsing	of	the	root	canal	
was	done	with	5%	sodium	thiosulfate,	after	which	the	canal	was	filled	with	sterile	saline.	Cohenca	et	al.	
compared	a	tapered	with	a	non-tapered	preparation	of	the	root	canal	in	addition	to	positive	and	nega-
tive	pressure.33	
Both	studies	applied	root	canal	treatment	in	two	sessions,	and	had	bacterial	load	as	the	outcome	mea-
sure.	Sample	collection	occurred	at	different	times.	Pawar	et	al.	considered	the	samples	taken	after	
complete	preparation	of	the	root	canal,	i.e.	before	temporary	filling	with	calcium	hydroxide,	as	the	
essential	samples.	Cohenca	et	al.	however,	considered	the	samples	taken	after	temporary	filling	with	
calcium	hydroxide	(i.e.,	one	week	later,	i.e.,	at	the	second	appointment)	as	the	essential	samples	for	
comparing	antimicrobial	efficacy	of	irrigating	with	negative	versus	positive	pressure.		
Pawar	et	al.	also	examined	the	extent	to	which	outcomes	were	affected	by	difference	in	preoperative	
status	and	lesion	size,	among	other	factors.	They	found	no	significant	effect	of	this	on	the	risk	of	a	posi-
tive	culture.	
Combining	the	results	of	the	two	studies	yields	an	RR	of	0.77	(95%	BI:	0.075	-	7.936)	(Figure	7-1).	Os-
tensibly,	irrigating	with	negative	pressure	reduces	the	risk	of	positive	culture	by	over	20%,	but	given	
the	wide	confidence	interval,	this	effect	is	uncertain.		
 

Figure	7-1	Relative	risk	of	irrigating	with	negative	pressure	versus	irrigating	with	positive	pressure	on	a	
positive	culture	after	complete	chemo-mechanical	preparation	of	the	root	canal	or	after	temporary	filling	
with	calcium	hydroxide	

 
Source: guideline working group (2015-2017) 

	

Quality	of	evidence	percentage	of	positive	bacterial	culture	
The	quality	of	evidence	is	very	low.	It	was	downgraded	by	one	level	for	risk	of	bias	(blinding	of	alloca-
tion	to	experimental	and	control	groups	is	unclear	in	both	studies;	in	1	of	the	2	studies,	blinding	of	the	
outcome	assessor	is	unclear),	by	one	level	for	circumstantial	evidence	(bacterial	culture	is	not	a	pa-
tient-relevant	outcome	measure),	and	by	two	levels	for	imprecision	(very	small	study	size).	There	was	
no	downgrading	for	publication	bias	and	inconsistency.	
	
Conclusion	

 
33	Therefore,	there	were	four	study	groups:	negative	or	positive	pressure	with	non-taped	or	taped	preparation.	
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Very	low	
	
GRADE	

Bacteria	Culture	
	
Whether	negative	pressure	has	a	beneficial	effect	on	bacterial	status	is	uncertain.	
	
Cohenca	et	al.,	2013;	Pawar	et	al.,	2012	

	
Is	there	any	difference	in	effect	of	irrigating	with	1%	sodium	hypochlorite	versus	a	passive	ultrasound	
protocol	prescribing	1%	sodium	hypochlorite,	17%	EDTA,	and	2%	chlorhexidine?	
The	literature	search	yielded	1	study	comparing	1%	sodium	hypochlorite	with	a	passive	ultrasound	
protocol	(PUI).	Beus	et	al.	(2012)	investigated	in	a	group	of	50	patients	with	periodontitis	apicalis	(ve-
rified	by	radiograph	and	cold	test)	whether	an	irrigation	protocol	with	sodium	hypochlorite	alone	ma-
de	more	or	fewer	root	canals	free	of	bacteria	than	an	irrigation	protocol	with	1%	sodium	hypochlorite,	
17%	EDTA,	and	2%	chlorhexidine.	The	PUI	protocol	required	that	the	canals	be	filled	with	1	ml	of	1%	
sodium	hypochlorite.	PUI	was	performed	with	an	ultrasonic	file	number	15	for	30	seconds.	The	chan-
nels	were	then	refilled	with	1	ml	of	1%	sodium	hypochlorite.	PUI	was	resumed	after	30	seconds.	After	
irrigation	with	1%	sodium	hypochlorite,	the	channels	were	dried	with	paper	sticks	and	filled	with	1	ml	
17%	EDTA	and	activated	with	PUI	for	30	seconds.	The	channels	were	again	filled	with	1	ml	17%	EDTA,	
and	PUI	protocol	was	again	applied	for	30	seconds.	After	irrigation	with	17%	EDTA,	the	channels	were	
dried	with	paper	sticks,	filled	with	1	ml	2%	chlorhexidine,	and	activated	with	PUI	for	30	seconds.	The	
channels	were	again	filled	with	1	ml	of	2%	chlorhexidine,	and	PUI	was	again	applied	for	30	seconds.	
After	2%	chlorhexidine	activation,	the	channels	were	rinsed	with	sterile	saline	and	dried	with	paper	
towels.	Prior	to	bacterial	culture,	the	channels	were	filled	with	a	mixture	of	0.3%	L-a-lecithin	to	negate	
any	antimicrobial	effect	of	chlorhexidine,	and	then	rinsed	with	sterile	saline.	After	inactivation,	a	bac-
terial	sample	was	taken	using	the	"pumping	maximal	recovery"	method,	as	described	by	Möller.	
The	other	protocol	prescribed	that	the	channels	were	filled	with	1%	sodium	hypochlorite.	Irrigation	
took	place	for	3	minutes.	This	involved	using	2	ml	of	1%	sodium	hypochlorite	per	minute.	After	irri-
gation,	the	channels	were	dried	with	paper	pens.	Prior	to	bacterial	culture,	the	channels	were	filled	
with	5%	sodium	thiosulfate	to	deactivate	sodium	hypochlorite,	and	then	rinsed	with	sterile	saline.	A	
hand	file	was	used	to	access	the	canals	and	remove	any	debris/bacteria	from	the	dentin	wall.	A	bacte-
rial	sample	was	then	taken.	Finally,	the	canals	were	temporarily	filled	with	calcium	hydroxide.	A	se-
cond	appointment	was	scheduled	after	at	least	7	days.		
Unfortunately,	the	researchers	report	the	rates	of	negative	bacterial	cultures	graphically,	with	the	ex-
ception	of	the	rates	of	negative	bacterial	cultures	after	irrigation	during	the	first	appointment.34	The	
sodium	hypochlorite-only	protocol	resulted	in	a	negative	culture	in	80%	(20/25)of	teeth.	In	case	of	the	
PUI	protocol,	84%	(21/25)of	bacterial	cultures	were	negative.	This	gives	a	relative	risk	of	a	negative	
bacterial	culture	when	applying	sodium	hypochlorite	alone	of	0.95	(95%	BI:	0.73	-	1.24)	compared	to	a	
PUI	protocol	with	sodium	hypochlorite	1%,	17%	EDTA	and	2%	chlorhexidine.	35	
Using	multiple	regression	analysis,	the	researchers	examined	whether	age,	gender,	type	of	protocol	
followed,	size	of	apical	head	file,	preoperative	pain,	postoperative	pain,	and	presence	or	absence	of	a	
fistula	had	an	effect	on	bacterial	status.	The	researchers	do	not	provide	quantitative	information,	but	
conclude	that	none	of	these	independent	variables	had	a	significant	effect.36	

	
Quality	of	evidence	percentage	of	negative	bacterial	culture	
The	quality	of	evidence	is	very	low.	It	was	downgraded	by	one	level	for	risk	of	bias	(no	blinding	clini-
cian	and	unclear	as	to	the	blinding	of	the	outcome	assessor),	by	one	level	for	circumstantial	evidence	
(bacterial	culture	is	not	a	patient-relevant	outcome	measure),	and	by	one	level	for	imprecision	(small	
study	size).	There	was	no	downgrading	for	publication	bias	and	inconsistency.	
	
Conclusion	

 
34	The	scale	of	the	Y-axis	showing	the	percentages	of	negative	bacterial	cultures	is	so	coarse	that	accurate	inter-
polation	is	not	possible.	
35	Calculation	guideline	working	group	(2015-2017).	
36	Usual	regression	coefficients	and	p-values	are	reported.	The	analysis	was	performed	for	the	sample	as	a	whole.	
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Very	low	
	
GRADE	

Bacteria	Culture	
	
There	appears	to	be	no	difference	between	1%	sodium	hypochlorite	versus	a	pas-
sive	ultrasound	protocol	in	which	1%	sodium	hypochlorite,	17%	EDTA,	and	2%	
chlorhexidine	were	prescribed.	
	
Beus	et	al.,	2012	

	
Is	there	a	difference	in	effect	of	irrigating	with	Erbium,	chromium:yttrium-scandium-gallium-garnet	
(Er,Cr:YSGG)	laser	radial	firing	tips	(rft)	versus	3%	sodium	hypochlorite	with	intermediate	calcium	
hydroxide?	
The	literature	search	yielded	1	study	(Martins	et	al.,	2013)	comparing	Er,Cr:YSGG	with	3%	sodium	
hypochlorite	.	Martins	et	al.	(2013)	examined	29	patients	with	36	necrotic	teeth	with	chronic	perio-
dontitis	apicalis.	The	mean	age	was	45	years.	62.5	percent	were	women.	
Irrigation	in	the	control	group	was	done	with	5	ml	of	3%	sodium	hypochlorite.	Root	canals	were	dried	
with	sterile	paper	sticks	and	temporarily	filled	with	calcium	hydroxide	paste.	At	the	second	appoint-
ment,	abundant	irrigation	with	3	%	sodium	hypochlorite	was	done	after	removal	of	calcium	hydroxide	
paste.	Visual	inspection	verified	that	all	paste	was	removed.	Final	irrigation	was	done	with	5	ml	of	3%	
sodium	hypochlorite.	Root	canals	were	filled	with	gutta-percha	using	the	cold	lateral	condensation	
technique.	The	cavity	was	sealed	with	zinc	oxide	eugenol	cement	followed	by	X-ray.	
In	the	test	group,	irrigation	was	done	with	2	ml	of	saline	solution.	The	root	canal	was	filled	with	distil-
led	water,	followed	by	laser	irradiation.	The	tip	was	placed	at	working	length	and	irradiation	took	pla-
ce	at	a	rate	of	2	mm	s−1	,	until	the	most	coronary	part	of	the	canal	was	reached.	Irradiation	was	re-
peated	four	times	at	15-second	intervals.		
At	the	second	appointment,	canal	preparation	was	completed	with	saline.	The	main	canal	was	filled	
with	distilled	water,	followed	by	laser	irradiation.	Canal	was	then	irrigated	with	5	ml	of	saline	solution.	
Filling	of	the	root	canal	was	otherwise	identical	to	how	it	was	done	in	the	control	group.		
	
In	the	control	group	(n=12),	66.67%	(n=8/12)	of	teeth	were	considered	healed	(	(PAI	≤2)	after	6	
months,	and	83.33%	(n=10/12)	were	considered	improved	(i.e.,	lower	PAI	score).	
In	the	test	group	(n=17),	58.82%	(n=10/17)	of	teeth	were	considered	healed	after	6	months,	and	
82.35%	(n=14/17)	were	considered	improved.	The	corresponding	relative	risks	-	test	group	versus	
control	group	-	are:	RR	(PAI≤2):	0.88	(95%	BI:	0.50	-	1.55),	and	RR	(improvement):	0.99	(95%	BI:	0.71	
-	1.38).	There	was	no	statistically	significant	difference	for	either	outcome	measure.	
	

Quality	of	evidence	PAI≤2	and	improvement	in	PAI	score,	both	after	6	months	of	follow-up	
The	quality	of	evidence	is	very	low.	It	was	downgraded	by	two	levels	for	imprecision	(very	small	study	
size).	There	was	no	downgrading	for	risk	of	bias,	indirect	evidence,	publication	bias	and	inconsistency.	
	
Conclusion	
	
	
Very	low	
	
	
GRADE	

Periapical	status	
	
There	appears	to	be	no	difference	in	the	degree	of	recovery	or	improvement	bet-
ween	applying	laser	exposure	and	sodium	hypochlorite.	
	
Martins	et	al.,	2013	

	
Instrumentation	
Is	there	a	difference	in	effect	of	conventional	irrigation	and	ultrasonic	(activated)	irrigation	on	post-
operative	pain	intensity	and/or	pain	incidence?	
[update	2022/3]	Chalub	et	al.	(2022)	included	three	randomized	studies	(Middha,	et	al.,	2017;	Chen	et	
al.,	2016;	Tang	et	al.,	2015)	with	a	total	of	430	patients	(491	dentitions)	with	non-vital	pulp	/	perio-
dontitis	apicalis	in	their	systematic	review	related	to	the	above	question.	The	mean	ages	in	these	three	
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studies	were:	27.2,	40.2	and	61.3	years.	These	studies	were	conducted	in	India	(n=1)	and	China	(n=2).	
Dental	elements	were	premolars	(n=105),	molars	(n=238)	and	anterior	elements	(n=147).	The	con-
centrations	of	irrigant	(sodium	hypochlorite)	used	were:	2.5%	(n=2)	and	5.25%	(n=1).	
	
Two	studies	measured	pain	intensity	and	all	three	measured	the	incidence	of	pain	during	the	first	24	
hours.	However,	pain	intensity	was	measured	in	different	ways,	namely	on	a	0-100	VAS	scale	and	as	
no,	mild,	moderate	and	severe	pain.	In	addition,	also	at	different	times:	one	study	looked	only	at	the	
first	24	hours,	the	other	study	up	to	day	7.	Therefore,	a	meta-analysis	of	pain	intensity	as	opposed	to	
incidence	of	pain	is	not	possible.		
	
	
Outcome	measure	postoperative	pain	intensity	
Regarding	pain	intensity,	both	studies	showed	lower	pain	intensity	after	the	first	24	hours:		

• 5.5%	(11/200)	in	the	ultrasound	group	and	21%	(21/100)	in	the	conventional	group	had	mo-
derate	-	severe	pain	in	the	study	by	Tang	et	al.	(2015).	The	difference	of	15.5%	was	statistically	
significant	(95%	BI:	7.5;	24.8%);		

• on	a	0-100	VAS	scale,	pain	intensity	was	5.82	±	9.4	in	the	ultrasound	group	and	13.40	±	15.5	in	
the	conventional	group	in	the	study	by	Middha	et	al.	(2016).	While	the	difference	between	5.82	
and	13.40	(-7.58)	is	statistically	significant	(95%	BI:	-13.69;	-1.47),	it	is	not	clinically	relevant:	
in	general,	for	a	0-100	pain	scale,	values	greater	than	10	to	11	are	considered	an	observable	
reduction	in	pain	intensity	by	the	patient.37	

	
Outcome	measure	postoperative	incidence	of	pain	
As	for	the	postoperative	pain	incidence,	it	shows	Figure	7-2	does	not	show	unambiguous	outcomes:	
two	studies	showed	a	reduction	in	pain	incidence	of	about	20%	but	the	third	study	showed	an	incre-
ase	of	7%.		
	

Figure	7-2	Incidence	of	postoperative	pain	after	24	hours	with	ultrasound	activated	versus	conventional	
irrigation	

	
	
Quality	of	evidence	incidence	of	postoperative	pain	
The	quality	of	evidence	is	very	low	for	incidence	of	postoperative	pain	and	low	for	postoperative	pain	
intensity.	It	was	downgraded	by	one	level	because	of	severe	risk	of	bias	for	most	studies	related	to	
possible	selection	bias.	For	the	outcome	measure	incidence	of	postoperative	pain	was	downgraded	by	
one	level	because	of	severe	inconsistency	(I2	:	84%)	and	by	one	level	for	severe	imprecision	(confiden-
ce	interval	crosses	risk	difference	of	0).	Publication	bias	was	not	detected.	
	

 
37	After	48,	72	etc.	hours	postoperatively,	the	differences	in	pain	intensity	between	the	two	groups	became	pro-
gressively	smaller:	4.9;	1.34	etc.	



 
 

124 
 

Conclusions	

Very	low	
	
GRADE	

Incidence	of	postoperative	pain	after	24	hours	
	
Ultrasound-activated	irrigation	appears	to	reduce	the	incidence	of	postoperative	
pain	compared	with	conventional	irrigation	but	its	relevance	and	evidence	are	
highly	uncertain.	
	
Chalub	et	al,	2022	(Middha,	et	al,	2017;	Chen	et	al,	2016;	Tang	et	al,	2015)	

	

Low	
	
GRADE	

Postoperative	pain	intensity	after	24	hours	
	
Ultrasound-activated	irrigation	appears	to	reduce	pain	intensity	little	or	not	at	all	
compared	to	conventional	irrigation.	
	
Chalub	et	al.,	2022	(Middha,	et	al.,	2017;	Tang	et	al.,	2015)	

	
Outcome	measure	periodontitis	apicalis	with	respect	to	conventional	irrigation	and	ultrasonic	(activa-
ted)	irrigation	
Căpută	et	al.	(2019)	included	one	randomized	study	(Liang	et	al,	2013;	105	patients	aged	approxima-
tely	37	years	and	a	sex	ratio	of	one)	that	evaluated	the	aforementioned	outcome	measure	(follow-up	
after	10-19	months).	Dental	elements	were	incisors,	cuspidates	and	premolars	with	a	single	radix	in	
maxilla	and	mandible.	5.25%	NaOCl	and	15%	EDTA	were	used	as	irrigants.	Ultrasonic	activation	was	
also	applied	during	instrumentation.	An	endodontologist	and	a	radiologist,	assessed	the	periapical	and	
CBCT	recordings	independently	and	"blind."	A	periapical	lesion	was	diagnosed	if	lamina	dura	disrupti-
on	was	noted	AND	a	radiolucency	associated	with	the	radiographic	apex	had	at	least	twice	the	width	of	
the	periodontal	ligament	for	both	periapical	radiography	and	CBCT.	
Absence	and	reduction	of	radiolucency	was	observed	in	95.1%	in	the	ultrasound	group	and	88.4%	in	
the	conventional	group:	a	difference	of	6.7%	(95%	BI:	-6%;	20%).	
	
Quality	of	evidence	periodontitis	apicalis	
The	quality	of	evidence	is	low	for	periodontitis	apicalis.	It	was	downgraded	by	one	level	for	severe	risk	
of	bias	related	to	possible	selection	bias.	There	has	been	downgraded	by	one	level	for	severe	impreci-
sion	(confidence	interval	crosses	risk	difference	of	0).	Thus,	the	quality	of	evidence	is	low.	Publication	
bias	was	not	detected.	
	

Conclusion	

	
	
Low		
	
GRADE	

Periodontitis	apicalis	
	
Ultrasonic	irrigation,	compared	with	conventional	irrigation,	does	not	seem	to	
cure	periodontitis	apicalis	much,	if	at	all.	
	
Căpută	et	al.,	2019	(Liang	et	al.,	2013)	

	

[update	2022/3]	Is	there	difference	in	effect	of	reciprocal	versus	rotary	motion	on	bacterial	reduction	
and	on	postoperative	pain?		
Siddique	et	al.	(2019)	included	three	randomized	studies	(Neves	et	al.	2016,	Cavalli	et	al.	2017,	Mar-
tinho	et	al.,	2014)	in	their	systematic	review	related	to	the	above	question.	A	total	of	137	patients	with	
periodontitis	apicalis	were	included.	In	73	of	them,	reciprocal	instrumentation	was	used	in	64	rotary	
instrumentation.	Their	ages	ranged	from	16	to	85	years.	The	entire	treatment	took	place	in	one	sessi-
on.	Bacterial	reduction	in	samples	from	the	root	canal	were	monitored	before	(S1)	and	after	(S2)	che-
mo-mechanical	instrumentation	using	a	single	reciprocating	instrument	or	a	continuously	rotating	
multi-instruments	series.	
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The	only	outcome	measure	the	reviewers	examined	was	bacterial	reduction.	
	
Outcome	measure	bacterial	reduction		
The	reviewers	refrained	from	combining	the	outcomes	of	these	studies	because	of	the	heterogeneity	
they	identified,	such	as	different	types	of	composite	and	duration	of	follow-up.	Table	7-1	summarizes	
the	outcomes	in	the	three	studies.	Differences	between	the	two	systems,	reciprocal	and	rotational,	
seem	to	be	few	if	any.	
	

Table	7-1	Differences	in	bacterial	load	between	reciprocal	and	rotary	motion	after	chemo-mechanical	
cleaning		

Study	 Number	of	study	parti-
cipants	

Outcome	measure	 Reciprook	 Rotating	

Neves	2016	 59	 Presence	of	bacteria	 55,2%	 50%	
Cavalli	2017	 30	 Reduction	of	endo-

toxin	
65%	 95%	

Martinho	2014	 	 48	 Reduction	of	endo-
toxin	

95/96%*	 98%/96%*	

	 *two	rotary	and	two	reciprocating	applications	were	evaluated	
	

Quality	of	evidence	reduction	endotoxin	
The	quality	of	evidence	is	very	low.	It	was	downgraded	by	one	level	for	severe	risk	of	bias	(inadequate	
randomization	and	blinding),	by	one	level	for	severe	imprecision	(very	small	study	size),	and	by	one	
level	for	severe	inconsistency	(study	by	Cavalli	2017)	gives	strongly	different	results).	No	downgra-
ding	was	done	for	other	GRADE	criteria.	
	

Conclusion	

Very	low	
	
GRADE	

Presence	of	bacteria/reduction	of	endotoxin	after	chemo-mechanical	cleaning	
	
Reciproke	motion	seems	to	be	little	or	no	different	from	rotary	motion	in	terms	of	
endotoxin	reduction,	but	the	evidence	is	very	uncertain.	
	
	
Siddique	et	al.,	2019	(Cavalli	et	al.	2017;	Neves	et	al.	2016;	Martinho	et	al.,	2014)	

	

Martins	et	al.	(2019)	included	in	their	systematic	review	four	randomized	studies	(Çiçek	et	al.,	2017;	
Relvas	et	al.,	2016;	Shokraneh	et	al.,	2016;	Sand	et	al.,	2016)	investigating	the	effect	on	postoperative	
pain	of	reciprocal	versus	rotary	motion.	A	total	of	374	teeth	with	necrotic	pulp	were	involved,	Endo-
dontic	treatment	took	place	in	one	sitting	in	all	studies.	Sodium	hypochlorite	was	used	as	irrigant	in	
three	studies,	17%	EDTA,	as	gel,	with	saline	in	one	study.	The	final	rinse	was	done	in	three	studies	
with	EDTA,	in	one	study	with	sodium	hypochlorite.	None	of	the	studies	used	ultrasonically	activated	
irrigation.	For	obturation,	AH	26	Sealer	or	AH	Plus	Sealer	was	used.	The	most	common	method	for	
obturation	was	lateral	condensation.	
	
Outcome	measures:	occurrence	of	postoperative	pain,	moderate	and	severe	pain	after	12,	24	and	48	
hours		
Table	7-2	shows	that	there	seems	to	be	little	or	no	difference	in	postoperative	to	48	hours.		
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Table	7-2.	Postoperative	pain	after	applying	reciprocal	motion	versus	rotational	motion		

Outcome	measure	 	 Risk	difference	(reciprocal	-	
rotational)	

Incidence	of	postoperative	pain	 	 -3%	(-15%,	9%	

Moderate	pain	 after	12	hours	
after	24	hours	
after	48	hours	

0%	(-14%,	14%)	
1%	(-6%,	9%)	
-8%	(-29%,	14%)	

Severe	pain	 after	12	hours	
after	24	hours	
after	48	hours	

-3%	(-10%,	5%)	
-1%	(-4%,	3%)	
-1%	(-6%,4%)	

	
Quality	of	evidence	postoperative	pain,	moderate	or	severe	pain	after	12,	24,	48	hours	
Incidence	of	postoperative	pain:	quality	of	evidence	is	low.	It	was	downgraded	by	one	level	for	severe	
risk	of	bias	(potential	selection	bias).	One	level	was	downgraded	for	severe	imprecision	(confidence	
interval	crosses	10%	[threshold	for	relevant	difference]).	No	downscaling	was	done		
for	other	factors.		
Moderate	pain	after	12	hours	and	48	hours:	the	quality	of	evidence	is	very	low.	It	was	downgraded	by	
two	levels	for	very	severe	imprecision	(confidence	interval	crosses	-10%	and	+10%	[threshold	values	
for	relevant	difference]).	One	level	was	downgraded	for	severe	inconsistency	(estimates	of	individual	
studies	vary	widely).	No	downscaling	was	done	for	other	factors.		
Moderate	pain	after	24	hours:	the	quality	of	evidence	is	reasonable.	One	level	was	downgraded	for	
severe	inconsistency	(one	study	showed	a	strong	opposite	effect).	No	downgrading	was	done	for	other	
factors.	
Severe	pain	after	12	hours	and	24	hours:	the	quality	of	evidence	is	reasonable.	One	level	was	
downgraded	for	severe	risk	of	bias	(potential	selection	bias).	No	downgrading	was	done	for	other	fac-
tors.	
Severe	pain	after	48	hours:	the	quality	of	evidence	is	high.	No	downgrading	was	done	for	any	of	the	
GRADE	factors.		
	
Conclusions	

Low	
	
GRADE	

Incidence	of	postoperative	pain	
	
There	appears	to	be	little	or	no	difference	in	the	incidence	of	postoperative	pain	
between	reciprocal	and	rotational	systems.	
	
Çiçek	et	al.,	2017;	Relvas	et	al.,	2016;	Shokraneh	et	al.,	2016;	Sand	et	al.,	2016	

	

Very	low	
	
GRADE	

Moderate	pain	after	12	and	48	hours		
	
There	appears	to	be	little	or	no	difference	in	moderate	postoperative	pain	bet-
ween	reciprocal	and	rotational	systems,	but	the	evidence	is	very	uncertain.	
	
Çiçek	et	al.,	2017;	Shokraneh	et	al.,	2016;	Sand	et	al.,	2016	

	

Fair	
	
GRADE	

Moderate	pain	after	24	hours		
	
There	is	probably	little	or	no	difference	in	moderate	postoperative	pain	between	
reciprocal	and	rotary	systems.	
	
Çiçek	et	al.,	2017;	Relvas	et	al.,	2016;	Shokraneh	et	al.,	2016;	Sand	et	al.,	2016	
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Fair	
	
GRADE	

Severe	pain	after	12	and	24	hours		
	
There	is	probably	little	or	no	difference	in	severe	postoperative	pain	between	
reciprocal	and	rotational	systems.	
	
Çiçek	et	al.,	2017;	Relvas	et	al.,	2016;	Shokraneh	et	al.,	2016;	Sand	et	al.,	2016	

	

High	
	
GRADE	

Severe	pain	after	48	hours		
	
There	is	little	or	no	difference	in	severe	postoperative	pain	between	reciprocal	
and	rotational	systems.	
	
Çiçek	et	al.,	2017;	Sand	et	al.,	2016	

	

	

Fill	materials	
[update	2022/3]	Is	there	a	difference	in	effect	of	"bioceramic"	or	calcium	silicate-based	and	resin-
based	sealers?	
Mekhdieva	et	al.	(2021)	examined	in	a	systematic	review	whether	there	are	differences	between	the	
two	types	of	sealers	in	terms	of	their	possible	effect	on	postoperative	pain.	Other	outcome	measures	
such	as	element	survival	or	healing	were	not	examined.	Khandelwal	et	al.	(2022)	paid	attention	to	peri-
apical	healing	but	not	to	element	survival	in	their	systematic	review.	
	
Postoperative	pain	
Mekhdieva	et	al.	(2021)	included	five	randomized	studies	regarding	nonvital	teeth	that	reported	on	
postoperative	pain.	In	most	studies,	patients	were	asymptomatic.	Instrumentation	and	irrigation	pro-
tocols	were	identical	in	the	studies	but	filling	techniques	varied	(including	vertical	condensation,	late-
ral	condensation).	All	studies	involved	single-session	treatment.	Postoperative	pain	was	reported	as	
pain	intensity	and	whether	or	not	postoperative	pain	occurred.	See	Table	7-3.	
The	standardized	mean	difference	of	-0.24	(pain	intensity	after	24	hours)	or	more	indicates	a	small	but	
patient-relevant	reduction	in	pain	after	24	hours	in	favor	of	"bioceramic"	sealers.	The	difference	after	
48	hours	(-0.35	on	a	scale	of	0-10)	indicates	a	non-relevant	difference;	a	relevant	difference	would	be	
at	least	one	or	more.	The	numbers	for	whether	or	not	postoperative	pain	occurred,	6.5%	and	0.9%	less	
in	the	case	of	"bioceramic"	sealers,	do	not	directly	indicate	a	relevant	difference	between	the	two	types	
of	sealers.		
	

Table	7-3	Postoperative	pain	after	24-48	h:	"bioceramic"	versus	resin-based	sealers	

	 Standardized	mean	
difference	
(95%	BI)*	

Mean	difference		
(95%	BI)	

Odds	ratio**	
	(95%BI)	
[absolute	reduction;	
95%	BI]	

Postoperative	pain	inten-
sity	after	24	hours	
(n=142)	

-0.24	
(-0.57;	0.09)	

-	 -	

	 	 	 	
Postoperative	pain	inten-
sity	after	48	hours	(n=64)	

-	 -0.35	
(-0.58;	-0.02)	

-	

	 	 	 	
Occurrence	of	postopera-
tive	pain	after	24	hours	
(n=345)	

-	 -	 0,68		
(0,40;	1,16)	
[-6,5%;	-13,2%,	2,9%]	

	 	 	 	
Occurrence	of	postopera- -	 -	 0.92	
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tive	pain	after	48	hours	
(n=222)	

(0.41;	2.05)	
[-0,9%;	-7%,	10,2%]	
	

*	a	negative	number	indicates	a	favorable	effect	of	"bioceramic"	sealers;	**	a	number	less	than	1	indicates	a	favo-
rable	effect	of	"bioceramic"	sealers.	
	

Periapical	healing	
Khandelwal	et	al.	(2022)	included	two	studies	(n=	103	patients)	with	non-vital	pulp	comparing	"bioce-
ramic"	sealers	to	resin-based	sealers.	The	teeth	were	anterior	teeth	in	the	maxilla.	In	one	study,	rotary	
instrumentation	was	used.	The	other	study	did	not	mention	this.	Both	used	sodium	hypochlorite.	One	
study	involved	a	one-session	treatment,	the	other	a	two-session	treatment,	using	calcium	hydroxide	as	
an	intracanal	medication.	One	study	reported	(n=40)	only	that	there	was	a	significant	(p<0.05)	diffe-
rence	in	radiographic	healing	in	favor	of	a	"bioceramic"	sealer.	The	other	study	(n=63)	mentioned	that	
digital	periapical	radiographic	evaluation	was	done	to	determine	the	extent	of	periapical	healing	1,	3	
and	6	months	after	treatment.	With	a	"bioceramic"	sealer,	radiographic	healing	involved	a	reduction	in	
lesion	size	of	12.8	mm2	,	with	a	resin-based	sealer,	the	reduction	was	11.7	mm2	.	Thus,	the	"biocera-
mic"	sealer	shows	more	healing	than	the	resin-based	sealer.	
	
Quality	of	evidence	postoperative	pain	after	24	-	48	hours,	radiographic	healing	
Postoperative	pain:	the	quality	of	evidence	is	low	for	postoperative	pain	intensity	after	24	hours.	There	
was	downgraded	by	two	levels	for	very	severe	imprecision	(confidence	interval	crossed	value	for	
small	[0.2]	and	medium	effect	[0.5]).	There	was	no	downgrading	for	other	factors.	The	quality	of	evi-
dence	is	high	for	postoperative	pain	intensity	at	48	hours.	There	was	no	downgrading	for	any	of	the	
GRADE	factors.	The	quality	of	evidence	is	reasonable	for	the	occurrence	of	postoperative	pain	at	24	and	
48	hours.	There	was	downgraded	by	one	level	for	severe	imprecision	(confidence	interval	crossed	10%	
which	was	retained	as	a	small	but	relevant	difference).	
Radiographic	healing:	the	quality	of	evidence	is	very	low.	It	has	been	downgraded	by	one	level	for	se-
vere	risk	of	bias	(one	study	was	not	randomized).	Downgraded	by	two	levels	for	very	serious	impreci-
sion	because	the	degree	of	accuracy	cannot	be	determined:	one	study	does	not	report	outcomes	but	
only	a	p-value;	the	other	study	does	not	provide	a	confidence	interval	of	the	change	in	lesion	size.	
	

Conclusions	

Low	
	
GRADE	

Postoperative	pain	intensity	after	24	hours.	
	
"Bioceramic"	sealers	seem	to	slightly	reduce	postoperative	pain	after	24	hours	
compared	with	epoxy	resin-based	sealers.	
	
	
Mekhdieva	et	al.,	2021	(Ates	et	al.,	2019;	Fonseca	et	al.,	2019)	

	

High	
	
GRADE	

Postoperative	pain	intensity	after	48	hours.	
	
"Bioceramic"	sealers	have	similar	effects	on	postoperative	pain	after	48	hours	as	
epoxy	resin-based	sealers.	
	
Mekhdieva	et	al.,	2021	(Fonseca	et	al.,	2019).	
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Fair	
	
GRADE	

Occurrence	of	postoperative	pain	after	24-48	hours	
	
"Bioceramic"	sealers	are	likely	to	have	a	similar	effect	on	the	occurrence	of	post-
operative	pain	after	24-48	hours	as	epoxy	resin-based	sealers....	
	
Mekhdieva	et	al.,	2021	(Ferreira	et	al.,	2020;	Tan	et	al.,	2020;	Ates	et	al.,	2019;	
Fonseca	et	al.,	2019;	Paz	&	Ginjeira,	2018)	

	

Very	low	
	
GRADE	

Radiographic	healing	
	
"Bioceramic"	sealers	seem	to	promote	radiographic	healing	up	to	6	months	
slightly	more	than	resin-based	sealers.	
	
	
Khandelwal	et	al.,	2022	(Khandelwal	et	al.,	2022;	Nagar	&	Kumar,	2018)	

	
Considerations		
Regarding	sodium	hypochlorite	versus	chlorhexidine		
Quality	of	evidence	
There	is	low	quality	of	evidence	for	the	outcome	measure	positive	bacterial	culture.		
Patient	values	and	preferences:	not	applicable		
	
Balance	of	desired	effects	versus	undesired	effects	and	costs	
Sodium	hypochlorite	and	chlorhexidine	seem	equally	effective	in	terms	of	bacterial	reduction.	
However,	the	combination	sodium	hypochlorite	+	EDTA	(and	again	sodium	hypochlorite)	is	preferable	
because	of	the	simplicity	of	the	procedure	as	well	as	the	dissolution	capacity	of	organic	tissue	and	low	
cost.	
	
Regarding	laser	technology	as	an	addition	to	chemo-mechanical	cleaning	
Quality	of	evidence		
The	quality	of	evidence	is	very	low	for	the	outcome	measures	bacterial	reduction	and	periapical	reco-
very.	Thus,	the	overall	quality	of	evidence	is	very	low.	
	
Patient	values	and	preferences:	not	applicable		
	
Balance	of	desired	effects	versus	undesired	effects	and	costs	
Adding	laser	techniques	to	chemo-mechanical	cleaning	has	no	additional	effect	on	periapical	repair	
but	requires	additional	costs.	Thus,	the	balance	falls	negatively	for	adding	laser	techniques.	
	
[update	2022/3]	Regarding	reciprocal	versus	rotary	systems	
Quality	of	evidence	
The	quality	of	evidence	ranges	from	very	low	to	high	for	(moderate	and	severe)	pain	and	is	very	low	
for	endotoxin	reduction.	Thus,	the	overall	quality	of	evidence	is	very	low.	
	
Patient	Values	and	Preferences		
Less	pain	is	an	important	outcome	measure		
	
for	patients.	Endotoxin	reduction	is	a	less	important	outcome	measure	for	patients.		
	
Balance	of	desired	effects	versus	undesired	effects	and	costs		
In	terms	of	endotoxin	reduction	and	pain,	there	seems	to	be	little	or	no	difference	between	reciprocal	
and	rotary	systems.	In	addition,	reciprocal	systems	require	somewhat	less	working	time,	providing	
slightly	more	comfort	for	the	patient,	Use	of	rotary	systems	leads	to	more	costs	for	the	patient	than	
reciprocal	systems.	Thus,	the	balance	seems	slightly	in	favor	of	using	reciprocal	systems.	
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Applicability	
Treatment	outcomes	will	also	depend	on	the	more	or	less	familiarity	of	the	practitioner	reciprocal	and	
rotary	systems.	Most	dentists/endodontologists	are	probably	familiar	with	rotary	systems,	especially	
since	students	are	only	taught	this	way	in	faculties.	
Therefore,	the	preference	of	the	practitioner	should	be	taken	into	account,	especially	since	this	is	the	
only	way	students	still	learn	this	on	the	faculties.	
	
[update	2022/3]	Regarding	ultrasound-activated	irrigation		
Quality	of	evidence		
The	quality	of	evidence	for	the	outcome	measures	occurrence	of	pain/pain	intensity	and	recovery	of	
periodontitis	apicalis	is	(very)	low	and	low,	respectively.	Thus,	the	overall	quality	of	evidence	is	very	
low.		
	
Patient	values	and	preferences		
Recovery	from	periodontitis	apicalis	and	less	pain	are	important	outcome	measures	for	patients.	
	
Balance	of	desired	effects	versus	undesired	effects	and	costs		
Ultrasonic	activated	cleaning	seems	to	lead	to	slightly	less	short-term	pain	and	slightly	more	
healing/reduction	of	periodontitis	apicalis.	To	that	extent,	the	balance	is	positive.	As	for	costs,	these	
are	variable	and	need	not	be	an	impediment	to	applying	ultrasonic	activated	cleaning.	
	
Regarding	removal	of	smear	layer	
After	instrumentation,	a	smear	layer	forms	on	the	canal	wall.	There	is	much	debate	in	the	literature	
about	whether	or	not	to	remove	this	smear	layer.	In	practice,	it	is	generally	chosen	to	remove	the	
smear	layer	with	an	irrigation	with	17%	EDTA.	This	liquid	is	left	in	the	canal	for	one	to	five	minutes	
and	then	removed	with	a	"final	flush"	of	12	ml	of	sodium	hypochlorite	(Van	der	Sluis,	2015).		
	
[Update	2022/3]	Regarding	"bioceramic"	or	calcium	silicate-based	versus	resin-based	sealers	
Quality	of	evidence		
The	quality	of	evidence	for	the	outcome	measures	occurrence	of	pain/pain	intensity	ranges	from	low	
to	high,	and	is	very	low	for	the	outcome	measure	radiographic	healing.	Thus,	the	overall	quality	of	evi-
dence	is	very	low.		
	
Patient	values	and	preferences		
Radiographic	healing	and	less	pain	are	important	outcome	measures		
	
for	patients		
	
Balance	of	desired	effects	versus	undesired	effects	and	costs	
Regarding	their	effect	on	pain,	"bioceramic"	and	epoxy	resin-based	sealers	differ	little	or	not	at	all.	
Regarding	their	effect	on	radiographic	healing,	for	the	short	term	(<6	months)	there	is	a	slight	advan-
tage	for	"bioceramic"	sealers.	Bioceramic	sealers	are	considerably	more	expensive	than	epoxy	resin-
based	sealers	(factor	5-10	times	as	expensive!).	Therefore,	the	balance	of	desired	and	undesired	effects	
(including	costs)	goes	toward	epoxy	resin-based	sealers.		
	
Applicability	Although	"bioceramic"	sealers	seem	to	show	slightly	more	radiographic	healing	in	the	
short	term	than	epoxy	resin-based	sealers,	studies	involving	teeth	with	a	necrotic	pulp	/	periodontitis	
apicalis	with	a	follow-up	duration	of	at	least	24	months	are	needed	to	be	more	certain	about	their	
long-term	effect.		
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Recommendations	
It	is	recommended	to	use	hand	irrigation	with	sodium	hypochlorite	during	chemo-mechanical	
cleaning,	preferably	after	each	instrument.	
[unchanged	after	update	2022/3]	
	
Rationale	The	combination	sodium	hypochlorite	+	EDTA	(and	again	sodium	hypochlorite)	is	a	simple	
procedure,	has	good	dissolution	capacity	of	organic	tissue	and	is	associated	with	low	cost.	
	
Do	not	consider	adding	laser	techniques	to	chemo-mechanical	cleaning.	
[update	2022/3:	new	recommendation]	
	
Rationale		
Adding	laser	techniques	to	chemo-mechanical	cleaning	has	no	additional	effect	on	periapical	repair	
but	requires	additional	costs.	
	
Consider	a	reciprocating	or	rotary	system	
[update	2022/3:	new	recommendation]	
	
Rationale		
The	two	systems	differ	little	or	not	at	all	in	terms	of	bacterial	reduction	and	effect	on	postoperative	
pain.	Reciproke	systems	require	a	little	less	operating	time,	providing	a	little	more	comfort	for	the	
patient,	and	give	a	little	less	cost	to	the	patient.	Given	the	possibly	minor	or	even	absent	differences,	
familiarity	and	experience	of	practitioners	with	these	systems	will	play	an	important	role.	
	
At	the	end	of	chemo-mechanical	cleaning,	ultrasonic	activated	irrigation	can	be	considered.	
[unchanged	after	update	2022/3]	
	
Rational		
Ultrasonic	activated	cleaning	seems	to	lead	to	slightly	less	short-term	pain	and	slightly	more	
healing/reduction	of	periodontitis	apicalis.	As	for	cost,	it	is	variable	and	need	not	be	an	impediment	to	
applying	ultrasonic	activated	cleaning.		
	
Removal	of	the	resulting	smear	layer	with	EDTA	may	also	be	considered.	
[unchanged	after	update	2022/3]	
	
Rationale		
According	to	the	working	group,	removing	the	smear	layer	provides	more	cleaning	and	disinfection	of	
the	root	canal	walls	and	better	adaptation	of	filling	materials	to	the	cavity	wall.	
	
Consider	use	of	epoxy	resin-based	sealers	
[update	2022/3:	new	recommendation]	
	
Rational	
Although	"bioceramic"	sealers	seem	to	show	slightly	more	radiographic	healing	in	the	short	term	than	
epoxy	resin-based	sealers,	nevertheless,	more	studies	are	needed	to	be	more	certain	about	their	long-
term	effect	before	a	recommendation	can	be	given,	also	considering	the	additional	cost	of	"bioceramic"	
sealers.	
	
Knowledge	gaps	
There	are	insufficient	large,	randomized	and	non-randomized	studies	with	metaregressions	in	which	
different	methods	of	disinfection	and	filling	of	the	root	canal	of	teeth	with	necrotic	pulp	have	been	
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evaluated	for	their	effect	on	relief	of	symptoms,	prevention	of	reinfection,	and	preservation	of	the	
tooth.		
	
Effect	of	other	factors	(number	of	treatment	sessions,	preoperative	periapical	status,	microbiological	
status,	root	canal	filling	quality)	that	may	affect	the	outcome	of	root	canal	treatment	
Is	there	a	difference	in	the	effect	of	treating	in	one	session	versus	treating	in	two	sessions?	
[update	2022/3]	Mergoni	et	al.	(2022)	included	22	studies	with	necrotic	teeth.	They	examined	the	fol-
lowing	primary	outcome	measures:		

• extraction	of	teeth	due	to	endodontic	problems		
• radiological	failure,		

and	the	following	secondary	outcome	measures:	
• after	pain	within	one	week	
• postobturation	pain	after	one	week	
• pain	up	to	72	hours	after	obturation	
• swelling/flare-up	
• use	of	pain	relief	
• Presence	of	a	fistula.	

For	the	outcome	measure	extraction,	they	found	no	studies	with	necrotic	teeth.	
In	five	of	the	22	studies	with	necrotic	teeth	in	which	treatment	was	performed	in	multiple	sessions,	no	
intracanal	medication	was	used	for	the	intervening	period.	In	most	studies,	calcium	hydroxide	was	
used	as	an	intracanal	medication.	A	magnifying	glass	was	used	for	magnification	in	three	of	the	22	stu-
dies.	For	shaping	the	root	canal,	conventional	hand	instruments	were	used	in	nine	of	22	studies,	in	
seven	studies	a	combination	of	hand	files	and	NiTi	rotary	files,	in	two	studies	only	a	rotary	file,	Some-
times	this	was	not	adequately	described.	Obturation	of	the	canal	was	done	with	guttapercha	in	21	of	
22	studies.	In	one	study	with	a	vertical	condensation	technique.	All	studies	used	sodium	hypochlorite	
with	concentrations	ranging	from	0.5	to	5.25%.		
Table	7-4	summarizes	the	outcomes	for	the	listed	outcome	measures.	For	the	primary	outcome	mea-
sure	radiological	failure,	the	studies	show	a	difference	of	3.2%	less	radiological	failure	in	favor	of	
treating	in	one	sitting.	However,	this	does	not	seem	to	be	a	relevant	difference.	For	all	secondary	out-
come	measures,	the	studies	also	do	not	show	relevant	differences	when	we	would	judge	a	5-10%	diffe-
rence	to	be	a	significant	difference	for	the	patient.	
	

Table	7-4	Outcomes	of	treating	in	one	session	versus	multiple	sessions	
Outcome	measu-
re	

Number	of	
studies	

Number	of	
elements	

Relative	risk	 Risk	differen-
ce		

Risk	in	multi-
session	
group	

radiological	failure	 10	 924	 0,83		
(0,61;	1,14)	

-3,2%		
(-7,3;	2,6%)	

18,8%	

after	pain	within	
one	week	

2	 104	 1,01		
(0,55;	1,84)	

+0,3%		
(-13,0;	24,2%)	

029%	

pain	up	to	72	
hours	after	obtura-
tion	

6	 569	 0,97		
(0,81;	1,16)	

-0,2%		
(-1,3;	1,1%)	

007%	

postobturation	
pain	after	one	
week	

4	 445	 1,52		
(0,24;	9,41)	

+5,7%		
(-8,4;	92,7)		

011%	

swelling/flare-up	 2	 142	 5,00		
(0,25;	99,95)	

+0,4%		
(-0,1;	9,9%)	

0%	

use	of	pain	relief	 2	 104	 1,29		
(0,52;	3,19)	

+3,9%		
(-6,5;	29,5%)	

013%	

presence	of	fistula	 4	 468	 1,35		
(0,26;	6,84)	

+0,3%		
(-0,6;	5,1%)	

001%	
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Quality	of	evidence	radiological	failure,	follow-up	pain	<1	week,	postobturation	pain	<72	hours	and	<1	
week,	swelling	and	flare-up	and	use	of	analgesia	
Radiological	failure:	the	quality	of	evidence	is	reasonable.	There	is	downgrading	only	for	severe	
imprecision:	the	confidence	interval	crosses	the	value	of	5%	held	as	a	relevant	difference.	
Nap	pain	within	one	week:	the	quality	of	evidence	is	very	low.	It	was	downgraded	for	severe	risk	of	
bias	(potential	selection	bias)	by	one	level,	for	very	severe	imprecision	by	two	levels,	not	for	other	
GRADE	criteria.		
Pain	up	to	72	hours	after	obturation:	the	quality	of	evidence	is	reasonable.	It	was	downgraded	only	for	
severe	risk	of	bias	(potential	selection	bias)	by	one	level,	not	for	other	GRADE	criteria.	
Postobturation	pain	after	one	week:	the	quality	of	evidence	is	very	low.	It	was	downgraded	for	severe	
risk	of	bias	(potential	selection	bias)	by	one	level,	for	very	severe	imprecision	by	two	levels	(very	wide	
confidence	interval),	for	severe	inconsistency	by	one	level	(large	differences	in	effect	estimates),	and	
not	for	other	GRADE	criteria.	
Swelling/flare-up:	the	quality	of	evidence	is	very	low.	It	was	downgraded	for	severe	risk	of	bias	(po-
tential	selection	bias)	by	one	level,	for	severe	imprecision	by	one	level	(confidence	interval	crosses	
threshold	for	relevant	difference	[5-10%])	and	not	for	other	GRADE	criteria.	
Use	of	analgesia:	the	quality	of	evidence	is	very	low.	It	was	downgraded	for	severe	risk	of	bias	(poten-
tial	selection	bias)	by	one	level,	for	very	severe	imprecision	by	two	levels	(very	wide	confidence	inter-
val)	and	not	for	other	GRADE	criteria.	
Presence	of	fistula:	the	quality	of	evidence	is	low.	It	was	downgraded	for	severe	risk	of	bias	(potential	
selection	bias)	by	one	level,	and	by	one	for	severe	imprecision	of	baseline	risk	(0.87%)	and	not	for	
other	GRADE	criteria.	
	
Conclusions38	

Fair	
	
	
	
GRADE	

Radiological	failure	at	follow-up	1-3	years	
	
Treating	in	one	session	probably	does	not	differ	much,	if	at	all,	from	treating	in	
multiple	sessions	in	terms	of	effect	on	radiological	failure.	
	
Mergoni	et	al.,	2022	(Paredes-Vieyra	et	al.,	2018;	Micoogullari	Kurt	&	Çalışkan	,	
2018;	Gill	2016	et	al.,	Dorasani	et	al.,	2013;	Paredes-Vieyra	et	al.,	2012;	Penenis	et	
al.,	2008;	Molander	et	al.,	2007;	Peters	et	al.,	2002;	Trope	et	al.,	1999;	Weiger	
2000)	

	

Very	low	
	
GRADE	

Nap	pain	within	one	week	
	
Treatment	in	one	session	may	be	little	or	no	different	from	treatment	in	multiple	
sessions	in	terms	of	effect	on	post-pain	within	one	week,	but	the	evidence	is	very	
uncertain.	
	
Mergoni	et	al.,	2022	(Abdurrahman	et	al.,	2019;	Mulhern	et	al.,	1982)	

	

Fair	
	
GRADE	

Pain	up	to	72	hours	after	obturation	
	
Treatment	in	one	session	probably	does	not	differ	much,	if	at	all,	from	treatment	
in	multiple	sessions	in	terms	of	effect	on	pain	up	to	72	hours	after	obturation.	
	

 
38	The	Cochrane	reviewers	included	studies	on	dentures	with	vital	and	necrotic	pulp.	In	this	chapter	only	the	
studies	on	a	necrotic	pulp,	in	chapter	5	only	the	studies	on	a	nonnecrotic	pulp	are	described	in	which	the	effects	
of	treating	in	one	session	versus	in	multiple	sessions	were	examined.	The	reviewers	named	the	interventions	for	
a	necrotic	or	a	nonnecrotic	pulp,	as	root	canal	treatment	or	endodontic	treatment.		
Extraction	was	also	an	outcome	measure	but	there	were	no	studies	reporting	on	this	separately	for	pulpitis	and	
pulpal	necrosis....		
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Mergoni	et	al,	2022	(Abdurrahman	et	al,	2019;	Micoogullari	Kurt	&	Çalışkan	,	
2018;	Ince	2009;	Risso	et	al,	2008;	Mulhern	et	al,	1982)	

	

Very	low	
	
GRADE	

Postobturation	pain	after	one	week	
	
Treatment	in	one	session	may	not	differ	much,	if	at	all,	from	treatment	in	multiple	
sessions	in	terms	of	effect	on	postobturation	pain	after	one	week,	but	the	eviden-
ce	is	very	uncertain.	
	
Mergoni	et	al.,	2022	(Abdurrahman	et	al.,	2019;	Gesi	et	al.,	2006;	Al-Negrish	et	al.,	
2006;	Mulhern	et	al.,	1982)	

	

Very	low	
	
GRADE	

Swelling/flare-up	
	
Treatment	in	one	session	may	not	differ	much,	if	at	all,	from	treatment	in	multiple	
sessions	in	terms	of	effect	on	swelling/flare-up,	but	the	evidence	is	very	uncer-
tain.	
	
Mergoni	et	al.,	2022	(Micoogullari	Kurt	&	Çalışkan	,	2018;	Mulhern	et	al.,	1982)	

	

Very	low	
	
GRADE	

Use	of	pain	relief	
	
Treatment	in	one	session	may	be	little	or	no	different	from	treatment	in	multiple	
sessions	in	terms	of	effect	on	use	of	analgesia,	but	the	evidence	is	very	uncertain.	
	
Mergoni	et	al.,	2022	(Abdurrahman	et	al.,	2019;	Mulhern	et	al.,	1982)	

	

Low	
	
GRADE	

Presence	of	fistula	
	
Treatment	in	one	session	may	be	little	or	no	different	from	treatment	in	multiple	
sessions	in	terms	of	effect	on	the	presence	of	a	fistula.	
	
Mergoni	et	al.,	2022	(Paredes-Vieyra	et	al.,	2018;	de	Castro	Rizzi-Maia	2016;	
Paredes-Vieyra	et	al.,	2012;	Penenis	et	al.,	2008)	

	

[update	2022/3	]	Is	there	a	difference	in	endotoxin	levels	in	infected	root	canals	before	and	after	appli-
cation	of	calcium	hydroxide	medication?39	
The	purpose	of	the	systematic	review	by	Bedran	et	al.	(2020)	was	to	evaluate	the	efficacy	of	calcium	
hydroxide	as	an	intracanal	medication	in	terms	of	endotoxin	levels	in	infected	root	canals.	Intracanal	
medication	refers	to	antibacterial	agents	placed	in	the	root	canal	between	sessions	to	clear	residual	
microorganisms.	
Various	forms	of	calcium	hydroxide	such	as	a	powder	mixed	with	saline,	or	as	a	paste	form	or	in	com-
bination	with	2%	chlorhexidine	(CHX)	gel	were	used	in	the	studies	included	in	this	systematic	review.		
Primary	outcomes	were	the	level	of	endotoxins,	i.e.,	lipopolysaccharides	(LPS),	before	and	after	the	use	
of	calcium	hydroxide	as	an	intracanal	medication	in	infected	teeth.	Outcome	measures	were	reported	
in	the	form	of	standardized	mean	difference	(SMD)	and	total	percent	reduction	in	endotoxin	level.	Eva-
luation	of	the	level	of	endotoxins	and	bacteria	in	infected	root	canals	is	the	most	relevant	surrogate	
outcome	because	of	their	primary	role	in	the	development	of	periradicular	disease.		
Seven	studies	lent	themselves	to	meta-analysis.	All	studies	involved	patients	with	necrotic	pulp	and	
apical	periodontitis.	

 
39	For	this	literature	review,	Sadaf	&	Ahmad	(2021)	were	used	in	part	
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Teeth	showed	a	reduction	in	LPS	after	using	calcium	hydroxide	as	an	intracanal	medication	(number	
of	studies:	5;	266	patients)	equivalent	to	an	SMD	of	-1.036	(95%	BI,	-2.053;	-0.020).	The	overall	per-
centage	reduction	of	LPS	with	calcium	hydroxide	alone	was	61.7%	(number	of	studies:	3	with	a	total	of	
156	patients	[95%	BI:	37.7%	-	82.9%)	compared	with	98.9%	with	calcium	hydroxide	in	combination	
with	antimicrobials	(number	of	studies:	3	with	a	total	of	156	patients	[95%	BI:	97.4%-99.8%).	An	SMD	
of	more	than	0.8	is	considered	a	large	effect.	In	other	words,	the	meta-analysis	shows	a	large	effect	of	
calcium	hydroxide	on	endotoxin	levels.	Application	of	the	intracanal	drug	was	done	for	7,	14	and	30	
days	and	endotoxin	levels	were	significantly	reduced	for	each	period.	However,	30	days	gave	signifi-
cantly	more	reduction	than	7	or	14	days	witnessed	an	SMD	of	-1.886	(95%	BI:	-2.919,	-0.853)	and	-
1.142	(95%	BI:	-1.427;	-0.857),	respectively.	At	the	same	time,	it	is	clear	that	calcium	hydroxide	does	
not	provide	100	percent	endotoxin	reduction.		
	
Quality	of	evidence	reduction	of	lipopolysaccharides	and	total	percent	reduction	of	LPS	
The	quality	of	evidence	for	the	outcome	measures	reduction	of	LPS	and	total	percent	reduction	of	LPS	is	
very	low.	Indirect	evidence	was	downgraded	by	one	level	because	LPS	is	a	surrogate	parameter	for	
complete	disappearance	of	apical	radiolucency	as	well	as	absence	of	signs	and	symptoms.	Furthermo-
re,	we	downgraded	by	two	levels	for	very	severe	imprecision	(confidence	interval	crosses	values	for	
small	[0.2],	medium	[0.5]	and	large	effect	[0.8]	respectively	and	the	number	of	study	participants	is	
significantly	less	than	the	30-50%	of	the	optimal	number,	namely	800).	
	
Conclusion	

Very	low	
	
GRADE	

Reduction	of	lipopolysaccharides	and	total	percent	reduction	of	LPS	with	calcium	
hydroxide	
	
Calcium	hydroxide	appears	to	reduce	endotoxin	levels,	but	the	evidence	is	very	
uncertain.	
	
	
Bedran	et	al.,	2020	(Alarbeed	et	al.,	2019;	Carvalho	et	al.,	2016;	Adl	et	al.,	2015;	
Sousa	et	al.,	2014;	Oliveira	et	al.,	2012)		

	
Does	preoperative	status	have	a	significant	effect	on	periapical	healing?	
The	literature	search	yielded	no	study	evaluating	the	effect	of	preoperative	periapical	status	on	treat-
ment	outcome	(retention	of	dentition).	Methods	of	Diagnosis	and	Treatment	in	Endodontics	(2012)	ci-
ted	2	studies	that	did	make	a	statement	on	this.	
Weiger	et	al.	(2000)	found	an	increased	risk	of	failure	if	an	apical	lucency	was	greater	than	5	mm	
(odds	ratio:	2.45;	95%	BI:	1.21	-4.58)	compared	to	an	apical	lucency	less	than	or	equal	to	2	mm.	While	
Sjögren	et	al.	(1990)	also	found	an	increased	risk	(odds	ratio:	1.42;	95%	BI:	0.60	-	3.37)	for	lesions	
larger	than	5	mm	compared	with	lesions	smaller	than	or	equal	to	5	mm,	this	was	not	statistically	signi-
ficant.40	
	
Quality	of	evidence	prognostic	value	of	preoperative	status	
The	quality	of	evidence	is	reasonable.	There	was	no	downgrading	for	risk	of	bias,	publication	bias,	cir-
cumstantial	evidence,	and	inconsistency.	One	level	was	downgraded	for	imprecision:	the	lower	limits	
of	the	confidence	interval	for	both	odds	ratios	do	not	indicate	a	relevant	effect	(odds	ratio	>	2.0).	

 
40	Calculated	by	the	working	group	based	on	Table	4	in	Sjögren	et	al.	(1990).	
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Conclusion	
	

Fair	

	

	

GRADE	

Prognostic	value	of	preoperative	status	
	
Teeth	with	periapical	lucency	greater	than	5	mm	may	have	a	worse	prognosis	for	
denture	retention	than	lesions	less	than	or	equal	to	5	mm.	
	
Weiger	et	al.,	2000;	Sjögren	et	al.,	1990	

	
[update	2022/3]	Is	there	a	difference	in	effect	of	adequate	versus	inadequate	root	canal	filling	and	co-
ronal	restoration	procedures?	
Jakovljevic	et	al.	(2020)	examined	in	a	systematic	review	whether	inadequate	root	canal	filling	and	
inadequate	coronal	restoration	procedures	were	associated	with	a	greater	risk	of	periodontitis	apicalis.	
Other	outcome	measures	such	as	denture	survival	were	not	examined.	They	included	eight	cross-
sectional	studies	(Meirinhos	et	al.,	2020;	Kielbassa	et	al.,	2017;	Archana	et	al.,	2015;	Oginni	et	al.,	2015;	
Di	Filippo	et	al.,	2014;	Ureyen	Kaya	et	al.,	2013;	Jersa	&	Kundzina,	2012;	Mukhaimer	et	al.,	2012)	in	
which	this	was	examined.	Most	studies	used	the	following	criteria	for	inadequate:	

• radiopaque	materials	in	the	pulp	chamber	whose	presence	ends	more	than	2	mm	from	the	ra-
diographic	apex,	or	if	there	is	gross	overfilling,		

• the	filling	of	the	root	canal	can	be	considered	non-homogeneous,	voids	can	be	seen,		
• inadequate	density,	and/or	insufficient	condensation.	

Periodontitis	apicalis	was	defined	as:	a	radiolucency	involving	the	apical	part	of	the	root	greater	than	
at	least	twice	the	width	of	the	lateral	part	of	the	periodontal	ligament	or	a	value	of	3,	4	or	5	of	the	peri-
apical	index.	
The	combined	estimates	of	the	eight	cross-sectional	studies	(N=11,293	dentitions)	show	an	odds	ratio	
of	4.65	(95%	BI:	2.75;	7.84),	or:	inadequate	root	canal	filling	and	coronal	restoration	procedures	are	
associated	with	an	almost	five	times	higher	probability	of	periodontitis	apicalis.	In	absolute	terms,	this	
means	36.5%	(95%	BI:	23.9;	47.2%)	more	cases	of	periodontitis	apicalis	with	inadequate	root	canal	
filling	and	coronal	restoration	procedures.		
A	caveat	about	these	results	is	in	order:	the	outcomes	just	described	are	based	on	cross-sectional	stu-
dies;	these	studies	are	particularly	well	suited	for	calculating	correlations.	However,	as	is	well	known,	
a	correlation	does	not	directly	imply	a	causal	relationship,	although	here	the	magnitude	of	the	effect	-	a	
36.5%	increase	with	the	outcome	periodontitis	apicalis	-	suggests	it.	
	
In	an	implementation	study	by	Koch	(2013)	that	aimed	to	evaluate	aspects	of	an	educational	interven-
tion	in	clinical	endodontic	routines	and	new	instrumentation	techniques	(rotary	nickel-titanium	in-
strumentation)	at	a	'Swedish	County	Public	Dental	Service'.	One	of	the	findings	in	this	large-scale	befo-
re-after	study	(850	root	canal	treatments,	half	of	which	took	place	before	[in	2002]	and	half	after	the	
educational	intervention	[in	2005])	with	long-term	follow-up	(≥	4	years)	was	that,	despite	the	impro-
ved	quality	of	root	canal	filling,	namely	an	increase	from	33%	to	48%	adequate,	there	was	little	impro-
vement	in	PAI	1	+	2	(normal	periapical	structures	+	small	changes	in	bone	structure).	PAI	1+2	before	
the	educational	intervention	was	58%;	after	this	intervention	64%.	The	success	rate	(cure	or	preven-
tion	of	periodontitis	apicalis)	was	68%	and	67%,	respectively,	and	the	failure	rate	(PAI	4	+PAI	5;	peri-
odontitis	with	marked	radiolucency,	severe	periodontitis	with	features	of	exacerbation)	was	19%	and	
16%,	respectively.	Koch	explained	this	as	follows:	"One	explanation	for	this	finding	is	that	the	distribu-
tion	of	teeth	with	normal	periapical	status	and	teeth	with	AP	was	the	same	for	the	remaining	teeth	treat-
ed	before	and	after	the	education.	Factors	that	may	influence	the	rate	of	remaining	teeth,	besides	signs	of	
disease,	are	individual	treatment	decisions	and	patients'	preferences."	
	
Quality	of	evidence	periodontitis	apicalis	
[update	2022/3]	The	quality	of	evidence	is	very	low.	The	initial	quality	is	low	because	they	were	not	
randomized	studies,	in	addition,	one	level	was	downgraded	for	severe	risk	of	bias	because	the	studies	
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did	not	have	a	direct	comparative	design.	No	downgrading	was	done	for	indirect	evidence,	inconsis-
tency,	imprecision	and	publication	bias.	
	

Conclusion	

	

Very	low	

	

	

GRADE	

Periodontitis	apicalis	associated	with	inadequate	root	canal	filling	and	coronal	
restoration	procedures		
	
Inadequate	filling	of	the	root	canal	and	coronal	restoration	procedures	may	be	
associated	with	a	nearly	five-fold	increased	risk	of	periodontitis	apicalis,	but	the	
evidence	is	very	uncertain.		
	
Jakovljevic	et	al.,	2020	(Meirinhos	et	al.,	2020;	Kielbassa	et	al.,	2017;	Archana	et	
al.,	2015;	Oginni	et	al.,	2015;	Di	Filippo	et	al.,	2014;	Ureyen	Kaya	et	al.,	2013;	Jersa	
&	Kundzina,	2012;	Mukhaimer	et	al.,	2012);	Koch,	2013	

	
	
Effectiveness	of	methods	for	prevention	or	treatment	of	postoperative	complications	after	treatment	of	a	
necrotic	pulp	
Is	there	a	difference	in	effect	of	administration	of	oral	antibiotics	versus	no	antibiotics/placebo?	
One	study	(Akbar	et	al.,	2015)	was	found	that	examined	the	effect	of	antibiotics	on	flare-ups	(pain,	
swelling	or	both)	in	cases	of	a	necrotic	pulp.	In	this	RCT,	50	patients	received	2	grams	of	amoxicillin	
one	hour	before	the	first	visit	for	root	canal	treatment;	the	other	50	patients	in	whom	root	canal	
treatment	was	also	performed	in	two	sessions	received	neither	an	antibiotic	nor	a	placebo.	Pain	and	
swelling	were	measured	with	a	0-10	VAS	scale.	No	pain/swelling	corresponded	to	score	0,	mild	
pain/swelling	to	a	score	of	1-3,	moderate	pain/swelling	to	a	score	of	4-6	and	severe	pain/swelling	to	
7-10.	Moderate	or	severe	pain/swelling	was	interpreted	as	a	flare-up.	Pain	and	swelling	were	noted	at	
4,	12,	24,	48	and	72	hours	after	the	first	visit	by	the	patient.	The	study	involved	55	men	and	45	women	
with	a	mean	age	of	34	years.	In	the	group	that	received	antibiotics,	8%	(4/50)	had	a	flare-up.	In	the	
group	that	did	not	receive	antibiotics,	12%	(6/50)	had	a	flare,	giving	a	relative	risk	of	0.67	(95%	BI:	
0.20-2.22).	This	difference	was	not	statistically	significant.		
The	Swedish	report	Methods	of	Diagnosis	and	Treatment	in	Endodontics:	A	Systematic	Review	(2012)	
cited	3	studies	(total	N=250;	Mata	et	al.,	1985;	Walton	&	Chiappinelli,	1993;	Pickenpaugh	et	al.,	2001)	
in	which	penicillin	or	amoxicillin	was	used	prophylactically	in	a	necrotic	pulp,	and	flare-up	was	an	
outcome	measure.	In	the	group	receiving	an	antibiotic,	the	rate	of	flare-ups	ranged	from	3.8	to	6%,	in	
the	placebo	group	from	4	to	12%,	with	an	outlier	of	24%.	This	does	not	indicate	an	obvious	effect	of	an	
antibiotic	on	postoperative	pain.	
[update	2022/3]	Shamszadeh	et	al.	(2021)	included	a	total	of	eight	studies	of	patients	with	a	necrotic	
pulp	as	well	as	periodontitis	apicalis	(n=690)	that	studied	either	pain	or	swelling	as	outcome	measu-
res.	Thus,	not	like	Akbar	et	al.	(2015)	only	the	outcome	pain	combined	with	swelling.	Table	7-5	shows	
the	results	for	both	outcome	measures	at	different	postoperative	time	points.	A	standardized	mean	
difference	(SMD)	of	at	least	+0.2	or	-0.2	indicates	a	small	unfavorable	or	favorable	effect,	respectively.	
The	outcomes	in	Table	7-5	sometimes	show	no	effect	(pain	after	24	hours;	pain	after	48	hours),	some-
times	a	small	unfavorable	effect	(swelling	after	24	hours)	and	sometimes	a	small	favorable	effect	(pain	
after	12	hours	and	swelling	after	48	hours).		
	

Table	7-5	Effect	of	antibiotics	versus	placebo	on	postoperative	pain	and	swelling	
Outcome	measure	 Standardized	mean	difference	(95%	BI).	
Pain	after	12	hours	 -0,20		

(-1,24;	0,83)	
Pain	after	24	hours	 -0,04		

(-0,29;	0,20)	
Pain	after	48	hours	 0,18		
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(-0,26;	0,62)	
Swelling	after	24	hours	 0,29		

(-0,72;	1,32)	
Swelling	after	48	hours	 -0.23	

(-0.98;	0.51)	
Swelling	after	72	hours	 0.03	

(-1.25;	1.31)	
	
Quality	of	evidence	pain	and	swelling	after	12	to	72	hours	after	treatment	
Pain	after	12	and	48	hours	and	48	hours;	swelling	after	24,	48	and	72	hours:	the	quality	of	evidence	is	
very	low.	Downgraded	for	severe	risk	of	bias	(selection	bias)	and	by	three	levels	for	extremely	severe	
imprecision	(95%	confidence	interval	crosses	values	for	small	[+/-0.2],	medium	[+/-0.5]	and	large	[+/-
0.8]	effect.	
Pain	after	24	hours:	the	quality	of	evidence	is	low.	It	was	downgraded	for	severe	risk	of	bias	(selection	
bias)	and	by	one	level	for	severe	imprecision	(95%	confidence	interval	crosses	values	for	small	[-0.2]	
effect.	
	
	
Conclusions	
	
Very	low	
	
	
GRADE	

Outcome	measure	postoperative	pain	after	12	hours	
	
Prophylactic	administration	of	oral	antibiotics	may	reduce	postoperative	pain	
after	12	hours,	but	the	evidence	is	very	uncertain.	
	
Shamszadeh	et	al.,	2021	(Shah	et	al.,	2011;	Fouad	et	al.,	1996)	

	

	
Low	to	very	
low	
	
	
GRADE	

Outcome	measure	postoperative	pain	at	24	and	48	hours	
	
Prophylactic	administration	of	oral	antibiotics	may	not	reduce	postoperative	pain	
after	24,	48	hours,	but	the	evidence	is	very	uncertain.	
	
Shamszadeh	et	al.,	2021	(Alsomadi	et	al.,	2015;	Shah	et	al.,	2011;	Henry	et	al.,	
2001;	Fouad	et	al.,	1996;	Walton	et	al.,	1992)	

	

	
Very	low	
	
	
GRADE	

Outcome	measure	postoperative	swelling	at	24,	48	and	72	hours	
	
Prophylactic	administration	of	oral	antibiotics	shows	conflicting	(none;	minor	
favorable	and	minor	unfavorable)	effects	on	postoperative	swelling,	but	the	evi-
dence	is	highly	uncertain.	
	
Shamszadeh	et	al.,	2021	(Henry	et	al.,	2001;	Fouad	et	al.,	1996;	Walton	et	al.,	
1992;	Mata	et	al.,	1985)	

	
Is	there	a	difference	in	effect	(on	postoperative	pain)	between	5.25%	sodium	hypochlorite	versus	2%	
chlorhexidine	gel	as	an	intracanal	medication?	
Singh	et	al.	(2013)	in	a	randomized	trial	of	64	patients,	in	whom	the	64	mandibular	molars	had	a	dia-
gnosis	of	necrotic	pulp	and	acute	periodontitis	apicalis,	investigated	the	efficacy	of	calcium	hydroxide	
paste	as	an	intracanal	medication.41	The	diagnosis	was	made	based	on	a	negative	response	to	a	heat	

 
41	Allowing	for	some	dropout,	the	researchers	had	calculated	that	18	subjects	per	group	would	be	sufficient	at	an	
α	of	0.05	and	a	β	of	0.80.	As	in	most	studies,	there	was	no	mention	of	what	difference	should	be	detectable,	or	
whether	this	difference	was	a	clinically	relevant	difference.	The	reported	standard	deviations	are	exceptionally	
small.	All	pain	measurements	at	24	hours,	expressed	as	coefficient	of	variation,	are	less	than	20%.	In	the	studies	
included	in	Zanjir	et	al.	(2020),	the	coefficients	of	variation	are	around	100%.	
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test,	confirmed	in	the	absence	of	vital	pulp/bleeding	during	opening.	Clinical	and	radiographic	eviden-
ce	of	periodontitis	apicalis	was	confirmed	by	sensitivity	on	palpation	and	a	disrupted	periodontal	li-
gament.	Patients	were	between	20	and	40	years	of	age.	After	chemo-mechanical	cleaning,	patients	
were	randomized	to	four	groups:	canals	were	filled	with	(1)	calcium	hydroxide	paste	with	2%	chlor-
hexidine	gel,	(2)	with	2%	chlorhexidine	gel	only,	or	(3)	with	calcium	hydroxide	paste,	or	(4)	without	
disinfectant.	No	antibiotics	were	prescribed.	Patients	were	told	to	measure	and	record	pain	at	4	hours	
after	treatment,	and	then	at	24,	48,	72	and	96	hours.	The	pain	measurement	instrument	was	a	100	
mm-VAS	scale,	where	0-25	mm	corresponded	to	no	or	mild	pain,	26-50	mm	to	moderate	pain	requi-
ring	analgesia,	51-75	mm	to	severe	pain	in	which	analgesics	did	not	help,	and	≥76	mm	to	extreme	pain	
in	which	no	medication	relieved	the	pain.	There	was	no	statistically	significant	difference	between	the	
calcium	hydroxide	and	control	groups.	Both	the	group	receiving	chlorhexidine	and	the	group	receiving	
calcium	hydroxide	+	chlorhexidine	had	less	pain	than	the	other	two	groups	on	all	days	(5	to	10	mm	on	
average),	but	did	not	differ	between	them.	Therefore,	calcium	hydroxide	does	not	seem	to	have	any	
effect	on	the	degree	of	postoperative	pain.	
	

Quality	of	evidence	postoperative	pain	at	24,	48,	72	and	96	hours	
The	quality	of	evidence	is	reasonable.	It	was	downgraded	by	one	level	for	imprecision	(because	of	un-
certainty	about	the	size	of	the	standard	deviation	and	thus	the	precision	of	the	effect).	There	was	no	
downgrading	for	risk	of	bias,	inconsistency,	publication	bias	and	circumstantial	evidence.	
	
Conclusion	

	
	
Fair		
	
	
GRADE	

Outcome	measure	postoperative	pain	
	
Calcium	hydroxide	paste,	used	as	an	intracanal	medication,	in	combination	with	
2%	chlorhexidine	is	unlikely	to	provide	more	pain	relief	than	chlorhexidine	al-
one.	Calcium	hydroxide	paste	alone	provides	as	much	pain	reduction	as	the	con-
trol	group	(no	disinfectant).	
	
Singh	et	al.,	2013	

	
Is	there	any	difference	in	effect	of	5.25%	sodium	hypochlorite	versus	2%	chlorhexidine	gel?	
2	RCTs	(Almeida	et	al.,	2012;	Bashetty	et	al.,	2010)	were	found	comparing	the	effect	of	chlorhexidine	
on	postoperative	pain	with	that	of	sodium	hypochlorite.	Almeida	et	al.	included	126	patients,	including	
80	women,	in	whom	treatment	of	apical	periodontitis	and	pulpanecrosis	was	necessary.	This	was	done	
in	a	single	session.	The	median	age	was	38	years.		
Postoperative	pain	was	measured	after	24,	48,	and	72	hours,	and	after	7	days.	A	4-point	VAS	scale	was	
used	for	this	purpose	(0=no	pain,	1=mild	pain,	2=severe	pain	[analgesics	help],	3=severe	pain	[analge-
sics	do	not	help]).	Bashetty	et	al.	included	40	patients	aged	21-40	years	with	nonvital	teeth	and	necro-
sis	of	the	pulp.	Postoperative	pain	was	measured	after	6	and	24	hours,	after	4	and	after	7	days.	Pain	
was	measured	with	a	10-point	VAS	scale	(0=no	pain,	1	to	3=mild	pain,	4	to	6=moderate	pain,	7	to	
9=severe	pain).		
Both	studies	allow	combining	outcomes	after	24	hours	and	those	after	7	days.	Neither	after	24	hours	
nor	after	7	days	was	there	a	statistically	significant	difference	in	postoperative	pain	between	chlor-
hexidine	and	sodium	hypochlorite	(SMD:	0.06,	95%	BI:	-0.245;	0.364;	SMD:	-0.04,	95%	BI:	-0.344;	
0.265).	42	
In	the	study	by	Bashetty	et	al.	a	statistically	significant	difference	of	1.5	in	pain	was	measured	only	
after	6	hours	to	the	detriment	of	sodium	hypochlorite.	In	the	study	by	Almeida	et	al.	a	statistically	sig-
nificant	difference	was	not	measured	between	chlorhexidine	and	sodium	hypochlorite	at	any	of	the	
measurement	times.	
	

 
42	Because	different	VAS	scales	were	used,	the	study	group	converted	the	data	from	both	studies	to	standardized	
mean	differences	(SMD).		
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Quality	of	evidence	postoperative	pain	after	6-96	hours	and	after	7	days	
The	quality	of	evidence	is	low.	It	was	downgraded	by	one	level	for	risk	of	bias	(unclear	randomization	
procedure	and	blinding	of	allocation	to	study	and	control	group),	and	by	one	level	for	imprecision	
(small	study	size).	No	downgrading	was	done	for	inconsistency,	publication	bias	and	circumstantial	
evidence.	
	
Conclusion	

	
	
Low		
	
GRADE	

Outcome	measure	postoperative	pain	
	
Between	5.25%	sodium	hypochlorite	and	2%	chlorhexidine	gel,	there	may	be	no	
difference	in	the	degree	of	postoperative	analgesia.	
	
Almeida	et	al.,	2012;	Bashetty	et	al.,	2010	

	
[update	2022/3]	Is	there	a	difference	in	effect	of	retaining	vs.	not	retaining	apical	patency?	("apical	
patency")?	
Abdulrab	et	al.	(2018)	included	five	randomized	studies	(Yaylali	et	al.,	2018;	Garg	et	al.,	2017;	Arora	et	
al.,	2016;	Sharaan	et	al.,	2012;	Arias	et	al.,	2009)	that	reported	on	postoperative	pain	when	retained	
versus	nonretained	apical	clearance	was	compared.	However,	one	of	these	studies	(Sharaan	et	al.,	
2012)	did	not	report	separately	on	vital	and	non-vital	teeth.	Therefore,	the	study	group	leaves	this	
study	out	of	consideration.	The	study	group	reperformed	the	meta-analysis	of	Abdulrab	et	al.	(2018),	
limiting	itself	to	teeth	with	pulpal	necrosis	whether	or	not	in	combination	with	periodontitis	apicalis.		
Between	studies	there	are	differences	in	the	type	of	dentition	examined.	One	study	examined	only	first	
molars	in	the	mandible,	A	second	study	looked	at	molars	in	lower	and	upper	jaws,	a	third	study	also	
included	premolars,	and	a	fourth	study	examined	all	dentition	but	analyzed	outcomes	by	type	(anteri-
or	versus	posterior)	of	dentition.	The	studies	differed	in	other	respects	as	well:		

• three	studies	used	rotary	instruments	for	channel	preparation,	the	fourth	study	used	manual	
instrumentation	only;	

• Regarding	the	irrigation	protocol,	some	studies	combined	NaOCl	with	EDTA,	others	combined	
with	saline	or	NaOCl	alone.	

The	aforementioned	differences,	in	addition	to	the	potential	effect	of	"apical	patency,"	may	also	affect	
the	outcome	postoperative	pain.	The	type	of	file	used	was	a	10	or	15	small	flexible	K-file	.		
	
Outcome	measure	incidence	of	postoperative	pain	
Arias	et	al.	(2009)	reported	only	the	incidence	of	postoperative	pain	for	several	days	after	treatment.	
Odds	ratio	was	2.53	(95%	BI:	1.03;	3.70).	In	other	words,	the	incidence	of	postoperative	pain	when	
apical	patency	was	not	preserved	was	two	and	a	half	times	greater	than	when	apical	patency	was	pre-
served.	"Apical	patency"	thus	appears	to	have	an	effect.	However,	whether	this	is	a	patient-important	
effect	cannot	be	inferred	from	this.	
	
Outcome	measure	postoperative	pain	intensity	(molars	and	premolars)	
Three	studies	(Yaylali	et	al.,	2018;	Garg	et	al.,2017;	Arora	et	al.,	2016)	reported	on	pain	intensity,	with	
one	study	reporting	only	on	the	first	two	days.	The	results	of	the	meta-analysis	are	listed	in	Table	7-6.	
To	what	extent	do	these	indicate	a	patient-relevant	pain	reduction	when	applying	"apical	patency"?	On	
a	0-10	VAS	scale,	a	reduction	in	pain	intensity	by	one	is	generally	considered	a	significant	reduction.	
Well,	the	results	in	the	mentioned	table	suggest	that	applying	"apical	patency"	leads	to	less	pain	in	the	
first	three	days	after	treatment	(pain	reduction	>	1)	and	thereafter	no	longer	has	a	patient-relevant	
effect	But	the	necessary	comments	are	appropriate	here.	See	quality	of	evidence.	

Table	7-6	Mean	difference	in	postoperative	pain	intensity	(0-10	VAS	scale)	retained	versus	not	retained	
apical	translucency	

Day 1 (after 24 hours) -1.06 (-3.34; 1.22) [n=405; 3 studies]. 
Day 2  -0.74 (-2.01, 0.53) [n=405; 3 studies]. 
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Day 3 -1.02 (-2.62; 0.58) [n=385; 2 studies]. 
Day 4 -0.61 (-1.68; 0.46) [n=385; 2 studies]. 
Day 5 -0.52 (-0.60; -0.44) [n=320; 1 study)  
Day 6 -0.09 (-0.19; 0.01) [n=320; 1 study) 
	
Quality	of	evidence	incidence	of	postoperative	pain,	pain	intensity	<3	days,	<6	days	
Incidence	of	postoperative	pain:	the	quality	of	evidence	is	very	low.	It	is	downgraded	by	one	level	for	
severe	risk	of	bias	(possible	selection	bias)	and	by	two	levels	for	very	severe	imprecision	(ratio	upper	
and	lower	limits	of	confidence	interval	is	greater	than	2.5).	There	is	no	downscaling	for	other	factors.		
Postoperative	pain	intensity	(day	1	to	day	3);	quality	of	evidence	is	very	low.	It	is	downgraded	by	one	
level	for	severe	imprecision	(confidence	interval	crosses	threshold	-1)	and	by	two	levels	for	very	seve-
re	inconsistency:	one	study	shows	a	very	strong	effect,	two	other	studies	small,	patient-insignificant	
effects.	No	downgrading	is	done	for	other	factors.		
Postoperative	pain	intensity	(day	4	to	day	6):	the	quality	of	evidence	is	high.	There	is	no	downgrading	
for	any	of	the	GRADE	factors.		
	
Conclusions	

	
	
Very	low		
	
GRADE	

Outcome	measure	incidence	of	postoperative	pain		
	
Applying	"apical	patency"	compared	to	not	applying	it	seems	to	reduce	the	occur-
rence	of	postoperative	pain,	but	the	evidence	is	very	uncertain.	
	
Abdulrab	et	al.,	2018	(Arias	et	al.,	2009)	

	

	
	
Very	low		
	
GRADE	

Outcome	measure	postoperative	pain	intensity	(day	1	to	3)	
	
Applying	"apical	patency"	compared	to	not	applying	it	seems	to	reduce	the	degree	
of	postoperative	pain,	but	the	evidence	is	very	uncertain.	
	
Abdulrab	et	al.,	2018	(Yaylali	et	al.,	2018;	Garg	et	al.,	2017;	Arora	et	al.,	2016)	

	

	
	
High		
	
GRADE	

Outcome	measure	postoperative	pain	intensity	(from	day	4)	
	
Applying	"apical	patency"	compared	to	not	applying	it	does	not	seem	to	signifi-
cantly	reduce	the	degree	of	postoperative	pain.	
	
Abdulrab	et	al.,	2018	(Yaylali	et	al.,	2018;	Arora	et	al.,	2016)	

	
	
Considerations	
Regarding	treating	in	one	session	versus	multiple	sessions	
Quality	of	evidence	
[update	2022/3]	For	the	crucial	outcome	measures	radiological	failure	and	pain	up	to	72	hours	after	
obturation,	there	is	reasonable	quality	of	evidence.	For	the	other	crucial	outcome	measures	post-
obturation	pain	within	one	week,	post-obturation	pain	after	one	week,	presence	of	fistula,	swel-
ling/flare-up,	the	quality	of	evidence	is	very	low.	Thus,	the	overall	quality	of	evidence	is	very	low	
because	the	lowest	level	of	a	crucial	outcome	measure	determines	the	overall	quality	of	evidence.		
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Patient	values	and	preferences		
It	is	important	to	inform	patients	about	the	effect	of	the	number	of	sessions	and	preoperative	status	
(apical	lesions	>	5	mm	may	have	a	worse	prognosis)	on	tooth	preservation	or	quality	of	life.		
According	to	Vela	et	al.	(2012),	most	patients	prefer	to	be	treated	in	one	session,	unless	it	would	ap-
pear	that	treatment	in	two	sessions	would	be	more	likely	to	be	successful.	Azarpazhoh	et	al.	(2014)	
confirm	that	most	patients	want	to	be	informed	about	the	chances	of	treatment	success	and	value	
shared	decision-making.	
	
Balance	of	desired	effects	versus	undesired	effects	and	costs	
[update	2022/3]	For	some	key	critical	outcome	measures,	namely	radiological	failure	and	postobtura-
tion	pain,	there	is	probably	little	or	no	difference	in	effect	between	one	or	more	sessions.	Thus,	the	
balance	for	these	effects	is	the	same	for	one	or	more	sessions.	For	other	critical	outcomes,	the	quality	
of	evidence	is	very	low,	making	the	balance	of	desired	and	undesired	effects	more	difficult	to	determi-
ne.	According	to	the	guideline	working	group,	there	are	several	reasons	to	balance	in	favor	of	one	ses-
sion:	

- most	patients	prefer	this	because	of	time	savings		
- costs	can	be	saved.	

	
Applicability	
To	assess	the	degree	of	complexity	of	root	canal	treatment,	the	Dutch	Endodontic	Treatment	Index	
(DETI)	and	Classification	of	Endodontic	Treatment	(CEB)	are	used	(Ree,	2009).	The	DETI	counts	four-
teen	criteria	that	can	lead	to	complications	(Appendix	7.2).	When	one	or	more	criteria	apply,	there	is	a	
risk	of	complications	in	root	canal	treatment.	If	so,	the	CEB	is	completed	to	determine	the	degree	of	
difficulty	(Appendix	7.2).	
In	the	case	of	an	acute	pain	complaint,	general	practice	often	sees	that	an	endodontic	initial	treatment	
takes	place	and	treatment	is	completed	at	a	later	stage.	In	such	a	situation,	there	may	be	little	or	no	
choice	between	one	or	two	sessions.	
	
[update	2022/3]	Regarding	calcium	hydroxide	as	an	intracanal	medication	
Quality	of	evidence	
The	quality	of	evidence	is	very	low	regarding	the	reduction	of	endotoxin	levels	by	calcium	hydroxide.	
Nevertheless,	it	is	clear	that	calcium	hydroxide	does	not	provide	100	percent	endotoxin	reduction.	
	
Patient	values	and	preferences:	not	applicable	
	
Balance	of	desired	and	undesired	effects	and	costs		
Endotoxin	reduction	is	a	surrogate	outcome.	Looking	at	the	outcomes	of	treating	in	one	versus	multi-
ple	sessions,	the	role	of	calcium	hydroxide	as	an	intra-channel	drug	appears	to	be	of	little	or	no	signifi-
cance.	In	addition,	calcium	hydroxide	is	difficult	to	remove	when	trapped.	Retained	calcium	hydroxide	
can	cause	reduced	adhesion	of	the	canal	filling	or	composite	filling	used.	Therefore,	undesirable	effects	
outweigh	desired	effects.	
	
[update	2022/3]	Relating	to	apical	translucency	
Quality	of	evidence	The	quality	of	evidence	for	the	various	pain-related	outcome	measures	ranges	from	
high	to	very	low.	Thus,	the	overall	quality	of	evidence	is	very	low.		
	
Patient	values	and	preferences:	not	applicable	
	
Balance	of	desired	and	undesired	effects	and	costs		
Achieving	apical	clearance	seems	to	significantly	reduce	pain	from	day	1	to	day	3,	but	there	is	no	diffe-
rence	thereafter	between	achieving	and	not	achieving	apical	clearance.	Also,	achieving	apical	translu-
cency	will	(indirectly)	cause	the	canal	filling	to	end	within	2	mm	of	the	radiographic	apex,	which	has	a	
positive	effect	on	the	healing	of	periodontitis	apicalis.	Undesirable	effect	of	achieving	apical	permeabi-
lity	is	a	potential	risk	of	apical	extrusion	of	infected	débris	after	mechanical	instrumentation	outside	
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the	apical	foramen,	which	may	cause	postoperative	pain.	However,	the	likelihood	of	this	seems	small	
given	the	postoperative	pain	reduction	effect	the	studies	showed.	Cost	aspects	of	apical	translucency	
are	not	available.	
	
Applicability	
Most	endodontists	apply	achieving	apical	clearance.	However,	among	the	attending	dentist,	this	seems	
to	be	a	minority.	Therefore,	making	the	dentist	consider	this	recommendation	requires	additional	im-
plementation	effort.	
	
Regarding	administration	of	antibiotics	
Quality	of	evidence		
The	quality	of	evidence	for	the	outcomes	on	pain	is	very	low.	Thus,	the	overall	quality	of	evidence	is	
very	low.	
	
Patient	values	and	preferences:	not	applicable	
	
Balance	of	desired	and	undesired	effects	and	costs	
Antibiotics	seem	to	have	little	or	no	effect	on	pain.	In	the	absence	of	a	beneficial	effect	in	this	regard,	
the	negative	consequences	of	antibiotic	use,	namely	increasing	resistance,	weigh	all	the	more	heavily.	
	
Recommendations	

Consider	performing	root	canal	treatment	of	a	necrotic	pulp	in	one	sitting.	This	may	be	
deviated	from	when	warranted	by	the	presence	of	pain	(emergency),	the	difficulty	of	the	
treatment	and/or	the	patient's	wishes.	
[unchanged	after	update	2022/3]	

Rationale		
The	outcomes	of	treating	in	one	or	more	sessions	seem	to	differ	little	or	not	at	all.	Most	patients	prefer	
treatment	in	one	session.	
	

In	root	canal	treatment	of	a	necrotic	pulp,	consider	not	using	calcium	hydroxide	as	an	intra-
canal	medication.	
[update	2022/3:	new	recommendation]	

Rationale		
The	endotoxin-reducing	effect	of	calcium	hydroxide	as	an	intracanal	medication	seems	to	be	of	little	
importance	for	the	final	treatment	outcomes.	There	are	significant	drawbacks	to	its	use:	it	is	difficult	to	
remove	and	residual	residue	can	cause	reduced	adhesion	of	the	canal	filling	or	composite	filling	used	
	

During	initial	root	canal	treatment	of	a	necrotic	pulp	or	re-treatment	with	periodontitis	apicalis,	
consider	achieving	apical	clearance	to	prevent	apical	blockage.	
[update	2022/3:	new	recommendation]	

	
Rational	
Achieving	apical	clearance	(with	a	#08	or	#10	K	file)	reduces	postoperative	pain	and	may	indirectly	
have	a	beneficial	effect	on	healing/reduction	of	apical	periodontitis.	
	

Antibiotics	for	the	purpose	of	analgesia	should	not	be	administered.	

[unchanged	after	update	2022/3]	
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Rationale	
Use	of	an	antibiotic	as	an	ineffective	form	of	analgesia	should	be	avoided.	This	also	contributes	to	limi-
ting	antimicrobial	resistance.		
	

	
Good	practice	statements	
• Inform	the	patient	prior	to	treatment	about	the	prognosis	of	endodontic	treatment	and	the	possible	
effect	of	preoperative	status	on	it.	

• [update	2022/3]	Please	note	that	the	following	factors	may	have	a	negative	effect	on	the	healing	of	
periodontitis	apicalis: 
fillingof	the	root	canal	more	than	2	mm	from	the	radiographic	apex	endend;	
-	gross	overfilling;	
-	voids.	

Knowledge	gaps	
See	above	(page	131).		
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Appendix	7.1	Search	strategy	

(("dental	pulp	cavity/pathology"[MeSH	Terms]	OR	"dental	pulp	diseases"[MeSH	Terms].	
OR	"Periapical	Diseases"[Mesh]	OR	("non-vital"[Title/Abstract]	AND	"pulp"[Title/Abstract]))	
AND	("root	canal	therapy"[MeSH	Terms]	OR	"root	canal	therapy"[Title/Abstract]	OR	"root	canal	treat-
ment"[Title/Abstract]	OR	"pulpectomy"[MeSH	Terms]	OR	"pulpectomy"[Title/Abstract]	OR	"root	canal	obtura-
tion"[MeSH]	OR	"root	canal	obturation"[TItle/Abstract])	AND	("episode	of	care"[MeSH	Terms]	OR	"calcium	hy-
droxide/therapeutic	use"[MeSH	Terms]	OR	"root	canal	irrigants/therapeutic	use"[MeSH	Terms]	OR	"sodium	
hypochlorite/therapeutic	use"[MeSH	Terms]	OR	"chlorhexidine/therapeutic	use"[MeSH	Terms]	OR	"lasers,	sem-
iconductor/therapeutic	use"[MeSH	Terms]	OR	"photochemotherapy/therapeutic	use"[MeSH	Terms]	OR	"photo-
sensitizing	agents/therapeutic	use"[MeSH	Terms]	OR	"sterilization"[MeSH	Terms]	OR	*session[Title/Abstract]	
OR	*sessions[Title/Abstract]	OR	*visit[Title/Abstract]	OR	*visits[Title/Abstract]	OR	
*appointment[Title/Abstract]	OR	*appointments[Title/Abstract]	OR	"calcium	hydroxide"[Title/Abstract]	OR	
"sodium	hypochlorite"[Title/Abstract]	OR	"chlorhexidine"[Title/Abstract]	OR	"laser"[Title/Abstract]	OR	"iodine	
potassium	iodide"[Title/Abstract]	OR	
"tincture	iodine"[Title/Abstract]	OR	"ethyl	alcohol"[Title/Abstract]	OR	"ethanol"[Title/Abstract]	OR	
"edta"[Title/Abstract]))	AND	("controlled	clinical	trial"[Publication	Type]	OR	"meta	analysis"[Publication	Type]	
OR	"multicenter	study"[Publication	Type]	OR	"randomized	controlled	trial"[Publication	Type]	OR	allo-
cat*[Title/Abstract]	OR	random	*[Title/Abstract]	OR	systematic[sb])	
	
162	hits.	
	
("dental	pulp	cavity/pathology"[MeSH	Terms]	OR	"dental	pulp	diseases"[MeSH	Terms].	
OR	"Periapical	Diseases"[Mesh]	OR	("non-vital"[Title/Abstract]	AND	"pulp"[Title/Abstract]))	
AND	(("treatment	outcome"[MeSH	Terms]	OR	"prognosis"[MeSH	Terms]	OR	
"treatment	outcome"[Title])	AND	("sensitivity	and	specificity"[MeSH	Terms]	OR	"dental	
pulp	cavity/microbiology"[MeSH	Terms]	OR	"bacteria/isolation	and	purification"[MeSH	
Terms]	OR	"culturing"[Title]	OR	"Polymerase	Chain	Reaction"[Mesh]	OR	"real-time	
PCR"[Title/Abstract]))	
	
84	hits.	
	
(("root	canal	therapy"[MeSH	Terms]	OR	"root	canal	therapy"[Title/Abstract]	OR	"root	
canal	treatment"[Title/Abstract]	OR	"pulpectomy"[MeSH	Terms]	OR	"pulpectomy"	
[Title/Abstract]	OR	"root	canal	obturation"[MeSH	Terms]	OR	"root	canal	obturation"	
(("root	canal	therapy"[MeSH	Terms]	OR	"root	canal	therapy"[Title/Abstract]	OR	"root	canal	treat-
ment"[Title/Abstract]	OR	"pulpectomy"[MeSH	Terms]	OR	"pulpectomy"[Title/Abstract]	OR	"root	canal	obtura-
tion"[MeSH	Terms]	OR	"root	canal	obturation"[TItle/Abstract]	OR	"dental	pulp	diseases/therapy"[MeSH	Terms]	
OR	"Periapical	Diseases/therapy"[MeSH	Terms]	OR	"pulpitis/therapy"[MeSH	Terms]	OR	"endodontic	treat-
ment"[Title/Abstract]	OR	"endodontic	therapy"[Title/Abstract]	OR	"endodontic"[Title]	OR	"root	canal"[Title]	OR	
"pulpless"[Title])	AND	("episode	of	care"[MeSH	Terms]	OR	*session[Title/Abstract]	OR	*sessions[Title/Abstract]	
OR	
*visit[Title/Abstract]	OR	*visits[Title/Abstract]	OR	*appointment[Title/Abstract]	OR	
*appointments[Title/Abstract])	AND	("controlled	clinical	trial"[Publication	Type]	OR	"meta	analy-
sis"[Publication	Type]	OR	"multicenter	study"[Publication	Type]	OR	"randomized	controlled	trial"[Publication	
Type]	OR	allocat*[Title/Abstract]	OR	random*[Title/Abstract]	OR	systematic[sb]	OR	control*[Title]))	AND	(has-
abstract[text])	
	
149	hits.	
	
(("root	canal	therapy"[MeSH	Terms]	OR	"root	canal	therapy"[Title/Abstract]	OR	"root	
canal	treatment"[Title/Abstract]	OR	"pulpectomy"[MeSH	Terms]	OR	"pulpectomy"	
[Title/Abstract]	OR	"root	canal	obturation"[MeSH	Terms]	OR	"root	canal	obturation"	
[TItle/Abstract]	OR	"dental	pulp	diseases/therapy"[MeSH	Terms]	OR	"Periapical	Diseases/	
therapy"[MeSH	Terms]	OR	"pulpitis/therapy"[MeSH	Terms]	OR	"endodontic	treatment"[	
Title/Abstract]	OR	"endodontic	therapy"[Title/Abstract]	OR	"endodontic"[Title]	OR	"root	canal"[Title]	OR	"pulp-
less"[Title])	AND	("root	canal	obturation/instrumentation"[MeSH	Major	Topic]	OR	"root	canal	obtura-
tion/methods"[MeSH	Major	Topic]	OR	"root	canal	obturation/standards"[MeSH	Major	Topic]	OR	"root	canal	
therapy/methods"[MeSH	Major	Topic]	OR	"root	canal	therapy/standards"[MeSH	Major	Topic])	AND	("controlled	
clinical	trial"[Publication	Type]	OR	"meta	analysis"[Publication	Type]	OR	"multicenter	study"[Publication	Type]	
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OR	"randomized	controlled	trial"[Publication	Type]	OR	allocat*[Title/Abstract]	OR	random*[Title/Abstract]	OR	
systematic[sb]	OR	control*[Title]))	AND	(hasabstract[text])	("root	canal	obturation/instrumentation"[MeSH	
Major	Topic]	OR	"root	canal	obturation/standards"[MeSH	Major	Topic]	OR	"root	canal	prepara-
tion/instrumentation"[MeSH	Major	Topic]	OR	"root	canal	preparation/standards"[MeSH	Major	Topic]	OR	"root	
canal	therapy/instrumentation"[MeSH	
Major	Topic]	OR	"root	canal	therapy/standards"[MeSH	Major	Topic])	NOT	(hasabstract[text])	
	
161	hits.		
	
Necrotic	pulp	AND	treatment	AND	(Randomized	Clinical	Trial[ptyp]	OR	systematic[sb]	OR	"review	literature	as	
topic"[MeSH	Terms])	
	
102	hits.	
	
(("root	c<anal	therapy"[MeSH	Terms]	OR	"root	canal	therapy"[Title/Abstract]	OR	"root	canal	treat-
ment"[Title/Abstract]	OR	"pulpectomy"[MeSH	Terms]	OR	"pulpectomy"[Title/Abstract]	OR	"root	canal	obtura-
tion"[MeSH	Terms]	OR	"root	canal	obturation"[TItle/Abstract]	OR	"dental	pulp	diseases/therapy"[MeSH	Terms]	
OR	"Periapical	Diseases/therapy"[MeSH	Terms]	OR	"pulpitis/therapy"[MeSH	Terms]	OR	"endodontic	treat-
ment"[Title/Abstract]	OR	"endodontic	therapy"[Title/Abstract]	OR	"endodontic"[Title]	OR	"root	canal"[Title]	OR	
"pulpless"[Title])	AND	("n2	dental	cement"[Substance	Name]	OR	"n2"[Title]	OR	"fr	dental	filling"[Substance	
Name]	OR	"root	filling"[Title/Abstract]	OR	"root	canal	sealer"[Title/Abstract]	OR	"root	canal	filling	materi-
als"[MeSH	Terms]	OR	"gutta	percha"[Title/Abstract]	OR	"chloroform"[Title/Abstract]	OR	"chloro-
form"[Substance	Name]	OR	"chloropercha"[Title/Abstract]	OR	"endmethasone"[Title/Abstract])	AND	("con-
trolled	clinical	trial"[Publication	Type]	OR	"meta-analysis"[Publication	Type]	OR	"multicenter	study"[Publication	
Type]	OR	"randomized	controlled	trial"[Publication	Type]	OR	allocat*[Title/Abstract]	OR	ran-
dom*[Title/Abstract]	OR	systematic[sb]	OR	control*[Title]	OR	"follow	up	studies"[MeSH	Terms]	OR	"prospective	
studies"[MeSH	Terms]))	AND	(hasabstract[text])	AND	(necrotic)	AND	(adult"[MeSH	Terms])	
	
20	hits.	
	
(("dental	pulp	cavity/microbiology"[MeSH	Terms]	OR	"endodontic	infections"[Title/	Abstract]	OR	(("dental	
pulp"[Title/Abstract]	OR	"root	canal"[Title/Abstract]	OR	"root	canals"[Title/Abstract])	AND	("microbiolo-
gy"[Title/Abstract]	OR	"microbiological"[Title/Abstract]	OR	"bacteria"[Title/Abstract]	OR	"bacteri-
al"[Title/Abstract]	OR	"infection"[	Title/Abstract])))	AND	("bacteriological	techniques"[MeSH	Terms]	OR	"colo-
ny	count,	microbial"[MeSH	Terms]	OR	"culture	media/diagnostic	use"[MeSH	Terms]	OR	"polymerase	chain	reac-
tion"[MeSH	Terms]	OR	"infection/radiography"[MeSH	Terms]	OR	"bacteria/isolation	and	purification"[MeSH	
Terms]	OR	"culturing"[Title/Abstract]	OR	"real	time	pcr"[Title/Abstract]	OR	"polymerase	chain	
reacion"[Title/Abstract]))	AND	(sensitiv*[Title/Abstract]	OR	"sensitivity	and	specificity"[MeSH	Terms]	OR	diag-
nos*[	Title/Abstract]	OR	diagnosis[MeSH:noexp]	OR	"diagnosis,	differential"[MeSH:	noexp]	OR	diagno-
sis[Subheading:noexp]	OR	"false	positive"[Title/Abstract]	OR	"false	negative"[Title/Abstract]	OR	"reliabil-
ity"[Title/Abstract]	OR	"validity"[Title/Abstract]	OR	"accuracy"[Title/Abstract]	OR	"precision"[Title/Abstract]	
OR	"Comparative	study"	[Publication	Type])	AND	(necrotic)	AND	(adult"[MeSH	Terms])	
	
23	hits.	
	
Total:	228	hits	after	deduplication	and	publication	from	2010.	
Published	September	17,	2015.	
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Appendix	7.2	Dutch	Endodontic	Treatment	Index	and	Classification	of	Endodontic	Treatment.	

	

The	Dutch	Endodontic	Treatment	Index	(DETI)	score.	
YES	
○	Physical	limitations/cooperation	patient	moderate	to	poor	
○	Diagnosis	difficult	to	make	
○	Premolar	>	2	root	canals	
○	Molar	>	3	root	canals/third	molar	
○	Root	canal	splitting	in	middle/apical	third	part	
○	Moderate	to	strong	rotation	and/or	inclination	of	teeth	(>	10°)	
○	Deviating	crown	and/or	root	morphology/length	of	root	≥	30	mm	
○	Pre-treatment	needed	with	rubber	dam	insulation	
○	Crown,	superstructure	and/or	root	post	present	
○	Moderate	to	strong	root	canal	curvatures	(>	10°)	
○	Obstructions,	resorptions,	calcifications,	perforations	and/or	open	apices	
○	Dentition	previously	treated	endodontically	
○	Endo-paro	problems	
○	Trauma	in	anamnesis	
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The	Classification	of	Endodontic	Treatment.	
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8. 	 Orthograde re-treatment	
	
Introduction43	
Background	
The	goal	of	endodontic	treatment,	namely	that	the	element	is	asymptomatic	and	free	of	infection	and	
there	is	no	evidence	of	apical	periodontitis,	is	not	always	achieved.	Pain,	swelling	and	fistula	associated	
with	the	element	previously	treated	endodontically	are	all	indications	of	a	persistent	or	newly	develo-
ped	infection	of	the	root	canal	or	of	a	non-endodontic	problem	such	as	a	cleft	tooth.	A	frequent	pro-
blem	is	that	of	a	clinically	asymptomatic	previously	endodontically	treated	element	with	radiographic	
signs	of	periapical	bone	loss	or	persistence	of	previous	bone	loss.	Such	a	situation	may	deteriorate	into	
an	acute	complaint	of	pain	and	swelling.	Dental	elements	with	an	initial	diagnosis	of	periapical	bone	
loss	require	time	to	heal;	follow-up	studies	have	shown	that	the	time	required	for	this	to	occur	can	
vary	from	several	months	to	several	years.	The	diagnosis	of	apical	periodontitis	associated	with	a	root-
filled	tooth	is	fairly	certain	when	there	are	clinical	signs	and	indications	of	periapical	bone	loss.	This	is	
also	true	when	an	X-ray	shows	an	increase	in	the	area	of	bone	loss	or	the	development	of	a	new	lesion.	
However,	if	the	only	evidence	consists	of	persistence	of	previously	observed	bone	loss,	then	the	dia-
gnosis	is	less	certain,	but	more	likely	the	more	time	that	has	passed	since	the	primary	root	filling.		
	
Treatment	options	
Apart	from	extraction,	there	are	several	options:	first,	orthograde	or	retrograde	re-treatment	and	se-
cond,	"intentional	replantation.	Orthograde	retreatment	(revision	of	the	root	filling)	involves	the	prac-
titioner	re-accessing	the	root	canals	with	the	aim	of	treating	the	infection	mechanically	and	chemically.		
The	infected	area	is	often	difficult	to	access	for	technical	reasons.	In	addition,	the	microorganisms	are	
usually	more	resistant	than	during	the	primary	root	canal	infection.	
Retrograde	re-treatment	(apical	surgery)	involves	access	to	the	root	canal	system	through	a	surgical	
procedure.	Several	millimeters	of	the	root	tip	are	removed.	This	is	usually	followed	by	some	form	of	
root	tip	preparation	and	disinfection	of	the	exposed	root	canal.	The	cavity	that	has	been	prepared	is	
then	closed	with	what	is	known	as	a	retrograde	root	filling.	The	complexity	of	this	varies	according	to	
the	accessibility	of	the	root,	the	skill	of	the	practitioner	and	the	availability	of	special	equipment.		
This	systematic	review	discusses	orthograde	re-treatment.	The	outcome	measures	are	similar	to	those	
of	primary	endodontic	treatment.	If	the	treated	element	is	asymptomatic	after	a	certain	recovery	pe-
riod	and	there	is	no	clinical	or	radiographic	evidence	of	apical	periodontitis,	the	treatment	outcome	is	
successful.	Evidence	was	also	sought	for	methods	by	which	postoperative	complications	due	to	re-
treatment	can	be	successfully	prevented	or	treated.	
Exit	questions:	

1. How	does	the	number	of	treatment	sessions,	instrumentation,	disinfection	protocol	or	root	fil-
ling	material	affect	the	outcome	of	orthograde	re-treatment?	

2. Are	there	effective	methods	for	preventing	or	treating	postoperative	complications	after	re-
treatment?	

	
Search	and	selection	
A	search	was	conducted	November	15,	2016	in	PubMed	(Appendix	8.1).	This	found	897	potentially	
relevant	studies.	Of	these,	5	were	found	to	meet	the	inclusion	criteria.	The	Swedish	HTA	report	inclu-
ded	2	studies	on	bone	loss	as	a	potential	prognostic	factor	for	the	outcome	of	orthograde	re-treatment.	
The	Swedish	HTA	report	included	neither	studies	comparing	different	instrumentation	techniques,	
disinfection	protocols	or	filling	materials	nor	studies	on	avoiding	or	treating	postoperative	complicati-
ons.	
	
The	summary	of	the	literature	discusses	only	the	studies	on	orthograde	re-treatment.		

 
43	This	introduction	is	based	in	part	on	Methods	of	Diagnosis	and	Treatment	in	Endodontics.	A	systematic	review	
(2012)	and	supplemented	where	necessary.	
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Selection Criteria 

Type of patients - patients with permanent teeth whose roots are filled and with symptoms or radiographic 
signs of apical periodontitis (i.e. persistent bone loss or enlargement of the area of bone 
loss) 

Type of Intervention - orthograde re-treatment of an element whose roots have been filled 

Check - orthograde re-treatment of an element whose roots have been filled 
- orthograde re-treatment: 
o treatment in one or more sessions 
o treatment with various disinfectants 
o treatment with different instrumentation techniques 
o treatment using different filling materials  

Type of outcome 

measures 

- apical periodontitis 
- postoperative complications (based on both clinical and radiographic evaluation) 
- minimum 12-month follow-up 
- in case of postoperative complications, evaluation should have taken place around the 

time of completion of treatment 
- cost 

Type of setting - general practitioners 
- dental endodontists 

Inclusion and exclusi-

on criteria 

Inclusion criteria: 

- human in vivo studies 
- For persistent bone loss, a follow-up duration of at least 12 months 
- in randomized or controlled trials at least 15 elements per group  
- in cohort studies at least 30 elements 
- Dutch or English-language studies published as of 2010. 
 

Exclusion criteria: 

- non-comparative observational studies 
- in vitro, ex vivo (human) studies 

	

Summary	of	literature	
How	does	the	number	of	treatment	sessions,	instrumentation,	disinfection	protocol	or	root	filling	ma-
terial	affect	the	outcome	of	orthograde	re-treatment?	
No	studies	were	found,	insofar	as	they	met	the	inclusion	criteria,	that	examined	the	effect	of	the	num-
ber	of	treatment	sessions,	instrumentation,	disinfection	protocol	or	root	filling	material	in	a	compara-
tive	observational	or	experimental	study.	All	included	studies	aimed	to	detect	prognostic	factors	for	
treatment	outcome.	
The	authors	of	the	Swedish	HTA	study	found	inconsistent	evidence	on	the	prognostic	role	of	bone	loss	
for	the	outcome	of	orthograde	re-treatment.	Caliskan	et	al.	(2005)	found	no	difference	in	outcomes	
between	bone	loss	less	than	or	greater	than	5	mm	in	diameter.	However,	Sundquist	et	al.	(1998)	found	
that	elements	with	less	bone	loss	(mean	3.7	mm)	had	a	more	favorable	prognosis	than	elements	with	
mean	5.6	mm	bone	loss.		
In	a	recent	study	(Neskovic	et	al.,	2016),	orthograde	re-treatment	proved	successful	(PAI	score	1	or	2)	
in	93	of	100	patients	in	the	absence	of	periapical	radiolucency,	and	in	68	of	100	patients	if	there	were	
signs	of	periapical	radiolucency	prior	to	re-treatment.		
Over	time,	several	cohort	studies	(Farzaneh	2004;	De	Chevigny	et	al.,	2008;	Ng	et	al.,	20111	,	20112	)	
with	multivariate	analysis	of	potential	prognostic	factors	have	been	published	that	can	provide	a	bet-
ter	picture	of	the	prognostic	significance	of	bone	loss,	and	perhaps	reveal	more	prognostic	factors.	
Study	characteristics	are	briefly	summarized	in	Table	8-1.		
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4	studies	evaluated	potential	prognostic	factors	for	lack	of	success	regarding	apical	status	(Farzaneh	
2004;	De	Chevigny	et	al.,	2008;	Ng	et	al.,	20111	).	Table	8-1	summarizes	the	prognostic	factors	that	
were	significant	and	the	strength	of	their	effect.		
Factors	that	(greatly)	reduce	the	risk	of	"failure"	of	orthograde	re-treatment	are:	

- adequate	preoperative	quality	of	root	filling;	
- Satisfactory	restoration	of	the	crown;	
- No	extrusion	of	the	root	filling;		
- good	accessibility	to	the	canal	and	
- additional	use	of	EDTA	as	an	irrigation	solution.	

 

Table	8-1	Study	characteristics	
Study	 Aim		 Setting		 Inclusion	(IC)	and	exclu-

sion	criteria	(EC).	
Number	of	
teeth	un-
dergone	
2nd	RCTx	

Study	
duration	

Ng	20111	 To	investigate	the	
probability	of	and	fac-
tors	influencing	periap-
ical	status	of	teeth	fol-
lowing	primary	
(1RCTx)	or	secondary	
(2RCTx)	root	canal	
treatment	

Unit	of	Endo-
dontology,	UCL	
Eastman	Dental	
Institute,	Uni-
versity	College	
London,	Lon-
don;	Depart-
ment	of	Medi-
cal	Statistics,	
London	School	
of	Hygiene	and	
Tropical	Medi-
cine,	London,	
UK	

IC:	
patients	undergoing	1st	
RCTx	or	2nd	RCTx,	patients	
were	over	15	years	of	age	
when	treatment	commenced	
and	had	either	1st	RCTx	or	
2nd	RCTx	completed	and	had	
at	least	a	semi-permanent	
restoration	placed	
EC:	
Teeth	were	excluded	from	
this	study	if	they	had	pre-
operative	periodontal	dis-
ease	or	prior	surgical	endo-
dontic	treatment,	or	if	the	
apex/apices	under	investi-
gation	was/are	not	discern-
ible	on	any	of	the	periapical	
radiographs.	The	teeth	were	
excluded	from	the	analysis	
of	'periapical	status	follow-
ing	treatment'	if:	
(i)	they	were	not	followed-
up	for	at	least	2	years,	(ii)	
they	were	extracted	for	
reasons	not	related	to	endo-
dontic	problems,	(iii)	infor-
mation	on	the	periapical	
status	at	the	time	of	the	
extraction	was	not	available	
and	(iv)	a	completed	pre-	
and	intraoperative	data	
collection	form	was	not	
available	for	each	tooth		

1.113	
	

October	
1997	-	
June	2005	

Ng	20112	 To	investigate	the	
probability	of	and	fac-
tors	influencing	tooth	
survival	following	pri-
mary	(1st	RCTx)	or	
secondary	(2nd	RCTx)	
root	canal	treatment	

Dental	Insti-
tute,	University	
College	Lon-
don,	London;	
Department	of	
Medical	Statis-
tics,	
London	School	

Ditto	 858	 idem	
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Study	 Aim		 Setting		 Inclusion	(IC)	and	exclu-
sion	criteria	(EC).	

Number	of	
teeth	un-
dergone	
2nd	RCTx	

Study	
duration	

of	Hygiene	and	
Tropical	Medi-
cine,	London,	
UK	

The	Che-
vigny	
2008	

Thus,	the	purpose	of	
this	study	was	2-fold:	
(1)	to	systematically	
assess	the	4-	to	6-year	
outcome	of	orthograde	
retreatment	in	Phases	
3	and	4	of	the	Toronto	
Study	and	(2)	to	exam-
ine	outcome	predictors	
for	orthograde	re-
treatment	in	the	
pooled	samples	of	
Phases	1-4	

Faculty	of	Den-
tistry,	Universi-
ty	of	Toronto,	
Toronto,	Onta-
rio,	Canada,	

IC	&	EC	not	reported	 477	 January	
1998	-	
December	
2001	

Farzaneh	
2004	

The	goal	was	to	assess	
associations	between	
the	outcome	and	the	
preoperative,	in-
traoperative,	and	post-
operative	
factors	that	can	be	
valuable	for	projecting	
the	prognosis	of	treat-
ment	and	prevention	of	
AP	in	root-filled	teeth	

Endodontics,	
Faculty	of	Den-
tistry	Universi-
ty	of	Toronto,	
Canada	

IC	&	EC	not	reported	 523	 September	
1993	-	
December	
1997	

 

	

Factors	that	(greatly)	increase	the	risk	of	"failure"	of	orthograde	re-treatment	are:	
- preoperative	presence	of	a	periapical	lesion,	as	well	as	its	extent;	
- preoperative	presence	of	a	fistula;	
- preoperative	presence	of	a	perforation;	
- channel	not	adequately	cleaned	to	terminus;	
- inadequate	intra-operative	length	of	root	filling;	
- use	of	2%	chlorhexidine	in	addition	to	sodium	hypochlorite	and	
- pain	or	swelling	between	appointments.	

	
	

Table	8-2	Potential	prognostic	factors	for	outcomes	related	to	periapical	status	of	orthograde	re-
treatment	
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Potential	prognostic	fac-
tor	

Farzaneh	2004	 Farzaneh	
2004	

The	Chevigny	
2008	

Ng	2011	

	 Elements	wit-
hout	breakage	

Elements	wit-
hout	fracture	
and	without	
preoperative	
perforation	

Elements	wit-
hout	breakage	

Primary	root	canal	treat-
ment	and	re-treatment	
combined;	no	significant	
difference	between	the	
two.	

	 Outcome:	pre-
sence	of	perio-
dontitis	apicalis,	
signs	or	symp-
toms	

Outcome:	pre-
sence	of	perio-
dontitis	apica-
lis,	signs	or	
symptoms	

Outcome:	
periapical	
index	≥3,	or	
presence	of	
symptoms	or	
clinical	signs	
other	than	
tenderness	in	
percussion	

Outcome:	no	success	(suc-
cess	defined	as	absence	of	
pain,	clinical	evidence	of	
inflammation	or	swelling	
and	conventional	radio-
graphic	criteria	of	
complete	healing/presence	
of	normal	space	with	the	
periodontal	ligament	or	
incomplete	healing	if	the	
size	of	the	lesion	was	redu-
ced	without	return	to	
normal	space	with	the	
periodontal	ligament)	all	
still	divide	at	1	so	1/0.51	et	
cetera	

Radiolucency	(0	=	absent;	1	
=	present)	/	periapical	
lesion	(0	=	absent;	1	=	pre-
sent)		

-	 -	 OR	=	3.33↑↑↑↑.		
(1,19-9,36)	

OR	=	1.96↑↑	
(1,25-3,13)	

Extent	of	periapical	lesion	 -	 -	 -	 OR	=1.16↑	
(1,10-1,23)	

Preoperative	quality	of	root	
filling	(0=	inadequate,	1	=	
adequate)	

OR	=	6.61	↑↑↑↑	
(1.42-30.73)	

OR	=	7.29	↑↑↑↑	
(1.27-41.80)	

OR	=	4.18	↑↑↑↑	
(1,72-10,12)	

-	

Quality	of	restoration	
- no	extrusion	root	

filling	(0	=	absent,	
1	=	present)	

- Satisfactory	crown	
restoration	(0	=	
absent,	1	=	pre-
sent)	

	 	 	 	
OR	=	0.13	↓↓↓↓	
(0,04-0,44)	
	
	
	
OR	=	0.09	↓↓↓↓	
(0,03	-	0,27)	

Preoperative	fistula	(0	=	
absent,	1	=	present)	

-	 -	 -	 OR	=	1.89	↑↑↑	
(1,30	-	2,78)	

Preoperative	perforation	(0	
=	absent,	1	=	present)	

OR	=	26.52	↑↑↑↑	
(5.23-134.42)	

-	 OR	=	4.01	↑↑↑↑	
(1,28-12,62)	

OR	=	2.17	↑↑↑	
(0,98	-	4,76)	(p=0,06)	

Cleaning	channel	as	close	to	
terminus	as	possible	(0	=	
adequate,	1	=	inadequate)	

-	 -	 -	 OR	=	1.15	↑	
(1,03	-	1,27)	

Channel	accessibility	
(1=yes,	0=no)	

-	 -	 -	 OR	=	0.45↓↓	
(0,28	-	0,72)	

Intra-operative	length	of	
root	filling	(0	=	adequate,	1	
=	inadequate)		

-	 OR	=	6.76	↑↑↑↑	
(1,19-38,59)	

-	 OR	=	2.63	
(1,85	-	3,70)	

Additional	use	of	chlor-
hexidine	as	an	irrigation	
solution	(in	addition	to	
NaOCl)	(1=yes,	2=no)	

-	 -	 -	 OR	=	2.13↑↑	
(1,20	-	3,85)	

Additional	use	of	EDTA	as	 -	 -	 -	 OR	=	0.44↓↓	
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Potential	prognostic	fac-
tor	

Farzaneh	2004	 Farzaneh	
2004	

The	Chevigny	
2008	

Ng	2011	

	 Elements	wit-
hout	breakage	

Elements	wit-
hout	fracture	
and	without	
preoperative	
perforation	

Elements	wit-
hout	breakage	

Primary	root	canal	treat-
ment	and	re-treatment	
combined;	no	significant	
difference	between	the	
two.	

	 Outcome:	pre-
sence	of	perio-
dontitis	apicalis,	
signs	or	symp-
toms	

Outcome:	pre-
sence	of	perio-
dontitis	apica-
lis,	signs	or	
symptoms	

Outcome:	
periapical	
index	≥3,	or	
presence	of	
symptoms	or	
clinical	signs	
other	than	
tenderness	in	
percussion	

Outcome:	no	success	(suc-
cess	defined	as	absence	of	
pain,	clinical	evidence	of	
inflammation	or	swelling	
and	conventional	radio-
graphic	criteria	of	
complete	healing/presence	
of	normal	space	with	the	
periodontal	ligament	or	
incomplete	healing	if	the	
size	of	the	lesion	was	redu-
ced	without	return	to	
normal	space	with	the	
periodontal	ligament)	all	
still	divide	at	1	so	1/0.51	et	
cetera	

an	irrigation	fluid	
(1=yes,	2=no)	

(0,26	-	0,73)	

Restoration	at	follow-up	(0	
=	permanent,	1	=	tempo-
rary)	

OR	=	14.00	↑↑↑↑	
(2.09-93.99)	

OR	=	20.49	
↑↑↑↑	
(2,52-166,74)	

-	 -	

Pain	or	swelling	between	
appointments	(1=yes,	
2=no)	

	 	 	 OR	=	1.89↑↑	
(1,27	-	2,78)	

odds	ratios	(OR)	<1.50	(or	>0.67):	weak	association	(↑,↓),	1.50≤OR	≤2.99	(or	0.33<OR<0.67:	moderate	associati-
on	(↑↑,↓↓)	and	OR	≥3.0	(or	≤0.33):	strong	association	(↑↑↑↑,↓↓↓↓)	(Reference:	Davis	et	al.,	2013).	↓=decrease	in	
risk;	↑=increase	in	risk	
 
	
Ng	et	al.	(20112	)	evaluated	potential	prognostic	factors	for	periapical	status	in	addition	to	potential	
prognostic	factors	for	element	survival	after	orthograde	re-treatment	(Table	8-3).	95	out	of	100	ele-
ments	were	still	present	after	4	years.	
Factors	that	(greatly)	reduce	the	risk	of	losing	an	element	after	orthograde	re-treatment	are:	

- accessibility	to	channel	terminus	(insofar	as	loss	is	within	22	months	of	treatment);	
- postoperative	cast	restoration	and	
- Dentition	with	two	proximal	contacts.	

Factors	that	(greatly)	increase	the	risk	of	losing	an	element	after	orthograde	re-treatment	are:	
- diabetes	mellitus	and	systemic	therapy	with	corticosteroids;	
- pocket	depth	≥5	mm;	
- preoperative	pain;	
- preoperative	sinus,	and	pre-	or	peroperative	perforation;	
- extrusion	of	gutta-percha	root	filling	(to	the	extent	that	loss	of	element	occurs	within	22	

months);	
- molded	stem	assembly;	
- postoperative	temporary	restoration	and	
- 'most-distally'	located	dentition.	

	

Table	8-3	Potential	prognostic	factors	for	loss	of	dentition	undergoing	orthograde	re-treatment	

Potential	prognostic	factor	 Ng	2011	
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	 Primary	root	canal	treatment	and	re-treatment	combined;	no	significant	diffe-
rence	between	the	two.	

	 Outcome:	loss	of	element	within	48	months	
	 	
Diabetes	mellitus	(1=yes,	0=no)	 HR	=	3.21-3.46	(1.27-8.36)	↑↑↑↑	
Systemic	therapy	with	corti-
costeroids	(1=yes,	0=no)	

HR	=	2.96-3.40	(1.09-9.30)	↑↑↑↑	

Pocket	depth	≥5mm	(1=yes,	
0=no)	

HR	=	2.04-2.35	(0.86-5.45)	(p<0.10)	↑↑	

Preoperative	pain	
- within	22	months	

- after	22	months	

	
HR	=	3.10-3.12	(1.53-6.29)	↑↑↑↑	
	
HR	=	2.39-2.46	(1.19-4.94)	↑↑↑	

Preoperative	sinus	(1=yes,	
0=no)	

HR	=	2.22	(1.29-3.81)	↑↑↑	

Pre-	or	intra-operative	perfora-
tion	

HR	=	3.68-3.77	(1.62-8.60)	↑↑↑↑	

Accessibility	to	channel	termi-
nus	within	22	months	of	loss	
element	(1=yes,	0=no)	

HR	=	0.29-0.31	(0.13-0.70)	↓↓↓↓	

Extrusion	of	gutta-percha	root	
filling	after	22	months	of	loss	
element	(1=yes,	0=no)	

HR	=	2.84	-	2.98	(1.39-6.09)	↑↑↑	

Cast	pin	assembly	(1=yes,	
0=no)	

HR	=	2.58-2.60	(1.13-5.87)	↑↑↑	

Postoperative	temporary	resto-
ration	(1=yes,	0=no)	

HR	=	7.53-8.26	(3.31-19.03)	↑↑↑↑	

Postoperative	cast	restoration	
(1=yes,	0=no)	

HR	=	0.38-0.43	(0.22-0.72)	↓↓	

Dentition	with	2	proximal	con-
tacts	(1=yes,	0=no)	

HR	=	0.47	(0.29-0.76)	↓↓	

Dentition	'most-distally'	loca-
ted	(1=yes,	0=no)	

HR	=	1.93	(1.13-3.31)	↑↑↑	

hazard	ratios	(HR)	<1.50	(or	>0.67):	weak	association	(↑,↓),	1.50≤HR	≤2.99	(or	0.33<HR<0.67:	moderate	associa-
tion	(↑↑,↓↓)	and	HR	≥3.0	(or	≤0.33):	strong	association	(↑↑↑↑,↓↓↓↓)	(Reference:	Davis	et	al.,	2013).	↓=decrease	in	
risk;	↑=increase	in	risk	
 

Quality	of	evidence	prognostic	factors	for	periapical	healing	and	survival	
The	quality	of	evidence	is	low	(Appendix	8.2).	The	main	reason	is	due	to	the	fact	that	all	studies	are	so-
called	phase	1	prognostic	studies.	This	type	of	studies	look	for	potential	prognostic	factors.	In	phase	2,	
a	potential	prognostic	factor	is	rigorously	evaluated	based	on	a	hypothesis	(Huguet	et	al.,	2013).	An	
additional	reason	is	that	all	studies	had	high	potential	for	bias,	due	in	part	to	the	large	dropout	rate	
and	ambiguities	in	patient	selection	(Appendix	8.3).		
	

Conclusion	

	

	

Low	

	

	

GRADE	

Potential	prognostic	factors	for	periapical	healing	and	survival	of	dentition	
	
More	than	10	potential	prognostic	factors	were	identified	for	both	outcome	mea-
sures	(Table	8-2	and	Table	8-3)	were	found,	most	of	which	have	a	moderate	to	
strong	effect	on	the	probability	of	periapical	healing	or	dental	survival.	
	
Farzaneh	2004;	De	Chevigny	et	al.,	2008;	Ng	et	al.,	20111	,	20112	
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Are	there	effective	methods	for	preventing	or	treating	postoperative	complications	after	re-treatment?	
No	studies	were	found	that	met	the	inclusion	criteria.	
See	recommendations	in	the	acute	complaints	section.	
	
Considerations	
Values	and	preferences	
Virtually	all	patients	will	want	to	make	a	well-informed	choice	(orthograde	re-treatment	or	other	opti-
ons),	and	therefore	will	want	to	be	informed	about	important	risk	factors	for	inadequate	healing	or	
tooth	loss	when	orthograde	re-treatment	is	used.	
	
Recommendations	
Inform	the	patient	in	whom	orthograde	re-treatment	is	being	considered,	preferably	also	in	writing,	of	
the	magnitude	of	the	risk	of	inadequate	healing	of	periodontitis	apicalis.		
	
Rational	
The	guideline	working	group	attaches	great	importance	to	a	well-informed	patient.	
	
Knowledge	gaps	
Phase	1	and	2	prognostic	studies	are	needed	to	determine	the	extent	to	which	one	or	more	of	the	fol-
lowing	factors	significantly	affect	the	success	rate	of	orthograde	re-treatment:	

- extent	of	the	periapical	lesion;	
- expertise	of	the	practitioner	(endodontist	vs.	general	practitioner);	
- systemic	diseases;	
- presence	of	broken	instruments	in	the	channel	or	other	blockages;	
- presence	of	perforations,	and	the	influence	of	their	locations,	size	and	time;	
- Presence	of	some	kind	of	root	marker;	
- procedures	during	root	canal	re-treatment:	removal	of	the	old	root	canal	filling,	type	of	mecha-

nical	preparation,	irrigation	and	filling,	and	
- type	of	element	(single-channel	elements	versus	multi-channel	elements	).	

	
Literature	
de	Chevigny	C,	Dao	TT,	Basrani	BR,	Marquis	V,	Farzaneh	M,	Abitbol	S,	Friedman	S.	Treatment	outcome	in	endo-

dontics:	the	Toronto	study--phases	3	and	4:	orthograde	retreatment.	J	Endod.	2008	Feb;34(2):131-7.	
Farzaneh	M,	Abitbol	S,	Friedman	S.	Treatment	outcome	in	endodontics:	the	Toronto	study.	Phases	I	and	II:	Or-

thograde	retreatment.	J	Endod.	2004	Sep;30(9):627-33.	
Huguet	A,	Hayden	JA,	Stinson	J,	et	al.	Judging	the	quality	of	evidence	in	reviews	of	prognostic	factor	research:	

adapting	the	GRADE	framework.	Systematic	Reviews.	2013;2:71.	doi:10.1186/2046-4053-2-71.	
Nesković	J,	Zivković	S,	Medojević	M,	Maksimović	M.	Outcome	of	orthograde	endodontic	retreatment--A	two-year	

follow-up.	Srp	Arh	Celok	Lek.	2016	Mar-Apr;144(3-4):174-80.	
Ng	YL,	Mann	V,	Gulabivala	K.	A	prospective	study	of	the	factors	affecting	outcomes	of	non-surgical	root	canal	

treatment:	part	2:	tooth	survival.	Int	Endod	J.	2011	Jul;44(7):610-25.	
Ng	YL,	Mann	V,	Gulabivala	K.	A	prospective	study	of	the	factors	affecting	outcomes	of	nonsurgical	root	canal	

treatment:	part	1:	periapical	health.	Int	Endod	J.	2011	Jul;44(7):583-609.		



 
 

164 
 

Appendix	8.1	Search	strategy	
	
Sensitive	search	filter:	
"controlled	clinical	trial"[Publication	Type]	OR	"meta	analysis"[Publication	Type]	OR	"multicenter	
study"[Publication	Type]	OR	"randomized	controlled	trial"[Publication	Type]	OR	allocat*[Title/Abstract]	OR	
random*[Title/Abstract]	OR	systematic[sb]	OR	"comparative	study"[Publication	Type]	Filters:	Publication	date	
from	2010/01/01	
	
AND	
	
("surgical	retreatment"[	Title/Abstract]	OR	"recurrence"[MeSH	Terms]	OR	"treatment	outcome"[MeSH	Terms]	
OR	"disease	progression"[MeSH	Terms]	OR	"time	factors"[MeSH	Terms]	OR	"time	course"[Title/Abstract]	OR	
"success	rate"[Title/Abstract]	OR	"failure"[Title/Abstract]	OR	"outcome"[Title]	OR	"adverse	effects"[MeSH	Sub-
heading]	OR	"discomfort"[Title]	OR	adverse	effect*[Title]	OR	adverse	event*[Title]	OR	adverse	outcome*[Title]	
OR	"retreatment"[MeSH	Terms]	OR	"reoperation"[MeSH	Terms])	Filters:	Publication	date	from	2010/01/01	
	
AND	
	
("root	canal	therapy"[MeSH	Terms]	OR	"root	canal	therapy"[Title/Abstract]	OR	"root	canal	treat-
ment"[Title/Abstract]	OR	"pulpectomy"[MeSH	Terms]	OR	"pulpectomy"[	Title/Abstract]	OR	"root	canal	obtura-
tion"[MeSH	Terms]	OR	"root	canal	obturation"[	TItle/Abstract]	OR	"Dental	pulp	diseases/surgery"[MeSH]	OR	
"apical	surgery"[Title/Abstract]	OR	"apical	microsurgery"[Title/Abstract])	Filters:	Publication	date	from	
2010/01/01	
	
	
Specific	search	filter	
"root	canal	therapy"[MeSH	Major	Topic]	AND	"retreatment"[MeSH	Terms]	AND	"treatment	outcome"[MeSH	
Terms]	Filters:	Publication	date	from	2010/01/01	
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Appendix	8.2	GRADE	assessment	
	
Starting	level	of	quality	of	evidence:	moderate	(all	studies	are	phase	1	exploratory	studies)	
Risk	of	bias:	downgrade	by	one	(all	studies	are	at	serious	risk;	see	Appendix	8.3)	
Inconsistency:	do	not	downgrade	because	to	the	extent	that	a	prognostic	factor	was	examined	in	multiple	stu-
dies,	there	were	overlapping	confidence	intervals	
Indirectness:	not	applicable	
Inaccuracy:	do	not	downgrade	because	all	potential	prognostic	factors	were	found	to	be	significant.	
	
Quality	of	evidence:	low.	
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Appendix	8.3	Risk	of	bias	assessment	
	
FARZANEH	2004	(PHASE	1	EXPLORATORY	PROGNOSTIC	STUDY)	
	
Study	participation:		

- Percentage	of	patients	meeting	study	inclusion	criteria	who	were	asked	to	participate:	not	reported.		
- Has	a	non-response	analysis	been	done?	Does	this	show	that	there	is	no	difference	between	responders	

versus	non-responders	on	key	prognostic	factors	and	outcome	measures?	Non-response	analysis	perfor-
med.	Result:	age	-	usually	important	prognostic	factor	-	differs	significantly	between	responders	and	non-
responders.	

->Moderate	risk	of	bias	
	
Study	progression:		

- Is	dropout	rate	limited;	studies	with	population	up	to	200	<	10%,	and	above	n=200	<20%.	More	than	
50%	dropouts.		

- Was	an	assessment	made	of	whether	patients	who	did	not	participate	in	all	measurement	measures	and	
patients	who	completed	the	entire	study	differed?	If	no	differences	between	the	two	groups	on	key	
prognostic	factors	and	outcome	measures.	Not	verified.	

->Serious	risk	of	bias	
	
Measurement	of	prognostic	factor:		

- A	maximum	of	one-third	of	a	scale	was	imputed.	No	imputation	took	place.		
- It	clearly	describes	how	the	prognostic	factors	were	measured,	including	the	cutoff	points.	Most	clearly	

described.	
->Low	risk	of	bias	*	
	
Measurement	of	outcome	measure:		

- Clear	description	of	outcome	measures,	including	cutoff	points.	Sufficiently	clearly	described.	
->Low	risk	of	bias	*	
	
Confounders:	

- All	significant	confounders	were	defined	and	reliably	and	validly	measured	and	included	in	the	analysis.	
This	appears	to	be	the	case.	

->Low	risk	of	bias	*	
	
Statistical	analysis	and	reporting:		

- No	selective	reporting	of	outcome	measures.	In	order	
- Sufficient	data	to	determine	adequacy	of	statistical	analysis.	Interaction	effects	were	not	examined.	Bor-

derline	statistically	significant	factors	were	not	reported.	
->Moderate	risk	of	bias		
	
Conclusion:	'Serious	risk	of	bias'	
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DE	CHEVIGNY	2008	(PHASE	1	EXPLORATORY	PROGNOSTIC	STUDY)	
	
Study	participation:		

- Percentage	of	patients	meeting	study	inclusion	criteria	and	asked	to	participate	>50%.	Not	reported.		
- Has	a	non-response	analysis	been	done?	Does	this	show	that	there	is	no	difference	between	responders	

versus	non-responders	on	key	prognostic	factors	and	outcome	measures?	Non-response	analysis	perfor-
med.	Results:	age	-	usually	important	prognostic	factor	-	differed	significantly	between	responders	(older!)	
and	non-responders.	In	addition,	significantly	more	women	were	among	the	responders.	

->'Serious	risk	of	bias'	
	
Study	progression:		

- Is	dropout	rate	limited;	studies	with	population	up	to	200	<	10%,	and	above	n=200	<20%.	More	than	
50%	dropouts	

- Was	an	assessment	made	of	whether	patients	who	did	not	participate	in	all	measurement	measures	and	
patients	who	completed	the	entire	study	differed?	If	no	differences	between	the	two	groups	on	key	
prognostic	factors	and	outcome	measures.	Not	verified.	

->'Serious	risk	of	bias'	
	
Measurement	of	prognostic	factor:		

- A	maximum	of	one-third	of	a	scale	was	imputed.	No	imputation	took	place.		
- It	clearly	describes	how	the	prognostic	factors	were	measured,	including	the	cutoff	points	Most	clearly	

described.	
->Low	risk	of	bias	*	
	
Measurement	of	outcome	measure:		

- Clear	description	of	outcome	measures,	including	cutoff	points.	Sufficiently	clear.	
->Low	risk	of	bias	*	
	
Confounders:	

- All	significant	confounders	were	defined	and	reliably	and	validly	measured	and	included	in	the	analysis.	
This	appears	to	be	the	case.	

->Low	risk	of	bias	*	
	
Statistical	analysis	and	reporting:		

- No	selective	reporting	of	outcome	measures.	In	order.		
Sufficient	data	to	determine	adequacy	of	statistical	analysis.	Interaction	effects	were	not	examined.	Borderline	
statistically	significant	factors	were	not	reported.	
->Moderate	risk	of	bias		
	
Conclusion:	'Serious	risk	of	bias'
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NG	20111	(PHASE	1	EXPLORATORY	PROGNOSTIC	STUDY)	
	
Study	participation:		

- Percentage	of	patients	meeting	study	inclusion	criteria	and	asked	to	participate	>50%.	Not	reported.		
- Has	a	non-response	analysis	been	done?	Does	this	show	that	there	is	no	difference	between	responders	

versus	non-responders	on	key	prognostic	factors	and	outcome	measures?	Non-response	analysis	perfor-
med.	Results:	number	of	patients	in	the	study	with	a	periapical	lesion	was	significantly	more	than	in	the	
non-responders.	

->Moderate	risk	of	bias	
	
Study	progression:		

- Is	dropout	rate	limited;	studies	with	population	up	to	200	<	10%,	and	above	n=200	<20%.	Percent	dro-
pout	rate	just	over	20%.	

- Was	an	assessment	made	of	whether	patients	who	did	not	participate	in	all	measurement	measures	and	
patients	who	completed	the	entire	study	differed?	If	no	differences	between	the	two	groups	on	key	
prognostic	factors	and	outcome	measures.	Not	reported.	

->'Moderate	risk	of	bias'	
	
Measurement	of	prognostic	factor:		

- At	most	one-third	of	a	scale	was	imputed	→	no	risk	of	bias.	No	imputation	took	place.	
- It	is	clearly	described	how	the	prognostic	factors	were	measured,	including	the	cut-off	points	→	no	risk	

of	bias.	In	order.	
->'Low	risk	of	bias'	*	
	
Measurement	of	outcome	measure:		

- Clear	description	of	outcome	measures,	including	cutoff	points.	In	order.	
->'Low	risk	of	bias'	*	
Confounders:	

- All	significant	confounders	were	defined	AND	reliably	AND	validly	measured	AND	included	in	the	analy-
sis	→	no	risk	of	bias.	

->'Low	risk	of	bias'	*	
	
Statistical	analysis	and	reporting:		

- No	selective	reporting	of	outcome	measures.	In	order.	
- 	Sufficient	data	to	determine	adequacy	of	statistical	analysis.	In	order	(interaction	effects	also	measured)	

->'Low	risk	of	bias'	*	
	
Conclusion:	'Serious	risk	of	bias'
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NG	20112		(PHASE	1	EXPLORATORY	PROGNOSTIC	STUDY)	
	
Study	participation:		

- Percentage	of	patients	meeting	study	inclusion	criteria	and	asked	to	participate	>50%.	Not	reported.		
- Has	a	non-response	analysis	been	done?	Does	this	show	that	there	is	no	difference	between	responders	

versus	non-responders	on	key	prognostic	factors	and	outcome	measures?	Not	performed.	
->'Serious	risk	of	bias'		
	
Study	progression:		

- Is	dropout	rate	limited;	studies	with	population	up	to	200	<	10%,	and	above	n=200	<20%.	Just	over	20%	
- Was	an	assessment	made	of	whether	patients	who	did	not	participate	in	all	measurement	measures	and	

patients	who	completed	the	entire	study	differed?	If	no	differences	between	the	two	groups	on	key	
prognostic	factors	and	outcome	measures.	Not	reported	

->'Moderate	risk	of	bias'		
	
Measurement	of	prognostic	factor:		

- A	maximum	of	one-third	of	a	scale	was	imputed.	No	imputation	took	place.	
- It	clearly	describes	how	the	prognostic	factors	were	measured,	including	the	cutoff	points.	In	order.	

->'Low	risk	of	bias'	*	
	
Measurement	of	outcome	measure:		

- Clear	description	of	outcome	measures,	including	cutoff	points.	In	order.	
->'Low	risk	of	bias'	*	
	
Confounders:	

- All	major	confounders	were	defined	and	reliably	and	validly	measured	and	included	in	the	analysis.	In	
order.	

->'Low	risk	of	bias'	*	
	
Statistical	analysis	and	reporting:		

- No	selective	reporting	of	outcome	measures.	In	order.	
- 	Sufficient	data	to	determine	adequacy	of	statistical	analysis.	Also	measured	interaction	effects.	

->'Low	risk	of	bias'	*	
	
Conclusion:	'Serious	risk	of	bias'	
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9.  Acute complaints and pain management	
	
Introduction44	
Pain	and	swelling	associated	with	infection	of	the	pulp	and	periapical	tissues	are	common	complaints	
of	patients	who	make	an	emergency	dental	visit.	The	goal	of	emergency	treatment	is	to	relieve	pain	
and	discomfort.	The	measures	that	can	be	taken	depend	on	the	nature	and	severity	of	the	complaint.	In	
some	cases,	treatment	may	be	limited	to	the	prescription	of	pain-relieving	medication,	possibly	in	
combination	with	surgical	drainage.	
If	the	tooth	in	question	is	severely	damaged	by	caries	or	extensive	trauma	and	found	to	be	irreparable,	
the	best	treatment	may	be	extraction	of	the	tooth.	
If	the	goal	is	to	preserve	the	element	then	it	is	often	necessary	to	open	the	root	canal.	In	such	cases,	in	
addition	to	relieving	pain	and	discomfort,	it	is	important	that	the	emergency	treatment	does	not	com-
promise	the	prognosis	of	follow-up	treatment	of	the	element.	
The	principles	of	endodontic	treatment	in	such	situations	are	the	same	as	those	for	asymptomatic	
conditions,	namely	shaping	and	disinfection	of	the	root	canal	system	of	the	tooth.	In	cases	of	emergen-
cy	consultation,	time	is	often	the	limiting	factor	for	what	can	be	accomplished.	Therefore,	the	following	
focuses	on	treatment	options	that	can	quickly	and	effectively	relieve	or	remedy	acute	dental	pain	cau-
sed	by	pulpitis	or	apical	periodontitis.	
Specific	questions	are:	

1. Is	removal	of	the	contents	of	the	pulpal	chamber	in	symptomatic	pulpitis	or	symptomatic	api-
cal	periodontitis	as	effective	in	terms	of	symptom	relief	as	total	removal	of	the	contents	of	the	
root	canal	system?	

2. Is	there	difference	in	effect	on	pain	between	oral	antibiotics	and	placebo	or	pain	medication	in	
patients	with	irreversible	pulpitis?	

3. Is	there	a	difference	in	effect	on	pain,	flare-up	and	swelling	between	systemic	antibiotics	and	
placebo,	combined	or	not	with	surgical	intervention,	combined	or	not	with	pain	medication,	in	
patients	with	symptomatic	apical	periodontitis	or	acute	apical	abscess?	

4. [update	2022/3]	Is	there	a	difference	in	effect	on	pain,	flare-up	and	swelling	between	inclusion	
of	an	intravenous	drug	and	not	inclusion	of	intravenous	drug?	

5. [update	2022/3]	Is	there	a	difference	in	effect	on	postoperative	pain	between	refrigerated	and	
nonrefrigerated	irrigants	in	patients	with	irreversible	pulpitis	or	pulpal	necrosis?		

6. [update	2022/3]	What	is	the	relative	efficacy	and	safety	of	oral	analgesics	given	postoperatively	
(i.e.,	after	nonsurgical	endodontic	treatment)	to	patients	with	irreversible	pulpitis	or	pulpal	
necrosis?	

7. [update	2022/3]	What	is	the	relative	efficacy	and	safety	of	oral	premedication	on	postoperative	
pain	in	patients	with	irreversible	pulpitis?	

8. [update	2022/3]	What	is	the	relative	effectiveness	of	local	anesthetics	for	molars	and	premolars	
in	the	mandible,	in	terms	of	success	of	inferior	alveolar	nerve	blockade,	in	patients	with	irre-
versible	pulpitis?	How	safe	are	these	local	anesthetics?	
	

 
Search	and	selection	
The	systematic	review	Methods	of	Diagnosis	and	Treatment	in	Endodontics	(2012)	was	used	as	a	star-
ting	point	for	an	update.	The	search	strategy	contained	therein	was	used	for	this	update.		
The	search	strategy	was	conducted	in	October	2015	through	a	search	in	PubMed	(Appendix	9.1).	A	
total	of	44	articles	were	found,	of	which	2	were	eligible	for	inclusion.	These	included	1	systematic	re-
view	(Cope	et	al.,	2014)	of	2	randomized	controlled	trials.	Four	studies	(Moskow	et	al.,	1984;	Nagle	et	
al.,	2000;	Henry	et	al.,	2001;	Ehrmann	et	al.,	2003)	were	included	in	Methods	of	Diagnosis	and	Treat-

 
44	This	introduction	is	based	in	part	on	Methods	of	Diagnosis	and	Treatment	in	Endodontics.	A	systematic	review	
(2012)	and	supplemented	where	necessary. 
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ment	in	Endodontics	(2012),	of	which	1	(Henry	et	al.,	2001)	was	included	in	Cope	et	al.	(2014).	Thus,	a	
total	of	five	studies.	
[update	2022/3]	Regarding	the	baseline	questions	on	oral	and	systemic	antibiotics,	two	Cochrane	Re-
views	(Agnihotry	et	al.,	2019;	Cope	et	al.,	2018)	were	found.	However,	these	did	not	include	more	re-
cent	studies.		Regarding	the	question	on	the	effect	of	cooling	irrigants	on	postoperative	pain,	one	sys-
tematic	review	of	good	quality	was	included	(Almohaimede	&	Al-Madi,	2021).	With	respect	to	the	ba-
seline	question	on	inclusion	of	intracanal	medication,	one	systematic	review	of	very	good	quality	was	
included	(Ahmad	et	al.,	2022).	Regarding	the	primary	question	on	the	relative	efficacy	and	safety	of	oral	
analgesics	given	postoperatively,	one	systematic	review	and	network	meta-analysis	of	very	good	me-
thodological	quality	was	found	(Zanjir	et	al.,	2020).	Regarding	the	starting	question	on	the	relative	
effectiveness	and	safety	of	oral	premedication,	one	systematic	review	and	network	meta-analysis	of	
very	good	methodological	quality	was	found	(Nagendrababu	et	al.,	2019a).	Regarding	starting	questi-
on	on	the	relative	effectiveness	of	local	anesthetics	for	molars	and	premolars	in	the	mandible,	one	sys-
tematic	review	and	network	meta-analysis	of	very	good	methodological	quality	was	found	(Nagendra-
babu	et	al.,	2019b).	
 

Selection Criteria 

Type of patients - patients with permanent teeth with symptomatic pulpitis or symptomatic apical perio-
dontitis 

Type of Intervention - removal of the contents of the pulp chamber 
- incision, apical trepanation, analgesics and antibiotics, alone or in combination with com-

plete instrumentation of the root canal system, cooling of irrigants 
Check - complete instrumentation of the root canal or 

- placebo  
Type of outcome 

measures 

- relief of symptoms after treatment 
- evaluation after completion of treatment step or completion of treatment 
- results in relation to preoperative diagnosis 
- cost 

Type of setting - general practitioners 
- dental endodontists 

Inclusion and exclusi-

on criteria 

Inclusion criteria: 

- human in vivo studies 
- it is indicated whether teeth have been previously treated endodontically and separate 

presentation of these outcomes 
- pain and discomfort can be attributed to a specific tooth 
- comparative observational studies 
- (quasi-) randomized) or controlled experimental studies 
- systematic reviews (with or without meta-analyses) 
 

Exclusion criteria: 

- non-comparative observational studies 
- in vitro, ex vivo (human) studies 

	
		
Summary	of	literature	
Is	removal	of	the	contents	of	the	pulpal	chamber	in	symptomatic	pulpitis	or	symptomatic	apical	perio-
dontitis	as	effective	in	terms	of	symptom	relief	as	total	removal	of	the	contents	of	the	root	canal	sys-
tem?	
Neither	in	Methods	of	Diagnosis	and	Treatment	in	Endodontics	(2012)	nor	the	literature	search	found	
studies	that	met	the	inclusion	criteria	comparing	mentioned	interventions.	The	reader	is	therefore	
referred	to	the	"syllabus	on	endodontic	emergency	treatment	in	practice	(2011).	
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Is	there	difference	in	effect	on	pain	between	oral	antibiotics	and	placebo	or	pain	medication	in	patients	
with	irreversible	pulpitis?	
Agnihotry	et	al.	(2019)	found	one	study	(Nagle	et	al.,	2000)	comparing	penicillin	with	placebo.	Nagle	et	
al.	(2000)	examined	the	effect	of	penicillin	in	40	adult	patients	with	untreated	irreversible	pulpitis	in	a	
randomized	controlled	trial.	Mean	age	was	30-34	years.	The	sex	ratio	(v%)	was	58%,	but	there	were	
four	times	as	many	women	as	men	in	the	placebo	group,	and	twice	as	many	men	as	women	in	the	ex-
perimental	group.	The	teeth	(first	and	second	molar	and	first	and	second	premolar)	were	from	both	
the	lower	and	upper	jaws.	Patients	received	28	capsules	of	penicillin	(500	mg	each,	to	be	taken	every	6	
hours)	for	7	days.	No	endodontic	treatment	was	performed.	All	patients	also	received	ibuprofen	and	
paracetamol	with	codeine	(30	mg).	For	7	days,	patients	noted	pain,	pain	on	percussion,	and	number	
and	type	of	medications	used.	A	4-point	pain	scale	was	used	for	this	purpose.	Outcome	measures	were:	
sum	of	differences	in	pain	intensity	(SPID),	sum	of	differences	in	percussion	pain	(SPPID),	and	amount	
of	pain	medication.	45	
Sum	of	differences	in	pain	intensity	
In	both	the	experimental	and	control	groups,	the	median	was	6.0.		
	
Sum	of	differences	in	pain	in	percussion	(SPPID).	
The	median	values	were	3.5	and	2.0	in	the	penicillin	and	placebo	groups,	respectively.	This	difference	
in	favor	of	the	penicillin	group	was	not	statistically	significant.	
	
Amount	of	ibuprofen	used	
The	difference	in	number	of	tablets	used	was	another	-0.5	in	favor	of	the	penicillin	group.	This	diffe-
rence	was	not	statistically	significant.	
	
Amount	of	paracetamol	with	codeine	used	
The	difference	in	number	of	tablets	used	here	was	-2.45	in	favor	of	the	placebo	group.	This	difference	
was	not	statistically	significant.	
	
Quality	of	evidence	pain	and	pain	intensity	
The	quality	of	evidence	is	low	because	of	the	very	small	study	size	(imprecision	of	outcomes),	on	the	
basis	of	which	it	was	downgraded	by	two	levels	for	imprecision.	No	downgrading	was	done	for	risk	of	
bias,	indirect	evidence,	inconsistency	and	publication	bias.		
	

Conclusion	

Low	
	
GRADE	

Sum	of	differences	in	pain	intensity	and	in	pain	in	percussion	
	
Penicillin	appears	to	reduce	pain	intensity	no	more	than	placebo	in	patients	with	
pain	associated	with	untreated	irreversible	pulpitis	in	whom	the	symptomatic	
tooth	has	not	previously	received	endodontic	treatment.	
	
Agnihotry	et	al.,	2019	
(Nagle	et	al.,	2000)	

	

 
45	Calculating	the	sum	of	differences	in	pain	intensity	(SPID)	is	a	strategy	to	combine	relief	and	duration	of	pain	
into	a	single	score.	The	sum	is	calculated	by	multiplying	the	time-weighted	difference	in	pain	intensity	(differen-
ce	between	current	pain	and	pain	at	onset)	by	the	time	interval	between	pain	measurements.	Higher	scores	indi-
cate	less	pain.	



 
 

173 
 

	

Low	

	

GRADE	

Amount	of	ibuprofen	used;	paracetamol	with	codeine	
	
Penicillin	does	not	appear	to	result	in	less	use	of	analgesics	than	placebo	by	pa-
tients	with	pain	associated	with	untreated	irreversible	pulpitis	in	whom	the	
symptomatic	tooth	has	not	previously	received	endodontic	treatment.	
	
Agnihotry	et	al.,	2019	
(Nagle	et	al.,	2000)	

	

Is	there	a	difference	in	effect	on	pain,	flare-up	and	swelling	between	systemic	antibiotics	and	placebo,	
combined	or	not	with	surgical	intervention,	combined	or	not	with	pain	medication,	in	patients	with	
symptomatic	apical	periodontitis	or	acute	apical	abscess	?	
Cope	et	al.	(2018)	included	2	trials	with	a	total	of	62	study	participants	(Henry	et	al.,	2001;	Fouad	et	
al.,	1996).	Surgical	intervention	was	performed	in	both	trials.	No	trials	were	found	in	which	no	surgical	
intervention	was	performed.	
The	mean	age	of	the	patients	was	36-37	years.	One	trial	had	more	male	patients	(Fouad	et	al.)	and	the	
other	trial	(Henry	et	al.)	had	approximately	equal	numbers	of	male	and	female	patients.	Which	teeth	
were	involved	was	not	reported	by	Cope	et	al.	(2014).	Participants	had	a	symptomatic	necrotic	denti-
tion	and	spontaneous	pain	(Henry	et	al.),	or	an	acute	apical	abscess	with	necrosis	of	the	pulp,	pain	
and/or	swelling	(Fouad	et	al.).	
Major	exclusion	criteria	in	the	study	by	Fouad	et	al.	(1996)	were:	body	temperature	above	37.8	ºC,	
malaise,	diseases	or	conditions	compromising	the	immune	system,	renal	failure;	pregnant	women	and	
women	using	oral	contraception,	use	of	antibiotics	in	the	previous	14	days.	Main	exclusion	criteria	in	
the	study	by	Henry	et	al.	(2001)	were	previous	endodontic	treatment,	use	of	antibiotics	in	the	previous	
30	days,	(probable)	presence	of	a	fistula.	
Although	penicillin	VK	was	given	in	both	trials,	the	dosage	differed.	Fouad	et	al.	gave	1	gram	immedia-
tely	after	treatment	followed	by	a	dose	of	500	mg	every	6	hours	for	7	days.	Henry	et	al.	gave	500	mg	
every	6	hours	for	7	days.	There	were	also	differences	in	terms	of	pain	medication.		
Fouad	et	al.	gave	all	participants	ibuprofen	(600	mg)	immediately	before	treatment.	After	treatment,	
participants	were	required	to	take	ibuprofen	4x	in	24	hours,	and	then	as	needed.	Henry	et	al.	advised	
participants	to	take	400	mg	of	ibuprofen	as	needed,	every	4-6	hours.	Participants	also	received	a	bottle	
of	tablets	of	paracetamol	with	codeine	(30	mg).	They	were	instructed	to	use	these	-	1-2	tablets	every	4	
hours	-	when	2	ibuprofen	tablets	provided	insufficient	analgesia.		
Treatment	further	consisted	of	total	or	partial	pulpectomy	(Fouad	et	al.)	or	total	pulpectomy	(Henry	et	
al.).		
The	primary	outcome	measure	was	participant-reported	pain	(0	=	no	pain;	1	=	mild	pain;	2	=	modera-
te	pain;	3	=	severe	pain)	and	swelling.	Swelling	was	measured	slightly	differently	in	both	studies.	Side	
effects	were	reported	in	one	study.	Quality	of	life	was	not	reported	in	any	of	the	studies.	
Pain	measured	on	a	4-point	scale	after	24	hours	
The	difference	in	pain	after	24	hours	between	the	two	groups	was	-0.03	(95%	BI:	-0.53	-	0.47),	which	
can	be	called	a	negligible	difference.	
	
Pain	measured	on	a	4-point	scale	after	48	hours	
The	difference	in	pain	after	48	hours	between	the	two	groups	was	0.32	(95%	BI:	-0.22	-	0.86),	which	
may	indicate	difference	in	favor	of	placebo.	
	
Pain	measured	on	a	4-point	scale	after	72	hours	
The	difference	in	pain	after	72	hours	between	the	two	groups	was	0.08	(95%	BI:	-0.38	-	0.55),	which	
can	be	called	a	negligible	difference.	
	
Swelling	after	24	hours	
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The	difference	in	swelling	after	24	hours	between	the	two	groups	was	0.27	(95%	BI:	-0.23	-	0.78),	
which	can	be	called	a	negligible	difference.	0.27	standard	deviations	can	be	characterized	as	a	weak	
effect	in	favor	of	placebo.	
	
Swelling	after	48	hours	
The	difference	in	swelling	after	48	hours	between	the	two	groups	was	0.04	(95%	BI:	-0.47	-	0.55),	
which	can	be	called	a	negligible	difference.	
	
Swelling	after	72	hours	
The	difference	in	swelling	after	72	hours	between	the	two	groups	was	0.02	(95%	BI:	-0.49	-	0.52),	
which	can	be	called	a	negligible	difference.	
	
Side	effects	
One	participant	in	the	placebo	group	reported	diarrhea.	One	participant	in	the	experimental	group	
reported	fatigue	and	decreased	energy	levels	after	the	procedure.		
	
Quality	of	evidence	pain	intensity	and	swelling	after	24,	48	and	72	hours	
The	quality	of	evidence	is	very	low.	It	was	downgraded	by	one	level	for	risk	of	bias	(high	study	dro-
pout	rate),	by	one	level	for	indirect	evidence	(pain	medication	differs	between	study	groups),	and	by	
one	level	for	imprecision	(small	study	size).	There	was	no	downgrading	for	inconsistency	and	publica-
tion	bias.	See	also	evidence	profile	4	in	appendix.	
	
Conclusions	

	

Very	low	

	

GRADE	

Pain	intensity	after	24,	48	and	72	hours	
	
In	case	of	(partial)	pulpectomy,	penicillin	may	not	reduce	the	pain	intensity	com-
pared	to	placebo	in	adult	patients	with	symptomatic	apical	periodontitis	and	acu-
te	apical	abscess	and	in	whom	the	complaint-causing	tooth	has	not	previously	
received	endodontic	treatment,	but	the	evidence	is	very	uncertain.	
	
Cope	et	al.,	2018	
(Fouad	et	al.,	1996;	Henry	et	al.,	2001)	

	

	

	

Very	low	

	

GRADE	

Swelling	after	24,	48	and	72	hours	
	
In	case	of	(partial)	pulpectomy,	penicillin	may	not	reduce	swelling	compared	to	
placebo	in	adult	patients	with	symptomatic	apical	periodontitis	and	acute	apical	
abscess	in	whom	(partial)	pulpectomy	is	performed	and	in	whom	the	symptoma-
tic	tooth	has	not	previously	received	endodontic	treatment,	but	the	evidence	is	
very	uncertain.	
	
Cope	et	al.,	2018	
(Fouad	et	al.,	1996;	Henry	et	al.,	2001)	

	

[Update	2022/3]	Is	there	a	difference	in	effect	on	pain,	flare-up	and	swelling	between	inclusion	of	an	
intravenous	drug	and	not	inclusion	of	intravenous	drug?	
Ahmad	et	al.	(2022)	conducted	a	review	asking:	does	calcium	hydroxide	as	an	intracanal	medication	
reduce	postoperative	or	"interappointment"	pain	compared	with	no	dressing	or	other	intracanal	me-
dication	in	patients	with	primary	root	canal	treatment	due	to	dentition	with	pulpal	necrosis	and	peri-
odontitis	apicalis?	They	included	eighteen	randomized	studies	with	a	total	of	1192	patients.	These	
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studies	were	conducted	in	Pakistan	(n=6),	Egypt	(n=5),	India	(n=2),	Australia	(n=1),	Nigeria	(n=1),	
Brazil	(n=1),	Iran	(n=1)	and	Turkey	(n=1).		
In	eight	studies,	the	dentition	had	a	single	radix	and	in	five	studies	multiple	radices.	Three	studies	had	
a	combination	of	both.	Two	studies	did	not	report	on	number	of	radices.		
Various	forms	of	calcium	hydroxide	were	used:	in	the	form	of	powder	mixed	with	a	saline	solution,	in	
the	form	of	a	paste,	as	ApexCal	(calcium	hydroxide	plus	polyethylene	glycol),	as	Calcipulpe	(Septodont;	
calcium	hydroxide	plus	polyethylene	glycol)	and	as	Metapex	(Meta	Biomed;	calcium	hydroxide	plus	
iodoform).		
What	was	calcium	hydroxide	compared	to?	These	are:	no	drug,	chlorhexidine,	antibiotic	plus	steroid,	
combination	of	antibiotics	(TAP).	
Six	studies	measured	pain	intensity	using	a	0-100	VAS	scale.	Five	studies	using	a	0-10	VAS	scale.	Six	
studies	used	a	numeric	scale	(0-10	NRS)	and	one	study	used	the	Heft-Parker	scale	(0-170	mm).	Becau-
se	of	the	different	pain	scales,	all	outcomes	were	reduced	to	a	standardized	mean	difference	(SMD),	or	
units	standard	deviation.46	
	
Effectiveness	of	pain	reduction	
The	results	of	the	various	comparisons	between	calcium	hydroxide	and	other	interventions	are	shown	
in	Table	9-1.	Apart	from	the	pain	intensity	after	6	hours,	the	use	of	calcium	hydroxide	always	gives	a	
lower	pain	intensity	than	the	non-inclusion	of	a	medication.	Compared	with	calcium	hydroxide,	the	
combination	of	a	steroid	and	antibiotics	or	a	combination	of	antibiotics	or	chlorhexidine	results	in	less	
pain	than	calcium	hydroxide	after	6	to	48	or	72	hours.	Where	Table	9-1	does	not	answer	is	the	question	
to	what	extent	the	difference	in	analgesic	effect	of	calcium	hydroxide	and	that	of	other	medications	is	
trivial	or	at	least	a	small	but	significant	difference.	The	same	question	applies	to	a	difference	in	analge-
sic	effect	between	other	medications	(other	than	calcium	hydroxide)	among	themselves.	The	first	
question	can	be	answered	as	follows.	An	SMD	of	between	0.2	and	0.5	is	considered	a	small	but	signifi-
cant	effect.	Of	the	eleven	comparisons	(between	three	other	agents	at	different	times),	the	effect	is	
greater	than	0.2	in	ten	comparisons.	In	other	words,	there	seems	to	be	a	small	but	significant	differen-
ce	in	effect	between	other	medication	and	calcium	hydroxide,	in	favor	of	other	medication.	
Through	a	largely	indirect	comparison	of	the	effects	of	different	drugs,	the	second	question	of	which	
drugs	have	a	small	but	significant	difference	in	effect	on	pain	can	be	answered	(Table	9-2).		
From	the	data	in	Table	9-1	and	Table	9-2	the	following	can	be	deduced	that:	

• the	antibiotic	combination	seems	somewhat	more	effective	than	calcium	hydroxide	
• the	antibiotic	combination	appears	to	be	less	effective	than	chlorhexidine	
• chlorhexidine	-	except	after	6	hours	-	seems	no	less	effective	than	steroid	+	antibiotic	which	

seems	to	give	the	most	pain	reduction.	

	
Table	9-1	Pain	intensity	postoperatively	or	'interappointment':	calcium	hydroxide	vs.	no	or	other	intraca-
nal	drugs	(EC)	

Pairwise	comparison	of	analgesics	 Difference	(SMD)	in	pain	
intensity	after	6	hours	

Significance	of	diffe-
rence	in	pain	intensity	

calcium	hydroxide	vs.	no	medication		 0,36	(-0,54;	1,26)	 Less	pain	in	EG		
calcium	hydroxide	vs.	steroid	+	antibiotic	 2,87	(-0,27;	6,00)	 Less	pain	in	EG	
calcium	hydroxide	vs.	antibiotic	combination	 0,19	(-0,30;	0,67)	 Less	pain	in	EG	
calcium	hydroxide	vs.	chlorhexidine	 0,63	(-0,34;	1,61)	 Less	pain	in	EG	
	 	 	

	 Difference	(SMD)	in	pain	
intensity	after	24	hours	

Significance	of	diffe-
rence	in	pain	intensity	

calcium	hydroxide	vs.	no	medication	 -0,71(-0,03;	-1,38)	 More	pain	in	EG	
calcium	hydroxide	vs.	steroid	+	antibiotic	 0,86	(-0,29;	2,01)	 Less	pain	in	EG	
calcium	hydroxide	vs.	antibiotic	combination	 0,28	(-0,05;	0,60)	 Less	pain	in	EG	
calcium	hydroxide	vs.	chlorhexidine	 0,78	(-2,17;	3,73)	 Less	pain	in	EG	

 
46	0.2,	0.5	and	0.8	standard	deviation	is	generally	understood	as	a	small,	moderate	and	large	effect,	respectively.	



 
 

176 
 

	 	 	

	 Difference	(SMD)	in	pain	
intensity	after	48	hours	

Significance	of	diffe-
rence	in	pain	intensity	

calcium	hydroxide	vs.	no	medication	 -1,82	(-0,31;	-3,33)	 More	pain	in	EG	
calcium	hydroxide	vs.	steroid	+	antibiotic	 0,77	(-0,09;	1,62)	 Less	pain	in	EG	
calcium	hydroxide	vs.	antibiotic	combination	 0,35	(0,03;	0,67)	 Less	pain	in	EG	
calcium	hydroxide	vs.	chlorhexidine	 0,63	(-1,26;	2,52)	 Less	pain	in	EG	
	 	 	

	 Difference	(SMD)	in	pain	
intensity	after	72	hours	

Significance	of	diffe-
rence	in	pain	intensity	

calcium	hydroxide	vs.	no	medication	 -0,24	(0,05;	-0,53)	 More	pain	in	EG	
calcium	hydroxide	vs.	steroid	+	antibiotic	 0,73	(0,53;	0,94)	 Less	pain	in	EG	
calcium	hydroxide	vs.	antibiotic	combination	 0,30	(-0,07;	0,67)	 Less	pain	in	EG	
	
Table	9-2.	Pain	intensity	postoperatively	or	'interappointment':	intracanal	drugs	other	than	calcium	hy-
droxide	compared	among	themselves	
Pairwise	comparison	of	analgesics	 Difference	(SMD)	in	

pain	intensity	after	6	
hours‡	

Significance	of	diffe-
rence	in	pain	intensi-
ty*	

antibiotic	combination	vs.	steroid	+	antibiotic	 2,87	-	0,19	=		
2.68	(95%	BI:	-0.45;	5.81)	

steroid	+	antibiotic	
much	more	effective	
than	antibiotic	

chlorhexidine	vs.	steroid	+	antibiotic	 2,87	-	0,63	=		
2.24	(95%	BI:	1.26;	3.22)	

steroid	+	antibiotic	
much	more	effective	
than	chlorhexidine	

chlorhexidine	vs.	antibiotic	combination	
	 	

0,19	-	0,63	=		
-0.44	(95%	BI:	-1.43;	
0.55)	 	

chlorhexidine	slightly	
more	effective	than	
antibiotic	combination	

	 Difference	(SMD)	in	
pain	intensity	after	24	
hours‡	

Significance	of	diffe-
rence	in	pain	intensi-
ty*	

antibiotic	combination	vs.	steroid	+	antibiotic	 0,86	-	0,28	=		
0.58	(95%	BI:	-0.62;	1.78)	

steroid	+	antibiotic	
more	effective	than	
antibiotic	

chlorhexidine	vs.	steroid	+	antibiotic	 	 0,86	-	0,78	=		
0.08	(95%	BI:	-3.09;	3.25)	

steroid	+	antibiotic	
trivial	difference	from	
chlorhexidine	

chlorhexidine	vs.	antibiotic	combination	
	 	

0,28	-	0,78	=		
-0.50	(95%	BI:	-3.47;	
2.47)	

chlorhexidine	more	
effective	than	antibiotic	
combination	

	 	 	
	 Difference	(SMD)	in	

pain	intensity	after	48	
hours‡	

Significance	of	diffe-
rence	in	pain	intensi-
ty*	

antibiotic	combination	vs.	steroid	+	antibiotic	 0,77	-	0,35	=		
0.42	(95%	BI:	-0.49;	1.33)		

steroid	+	antibiotic	
slightly	more	effective	
than	antibiotic	

chlorhexidine	vs.	steroid	+	antibiotic	 0,77	-	0,63	=		
0.14	(95%	BI:	-1.93;	2.21)	

steroid	+	antibiotic	
trivial	difference	from	
chlorhexidine	

chlorhexidine	vs.	antibiotic	combination	 	 0,35	-	0,63	=		
-0.28	(95%	BI:	-2.20;	
1.64)	

chlorhexidine	slightly	
more	effective	than	
antibiotic	combination	

*difference	(SMD)	of	0.2-0.5:	small	but	significant;	0.5-0.8:	moderate	difference;	from	0.8:	large	difference	in	
effectiveness.	
‡:	calculation	by	the	working	group.		
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Swelling	and	flare-up	
Flare-up	was	defined	in	two	studies	as	pain	and/or	swelling	that	required	an	unscheduled	appoint-
ment	and	corresponded	to	an	increase	of	20	or	more	points	on	a	0-100	VAS	scale.	In	the	group	in	
which	no	intravenous	drug	was	included,	11.1%	had	flare-up,	compared	with	3.1%	in	the	calcium	hy-
droxide	group,	24	hours	postoperatively.	One	study	reported	11.4%	flare-up	in	the	chlorhexidine	plus	
calcium	hydroxide	group	versus	5.7%	in	the	calcium	hydroxide	group,	while	one	study	reported	no	
difference	between	chlorhexidine	plus	calcium	hydroxide	group	and	calcium	hydroxide.	Seven	studies	
did	not	report	differences	in	the	degree	of	flare-up	between	control	and	experimental	groups.		
	
Quality	of	evidence	pain	intensity	after	24,	48,	72	and	6-72	hours	and	swelling	and	flare-up	
Pain	intensity	after	24,	48	and	72	hours	for	the	comparison	calcium	hydroxide	versus	no	drug	inclu-
ded:	the	quality	of	evidence	is	very	low.	Downgrading	by	one	level	for	risk	of	bias	due	to	ambiguities	
about	blinding	of	allocation	to	study	groups	and	blinding	of	outcome	assessors,	and	by	two	levels	for	
very	severe	imprecision:	the	confidence	interval	(-0.03;	-1.38)	and	(-0.31;	-3.33)	and	(0.05;	-0.53)	
crossed	SMD	-0.2,	-0.5	and	-0.8	and	SMD	-0.5	and	-0.8	and	SMD	-0.2	and	-0.5,	respectively.	When	two	
values	are	crossed,	downscaling	by	two	levels	is	warranted.	
Pain	intensity	for	all	intrathecal	drug	comparisons:	the	quality	of	evidence	is	very	low.	It	was	
downgraded	by	one	level	because	of	risk	of	bias	and	by	two	levels	for	very	indirect	evidence	and	very	
severe	imprecision.	For	swelling	and	flare-up,	the	quality	of	evidence	is	indeterminate:	most	studies	
did	not	report	or	incompletely	reported	on	these	outcome	measures.	
	
Conclusion	

	
Very	low	
GRADE	

Pain	intensity	after	24	and	48	hours	
	
Compared	with	non-inclusive	intracanal	medication,	calcium	hydroxide	as	an	intra-
canal	medication	appears	to	(significantly)	reduce	pain	intensity	in	patients	with	
symptomatic	apical	periodontitis	in	whom	the	symptomatic	tooth	has	not	previ-
ously	received	endodontic	treatment,	but	the	evidence	is	highly	uncertain.	
	
Ahmad	et	al.,	2022	

	

	
Very	low	
GRADE	

Pain	intensity	after	72	hours	
	
Compared	with	non-inclusive	intracanal	medication,	calcium	hydroxide	as	an	intra-
canal	medication	appears	to	somewhat	reduce	pain	intensity	in	patients	with	
symptomatic	apical	periodontitis	in	whom	the	symptomatic	dentition	has	not	
previously	received	endodontic	treatment,	but	the	evidence	is	highly	uncertain.	
	
Ahmad	et	al.,	2022	

	

Very	Low	
GRADE	

Pain	intensity	after	6-	72	hours	
	
Combination	antibiotics	as	an	intravenous	drug	seems	somewhat	more	effective	
than	calcium	hydroxide	as	an	intravenous	drug,	but	the	evidence	is	very	uncer-
tain.	
Combination	antibiotics	as	intra-channel	medications	seem	to	be	less	effective	
than	chlorhexidine,	but	the	evidence	is	very	uncertain.	
Chlorhexidine	-	except	after	6	hours	-	seems	no	less	effective	than	steroid	+	antibi-
otic,	but	the	evidence	is	very	uncertain.	
	
Ahmad	et	al.,	2022	
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---------		
GRADE	

Swelling	and	flare-up	
	
Studies	did	not	report	on	swelling	and	flare-up	to	a	sufficient	extent	to	make	a	
somewhat	numerically	based	statement	on	this.	
	
Ahmad	et	al.,	2022	

	
	
[update	2022/3]	Is	there	a	difference	in	effect	on	postoperative	pain	between	refrigerated	(1.50	to	40	
Celsius)	and	non-refrigerated	(room	temperature)	of	irrigants	in	patients	with	irreversible	pulpitis	or	
pulpal	necrosis?		
Cryotherapy	or	cooling	was	introduced	into	endodontic	treatment	as	a	method	of	intra-canal	irrigation	
to	reduce	postoperative	endodontic	pain.	The	mechanism	of	action	in	reducing	pain	involves	reducing	
tissue	temperature	as	well	as	blood	flow	and	metabolic	activity.		
	
Almohaimede	&	Al-Madi	(2021)	included	sixteen	randomized	studies.	Where	these	studies	were	con-
ducted,	the	reviewers	did	not	mention.	Seven	studies	reported	percentage	pain	reduction	and	were	
not	suitable	for	meta-analysis.	Nine	studies	with	a	total	of	878	patients	remained	for	meta-analysis.	In	
the	sixteen	studies,	the	number	of	patients	ranged	from	30	to	240	and	the	age	ranged	from	18	to	70	
years.	Eleven	studies	included	patients	with	irreversible	pulpitis,	three	studies	included	patients	with	
necrotic	pulp,	and	12	studies	included	pulpal	and	periradicular	pathology	or	normal	periradicular	tis-
sues.		
Pain	intensity	was	measured	by	0-10	VAS	scale	in	most	studies,	0-100	VAS	scale	in	three	studies.	All	
outcomes	on	pain	intensity	were	reduced	to	an	outcome	on	a	0-10	VAS	scale.	Pain	was	measured	after	
6,	24,	48	and	72	hours.	
Preoperative	pain	was	verified	in	thirteen	studies:	in	two	studies	patients	had	no	pain;	in	two	studies	
mild	pain;	in	two	studies	moderate	pain	and	severe	pain	in	six	studies.		
The	temperature	of	the	final	irrigant	ranged	from1.5	to	40	C.	The	volume	ranged	from	5	ml	[three	stu-
dies],	10	ml	[three	studies]	to	20	ml	[eight	studies]	for	1	minute	[three	studies],	2	minutes	[one	study]	
to	5	minutes	[ten	studies].		
In	nine	studies,	root	canal	treatment	was	completed	in	one	session,	in	six	studies	in	two	sessions	(one	
study	did	not	report	on	this).		
	

Table	9-3.	Pain	intensity:	difference	between	refrigerated	and	non-refrigerated	irrigants	
Outcome	measure	 Difference	(MD)	in	pain	intensity	(VAS	scale	

0-10)‡	:	
Chilled	versus	non-chilled	irrigans	

Pain	intensity	after	6	hours:	 -1.11	(95%	BI:	-1.72;	-0.50)	
Pain	intensity	after	24	hours:	 -1.08	(95%	BI:	-1.79;	-0.38)	
Pain	intensity	after	48	hours:	 -0.38	(95%	BI:	-0.73;	-0.02)	
Pain	intensity	after	72	hours:	 -0.69	(95%	BI:	-1.34;	-0.05)	
‡MD	=	mean	difference.	
	
On	a	0-100	VAS	scale,	a	difference	of	at	least	10	is	interpreted	as	an	effect	that	patients	perceive	as	a	
relevant	reduction	in	pain.	On	a	0-10	VAS	scale,	this	corresponds	to	a	difference	of	at	least	1.	Table	9-3	
shows	that	only	the	first	24	hours	a	relevant	difference	in	pain	intensity	is	observable.	After	that,	the	
difference	is	trivial,	i.e.,	less	than	1	on	a	0-10	VAS	scale.		
For	information:	Whether	pain	intensity	after	cooling	reduces	more	or	less	according	to	diagnosis	(ir-
reversible	pulpitis	or	pulpa	necrosis,	whether	or	not	combined	with	pulpal	and	periradicular	patholo-
gy)	was	not	analyzed	by	the	reviewers.	However,	there	are	only	three	studies	with	patients	diagnosed	
with	pulpa	necrosis,	which	would	severely	limit	the	value	of	such	an	analysis.	What	can	be	mentioned	
about	it	is	the	following.	For	pain	intensity	after	6,	24,	48	and	72	hours,	the	three	studies	with	diagno-
sis	of	pulpa	necrosis	provide	six	outcomes	combined.	Three	of	these	give	greater	pain	reduction	and	
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three	of	these	give	lesser	pain	reduction	than	the	mean	pain	reduction	of	all	the	studies.	In	short,	there	
is	no	evidence	of	a	difference	in	pain	reduction	according	to	the	diagnosis	of	irreversible	pulpitis	or	
pulpal	necrosis.		
	
Quality	of	evidence	pain	intensity	after	6,	24,	48	and	72	hours	
One	level	was	downgraded	for	severe	risk	of	bias	for	all	outcome	measures.	According	to	the	revie-
wers,	four	studies	presented	serious	risk	of	bias	because	of	deviations	from	the	intended	intervention;	
two	studies	because	of	many	dropouts,	and	five	studies	because	of	unblinded	measurement	of	out-
comes.	In	addition,	we	downgraded	for	severe	imprecision	for	pain	intensity	after	6,	24	and	72	hours:	
the	confidence	interval	did	not	exclude	a	trivial	or	a	relevant	beneficial	effect.	For	pain	intensity	after	
48	hours,	there	was	no	downscaling	for	severe	imprecision:	the	confidence	interval	is	entirely	within	-
1	and	+1.	In	other	words,	there	is	no	doubt	that	the	effect	here	is	trivial.	
	
Conclusions	

Low	
	
GRADE	

Pain	intensity	after	6	and	24	hours	
	
Irrigant	cooling	in	patients	with	irreversible	pulpitis	or	pulpal	necrosis,	whether	
or	not	combined	with	pulpal	or	periradicular	pathology,	appears	to	slightly	redu-
ce	pain	compared	with	no	cooling.	
	
Almohaimede	&	Al-Madi,	2021	

	

Low	to	fair	
	
GRADE	

Pain	intensity	after	48	and	72	hours	
	
Refrigeration	of	irrigants	in	patients	with	irreversible	pulpitis	or	pulpal	necrosis,	
whether	or	not	combined	with	pulpal	or	periradicular	pathology,	is	unlikely	to	
reduce	pain	significantly,	if	at	all,	compared	with	no	refrigeration.	
	
Almohaimede	&	Al-Madi,	2021	

	
	
[update	2022/3]	What	is	the	relative	efficacy	and	safety	of	oral	analgesics	given	postoperatively	(i.e.,	
after	nonsurgical	endodontic	treatment)	to	patients	with	irreversible	pulpitis	or	pulpal	necrosis?	
Zanjir	et	al.	(2020)	included	11	randomized	studies	evaluating	eight	interventions	in	their	systematic	
review	and	network	meta-analysis47	:		

• NSAIDs,		
• NSAIDs	+	paracetamol,		
• NSAIDs	+	benzodiazepines,		
• NSAIDs	+	opioids,		
• corticosteroids,		
• opioids,		
• paracetamol,	and		
• placebo.	

Outcome	measures	were	postoperative	pain	at	6-8,	12,	24	and	48	hours,	measured	by	a	0-100	VAS	
scale,	10-point	VAS	scale	or	0-11	NRS	scale,	and	adverse	events.	Most	studies	were	conducted	in	the	
United	States	(n=6)	and	Iran	(n=3).	A	total	of	706	adults	(18-68	years)	were	included.	Pulpal	diagnoses	
were:	irreversible	pulpitis	(symptomatic:	n=8	or	asymptomatic:	n=1)	and	pulpal	necrosis	(n=4).	Peri-

 
47	Network	meta-analysis	is	a	technique	for	simultaneously	comparing	three	or	more	interventions	in	a	single	
analysis	by	combining	both	direct	and	indirect	evidence	in	a	network	of	studies.	
Network	meta-analysis	results	in	estimates	of	the	relative	effects	among	a	few	interventions	in	the	network	and	
usually	provides	more	precise	estimates	than	a	single	direct	or	indirect	estimate.	It	also	allows	estimation	of	the	
ranking	and	hierarchy	of	interventions:	what	are	the	more	effective,	what	are	the	less	effective	interventions.	
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apical	diagnoses	were:	normal	apical	tissue	(n=5),	periodontitis	apicalis	(symptomatic:	n=4	or	asymp-
tomatic:	n=1),	and	acute	apical	abscess	(n=3).48	All	but	one	study	recruited	patients	with	moderate	(4-6	
on	10-point	VAS	scale)	to	severe	(7-9	on	10-point	VAS	scale)	preoperative	pain.	
A	network	meta-analysis	examined	the	effectiveness	of	the	analgesics	relative	to	each	other,	all	com-
pared	with	placebo.	A	network	meta-analysis	also	compares	agents	that	have	not	been	directly	com-
pared	in	one	or	more	studies.	An	example	is	the	comparison	NSAIDS	+	benzodiazepines	versus	NSAIDs	
+	opioids.49	For	pain	after	6-8	hours,	the	difference	between	the	two	agents	is	ca.1	on	a	scale	of	0-100	
(Table	9-4).	Because	both	agents	were	compared	with	placebo,	the	agents	can	be	compared	to	each	
other	and	a	difference	calculated	in	the	degree	of	reduction	of	postoperative	pain.	
The	results	of	the	network	meta-analysis	are	presented	in	Table	9-4.50	NSAIDs	,	whether	or	not	combi-
ned	with	another	analgesic,	seemingly	emerge	as	the	most	effective	and	paracetamol	and	opioids	as	
the	least	effective.		
	
Table	9-4.	Relative	effect	on	postoperative	pain	of	all	postoperatively	given	analgesics	compared	to	pla-
cebo	

	 Painkillers	 Mean	difference	[MD]	(95%	BI)‡		
	after	6-8	hours	

Mean	difference	[MD]	(95%	
BI)‡		

	after	24	hours	
1		 NSAIDs		 -20,69		

(-28.03;	-13.35	)	
-16,77	

(-24,49;	-9,04)	
2	 NSAIDs	+	paracetamol	 -19,78		

(-27,10;	-12,46)	
-14,68		

(-24,89;	-4,46)	
3	 NSAIDs	+	benzodiazepines	 -21,22		

(-38,31;	-4,12)	
-8,23	

(-24,38;	7,92)	
4	 NSAIDs	+	opioids	 -20,28		

(-32,69;	-7,88)	
-17,26		

(-30,01;	-4,50)	
5	 Corticosteroids		 -14,56		

(-30,88;	1,76)	
-14,90	

(-31,85;	2,06)	
6	 Opioids		 -7,15		

(-18,12;	3,83)	
0,39		

(-10,68;	11,47)	
7	 Paracetamol		 -2,76		

(-15,29;	9,77)	
-	

8	 Placebo		 -	 -	
‡ MD: mean difference	
	
Regarding	medication	safety,	Zanjir	et	al.	(2020)	mentioned	the	following:	only	six	of	16	studies	pre-
sented	data	on	safety	and	reported	that	the	interventions	were	safe	with	no	major	side	effects;	17.6%	
of	patients	taking	NSAIDs	(flurbiprofen	or	ibuprofen)	reported	headache	or	drowsiness	in	three	stu-
dies,	and	9.9%	experienced	gastrointestinal	symptoms	such	as	vomiting	or	nausea.	
In	assessing	effectiveness,	it	is	important	to	determine	whether	it	is	low,	moderate	or	high,	and	how	
certain	a	low,	moderate	or	high	effect	is.		

 
48	Diagnoses	were	confirmed	using	thermal	testing	and/or	electrical	pulp	testing	and/or	radiographs,	and/or	
patient-reported	symptoms	or	clinical	and	radiographic	examination.	Three	studies	reported	no	information	on	
confirmation	of	diagnosis.	
49	Other	agents	that	have	not	been	directly	compared	are	the	following.	Pain	after	6-8	hours:	paracetamol	-	
NSAIDs;	paracetamol	-	opioids;	corticosteroids	-	NSAIDs	+	benzodiazepines;	corticosteroids	-	opioids.	Pain	after	
12	hours:	opioids	-	NSAIDs	+	benzodiazepines;	corticosteroids	-	opioids.	Pain	after	24	hours:	tramadol	-	opioids;	
NSAIDs	+	benzodiazepines	-	NSAIDs	+	opioids;	NSAIDs	+	benzodiazepines	-	corticosteroids;	corticosteroids	-	
opioids.		
50	The	working	group	re-run	the	network	meta-analysis	and	did	so	as	a	frequentist	network	meta-analysis.	This	
was	done	with	netmeta	and	meta	packages	of	R	version	4.0.2	(RStudio,	Boston,	MA).	The	reasons	for	redoing	the	
network	meta-analysis	were:	1)	GRADE	for	network	meta-analysis	requires	both	direct	and	indirect	effect	esti-
mation.	The	review	by	Zanjir	et	al.	(2020)	does	not	provide	it;	2)	the	table	of	pain	intensities	for	the	different	
analgesics	at	different	time	points	(table	2)	contains	obvious	errors,	in	both	Ryan	2008	and	Salarpoor	2013.	The	
study	group	consulted	the	original	studies	and	used	the	correct	data.	
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The	study	group	uses	the	following	criteria	for	classification	by	degree	of	effectiveness	(measured	on	a	
0-100	VAS	scale)	with	respect	to	reduction	of	postoperative	pain:	

- an	average	difference	>-10	is	a	trivial	effect;	
- an	average	difference	>-20	and	≤-10	is	a	small	but	significant	difference;	
- an	average	difference	>-30	and	≤-20	is	a	fairly	large	difference;	
- an	average	difference	≤-30	is	a	large	difference.51	

This	classification	plays	an	important	role	in	assessing	the	quality	of	evidence	and	drawing	conclusi-
ons.	
For	information,	three	of	the	included	studies	included	patients	with	pulpitis	in	addition	to	patients	
diagnosed	with	pulpal	necrosis,	approximately	37%.	None	of	these	studies	reported	outcomes	related	
to	pain	intensity	by	diagnosis	type.	This	was	apparently	done	on	the	assumption	that	there	is	no	evi-
dence	to	expect	a	difference	in	this	regard.	
	
Quality	of	evidence	
	To	assess	the	GRADE	criterion	of	imprecision,	the	following	applies.	When	the	confidence	interval	
crosses	one	threshold,	it	is	downgraded	by	one	level,	when	crossing	two	thresholds	by	two	levels,	and	
when	crossing	three	thresholds	by	three	levels.	An	example.	NSAIDs	compared	with	placebo	reduce	
pain	(after	6-8	hours)	by	20.69	on	0-100	VAS	scale.	The	confidence	interval	is	-28.03;	-13.35.	The	con-
fidence	interval	crosses	the	value	20:	thus,	downgrading	by	one	level.	NSAIDs	reduce	pain	(after	24	
hours)	compared	with	placebo	by	16.77	on	0-100	VAS	scale.	The	confidence	interval	is	-24.49;	-9.04.	
The	confidence	interval	crosses	the	value	20	and	10:	thus,	downgrading	by	two	levels.	
	
Table	9-5	shows,	for	the	NMA	effect	estimate	and	for	both	direct	and	indirect	effect,	the	quality	of	evi-
dence	for	postoperative	pain	at	6-8	and	at	24	hours,	with	the	reasons	for	discounting.	52	
	
Table	9-5.	Direct	and	indirect	and	network	effect	estimates	(NMA	effect)	for	postoperative	pain	and	
quality	of	evidence	after	postoperative	medication	
Analgesic	vs.	
placebo	

Directeffect	
[95%	CI]	

CoE‡,‡‡
‡	

Indirect	Effect	
[95%	CI]	

CoE‡,‡‡
‡	

NMA	Effect	
[95%	CI]	

CoE‡,‡‡‡	

	 Difference	[MD]in	pain	intensity	(0-100	VAS	scale)§	after	6-8	hours		 	
Paracetamol	 3,00		

[-19,52;	25,52]	
High	 -5,34		

[-20,41;	9,73]	
Fair	
(s-
incon.)	

-2,76		
[-15,29;	9,77]	

Fair		
(	s-impr.)	

Corticostero-
ids	

-14,56		
[-30,88;	1,76]	

Low		
(s-RoB;	
s-
incon.).	

-	 -	 -14,56		
[-30,88;	1,76]	

Very	low		
(vs.	
impr.)	

NSAIDs	 -26,01		
[-35,38;	-16,64]	

Low		
(s-RoB;	
s-incon.)		
	

-12,23		
[-24,04;	-0,42]	

Fair	
(s-
incon.)	

-20,69		
[-28,03;	-
13,35]	

Low	
(s-
impr.)*	

NSAIDs	+	
paracetamol	

-16,19		
[-24,98;	-7,41]	

Reaso-
nable	(s-
incon.).		

-27,91		
[-41,15;	-14,68]	

High	 -19,78		
[-27,10;	-
12,46]	

Fair	
(s-impr.)	

NSAIDs	+	
benzodiaze-
pines	

-14,70		
[-38,61;	9,21]	

Fair	
(s-RoB)	

-28,04		
[-52,49;	-3,58]	

Reaso-
nable		
(s-RoB)	

-21,22		
[-38,31;	-4,12]	

Very	low	
(vs.	
impr.)	

NSAIDs	+	
opioids	

-18,69		
[-37,70;	0,32]	

Fair	
(s-RoB)	

-21,47		
[-37,83;	-5,10]	

Reaso-
nable		

-20,28		
[-32,69;	-7,88]	

Very	low	
(vs.	

 
51	There	are	many	studies	showing	that	a	difference	of	10	on	a	0-100	VAS	scale	is	perceived	by	patients	as	a	rele-
vant	reduction	in	pain.	This	is	a	small	but	significant	effect.	The	remaining	values	10-20,	20-30,	30+	were	deter-
mined	by	the	study	group	itself. 
52	Outcomes	are	not	shown	for	12	and	48	hours	postoperatively	because	insufficient	data	were	available	for	se-
veral	agents.	
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(s-RoB)	 impr.)	
Opioids	 -11,45		

[-29,65;	6,75]	
Fair	
(s-RoB)	

-4,69		
[-18,44;	9,07]	

Low	
(s-RoB;	
s-incon.)	

-7,15		
[-18,12;	3,83]	

Very	low	
(s-impr.).	

	 Difference	[MD]	in	pain	intensity	(0-100	VAS	scale)	§	after	24	hours	 	
Paracetamol	 -	 -	 -	 -	 -	 -	
Corticostero-
ids	

-14,90	
[-31.85;	2.06].	

Fair	
(s-

incon.)	

-	 	 -14,90	
[-31.85;	2.06].	

Very	low	
(vs.	
impr.)	

NSAIDs	 -21,13	
[-30.89;	-
11.37].	

Fair	
(s-

incon.)	

-9,44	
[-22.08;	3.19].	

Low	
(vs.	In-
con.)	

16,77	
[-24.49;	-9.04].	

Very	low	
(vs.	
impr.)	

NSAIDs	+	
paracetamol	

-9,60	
[-23.18;	3.98].	

Fair	
(s-

incon.)	

-21,30	
[-36.81;	-5.79].	

Fair		
(s-

incon.).	

-14,68		
[-24,89;	-4,46]	

Very	low		
(vs.	
impr.)	

NSAIDs	+	
benzodiaze-
pines	

-2,50	
[-24.51;	19.51].	

Reaso-
nable	(s-
RoB)	

-14,92	
[-38.69;	8.86].	

Reaso-
nable		
(s-

incon.).	

-8,23	
[-24.38;	7.92].	

Very	low		
(vs.	
impr.)	

NSAIDs	+	
opioids	

-12,05	
[-31.41;	7.32].	

Reaso-
nable	(s-
RoB)	

-21,25	
[-38.21;	-4.29].	

Fair	
(s-

incon.)	

-17,26	
[-30.01;	-4.50].	

Very	low	
(vs.	
impr.)	

Opioids	 -1,90	
[-19.51;	15.71].	

Low	(s-
RoB;	s-
incon.).	

1.89	
	[-12.35;	16.13]	

Fair	
(s-

incon.)	

0,39	
[-10.68;	11.47]	

Theylook	
low	
(vs.	
impr.)	

‡‡Cursive	effect	estimate	contributes	most	to	NMA	effect	and	determines	initial	quality	of	evidence	of	NMA	ef-
fect;	‡‡CoE:	quality	of	evidence;	S-RoB:	serious	risk	of	bias;	s-incon.:	serious	inconsistency;	vs-incon.:	very	se-
rious	inconsistency;	s-impr.:	serious	imprecision;	vs-impr.:	very	serious	imprecision;	incoh.:	incoherence.	§MD:	
mean	difference.	

Conclusions	

	
See	last	co-
lumn	of	Ta-
ble	9-6	
	
	
GRADE	

(Endodontic)	pain	measured	by	0-100	VAS	scale,	6-8	hours	after	postoperative	me-
dication*	
	
Considering	all	interventions,	NSAIDs	+	paracetamol	probably	have	a	small	but	
significant	beneficial	effect	on	postoperative	pain	and	paracetamol	probably	has	a	
trivial	effect	on	postoperative	pain	(Table	9-6).	
	
All	interventions	considered,	NSAIDs,	whether	or	not	in	combination	with	benzo-
diazepines	or	opioids,	appear	to	have	a	moderately	beneficial	effect	on	postopera-
tive	pain,	but	the	evidence	is	highly	uncertain	(Table	9-6).		
	
All	interventions	considered,	corticosteroids	seem	to	have	a	small	but	significant	
beneficial	effect	on	postoperative	pain,	but	the	evidence	is	very	uncertain	(Table	
9-6).	
	
All	interventions	considered,	opioids	seem	to	have	a	trivial	effect	on	postoperati-
ve	pain,	but	the	evidence	is	highly	uncertain	(Table	9-6).	
	
Zanjir	et	al,	2020	

*patients	had	moderate	to	severe	preoperative	pain.	
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See	last	co-
lumn	of	Ta-
ble	9-7	
GRADE	

(Endodontic)	pain	measured	by	0-100	VAS	scale,	24	hours	after	postoperative	me-
dication*	
	
All	interventions	considered,	NSAIDs,	whether	or	not	in	combination	with	para-
cetamol	or	opioids,	and	corticosteroids	seem	to	have	a	small	but	significant	bene-
ficial	effect	on	postoperative	pain,	but	the	evidence	is	very	uncertain	(Table	9-7).	

All	interventions	considered,	NSAIDs	+	benzodiazepines	and	opioids	seem	to	ha-
ve	a	trivial	effect	on	postoperative	pain,	but	the	evidence	is	very	uncertain	(Table	
9-7).	

Zanjir	et	al,	2020	

*patients	had	moderate	to	severe	preoperative	pain.	
	
	
Table	9-6.	Classification	of	interventions	based	on	network	meta-analysis	for	postoperative	endodontic	
pain	after	6-8	hours	after	postoperative	medication	

Classification	of	
intervention	

Intervention	 Mean	difference	
[MD]§(95%	BI)	
after	6-8	hours	

P-value*	 Quality	of	
evidence	

Moderately	large	
effect	(≤-20)	

NSAIDs	 -20,69	
(-28,03;	-13,35)	

0,76	 Low	
	

NSAIDs	+	benzodiazepines	 -21,22	
(-38,31;	-4,12)	

0,74	 Very	low	

NSAIDs	+	opioids	 20,28	
(-32,69;	-7,88)	

0,73	 Very	low	

	 	 	 	 	
Small	effect		
(>-20	&	<-10)	

NSAIDs	+	paracetamol	 -19,78	
(-27,10;	-12,46)	

0,72	 Fair	

	 Corticosteroids	 -14,56	
(-30,88;	1,76)	

0,53	 Very	low	

	 	 	 	 	
Trivial	effect	
(≥-10)	

Opioids	 -7,15	
(-18,12;	3,83)	

0,28	 Very	low	

Paracetamol	 -2,76	
(-15,29;	9,77)	

0,17	 Fair	

Placebo	 -	 	 	
*	The	higher	the	P	value,	and	closer	to	1,	the	more	likely	a	therapy	is	at	the	top	of	the	rank	order	of	effectiveness;	
the	closer	0	the	more	likely	a	therapy	is	at	the	bottom	of	the	rank	order	of	effectiveness.	However,	these	P	values	
do	not	take	into	account	the	clinical	relevance	of	differences	in	reducing	pain	intensity	nor	the	quality	of	eviden-
ce	of	effect	size.	§MD:	mean	difference.	
	

Table	9-7.	Classification	of	interventions	based	on	network	meta-analysis	for	postoperative	endodontic	
pain	after	24	hours	following	postoperative	medication	
Classification	of	
intervention	

Intervention	 Mean	difference	
[MD]§	(95%	BI)	after	

24	hours	

P-value*	 Quality	of	evi-
dence	

Small	effect	
(>-20	&	<-10)	

NSAIDs	+	opioids	 -17,26	
(-30,01;	-4,50)	

0,76	 Very	low	

NSAIDs	 -16,77	
(-24,49;	-9,04)	

0,76	 Very	low	

Corticosteroids	 -14,90	
(-31,85;	2,06)	

0,66	 Very	low	

NSAIDs	+	paracetamol	 -14,68	
(-24,89;	-4,46)	

0,66	 Very	low	
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Classification	of	
intervention	

Intervention	 Mean	difference	
[MD]§	(95%	BI)	after	

24	hours	

P-value*	 Quality	of	evi-
dence	

Trivial	effect	
(≥-10)	

NSAIDs	+	benzodiazepines	 -8,23	
(-24,38;	7,92)	

0,42	 Very	low	

	 Opioids	 0,39	
(-10,68;	11,47)	

0,12	 Very	low	

Paracetamol	 -	 -	 -	
Placebo	 -	 	 -	

*	The	higher	the	P	value,	and	closer	to	1,	the	more	likely	a	therapy	is	at	the	top	of	the	rank	order	of	effectiveness;	
the	closer	0	the	more	likely	a	therapy	is	at	the	bottom	of	the	rank	order	of	effectiveness.	However,	these	P	values	
do	not	take	into	account	the	clinical	relevance	of	differences	in	reducing	pain	intensity	nor	the	quality	of	eviden-
ce	of	effect	size.	§MD:	mean	difference.	
	

[update	2022/3]	What	is	the	relative	efficacy	and	safety	of	oral	premedication	on	postoperative	pain	in	
patients	with	irreversible	pulpitis?	
Nagendrababu	et	al.	(2019a)	included	16	randomized	studies	evaluating	six	interventions	in	their	sys-
tematic	review	and	network	meta-analysis:		

• NSAIDs,		
• corticosteroids,		
• opioids,		
• Cox-2	inhibitors		
• Gabapentin,	and	
• Placebo.		

Outcome	measures	were	postoperative	pain	at	6,	12,	and	24	hours,	measured	by	a	0-100	VAS	scale,	10-
point	VAS	scale,	or	0-170	VAS	scale	and	adverse	events.	

Most	studies	were	conducted	in	Iran	(n=7)	and	India	(n=4).	A	total	of	1005	adults	(17-65	years)	were	
included.	Nagendrababu	et	al.	(2019a)	did	not	mention	a	specific	diagnosis,	only	that	the	patients	re-
quired	root	canal	treatment.	Preoperative	pain	scores	ranged	from	20	to	88	on	a	0-100	VAS	scale,	with	
the	median	value:	60.53	

The	results	of	the	network	meta-analysis	are	presented	in	Table	9-8.	NSAIDs	seemingly	emerge	as	
least	effective	and	corticosteroids	as	most	effective.		
Regarding	the	safety	of	analgesics,	Nagendrababu	et	al.	(2019a)	mentioned	the	following:	side	effects	
reported	for	tapentadol	[an	opioid]	and	etodolac	[an	NSAID]	were	nausea,	vomiting,	headache,	dizzi-
ness,	and	heartburn,	while	studies	of	ketorolac	[an	NSAID]	reported	headache	and	dizziness.	One	stu-
dy	of	lornoxicam	[an	NSAID]	reported	gastrointestinal	pain,	while	with	respect	to	zintoma	(a	powder	
of	ginger	root),	indomethacin	[an	NSAID],	prednisolone	[a	corticosteroid],	and	ibuprofen	[an	NSAID],	
no	side	effects	were	reported.	
	

Table	9-8.	Relative	effect	on	postoperative	pain	of	premedication	compared	with	placebo	
	 Painkillers	 Mean	difference	[MD]§	

(95%	BI)		
after	6	hours	

Mean	difference	[MD]§	
(95%	BI)		

after	12	hours	

Mean	difference	[MD]§	
(95%	BI)		

after	24	hours	
1		 NSAIDs		 -8,39	

(-21,17,4,39)	
-7,70	

(-17,46,2,07)	
-4,56	

(-16,31,7,20)	
2	 Corticosteroids		 -18,14	

(-32,90,-3,37)	
-22,17	

(-36,03,-8,32)	
-21,50	

(-37,95,-5,06)	
3	 Opioids		 -11,99	 -10,99	 -11,15	

 
53	Nagendrababu	et	al.	(2019a)	did	not	mention	the	preoperative	VAS	score.	Searching	the	original	publications	
yielded	ten	preoperative	scores.	Three	articles	were	in	Iranian	which	made	it	impossible	to	look	up	the	preope-
rative	VAS	score.	Three	other	articles	did	not	provide	preoperative	scores.	



 
 

185 
 

(-41,03,17,05)	 (-37,57,15,58)	 (-43,00,20,69)	
4	 Cox-2	inhibitors		 -	 -18,06	

(-53,05,16,94)	
-10,06	

(-44,76,24,64)	
5	 Gabapentin	 -	 -15,35	

(-36,60,5,89)	
-12,33	

(-38,16,13,49)	
6	 Placebo		 -	 -	 	
§MD:	mean	difference.	

In	assessing	effectiveness,	it	is	important	to	determine	whether	it	is	minor,	reasonable	or	major	and	
how	certain	a	minor,	reasonable	or	major	effect	is.		
The	study	group	uses	the	following	criteria	for	classification	by	degree	of	effectiveness	(measured	on	a	
0-100	VAS	scale)	with	respect	to	reduction	of	postoperative	pain:	

- a	mean	difference	>-10	is	a	trivial	effect;	
- an	average	difference	>-20	and	≤-10	is	a	small	but	significant	difference;	
- an	average	difference	>-30	and	≤-20	is	a	fairly	large	difference;	
- an	average	difference	≤-30	is	a	large	difference.54	

This	classification	plays	an	important	role	in	assessing	the	quality	of	evidence	and	drawing	conclusi-
ons.	

	
Quality	of	evidence		
For	an	explanation	of	the	assessment	of	imprecision	see	page	181.	Table	9-9	shows	for	the	NMA	effect	
estimate	and	direct	and	indirect	effect	the	quality	of	evidence	for	postoperative	pain	after	6-8	and	after	
24	hours	with	the	reasons	for	discounting.	
	

 
54	There	are	many	studies	showing	that	a	difference	of	10	on	a	0-100	VAS	scale	is	perceived	by	patients	as	a	rele-
vant	reduction	in	pain.	This	is	a	small	but	significant	effect.	The	remaining	values	10-20,	20-30,	30+	were	deter-
mined	by	the	study	group	itself. 
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Table	9-9.	Direct	and	indirect	and	network	effect	estimates	(NMA	effect)	for	postoperative	pain	and	qua-
lity	of	evidence	after	premedication	

Medication	
vs.	placebo	

Direct	effect	
[95%	CI]	

CoE‡,‡‡‡	 Indirect	effect	
[95%	CI]	

CoE‡,‡‡‡	 NMA	effect	
[95%	CI		

CoE‡,‡‡‡	

Difference	in	pain	intensity	[MD]§	(0-100	VAS	scale)	after	6	hours	
Corticostero-
ids	

20,15	
(4,67,35,63)	

Low	

(vs.	In-
con.)	

-6,86	
(-61,66,47,94)	

Very	low	
(intran.;	s-incon.)	

18,14	
(3,37,32,90)	

Very	low		
(vs.	impr.)	

NSAIDs	 5,48	
(-4,00,14,95)	

Fair	
(s-incon.)	

59,52	
(16,72,102,31)	

Very	low	
(intran.;	s-incon.)	

8,39	
(-4,39,21,17)	

Very	low	
(vs.	impr.)	

Opioids	 -	 -	 11,99	
(-17,05,41,03)	

Verylow	
(intran.;	s-incon.)	

11,99	
(-17,05,41,03)	

Very	low	
(vs.	impr.)	

Difference	in	pain	intensity	[MD]§	(0-100	VAS	scale)	after	12	hours	
Corticostero-
ids	

21,73	
(6,19,37,27)	

Fair	
(s-incon.)	

27,73	
(-23,31,78,77)	

Very	low	
(intran.;	s-incon.)	

22,17	
(8,32,36,03)	

Very	low	
(vs.	impr.)	

NSAIDs	 7,20	
(-3,29,17,68)	

Low	

(vs.	In-
con.)	

23,43	
(-34,86,81,71)	

Very	low	
(intran.;	s-incon.)	

7,70	
(-2,07,17,46)	

Very	low	
(vs.	impr.)	

Opioids		 -	 -	 10,99	
(-15,58,37,57)	

Very	low	
(intran.;	s-incon.)	

10,99	
(-15,58,37,57)	

Very	laa 
(vs-impr.)	

COX-2	 -	 -	 18,06	
(-16,94,53,05)	

Very	low	
(intran.;	s-incon.)	

18,06	
(-16,94,53,05)	

Very	low	
(vs.	impr.)	

Gabapentin	 16,70	
(-9,04,42,44)	

High	 10,27	
(-39,95,60,49)	

Very	laa 
(intran.;	s-
incon.)	

15,35	
(-5,89,36,60)	

Very	low	
(vs.	impr.)	

Difference	in	pain	intensity	[MD]§	(0-100	VAS	scale)	after	24	hours	
Corticostero-
ids	

21,56	
(2,96,40,16)	

Fair	
(s-incon.)	

22,21	
(-39,59,84,01)	

Sealow 
(intran.; s-
incon.)	

21,50	
(5,06,37,95)	

Very	low		
(vs.	impr.)	

NSAIDs	 3,79	
(-8,72,16,30)	

Low	

(vs.	In-
con.)	

28,27	
(-40,60,97,15)	

Very	low	
(intran.;	s-incon.)	

4,56	
(-7,20,16,31)	

Very	low	
(vs.	impr.)	

Opioids	 -	 -	 11,15	
(-20,69,43,00)	

Very	low	
(intran.;	s-incon.)	

11,15	
(-20,69,43,00)	

Very	low	
(vs.	impr.)	

COX-2	 -	 -	 10,06	
(-24,64,44,76)	

Very	low	
(intran.;	s-incon.)	

10,06	
(-24,64,44,76)	

Very	low		
(vs.	impr.)	

Gabapentin	 10,00	
(-21,49,41,49)	

High	 20,96	
(-39,84,81,75)	

Very	low	
(intran.;	s-incon.)	

12,33	
(-13,49,38,16)	

Very	low	
(vs.	impr.)	

‡‡Cursive	effect	estimate	contributes	most	to	NMA	effect	and	determines	initial	quality	of	evidence	of	NMA	ef-
fect;	‡‡CoE:	quality	of	evidence;	s-incon.:	serious	inconsistency	;	vs-incon.:	very	serious	inconsistency;	intran.:	
intransitivity;	vs-impr.:	very	serious	imprecision;	§MD:	mean	difference.	
	

Conclusions	

	
See	last	co-
lumn	of	Ta-
ble	9-10	
GRADE	

(Endodontic)	pain	measured	by	0-100	VAS	scale,	6	hours	after	preoperative	medi-
cation*	
	
All	interventions	considered,	corticosteroids,	and	opioids	seem	to	have	a	small	
but	significant	beneficial	effect	on	postoperative	pain,	but	the	evidence	is	very	
uncertain	(Table	9-10).	
	
All	interventions	considered,	NSAIDs	seem	to	have	a	trivial	effect	on	postoperati-
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ve	pain,	but	the	evidence	is	very	uncertain	(Table	9-10).	
	
Nagendrababu	et	al.,	2019a	

 

See	last	co-
lumn	of	Ta-
ble	9-11	
GRADE	

(Endodontic)	pain	measured	by	0-100	VAS	scale,	12	hours	after	preoperative	medi-
cation*	
	
All	interventions	considered,	corticosteroids	seem	to	have	a	moderate,	beneficial	
effect	on	postoperative	pain,	but	the	evidence	is	very	uncertain	(Table	9-11).	
	
All	interventions	considered,	opioids,	cox-2	inhibitors	and	gabapentin	seem	to	
have	a	small	but	significant	beneficial	effect	on	postoperative	pain,	but	the	evi-
dence	is	very	uncertain	(Table	9-11).	
	
All	interventions	considered,	NSAIDs	seem	to	have	a	trivial	effect	on	postoperati-
ve	pain,	but	the	evidence	is	very	uncertain	(Table	9-11).	
	
Nagendrababu	et	al.,	2019a	

	

See	last	co-
lumn	of	Ta-
ble	9-12	
GRADE	

(Endodontic)	pain	measured	by	0-100	VAS	scale,	24	hours	after	preoperative	medi-
cation*	
	
All	interventions	considered,	corticosteroids	appear	to	have	a	moderately	large,	
beneficial	effect	on	postoperative	pain,	but	the	evidence	is	highly	uncertain	(Table	
9-12).	
	
All	interventions	considered,	opioids,	cox-2	inhibitors	and	gabapentin	seem	to	
have	a	small	but	significant	beneficial	effect	on	postoperative	pain,	but	the	evi-
dence	is	very	uncertain	(Table	9-12).	
	
All	interventions	considered,	NSAIDs	seem	to	have	a	trivial	effect	on	postoperati-
ve	pain,	but	the	evidence	is	very	uncertain	(Table	9-12).	
	
Nagendrababu	et	al.,	2019a	

*patients	had	moderate	to	severe	preoperative	pain	
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Table	9-10.	Classification	of	interventions	based	on	network	meta-analysis	for	postoperative	endodontic	
pain	at	6	hours	after	premedication	

Classification	of	
intervention	

Intervention	 Mean	difference	[MD]	§in	
pain	intensity	(95%	BI)	after	

6	hours	

SUCRA*	 Quality	of	evi-
dence	

Small	effect	
(>-20	&	<-10)	

Corticosteroids	 -18,14	
(-32,90,	-3,37)	

83,5%	 Very	low	

Opioids	 -11,99	
(-41,03,17,05)	

58,4%	 Very	low	

	 	 	 	 	
Trivial	effect	
(>-10)	

NSAIDs	 -8,39	
(-21,17,4,39)	

47,5%	 Very	low	

Placebo	 -	 10.6%	 -	

*SUCRA	values	range	from	0	to	100%.	The	higher	the	SUCRA	value	and	the	closer	to	100%,	the	more	likely	an	
intervention	is	to	be	in	one	of	the	top	positions;	the	closer	to	0	the	SUCRA	value,	the	more	likely	an	intervention	
is	to	be	in	the	bottom	regions.	§MD:	mean	difference.	
	

Table	9-11.	Classification	of	interventions	based	on	network	meta-analysis	for	postoperative	endodontic	
pain	at	12	hours	after	premedication	
Classification	of	
intervention	

Intervention	 Mean	difference	[MD]§	in	
pain	intensity	(95%	BI)	after	

12	hours	

SUCRA*	 Quality	of	evi-
dence	

Moderate	effect	
(<-20)	

Corticosteroids	 -22,17	
(-36,03,	-8,32)	

80,3%	 Very	low	

	 	 	 	 	
Small	effect	
(>-20	&	<-10)	

Cox-2	 -18,06	
(-53,05;	16,94)	

62,4%	 Very	low	

	 Gabapentin	 -15,35	
(-36,60,5,89)	

61,2%	 Very	low	

	 Opioids	 -10,99	
(-37,57,	15,58)	

47,9%	 Very	low	

	 	 	 	 	
Trivial	effect	
(>-10)	

NSAIDs	 -7,70	
(-17,46,2,07)	

38,1%	 Very	low	

Placebo	 -	 10,1%	 -	

§MD:	mean	difference.	
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Table	9-12.	Classification	of	interventions	based	on	network	meta-analysis	for	postoperative	endodontic	
pain	at	24	hours	after	premedication	

Classification	of	
intervention	

Intervention	 Mean	difference	[MD]§	in	
pain	intensity	(95%	BI)	after	

24	hours	

SUCRA*	 Quality	of	evi-
dence	

Moderate	effect	
(<-20)	

Corticosteroids	 -21,50	
(-37,95,-5,06)	

82,6%	 Very	low	

	 	 	 	 	
Small	effect	
(>-20	&	<-10)	

Gabapentin	 -12,33	
(-38,16,13,49)	

57,5%	 Very	low	

	 Opioids	 -11,15	
(-43,00,20,69)	

54,0%	 Very	low	

	 Cox-2	 -10,06	
(-44,76,24,64)	

50,8%	 Very	low	

	 	 	 	 	
Trivial	effect	
(>-10)	

NSAIDs	 -4,56	
(-16,31,7,20)	

36,0%	 Very	low	

Placebo	 	 18,9%	 -	

§MD:	mean	difference.	
	
[update	2022/3]	What	is	the	relative	effectiveness	of	local	anesthetics	for	molars	and	premolars	in	the	
mandible,	in	terms	of	success	of	inferior	alveolar	nerve	blockade,	in	patients	with	irreversible	pulpitis?	
How	safe	are	these	local	anesthetics?	
Nagendrababu	et	al.	(2019b)	included	11	randomized	studies	with	a	total	of	750	patients,	both	men	
and	women,	in	their	systematic	review	and	network	meta-analysis	related	to	the	above	question.	The-
se	studies	were	conducted	in	several	countries	(Brazil	[n=5],	Canada	[n=1],	India	[n=3],	Iran	[n=1]	and	
the	United	States	[n=1]).	Studies	that	investigated	the	anesthetic	effect	of	inferior	alveolar	nerve	
blockade	supplemented	with	infiltration	anesthesia	as	well	as	studies	that	used	premedication	to	in-
crease	the	likelihood	of	success	of	inferior	alveolar	nerve	blockade	were	excluded	by	Nagendrababu	et	
al.	(2019b).	
	
The	age	of	the	patients	ranged	from	18	to	57	years.	The	following	five	anesthetics	were	compared:	
mepivacaine,	lidocaine,	articaine,	bupivacaine	and	prilocaine.	The	four	anesthetics	lidocaine,	articaine,	
bupivacaine	and	mepivacaine	contained	adrenaline	as	a	vasoconstrictor	while	prilocaine	was	combi-
ned	with	felypressine	as	a	vasoconstrictor.	Not	all	studies	used	the	same	amounts	of	an	anesthetic	and	
vasoconstrictor.	For	example,	some	studies	gave	3.6	ml	of	2%	lidocaine	with	1	:	100	000	adrenaline,	
others	1.8	ml	of	2%	lidocaine	with	1	:	200	000	adrenaline.		
	
Outcome	measure	was	success	of	an	inferior	alveolar	nerve	blockade	evaluated	during	access	to	the	
root	canal	and	pulpectomy	of	teeth	in	the	mandible	(molars	and	premolars)	with	irreversible	pulpitis.	
A	network	meta-analysis	examined,	among	other	things,	the	success	rate	of	the	listed	anesthetics	for	
inferior	alveolar	nerve	blockade,	all	compared	with	lidocaine.	Because	these	agents	were	compared	
with	lidocaine,	the	agents	can	be	compared	among	themselves.	
The	results	of	the	network	meta-analysis	are	presented	in	Table	9-13.	Mepivacaine	and	prilocaine	
seemingly	emerge	as	the	most	effective	and	articaine	and	bupivacaine	as	the	least	effective,	both	for	
molars	and	molars	+	premolars.	55	

 
55	Nagendrababu	et	al.	(2019b)	mentioned	that	"separate	analysis	for	pre-molars	could	not	be	performed	due	to	
the	limited	number	of	studies."	
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Table	9-13.	Relative	effect	of	local	anesthetics	on	success	of	nervus	alveolaris	inferior	blockade	,	com-
pared	to	LIDOCAINE56	

	 Anesthetic	 %	success	(95%	BI)		
(molars	+	premolars)	

%	success	(95%	BI)		
(molar)	

1		 mepivacaine		 18,5%	(1,8%;	41,8%)	 17,2%	(1,3-38,3%)	
2	 articaine	 7,0%	(0,9%;	14,1%)*	 7,0%	(-2,6;	19,4%)	
3	 bupivacaine	 5,3%	(-8,8%;	24,6)		 6,6%	(-5,7;	22,4%)	
4	 prilocaine	 14,1%	(-15,0%;	71,7%)	 12,8%	(-15,0;	66%)	
*This	is	the	direct	effect	estimate	and	not	the	network	effect	estimate.	See	quality	of	evidence	for	an	explanation.		
	
Regarding	medication	safety,	Nagendrababu	et	al.	(2019)	mentioned	the	following:		

• prilocaine	is	associated	with	a	significant	increase	in	paresthesia	and	greater	risk	of	methemo-
globinemia,	

• bupivacaine	has	some	risk	of	cardiac	and	CNS	toxicity.		

The	Pharmacotherapeutic	Compass	and	Lareb	report	that	during	pregnancy	the	listed	anesthetics	are	
probably	safe.		
In	assessing	effectiveness,	it	is	important	to	determine	whether	it	is	low,	moderate	or	high,	and	how	
certain	a	low,	moderate	or	high	effect	is.		
The	working	group	uses	the	following	criteria	for	classification	by	degree	of	effectiveness/success:	

- a	percentage	<10	is	a	trivial	effect;	
- a	percentage	≥10	and	<20	is	a	small	but	significant	success;	
- a	percentage	≥20	and	<30	is	a	reasonable	success;	
- a	percentage	≥30	is	a	great	success.57	

This	classification	plays	an	important	role	in	assessing	the	quality	of	evidence	and	drawing	conclusi-
ons.	
	
Quality	of	evidence		
To	assess	the	GRADE	criterion	of	imprecision,	the	following	applies.	When	the	confidence	interval	
crosses	one	threshold	(e.g.,	a	success	rate	of	10)	is	downgraded	by	one	level,	when	crossing	two	thres-
holds	(e.g.,	success	rates	of	10	and	20)	by	two	levels,	and	when	crossing	three	thresholds	by	three	le-
vels.	
For	the	assessment	of	the	GRADE	indirectness	criterion,	the	following	applies.	The	fact	that	the	same	
amounts	of	an	anesthetic	and	vasoconstrictor	were	not	used	in	all	studies	means	that	much	of	the	evi-
dence	is	indirect	evidence.	Therefore,	we	downgraded	by	one	level	for	serious	indirectness.	
Note	regarding	articaine	estimates:	the	confidence	interval	of	the	network	estimate	is	wider	than	that	
of	the	direct	estimate.	Usually,	on	the	contrary,	the	confidence	interval	of	the	network	estimate	is	nar-
rower.	After	all,	this	is	one	of	the	purposes	of	a	network	meta-analysis:	a	more	precise	estimate	of	the	
effect.	A	wider	confidence	interval	sometimes	occurs	and	is	a	consequence	of	little	data	for	some	com-
parisons	(Brignardello-Petersen	et	al.,	2019).	Therefore,	the	direct	effect	estimate	rather	than	the	net-
work	effect	estimate	is	used	for	articaine.	
	
Table	9-14	shows	for	the	NMA	effect	estimate	and	for	both	direct	and	indirect	effect,	the	quality	of	
evidence	for	success	of	inferior	alveolar	nerve	blockade	(with	reasons	for	depreciation.		

 
56	All	effects	were	converted	by	the	working	group	from	the	risk	ratios	reported	by	Nagendrababu	et	al.	(2019b)	
to	absolute	differences	based	on	the	median	success	rate	that	can	be	calculated	from	the	success	rates	reported	
for	lidocaine	in	Table	1	of	Nagendrababu	et	al.	(2019).	
57	This	classification	was	made	by	the	working	group	and	based	on	the	fact	that	the	studies	in	which	lidocaine	
was	evaluated	showed	a	median	success	rate	of	44%.		
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Table	9-14.	Direct	and	indirect	and	network	effect	estimate	(NMA	effect)	for	success	of	inferior	alve-
olar	nerve	blockade	(for	molars	+	premolars)	and	quality	of	evidence	of	local	anesthetics58	
Local	anes-
thetic	vs.	
lidocaine	

Direct	e 
[95% CI]	

CoE‡,‡‡
‡	

Indirect	Effect	
[95%	CI]	

CoE‡,‡‡‡	 NMA	Effect	
[95%	CI]	

CoE‡‡	

mepiva-
caine	

20,2%		
(1,8;	47,1%)]	

Low	
(s-RoB;	
s-indir.)	
	

11,9%		
(-20,2;	86,2%)	

Low	
(s-RoB;	s-
indir.)	

18,5%		
(1,8%;	41,8%)	

Very	low		
(vs.	
impr.)	

articaine	 7,0%		
(0,9;	14,1%)	

Very	low	
(s-RoB;	
s-indir.;	
s-impr.)	

40,9%		
(-16,7;	100,0%)	

Low	
(s-RoB;	s-
indir.)	

9,2%		
(	-0,4;	20,7%)	

Very	low	
(vs.	
impr.)	

bupivacaine	 7,9%		
(-4,8;	24,6%)	

Low	
(s-RoB;	
s-indir.)	

-20,7%		
(-39,2;	59,4%)	

Low	
(s-RoB;	s-
indir.)	

5,3%		
(-8,8;	24,6%)	

Very	laag	
(vs-
impr.)	

prilocaine	 58,5%		
(-11,4;	100%)	

Fair	
(s-RoB)	

27,7%		
(-26,8;100,0%)	

Low	
(s-RoB;	s-
indir.)	

14,1%		
(-15,0;	71,7%)	

Very	low	
(vs.	
impr.)	

‡Cursive	effect	estimate	contributes	most	to	NMA	effect	and	determines	initial	quality	of	evidence	of	NMA	effect,	
imprecision	not	assessed;	‡‡CoE:	quality	of	evidence;	S-RoB:	serious	risk	of	bias;	s-impr.:	serious	imprecision;	vs-
impr.:	very	serious	imprecision;	s-indir.:	serious	indirectness.	
	

Conclusions	

See	last	co-
lumn	of	Ta-
ble	9-15	
	
GRADE	

Success	of	local	anesthetics	for	inferior	alveolar	nerve	blockade	for	molars	+	pre-
molars	(reference:	lidocaine)*	
	
All	interventions	considered,	mepivacaine	and	prilocaine	seem	to	have	a	small	
but	significant	success,	but	the	evidence	is	very	uncertain	(Table	9-15).	
	
All	interventions	considered,	articaine	and	bupivacaine	seem	to	have	a	trivial	
effect,	but	the	evidence	is	very	uncertain	(Table	9-15).	
	
Nagendrababu	et	al.,	2019b	

*Supposed	median	success	rate	of	44	for	inferior	alveolar	nerve	blockade	was	derived	from	the	studies	in	which	
lidocaine	was	examined.	
	
	

 
58	All	effects	were	converted	by	the	study	group	from	the	risk	ratios	reported	by	Nagendrababu	et	al.	(2019)	to	
absolute	differences	based	on	the	median	success	rate	that	can	be	calculated	from	the	success	rates	reported	for	
lidocaine	in	Table	1	of	Nagendrababu	et	al.	(2019). 
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Table	9-15.	Classification	of	interventions	based	on	network	meta-analysis	for	success	rate	of	inferior	
alveolar	nerve	blockade	(for	molars	+	premolars)	of	local	anesthetics	compared	to	lidocaine		

Classification	of	
intervention	

Intervention	 Success	rate	of	al-
veolar	nerve	inferior	
blockade	

P-value*	 Quality	of	
evidence	

Moderately	large	
effect	(≥20%	and	

<30%)	

	 	 	 	

	 	 	 	
	 	 	 	

	 	 	 	 	
Small	effect	
(≥10%	and	
<20%)	

mepivacaine	 18,5%		
(1,8%;	41,8%)	

0,81	 Very	low	

	 prilocaine	 14,1%		
(-15,0;	71,7%)	

0,62	 Very	low	

	 	 	 	 	
Trivial	effect	
(<10%)	

articaine	 7,0%		
(0,9;	14,1%)	

0,54	 Very	low	

bupivacaine	 5,3%		
(-8,8;	24,6%)	

0,41	 Very	low	

lidocaine	 -	 0,13	 	
*	The	higher	the	P	value,	and	closer	to	1,	the	more	likely	a	therapy	is	at	the	top	of	the	rank	order	of	effectiveness;	
the	closer	0	the	more	likely	a	therapy	is	at	the	bottom	of	the	rank	order	of	effectiveness.	However,	these	P	values	
do	not	take	into	account	the	clinical	relevance	of	differences	in	degree	of	success	nor	the	quality	of	evidence	of	
effect	size.		
	
	
Considerations	
Regarding	antibiotics	in	the	context	of	pain	management:		

- The	quality	of	evidence	is	low	that	penicillin	does	not	reduce	pain	more	than	placebo.	
- The	quality	of	evidence	is	low	that	penicillin	does	not	reduce	the	use	of	analgesics	such	as	ibu-

profen	or	paracetamol.	
- The	quality	of	evidence	is	very	low	that	penicillin	reduces	swelling	no	more	than	placebo.	
- A	major	undesirable	effect	of	an	antibiotic	such	as	penicillin	is	increase	in	resistance.	
- Because	penicillin	is	unlikely	to	be	effective	as	an	analgesic	and	may	lead	to	resistance,	there	is	

no	reason	to	use	an	antibiotic	as	an	analgesic.	
	
[Update	2022/3]	Relating	to	inclusion	of	an	intracanal	medication	and	not	inclusion	of	intracanal	medi-
cation	in	the	context	of	pain	management:		

• The	quality	of	evidence	is	very	low	for	(strong)	reduction	of	postoperative	pain	by	the	inclusion	
of	an	antibiotic	combination,	calcium	hydroxide	and	chlorhexidine	as	an	intra-canal	medication	
as	well	as	for	differences	between	intra-canal	medications	regarding	reduction	of	postoperati-
ve	pain.	

• There	are	also	many	disadvantages	to	the	use	of	an	intravenous	drug	according	to	the	working	
group	(see	rationale)	so	that	the	benefits	of	reduced	postoperative	pain	do	not	outweigh	these	
disadvantages	

	
[Update	2022/3]	Relating	to	refrigerated	and	non-refrigerated	irrigants	in	patients	with	irreversible	
pulpitis	or	pulpal	necrosis	in	the	context	of	pain	management:	

• The	quality	of	evidence	ranges	from	low	to	fair	that	cooling	provides	a	small	(6-24	hours	post-
operatively)	and	no	(48-72	hours	postoperatively)	reduction	in	postoperative	pain,	respective-
ly.	

• Additional	measures	(e.g.,	refrigerator	for	separate	storage	of	syringe	cooled	irrigants)	are	
needed	for	irrigant	cooling.	According	to	the	study	group,	this	does	not	outweigh	the	small	ef-
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fect	of	cooling	on	postoperative	pain.	
	

[Update	2022/3]	Relating	to	postoperatively	given	oral	analgesics	in	patients	with	irreversible	pulpitis	or	
pulpal	necrosis	in	the	context	of	pain	management:	

• The	quality	of	evidence	is	reasonable	that	paracetamol	(6-8	hours	postoperatively)	provides	
little	or	no	reduction	in	postoperative	pain.	

• The	quality	of	evidence	is	low	to	fair	that	NSAID	+	paracetamol	(6-8	hours	postoperatively)	and	
NSAID	provides	a	relevant	reduction	in	postoperative	pain.	

• The	quality	of	evidence	is	very	low	that	NSAID	+	paracetamol	and	NSAIDs	(24	hours	postopera-
tively)	provide	a	relevant	reduction	in	postoperative	pain.	For	paracetamol,	the	quality	of	evi-
dence	is	lacking	regarding	pain	intensity	24	hours	postoperatively.		

• It	is	the	practical	experience	of	the	study	group	members	that	analgesia	with	paracetamol	is	of-
ten	sufficient.	The	fact	that	the	network	meta-analysis	shows	that	paracetamol	probably	has	no	
effect	may	be	explained	by	the	fact	that	the	pain	intensity	of	the	patients	in	the	studies	is	signi-
ficantly	higher	than	in	practice.	If	there	is	evidence	of	significant	afterpain	in	patients,	the	com-
bination	of	NSAID	and	paracetamol	should	be	preferred.	
	

[Update	2022/3]	Relating	to	oral	premedication	in	patients	with	irreversible	pulpitis	or	pulpal	necrosis	in	
the	context	of	pain	management:	

• The	quality	of	evidence	is	very	low	that	NSAIDs	(6,	12	and	24	hours	postoperatively)	do	not	
reduce	pain	intensity	much,	if	at	all.	

• The	quality	of	evidence	is	very	low	that	corticosteroids	(6,	12	and	24	hours	postoperatively)	
reduce	pain	intensity	to	a	mild	to	reasonable	degree.		

• The	quality	of	evidence	is	very	low	that	opioids,	cox-2	inhibitors	and	gabapentin	slightly	redu-
ce	pain	intensity.	

• The	study	group	believes	that	both	because	of	the	very	low	strength	of	evidence	and	because	of	
the	fact	that	only	"heavy"	premedication,	such	as	corticosteroids,	seems	to	have	a	significant	
effect	on	postoperative	pain,	while	"lighter"	postoperative	analgesics,	such	as	the	combination	
of	paracetamol	and	NSAIDs	have	at	least	as	great	an	effect,	premedication	has	no	place	in	pain	
management.	

[Update	2022/3]	Regarding	success	of	inferior	alveolar	nerve	blockade	of	local	anesthetics:	
• Quality	of	evidence	is	very	low	(i.e.,	relatively	high	uncertainty	about	degree	of	success)	for	all	

anesthetics	discussed	
• Mepivacaine	and	prilocaine	both	may	have	a	small	but	significant	beneficial	effect	on	postope-

rative	pain.	

One	study	gave	1.8	or	3.6	ml	of	2%	mepivacaine	with	1	:	100	000	adrenaline,	two	studies	gave	3.6	ml	
of	2%	mepivacaine	with	1	:	100	000	adrenaline.	
Applicability:	mepivacaine	(in	combination	with	adrenaline)	is	not	available	in	the	Netherlands,		
	
Regarding	incision	related	to	swelling:		

- No	studies	were	found	that	met	the	inclusion	criteria.		
- Expert	opinion	as	contained	in	the	syllabus	"the	endodontic	emergency	treatment	in	practice"	

(2011)	was	used.	The	proposed	incision	will	quickly	reduce	pain	and	swelling	and	may	allow	
further	endodontic	treatment	to	take	place	at	a	later	stage.	

	

Recommendations		
The	recommendations	below	apply	to	patients	in	whom	the	symptomatic	tooth	has	not	previously	been	
treated	endodontically	by	the	general	practitioner	or	dental	endodontist.	
Use	of	antibiotics	in	acute	complaints	related	to	irreversible	pulpitis	or	symptomatic	apical	periodonti-
tis	and	acute	apical	abscess	is	not	recommended	in	the	context	of	pain	management.		
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[unchanged	after	update	2022/3]	
	
Rationale		
The	guideline	working	group	gave	considerable	weight	to	the	finding	that	an	antibiotic	is	unlikely	to	be	
effective	as	an	analgesic	and	may	lead	to	resistance	and	hypersensitivity.		
	

As	part	of	pain	management,	consider	not	using	an	intracanal	medication.	
[update	2022/3:	new	recommendation]		
	
Rational		
Although	the	use	of	chlorhexidine	and	calcium	hydroxide	as	intracanal	medicament	has	a	beneficial	
effect	on	postoperative	pain,	the	study	group	does	not	recommend	it	because	of	its	various	disadvan-
tages.	For	example,	calcium	hydroxide	is	difficult	to	remove,	dentin	weakens	with	prolonged	presence	
of	an	intracanal	medication,	adhesion	of	the	filling	material	is	impaired	and	an	unfavorable	shift	in	
biofilm	may	occur.	
	
	
The	working	group	does	not	recommend	cooling	irrigans.	
[update	2022/3:	new	recommendation]	
	
Rational	
The	study	group	believes	that	additional	measures	to	provide	cooling	irrigants	are	disproportionate	to	
the	small	effect	they	might	be	expected	to	have	on	postoperative	pain.	
	
	
Use	of	premedication	is	not	recommended.	
[update	2022/3:	new	recommendation]	
	
Rationale	
Premedication	seems	to	be	effective	only	when	using	relatively	'heavy'	analgesics,	such	as	corticoste-
roids.	'Lighter'	agents	such	as	paracetamol	and	NSAIDs	have	at	least	the	same	effect	when	given	post-
operatively.	
	
The	study	group	does	not	provide	a	recommendation	regarding	mepivacaine.		
[update	2022/3:	new	recommendation]	
	
Rationale	The	study	group	has	noted	the	promising	results	of	mepivacaine	(i.c.w.	adrenaline)	but	notes	
that	this	drug	is	not	available	in	the	Netherlands.	The	use	of	articaine	and	bupivacaine	can	be	conti-
nued. 
	
	
In	cases	of	fluctuating	swelling,	an	abscess	incision	is	indicated.		
	
Patients	with	severe	swelling	who	also	have	fever	and/or	swallowing	symptoms	should	be	referred	to	
an	MKA	surgeon	immediately	for	treatment.	
[unchanged	after	update	2022/3]	
	
Rational	
The	proposed	incision	will	quickly	reduce	pain	and	swelling	and	may	allow	further	endodontic	treat-
ment	to	take	place	at	a	later	stage.	
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As	analgesia,	in	acute	complaints	associated	with	irreversible	pulpitis	or	symptomatic	apical	periodon-
titis,	paracetamol	(whether	or	not	in	combination	with	an	NSAID)	can	be	given.	If	this	medication	does	
not	provide	adequate	analgesia,	the	WHO	pain	ladder	can	be	consulted	(see	Appendix	2	in	Chapter	9	of	
this	guideline).		
	
Use	of	the	combination	paracetamol	and	codeine	is	not	recommended.	
[unchanged	after	update	2022/3]	
	
Rational	
Paracetamol	can	be	used	safely.	[update	2022/3]	In	severe	postoperative	pain,	there	is	a	reasonable	
degree	of	certainty	that	paracetamol	is	ineffective	and	the	combination	of	paracetamol	and	NSAIDs	or	
NSAIDs	alone	provide	adequate	analgesia.	Use	of	NSAIDs	may	be	contraindicated	in	patients.	
The	efficacy	of	the	paracetamol-codeine	combination	has	not	been	demonstrated	in	clinical	studies.	
The	advice	regarding	paracetamol/NSAIDs	and	the	WHO	pain	ladder	is	taken	from	the	NHG	standard	
"Pain.	
	
If	there	is	a	previously	endodontically	treated	element	
All	of	the	above	recommendations	and	treatment	strategies	also	apply	to	these.	However,	the	treat-
ment	of	these	elements	is	more	challenging	because	the	old	canal	treatment	will	have	to	be	removed	
first.	In	such	cases,	it	is	worth	considering	referring	the	patient	to	a	dental	endodontist.	If	the	treat-
ment	is	not	going	to	be	performed	immediately,	pain	relief	can	also	be	prescribed	in	this	case.	
[unchanged	after	update	2022/3]	
	
Rational	
The	guideline	working	group	sees	no	reasons	(pathophysiological	or	practical)	why	the	recommenda-
tions	formulated	in	connection	with	acute	complaints	in	an	element	not	previously	endodontically	
treated	should	not	be	applicable	for	an	element	that	has	been	previously	endodontically	treated.	
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Appendix	9.1	Search	strategy	
	
Source:	PubMed	
	
("emergency"[title]	OR	"emergencies"[title]	OR	"acute"[title]	OR	"exacerbation"[title]	OR	"symptomatic"[title]	
OR	"acute	disease"[MeSH	Terms]	OR	"emergencies"[MeSH	Terms])	AND	("Pulpitis"[MeSH	Terms]	OR	"Pulpec-
tomy"[MeSH	Terms]	OR	"Pulpotomy"[MeSH	Terms]	OR	"Periapical	Periodontitis"[MeSH	Terms]	OR	"pulpi-
tis"[title]	OR	"pulpotomy"[title]	OR	"pulpectomy"[title]	OR	"apical	periodontitis"[title]	OR	"endodontic"[title]	OR	
(("dental"[title]	OR	"pulpal"[title]	OR	"tooth"[title])	AND	("pain"[title]	OR	"painful"[title])))	
	
AND	
	
((("evaluation"[title]	OR	"observational"[	Title]	OR	"Clinical	report"[Title]	OR	"Follow-Up	Studies"[Mesh	Terms]	
OR	"comparative	study"[Publication	Type]	OR	"randomized	controlled	trial"[Publication	Type]	OR	"re-
view"[Publication	Type]	OR	"retrospective"[Title]	OR	"retrospective	studies"[MeSH	Terms]	OR	ran-
dom*[Title/Abstract]	OR	allocat*[Title/Abstract]	OR	systematic[sb]	OR	"time	factors"[MeSH	Terms]))	
	
Publication	date:	≥2010;	Humans;	English	
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Appendix	9.2	WHO	pain	ladder		

	
WHO	pain	ladder	as	adopted	from	the	NHG	standard	Pain.	

- Step	1:	paracetamol;	
- Step	2:	NSAID;	
- Step	3:	add	tramadol	(weak-acting	opiate)	to	paracetamol	or	NSAID	if	they	have	insufficient	effect;	
- Step	4:	strong-acting	opiates	(oral	or	patch)	and	

Step	5:	subcutaneous	or	intravenous	administration	of	strong-acting	opiates.	
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10. Permanent and temporary restoration of elements	
	
Introduction59	
The	goal	of	root	canal	treatment	is	not	only	an	infection-free,	healthy	but	also	a	functional	tooth.	In	
other	words,	some	form	of	restoration	is	needed	after	completion	of	the	root	filling	to	protect	this	ele-
ment	from	fracture	and	leakage	to	prevent	reinfection.	The	complexity	of	the	restoration	is	generally	
determined	by	the	degree	of	tissue	loss.	Coronal	tissue	may	be	lost	due	to	caries,	fracture	or	previously	
fabricated	restoration.		
If	the	crown	is	lost	for	the	most	part,	it	is	not	unusual	to	place	a	root	post	for	additional	retention	and	
resistance	of	the	coronal	restoration.	
	
When	selecting	the	type	of	restoration,	the	practitioner	must	consider	a	number	of	factors.	Tissue	loss	
has	weakened	a	tooth,	and	there	is	a	risk	that	mechanical	forces	from	chewing	or	from	clamping	the	
teeth	together	will	lead	to	crown	and	crown	root	fractures.	However,	little	is	known	about	the	causes	
of	this	type	of	complication.	An	indirectly	fabricated	crown	that	encompasses	the	dentition	and	covers	
the	nodes	is	thought	to	provide	more	protection	than	intra-coronary	restorations	that	merely	replace	
the	missing	tooth	tissue.	Nevertheless,	in	cases	of	limited	structural	loss	of	an	element,	a	full	crown	
may	be	an	unnecessarily	expensive	treatment	option,	which	incidentally	also	requires	removal	of	
healthy	tooth	tissue.	It	is	therefore	important	for	the	practitioner	to	know	which	type	of	coronal	resto-
ration	leads	to	better	preservation	of	elements	that	have	undergone	root	canal	treatment,	not	least	
because	of	cost	considerations.	
	
When	most	or	all	of	the	coronary	structure	is	lost,	an	artificial	crown	must	be	made	for	replacement.	
This	can	be	done	on	site	-	directly	in	the	mouth	-	or	in	a	laboratory	by	a	dental	technician.	A	prefabrica-
ted	or	cast	root	post	with	build-up	may	improve	the	crown's	resistance	but	may	lead	to	weakening	of	
the	root	or	complications.	A	root	post	can	also	increase	the	risk	of	root	fracture.		
An	endocrown	is	another	indirectly	fabricated	one-piece	restoration	that	performs	the	function	of	
buildup	and	crown.	The	endocrown	is	anchored	in	the	pulp	chamber	and	also	adhesively	attached	to	
the	outline,	providing	both	macro-	and	micro-mechanical	retention.		
	
Sometimes	an	element	where	root	canal	treatment	is	performed	is	provided	with	a	temporary	coronal	
restoration,	that	is,	a	restoration	applied	between	treatment	sessions	in	which	the	root	canal	is	sealed	
to	protect	against	bacterial	penetration,	and	to	protect	the	remaining	structure	of	the	element	from	
fracture.	Temporary	restorations	are	also	applied	to	control	the	outcome	of	endodontic	treatment	be-
fore	proceeding	to	a	permanent	root	filling	and	restoration.	Many	different	temporary	materials	are	
used.	However,	there	is	still	little	information	available	to	answer	the	question	of	which	materials	
most	effectively	prevent	bacterial	invasion	and	fracture	during	root	canal	treatment.	There	is	also	the	
question	of	how	to	adequately	close	an	element	with	a	temporary	restoration	and	keep	the	pulp	
chamber	and	canals	accessible	for	continued	canal	treatment	in	a	subsequent	treatment	session.	
	
	

 
59	This	introduction	is	based	in	part	on	Methods	of	Diagnosis	and	Treatment	in	Endodontics.	A	systematic	review	
(2012)	and	supplemented	where	necessary.	
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Specific	questions	are:	
1. What	factors	influence	the	survival	of	a	tooth	that	has	undergone	root	canal	treatment?	
2. What	factors	are	associated	with	change	in	periapical	status,	insofar	as	the	initial	PAI	score	

is	≥2?	
3. What	is	the	relative	effect	of	root	canal	filling	and	coronal	restoration	on	the	outcome	peri-

odontitis	apicalis?	
4. What	are	causes	of	failure	of	restorations	with	different	types	of	fiber-reinforced	posts	

combined	with	a	synthetic	resin	cement	or	"passive"	posts	with	a	traditional	cement	(zinc	
phosphate	or	glass	ionomer	cement)?	

5. What	is	the	effect	of	the	amount	of	remaining	coronal	dentin	and	placement	of	prefabrica-
ted	or	an	individual	fiber-reinforced	post	on	the	survival	of	endodontically	treated	teeth?	

6. Is	there	a	difference	in	effect	between	restorations	with	a	cast	post	structure,	or	with	pre-
fabricated	posts	or	a	composite	restoration	without	a	post?	

7. Is	there	a	difference	in	effect	between	indirect	restoration	(metal-ceramic	crown)	with	
post	compared	to	adhesive	composite?	

8. Is	there	a	difference	in	effect	between	restorations	with	metal	pins	compared	to	restorati-
ons	with	fiber-reinforced	pins?	

9. Is	there	any	difference	in	effect	between	restoration	with	post	and	crown	compared	to	
restoration	with	crown	only?	

10. Is	there	a	difference	in	effect	between	direct	posterior	composite	and	indirect	posterior	
composite	restorations	for	excessive	tissue	loss	of	a	molar?	

11. [update	2022/3]	Is	there	a	difference	in	effect	between	an	endocrown	and	a	conventional	
crown	in	the	case	of	damaged	endodontically	treated	teeth?		

12. [update	2022/3]	Is	there	any	difference	in	effect	between	a	cotton	ball	or	Teflon	as	'endo-
dontic	space	maintainer'	?		

 
Search	and	selection	
A	literature	search	was	conducted	in	PubMed/Medline	on	September	10,	2016.	See	Appendix	10.1.	
266	studies	were	found,	of	which	12	met	the	inclusion	criteria	(Ng	et	al.,	2010;	Rasimick	et	al.,	2009;	
Gillen	et	al.,	2011;	Ferrari	et	al.,	2012;	Ploumaki	et	al.,	2013;	Koyuturk	et	al.,	2013;	Tsesis	et	al.,	2013;	
Sarkis-Onofre	et	al.,	2014;	Yang	et	al.,	2015;	Sequeira-Byron	et	al.,	2015;	Figueiredo	et	al.,	2015;	Sor-
rentino	et	al.,	2016).	In	addition,	4	studies	from	the	eponymous	chapter	in	the	Swedish	MTA	report	
were	included	(Valderhaug	et	al.,	1997;	Ferrari	et	al.,	2007;	Salvi	et	al.,	2007;	Cagidiaco	et	al.,	2008).	
[Update	2022/3]	Added	1)	editorials	or	commentaries	related	to	key	studies	and	2)	(articles	from)	
systematic	reviews	of	sufficient	methodological	quality	(AlSaleh	et	al.,	2021;	De	Kuijper	et	al.,	2021;	
Martins	et	al.	,	2021;	Mathew	et	al.,	2021;	Batista	et	al.,	2020;	Govare	&	Contrepois,	2020;	Khatab	&	
Abdelhafez,	2020;	Ferrari	et	al.,	2019;	Prabhakar	et	al.,	2018;	Brignardello-Petersen,	2018,	2017;	Ols-
son	et	al.,	2017;	Sarkis-Onofre	et	al.,	2017;	Yee	et	al.,	2017;	Skupien	et	al.,	2016).	60	
	
Selection Criteria 

Type of patients - permanent teeth with (partially) filled root canals that require restoration or construction 

Type of Intervention - restoration or reconstruction of lost tooth substance, with or without post retention 

Check - temporary or permanent restorations, with or without marker retention  
- Control group and/or comparison for relevant factors in the cohort 

Type of outcome 

measures 

- long-term survival of restoration and element 
- follow-up duration of at least one year for permanent restorations 
- patient satisfaction 
- quality of life 
- caries 
- periodontal status 

 
60	For	methodological	assessment	of	the	systematic	reviews,	see	pp.Fout!	Bladwijzer	niet	gedefinieerd..	
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- cost  
Type of setting - general practitioners 

- dental endodontists 
Inclusion and exclusi-

on criteria 

Inclusion criteria: 

- (quasi-) randomized trials 
- comparative (including various prognostic factors) observational studies 
- human in vivo studies 
- individual element is basis for evaluation 

 
Exclusion criteria: 

- non-comparative observational studies 
- in vitro, ex vivo (human) studies 

	

Summary	of	literature		
What	factors	influence	the	survival	of	a	tooth	that	has	undergone	root	canal	treatment?		
The	review	by	Ng	et	al.	(2010)	included	14	studies	that	examined	what	factors	influenced	the	survival	
of	a	tooth	that	had	undergone	root	canal	treatment.		
Of	these	14	studies,	only	3	studies	(Caplan	et	al.,	2002,	2005;	Aquilino	&	Caplan,	2002)	applied	multi-
variate	analysis	and	explicitly	tested	a	hypothesis.	The	main	purpose	of	applying	multivariate	analysis	
is	to	avoid	"sham	relationships.		
The	hypotheses	in	the	3	studies	mentioned	were:	

1. Aquilino	&	Caplan	(2002)	tested	the	hypothesis	of	whether	placement	of	a	crown	("crown	co-
vering")	is	associated	with	better	survival	of	an	element	that	has	undergone	root	canal	treat-
ment.	

2. Caplan	et	al.	(2002)	tested	the	hypothesis	that	two	proximal	contacts	at	access	is	associated	
with	better	survival.	

3. Caplan	et	al.	(2005)	tested	that	elements	that	had	undergone	root	canal	treatment	were	more	
likely	to	be	removed	than	elements	that	had	not	undergone	root	canal	treatment.		

	
Aquilino	&	Caplan	(2002)	found	that	endodontically	treated	elements	on	which	a	crown	was	not	pla-
ced	after	closure	were	six	times	more	likely	to	be	extracted	within	a	5-	to	10-year	period.		
	
Caplan	et	al.	(2002)	found	that	elements	with	≤1	proximal	contact	were	three	times	more	likely	to	be	
extracted	within	a	5-	to	10-year	period.	
	
Caplan	et	al.	(2005)	found	that	elements	that	had	undergone	root	canal	treatment	were	more	likely	to	
be	extracted	within	a	5-	to	10-year	period.	A	clear	difference	was	observed	between	non-molars	and	
molars	to	the	detriment	of	molars:	molars	that	had	undergone	root	canal	treatment	were	more	than	
seven	times	more	likely	to	be	extracted	than	molars	without	root	canal	treatment,	while	non-molars	
were	almost	twice	as	likely.	A	retrospective	study	not	included	in	this	review	(Skupien	et	al.,	2013)	
also	found	that	anterior	element	restorations	and	premolars	had	a	lower	risk	of	restoration	failure	
(HR:	0.45	and	0.59	with	95%	BI:	0.25	-	0.82	and	0.38	-	0.92,	respectively).	
	
The	remaining	11	studies	limited	themselves	to	univariate	analyses	with	the	aim	of	detecting	one	or	
more	factors	that	have	a	significant	on	survival	(see	Table	10-1).		
	
Main	findings	from	studies	with	univariate	analysis:	

- None	of	the	studies	found	an	effect	of	gender	or	age	on	element	survival.	
- The	effect	of	practitioner	qualification	on	element	survival	is	inconsistent.	
- Preoperative	pain,	a	non-vital	pulp,	periodontitis	apicalis,	a	preoperative	pocket	or	a	periapical	

lesion	seem	to	reduce	the	probability	of	element	survival.	
- A	root	canal	filling	more	than	2	mm	ending	before	the	root	tip	seems	to	reduce	the	probability	of	

element	survival.		
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- Elements	that	acted	as	an	"abutment"	for	a	fixed	or	removable	prosthesis	appear	to	have	a	lo-
wer	probability	of	survival.		

Combining	all	studies,	Ng	et	al.	(2010)	found	the	following	rates	for	2-3,	4-5	and	8-10	year	survival	of	
endodontically	treated	elements:	86%	(95%	BI:	75-98%),	93%	(95%	BI:	92-94%)	and	87%	(95%	BI:	
82-92%).	Thus,	almost	90%	of	elements	that	have	undergone	root	canal	treatment	have	a	minimum	
lifespan	of	approximately	10	years.		
	
[Update	2022/3]	To	what	extent	does	later	placement	of	a	(post)	superstructure	and	crown	after	non-
surgical	endodontic	treatment	affect	the	survival	of	treated	teeth	is	a	question	that	Yee	et	al.	(2017)	
investigated	in	a	large	database	(n=160040	patients)	based	observational	study.	The	average	age	of	
the	patients	was	45	years	(SD:	13	years).	55.4%	involved	a	treated	molar,	31.4%	a	premolar,	and	
13.2%	an	anterior	element.	29%	of	endodontic	treatments	were	performed	by	an	endodontist.	38%	
received	a	post	build-up,	62%	build-up	without	a	post,	and	80%	a	metal	crown.	Overall	element	survi-
val	after	crown	placement	was	99.1%	after	1	year,	96.0%	after	3	years,	92.3%	after	5	years	and	83.8%	
after	10	years.	61 
No	significant	differences	were	seen	in	the	survival	of	an	element	between	patients	who	received	a	
(post)	buildup	15-59	days	after	endodontic	treatment	and	those	who	received	it	after	0-14	days,	or	
between	patients	who	received	a	crown	15-59	days	after	placement	of	a	(post)	buildup	and	those	who	
received	it	after	0-14	days	(Hazard	ratios:	0.96	;	95%	BI:	0.91-1.01	and	0.98;	95%	BI:	0.92-1.04,	res-
pectively).	Placement	of	a	(post)	build-up	more	than	60	days	after	endodontic	treatment	showed	a	
1.08-fold	higher	risk	of	element	non-survival	versus	a	(post)	build-up	placed	0-14	days	after	endodon-
tic	treatment	(Hazard	ratio:	1.08;	95%	BI:	1.02-1.15).	Crowns	placed	60	or	more	days	after	placement	
of	a	(post)	buildup	had	a	1.14	times	higher	risk	of	element	non-survival	versus	a	crown	placed	0-14	
days	later	(Hazard	ratio:	1.14;	95%	BI:	1.08-1.21).	However,	in	absolute	terms,	the	differences	are	
small	and	may	not	be	significant	for	a	patient:	1%	to	2%	and	1%	to	2.5%	less	survival	of	an	element	
after	5-10	years	when	placement	of	a	(post-)	buildup	occurred	more	than	60	days	after	endodontic	
treatment	and	placement	of	a	crown	more	than	60	days	after	placement	of	a	(post-)	buildup,	respecti-
vely.	(Brignardello-Petersen,	2018).		
		
[Update	2022/3]	To	what	extent,	when	applying	a	partial	crown	of	lithium	disilicate	,	whether	or	not	to	
use	a	post	has	an	effect	on	the	survival	of	an	element	(molar	or	premolar)	is	a	question	Ferrari	et	al.	
(2019)	investigated.62	Ferrari	et	al.	(2019)	randomized	120	consecutive	patients	(56	elements	in	the	
maxilla	and	64	in	the	mandibula	with	at	least	50%	of	the	coronal	structure	intact)	to	two	groups	of	60	
patients.	One	group	received	a	marker,	the	other	group	did	not.	Both	groups	were	undivided	into	sub-
groups:	molars	(n=30)	and	premolars	(n=30).	The	study	population	consisted	of	55	men	and	45	wo-
men,	ranging	in	age	from	18	to	69	years.	Overall	three-year	survival	was	100%	in	the	case	of	molars,	
both	in	those	in	whom	a	post	was	placed	during	endodontic	treatment	and	in	those	in	whom	no	post	
was	placed,	and	in	the	case	of	premolars	when	a	post	was	placed.	When	no	marker	was	placed	in	the	
case	of	premolars,	survival	after	three	years	was	93.3%.	63	
Comparing	no	marker	versus	marker	gives	a	Hazard	Ratio	of	0.388;	95%	BI:	0.1-1.5):	no	marker	seems	
to	give	slightly	shorter	survival	(molars	and	premolars	taken	together).	Comparing	premolar	versus	
molar	gives	a	Hazard	Ratio	of	0.123;	95%	BI:	0.015-0.997).		
	
Quality	of	evidence	prognostic	factor	placement	of	crown	on	endodontically	treated	element,	number	of	
proximal	contacts,	yes/no	root	canal	treatment,	molar/no	molar,	survival	3-5	years	

 
61	Elements	were	classified	as	surviving	if	no	endodontic	re-treatment,	apical	resection	or	extraction	occurred	
during	the	follow-up	period.	
62	This	randomized	study	was	the	only	study	found	by	Ferrari	et	al.	(2022)	in	their	systematic	review	titled	"Sur-
vival	Rates	of	Endodontically	Treated	Posterior	Teeth	Restored	with	All-Ceramic	Partial-Coverage	Crowns:	When	
Systematic	Review	Fails.	
63	Survival	was	defined	as	the	absence	of	absolute	failure:	root	fracture	leading	to		
extraction	of	the	element,	crown	fracture	and	periapical	lesion	requiring	re-treatment.	
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Regarding	Ng	et	al.	(2010):	The	quality	of	evidence	was	assessed	only	from	the	studies	that	applied	
multivariate	analysis	(Aquilino	&	Caplan,	2002;	Caplan,	2002;	2005).	The	quality	of	evidence	was	mo-
derate	for	the	prognostic	factors	examined	in	Aquilino	&	Caplan	(2002),	Caplan	(2002)	and	Caplan	
(2005;	yes/no	root	canal	treatment).	The	quality	of	evidence	was	downgraded	by	one	because	of	selec-
tion	bias	and	limitations	in	statistical	analysis	(insufficiently	controlled	for	confounders).	For	the	
prognostic	factor	molar	versus	nonmolar	examined	in	Caplan	(2005),	it	was	also	downgraded	for	
imprecision	because	no	confidence	interval	was	reported.	See	Appendix	10.2.	
[Update	2022/3]	Regarding	Yee	et	al.	(2017)	and	Brignardello-Petersen	(2018):	the	quality	of	evidence	
from	observational	studies	starts	as	low.	No	reason	was	found	to	downgrade	for	other	GRADE	factors.	
Regarding	Ferrari	et	al.	(2019):	due	to	ambiguity	regarding	the	randomization	procedure	and	lack	of	
information	on	allocation	blinding,	the	quality	of	evidence	was	downgraded	by	one	level	for	risk	of	
bias.	There	was	downgraded	by	one	level	for	indirect	evidence	due	to	limited	follow-up	duration	
(three	years).	Furthermore,	one	level	was	downgraded	for	imprecision	as	evidenced	by	the	very	wide	
confidence	intervals.	Thus,	the	quality	of	evidence	is	very	low.	
	
	
Conclusions	

	
	
Fair	
	
	
GRADE	

Prognostic	factor	placement	of	crown	on	endodontically	treated	element	
	
Placement	of	a	crown	on	an	endodontically	treated	element	probably	results	in	better	
element	survival.	
	
Aquilino	&	Caplan,	2002	

	

	

Fair	

	

GRADE	

Prognostic	factor	number	of	proximal	contacts	
	
Elements	with	>1	proximal	contact	are	likely	to	have	a	better	chance	of	element	survi-
val.	
	
Caplan	et	al.,	2002	

	

	

Fair	

	

	

GRADE	

Prognostic	factor	receiving	versus	not	receiving	root	canal	treatment	
	
Elements	that	have	undergone	root	canal	treatment	probably	have	a	lower	chance	of	
survival	than	elements	that	have	not	undergone	root	canal	treatment.	
	
Caplan	et	al.,	2005	

	

	

Low	

	

GRADE	

Prognostic	factor	molar	versus	non-molar	
	
Non-molars	may	have	a	better	chance	of	survival	than	molars.	
	
Caplan	et	al.,	2005	
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Low	

	

GRADE	

Effect	on	long-term	survival	(5-10	years)	
	
60	days	or	later	versus	within	2	weeks	after	endodontic	treatment	placement	of	a	
(post)	buildup	and	60	days	or	later	versus	within	2	weeks	after	placement	of	a	(post)	
buildup	placement	of	a	crown	may	have	little	effect	on	denture	survival.	
	
Yee	et	al.,	2017;	Brignardello-Petersen,	2018	
	

	

	

Very	low	

	

GRADE	

Effect	on	long-term	survival	(3	years)	
	
When	applying	a	partial	crown	of	lithium	disilicate,	whether	or	not	to	use	a	post	seems	
to	have	little	or	no	effect	on	molar	or	premolar	survival,	but	the	evidence	is	very	uncer-
tain.	
	
Ferrari	et	al.,	2019	

	



 
 

205 
 

Table	10-1	Potential	prognostic	factors	for	(worse)	element	survival	

	 Lazarski	
et	al.	
(2001)	

Aquilino	
&	
Caplan	
(2002)	

Caplan	et	al.	
(2002)	

Dammaschke	
et	al.	
(2003)[temporar
y	cement].	

Alley	
et	al.	
(2004)	

Lynch	
et	al.	
(2004)	

Qualification	
practitioner	

generalist	vs.	
endontolo-
gist:	NS	

	 	 	 generalist	
RR:	5.42*	

vs.	endo-
dontist	

	

Gender	 NS	 	 NS	 NS	 	 	

Age	 NS	 NS	 NS	 NS	 	 	

Ethnicity	 	 	 	 	 	 	

Medical	con-
dition	

	 	 NS	(medication	for	
hypertensi-
on/heart)	

	 	 	

Element,	type	
and	location	

Premolars:	
RR=1.10*	

Molars:	

RR=.14* 
both 
vs.front	ele-
ments	

Second	
molars:	

HR:	3.9	
(2.0-7.9)	

relative	
to	other	
ele-
ments†	

Second	molars:	

HR:	4.3	(1.8-10.2)	
vs.	1e	molar†	

NS	 	 	

Preoperative	
pain	

	 	 	 	 	 	

Pulpa	status	 	 	 	 	 	 	

Periapical	
status	

	 NS	 	 36%	loss	of	ele-
ments	in	periapi-
cal	lesion	vs.	16%	
in	absence	of	le-
sion	(S)	

	 	

1st	vs.	2nd	
root	canal	
treatment	

	 	 NS	 	 	 	

Preoperative	
pocket	

	 	 	 	 	 	

Preoperative	
cracks	

	 	 	 	 	 	

Degree	and	
quality	of	
filling	root	

	 	 NS	 root	canal	filling	
ending	>	2mm	
from	root	tip	
greater	risk	of	
element	loss	(S)		

	

root	canal	
filling	en-
ding	>	
2mm	from	
root	tip	
greater	
risk	of	
element	
loss	
RR:1.75*	

	

Length	of	
time	between	

	 NS	 	 	 	 	
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	 Lazarski	
et	al.	
(2001)	

Aquilino	
&	
Caplan	
(2002)	

Caplan	et	al.	
(2002)	

Dammaschke	
et	al.	
(2003)[temporar
y	cement].	

Alley	
et	al.	
(2004)	

Lynch	
et	al.	
(2004)	

root	filling	
and	restorati-
on	

Proximal	
contacts	

	 NS	 0	or	1	proximal	
contact:	

HR:	3.1	(1.9-5.1)	

relative	to	2	prox-
imal	contacts.		

	 	 	

Type	of	resto-
ration	

	 No	
crown:	

HR:	6.0	
(3.2-
11.3)	

relative	
to	crown	

Crowned	at	en-
trance:	

HR:	6.1	(2.6-14.3)	

Never	crowned:	

HR:	13.6	(7.1-26.1)	

Both	vs.	initial	
crowned	after	
closure	

retention	post	+	
crown	less	loss	of	
element	(S)	

	 Tempo-
rary	
restorati-
on	(no	
crown):	

RR:	7.89*	

RR:	3.85*	

vs.	cast	or	
composite	
restorati-
on	

Type	of	core	 	 	 NS	 NS	 	 	

Presence	and	
type	of	pin	

cast	pin	as-
sembly	vs.	
prefabrica-
ted	pin	as-
sembly	
RR:1.33*	

NS	 	 	 	 	

Superstruc-
ture	("abut-
ment").	

multi-unit	
restorations	
vs.	single-
unit	restau-
raties	
RR:	1.54*	

	 	 	 NS	 	

 

 
 
 
 
 
 
 
 
 
 
 
 
 
Continued	Table	10-1	
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	 Salehrabi	
&	
Rotstein	
(2004)	

Tilas-
halski	
et	al.	
(2004)	

Caplan	
et	al.	
(2005)	

Stoll	
et	al.	
(2005)	

Tan	
et	al.	
(2006)	

Chen	
et	al.	
(2007)	

Salvi	
et	a. 
(2007)	

Qualification	practitio-
ner	

	 generalist	
vs.	end-
ontolo-
gist:	NS	

	 student	
vs.	den-
tist:	NS	

	 	 	

Gender	 	 	 	 	 NS	 	 	

Age	 	 	 	 	 	 	 	

Ethnicity	 	 	 	 	 NS	 	 	

Medical	condition	 	 	 	 	 	 	 	

Element,	type	and	loca-
tion	

	 	 Molars	
worse	
survival	
than	
non-
molars*†	

	 Most	
posterior	
elements:	
RR:	4.9	
(1.2-20)		

Molar:	
RR:	1.25*	

Premolar:	
	RR:	1.11*	

relative	
to	front	
elements	

NS	

Preoperative	pain	 	 	 	 Painful:	
RR:	1.57*	

versus	
pain-free	

	 	 	

Pulpa	status	 	 	 	 Non-vital:	
RR:	1.68*	

vs.	vital	

	 	 	

Periapical	status	 	 	 	 chronic	
apical	
periodon-
titis:	RR:	
3.00	

vs.	no	
chronic	
apical	
periodon-
titis	

	 	 	

1st	vs.	2nd	root	canal	
treatment	

	 	 	 NS	 	 	 	

Preoperative	pocket	 	 	 	 	 Present	
pocket:	
RR:	4.9	
(1.2-20)*	

	 	

Preoperative	cracks	 	 	 	 	 	 	 	

Degree	and	quality	of	
filling	root	

	 	 	 root	canal	
filling	
ending	>	
2mm	
from	root	
tip	
greater	
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	 Salehrabi	
&	
Rotstein	
(2004)	

Tilas-
halski	
et	al.	
(2004)	

Caplan	
et	al.	
(2005)	

Stoll	
et	al.	
(2005)	

Tan	
et	al.	
(2006)	

Chen	
et	al.	
(2007)	

Salvi	
et	a. 
(2007)	

risk	of	
element	
loss	RR:	
3.93*	

Length	of	time	bet-
ween	root	filling	and	
restoration	

	 	 	 	 	 	 	

Proximal	contacts	 	 	 	 	 	 	 	

Type	of	restoration	 No	crown:	

RR:5.69*	

vs.	crown	
with	or	
without	
pin		

	 	 	 	 	 Single-
unit	me-
tal-
ceramic	
crown	vs.	
Direct	
composite	
crown	
(NS)	

Type	of	core	 	 	 	 	 	 	 	

Presence	and	type	of	
pin	

	 	 	 	 	 	 NS	(teeth	
Restored	
with	the	
use	of	
intra-
radicular	
retention	
(prefabri-
cated	
titanium	
stem	or	
cast	stem	
assembly	
vs.	no	
stem)	

Superstructure	
("abutment").	

	 	 	 	 	 	 	

* p<0.05; †: multivariate analysis 

 

 
What	factors	are	associated	with	change	in	periapical	status,	insofar	as	the	initial	PAI	score	is	≥2?	
Tsesis	et	al.	(2013)	examined	through	a	cohort	study	what	effect	a	number	of	factors	may	have	on	
change	in	periapical	status,	insofar	as	the	initial	PAI	score	was	≥2	.	These	factors	are:	age,	sex,	follow-up	
duration,	presence	of	a	marker,	quality	of	root	canal	filling	and	quality	of	coronal	restoration.	
The	quality	of	root	canal	filling	was	evaluated	radiographically,	and	described	as	"adequate"	when	all	
canals	were	closed,	there	were	no	voids,	and	the	canal	filling	ended	0-2	mm	before	the	radiographic	
apex.	If	the	filling	of	the	canal	did	not	meet	these	criteria,	its	quality	was	described	as	'inadequate'.	
The	quality	of	the	coronal	restoration	was	evaluated	radiographically	and	was	described	as	'adequate'	
if	a	permanent	restoration	appeared	radiographically	intact.	The	coronal	restoration	was	described	as	
'inadequate'	when	the	permanent	restoration	showed	detectable	protrusions	('overhangs'),	or	with	
open	edges	and	with	recurrent	caries.		
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74	patients	with	a	total	of	200	endodontically	treated	elements	with	a	periapical	lesion	met	the	inclu-
sion	criteria	(including	presence	of	two	consecutive	complete	evaluations	of	periapical	status	at	least	4	
years	apart).	28.5%	of	lesions	remained	unchanged,	51.5%	showed	an	increase	in	PAI	score	(ie,	wor-
sening),	and	20%	showed	a	decrease	in	PAI	score	(ie,	improvement).	In	a	multivariate	analysis	that	
presumably	did	not	adjust	for	all	confounders	of	interest	(e.g.,	oral	hygiene,	crown/no	crown)	and	did	
not	provide	information	on	the	magnitude	of	effects,	inadequate	quality	of	root	canal	filling	and	resto-
ration	were	found	to	have	a	negative	effect	on	periapical	lesion.	Age,	sex,	and	the	presence	of	a	marker	
had	no	significant	effect.	
	
Quality	of	evidence	periapical	status	
Initial	quality	of	evidence	is	reasonable	because	no	hypothesis	is	tested.	For	risk	of	bias,	it	was	
downgraded	by	one	level	because	it	involved	a	select	group	of	patients	and	the	statistical	analysis	did	
not	clarify	the	relative	weight	of	the	prognostic	factors	in	terms	of	odds	ratio	or	regression	coefficient.	
Also,	it	was	downgraded	by	one	level	because	of	imprecision:	no	confidence	intervals	were	reported	
for	the	prognostic	factors.	Therefore,	the	quality	of	evidence	is	very	low.		
	

Conclusion	

	

Very	low	

	

GRADE	

Deterioration	of	periapical	status	
	
Insufficient	quality	of	root	canal	filling	and	restoration	seem	to	have	a	negative	effect	
on	the	periapical	lesion.	
	
Tsesis	et	al.,	2013	

	

	

What	is	the	relative	effect	of	root	canal	filling	and	coronal	restoration	on	the	outcome	periodontitis	
apicalis?	
The	question	of	the	review	by	Gillen	et	al.	(2011)	concerns	which	of	the	two,	root	canal	filling	or	co-
ronal	restoration,	has	the	greatest	effect	on	the	clinical	outcome	periodontitis	apicalis.	The	reviewers	
defined	three	comparisons:		

- Adequate	coronal	restoration	and	adequate	root	canal	filling	(AR/AE)	versus	adequate	coronal	
restoration	and	inadequate	root	canal	filling	(AR/IE).	

- Adequate	coronal	restoration	and	adequate	root	canal	filling	(AR/AE)	versus	inadequate	co-
ronal	restoration	and	adequate	root	canal	filling	(IR/AE).		

- Inadequate	coronal	restoration	and	adequate	root	canal	filling	(IR/AE)	versus	adequate	co-
ronal	restoration	and	inadequate	root	canal	filling	(AR/IE).	

An	odds	ratio	was	calculated	for	each	of	these	comparisons,	adjusting	for	significant	confounders.	The-
se	confounders	were:	

- type	of	evaluation	(radiological	evaluation	versus	radiological	AND	clinical	evaluation);	
- calibration	assessors	(calibration	or	no	calibration);	
- Use	of	5-point	scale	for	radiographic	assessment	of	periapical	status;	
- yes	versus	no,	and	
- closure	and	length	(both	quality	of	lateral	closure	and	length	of	root	filling	were	evaluated	ver-

sus	evaluation	of	length	only).	
Gillen	et	al.	(2011)	were	able	to	include	9	studies	that	met	the	inclusion	criteria,	including	a	follow-up	
duration	of	at	least	one	year.	The	methodological	quality	of	these	studies	was	not	assessed	by	the	re-
viewers.	Nor	were	the	characteristics	of	the	studies	described.	
Combining	the	data	for	each	of	the	aforementioned	comparisons	indicates	inconsistent	results	in	all	
cases	given	the	non-overlap	of	various	confidence	intervals	and	the	spread	in	effect	estimates.	By	
combining	the	aforementioned	confounders	into	four	sets	based	on	"data	dredging,"	the	reviewers	
reduced	the	inconsistency.	
This	yields	the	following	results:	
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- AR/AE	versus	AR/IE:	OR	=	2.73;	95%	CI,	2.40-3.11),	i.e.,	adequate	filling	of	the	root	canal	gives	
a	lower	probability	of	periodontitis	apicalis.	

- AR/AE	versus	IR/AE	(OR	=	2.81;	95%	CI,	2.40-3.29),	i.e.,	adequate	coronal	restoration	gives	a	
lower	probability	of	periodontitis	apicalis.	

- IR/AE	versus	AR/IE	(OR	=	1.04;	95%	CI,	0.90-	1.20),	or	inadequate	coronal	restoration	and	
adequate	root	canal	filling	gives	the	same	risk	of	periodontitis	apicalis	as	adequate	coronal	
restoration	and	inadequate	root	canal	filling.	

	
Quality	of	evidence	periodontitis	apicalis	
Apart	from	the	lack	of	assessment	of	the	methodological	quality	of	the	included	studies,	an	important	
limitation	is	that	the	subgroup	analysis	is	based	on	'data	dredging'	(post	hoc	analysis)	and	not	on	pre-
specified	hypotheses.	'Data	dredging'	increases	the	likelihood	of	'false'	explanations	and	ditto	out-
comes	(Cochrane	Handbook,	9.6.6	'Interpretation	of	subgroup	analyses	and	meta-regressions').		
	
Conclusions	

	

See	quality	

of	evidence	

GRADE	

Chance	of	periodontitis	apicalis	
	
Adequate	coronal	restoration	and	adequate	filling	of	the	root	canal	seem	to	be	of	equal	
importance	in	curing	periodontitis	apicalis.	
	
Gillen	et	al.,	2011	

	

What	are	causes	of	failure	of	restorations	with	different	types	of	fiber-reinforced	posts	combined	with	
a	synthetic	resin	cement	or	"passive"	posts	with	a	traditional	cement	(zinc	phosphate	or	glass	ionomer	
cement)?	
In	a	systematic	review,	Rasimick	et	al.	(2009)	investigated	which	causes	underlie	the	failure	of	a	resto-
ration	if	root	posts	as	mentioned	above	were	involved,	the	follow-up	duration	was	at	least	two	years,	
and	one	of	the	study	groups	had	at	least	50	elements.	They	distinguished	the	following	causes:	root	
post	loosening,	apical	lesion,	crown	loosening,	post	fracture,	and	root	fracture.	Of	the	15	studies	on	
fiber-reinforced	posts	that	were	included,	not	all	reported	on	apical	lesions.		
Table	10-2	and	Table	10-3	summarize	the	causes	and	their	prevalence.	The	most	common	causes	of	
restoration	failure	are	loosening	of	the	post	and	presence	of	an	apical	lesion.	Rasimick	et	al.	(2009)	
also	collected	a	number	of	studies	in	which	a	"passive"	post	with	traditional	cement	(zinc	phosphate	or	
glass	ionomer)	was	used.	Loosening	of	the	marker	is	again	the	most	common	cause,	and	even	seems	to	
be	somewhat	more	common	than	in	the	case	of	fiber-reinforced	markers.	Moreover,	Rasimick	et	al.	
(2009)	caution	against	directly	comparing	failure	rates	between	fiber-reinforced	and	"passive"	pins:	
studies	with	"passive"	pins	had	longer	follow-up	durations,	and	unlike	the	studies	on	fiber-reinforced	
pins,	studies	on	"passive"	pins	mostly	involved	bridge	restorations.	
A	review	by	Sorrentino	et	al.	(2016)	based	in	part	on	the	same	literature	confirmed	that	loosening	of	
the	marker	is	the	most	frequent	cause	of	restoration	failure.	
 

Table	10-2	Failure	of	restorations	when	using	different	pins	in	combination	with	a	synthetic	resin	cement	

Pin	type	 Percent	failure	
rate	

Percent	failure	due	to	

	 	 Releasing	mar-
ker	

Apical	lesion	 Root	frac-
ture		

Other	causes	

	 	 	 	 	 	
Glass	fiber	 7,1%		

(81/1145)	
49%		
(40/81)	

27%	
(22/81)	

2%	
(2/81)	

21%	
(17/81)	

Carbon	fiber	 5,3%		
(59/1122)	

29%		
(17/59)	

41%	
(24/59)	

3%	
(2/59)	

27%	
(16/59)	

Quartz	fiber	 6,7	%	
(42/625)	

26%	
(11/42)	

	(55%)	
(23/42)	

2%	
(1/42)	

17%	
(7/42)	
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Zirconium		 (0.0)	
(0/87)	

	 	 	 	

Polyethylene		 (7.5)	
(5/67)	

1/5	 	 	 4/5	

Total		 6.1%	
(187/3046)	

37%	
(69/187)	

37%	
(69/187)	

2%	
4/187	

24%	
(45/187)	

 
 

Table	10-3	Failure	of	restorations	when	using	different	pins	in	combination	with	a	traditional	cement	
(zinc	phosphate	or	glass	ionomer)	
	 Percent	failure	

rate	
Percent	failure	due	to	

	 	 Release	marker	 Apical	lesion	 root	 Other	cau-
ses	

	 	 	 	 	 	
Total	 10.3%	

(245/2381)	
42%	
(104/245)	

16%	
40/245)	

23%	
(57/245)	

17%	
(42/245)	

 
 

Quality	of	evidence	failure	
Quality	of	Evidence	was	not	graded	because	this	was	not	a	prognostic,	diagnostic	or	interventional	
study.	
	
	
Conclusion	

----------	

	

GRADE	

Failure	of	restoration	
	
Loosening	of	fiber-reinforced	posts	and	presence	of	apical	lesions	are	the	most	com-
mon	causes	of	failure	of	restorations	with	glass	fiber,	carbon	fiber,	quartz	fiber,	zir-
conium	and	polyethylene	root	posts.	
	
Loosening	of	"passive"	pins	is	the	most	common	cause	of	restoration	failure.	
	
Rasimick	et	al.,	2009;	Sorrentino	et	al.,	2016	

	
What	is	the	effect	of	the	amount	of	residual	coronal	dentin	and	placement	of	prefabricated	or	an	indi-
vidual	fiber	post	on	the	survival	of	endodontically	treated	teeth?	
Cagidiaco	et	al.	(2008)	examined	whether	the	amount	of	remaining	coronal	dentin	and	placement	of	
prefabricated	(DT	Light	Post)	or	an	individual	fiber-reinforced	post	(Ever	Stick	Post)	had	a	significant	
effect	on	the	3-year	survival	of	endodontically	treated	premolars.	The	control	group	included	teeth	for	
which	there	was	no	post	construction.	All	teeth	were	restored	with	metal-ceramic	crowns.	The	mean	
3-year	survival	was	76.7%.	The	prognosis	was	better	for	elements	with	post	buildup	than	for	elements	
without	post	buildup.		
Ferrari	et	al.	(2007)	examined	the	importance	of	marker	retention	and	the	amount	of	remaining	tooth	
substance	on	element	and	restoration	survival	at	a	follow-up	duration	of	2	years.		
Only	premolars	were	included.	240	elements	were	divided	into	6	treatment	groups,	stratified	accor-
ding	to	the	amount	of	remaining	tooth	substance.	In	each	group,	half	of	the	elements	were	restored	
with	pins	and	half	with	a	crown.	Treatment	was	successful	in	81%	of	cases,	with	failure	defined	as	loss	
of	restoration	as	well	as	root	fracture	occurring	primarily	in	those	elements	where	there	was	extensive	
loss	of	tooth	substance.	Two	elements	developed	apical	periodontitis	after	detachment	of	the	crown	
with	post.	The	outcome	for	elements	fitted	with	crown	with	post	was	significantly	better	than	for	ele-
ments	without	post	retention.	
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Combining	the	data	from	both	studies	on	the	effect	of	the	presence	or	absence	of	marker	retention	and	
the	amount	of	remaining	tooth	substance	on	restoration	failure,	the	results	are	as	follows:		

- The	probability	of	restoration	failure	in	the	presence	of	one	or	more	coronal	walls	or	of	a	ferru-
le	is	about	one-third	of	the	probability	of	failure	in	the	absence	of	a	ferrule	(RR:	0.37;	95%	BI:	
0.28	-	0,	50).	In	absolute	terms,	282	fewer	elements	whose	restoration	fails	per	1,000	restored	
elements	(95%	BI:	182	to	384	fewer	per	1,000).	

- The	probability	of	restoration	failure	in	the	presenceof	a	pin	structure	is	60%	lower	than	the	
probability	of	failure	in	the	absence	of	a	pin	structure	(RR:	0.40;	95%	BI:	0.29	-	0,	54).	
In	absolute	terms:	204	fewer	elements	whose	restoration	fails	per	1,000	restored	elements	
(95%	BI:	135	to	274	fewer	per	1,000).	

	
Yang	et	al.	(2015)	conducted	a	meta-analysis	of	randomized	and	non-randomized	studies	specifically	
on	the	effect	of	residual	coronal	dentin/ferrule	presence	or	absence	on	the	failure	of	restorations	with	
fiber-reinforced	composite	post	build-ups.	They	found	5	studies	that	met	the	inclusion	criteria	(cohort	
studies	or	controlled	trials	in	which	coronal	dentin/ferrule	presence	or	absence	was	an	indicator	vari-
able).	The	main	characteristics	of	these	studies	are	shown	in	Table	10-4.	
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Table	10-4	Study	characteristics	

Study	 Setting	
	

Study	
design	
	

Study	sco-
pe	
(number	
of	pa-
tients/	
Number	of	
elements)	

Gender	
(M/F)	
	

Average	
age	
(range)	

Type	of	
element	

Restoration	
type	
	

Average	
or	
median	
follow-
up	
duration	
	

Ferrari	
2012		

Italy	 RCT		 345/360		 -		 58	(18-
76)		

Premolar		 Metal	por-
celain	crown	

72	
months	
	

Signore	
2011	

Italy		 Cohort	
study	

144/164		 63/81		 56	(18-
72)		

Premolar		 ceramic	
crown		

42	
months	

Naumann	
2012		
	
	

Germany	 cohort	
study	

119/149	 52/67	 53	(15-
98)	

63	ante-
rior	ele-
ments,	
86	poste-
rior	ele-
ments	
	

Single	
crown,	fixed	
partial	
dentures,	
combined	
fixed	and	
removable	
partial	
dentures	

105	
months	

Bitter	
2009		
	
	

Germany	 RCT	 90/120	 41/49	 50	(20-
80)	

25	ante-
rior	ele-
ments,	
95	poste-
rior	ele-
ments	

Direct	com-
posite	resto-
rations,	
partial	
crowns,	full	
crowns	

32	
months	

Mancebo	
2010	
	

Spain	 Cohort	
study	

87/87	 32/55	 53	(23-
78)	

46	ante-
rior	ele-
ments,	
41	poste-
rior	ele-
ments	

Metal-
ceramic	or	
all-ceramic	
crowns	

36	
months	

Note: RCT = randomized study. Source: Yang et al., 2015 

	
 

Combining	the	data	from	both	studies	on	the	effect	of	the	presence	or	absence	of	a	coronal	wall	or	the	
presence	or	absence	of	a	ferrule	shows	that	the	presence	of	a	wall	or	ferrule	significantly	reduces	the	
risk	of	restoration	failure	(Figure	10-1),	although	in	the	case	of	a	ferrule	the	effect	is	not	statistically	
significant	(Figure	10-2).	
	

Figure	10-1	Effect	of	presence	or	absence	of	coronal	wall	on	failure	of	restoration	

 
Note: random effect meta-analysis 

	

Figure	10-2	Effect	of	presence	or	absence	of	ferrule	on	failure	of	restoration	
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Note: random effect meta-analysis 
 
[Update	2022/3]	Several	systematic	reviews	published	after	2016	of	sufficient	methodological	quality	
(AlSaleh	et	al.,	2021;	Batista	et	al.,	2020;	Sarkis-Onofre	et	al.,	2017)	examined	the	above	baseline	ques-
tion.	Their	results	are	consistent	with	the	conclusions	expressed	below.	
	
 
Quality	of	evidence	failure	
The	quality	of	evidence	is	low	because	none	of	the	studies	adjusted	for	confounding	variables	and	the-
re	was	also	inconsistency	(size	of	risks	varies	widely	without	explanation).		
[Update	2022/3]Randomized	studies	start	as	high	quality	of	evidence.	Non-randomized	studies	as	low	
quality	of	evidence.	Several	systematic	reviews	of	sufficient	methodological	quality	published	after	
2016	examined	the	above	starting	question.	However,	this	does	not	mean	that	the	quality	of	evidence	
has	changed.	Sarkis-Onofre	et	al.	(2017)	reported	that	most	of	the	nine	randomized	studies	were	not	
"low	risk	of	bias.	In	addition,	there	was	severe	heterogeneity	(wide	dispersion	of	outcomes	of	indivi-
dual	studies),	making	the	quality	of	evidence	low.64	Alsaleh	et	al.	(2021)	included	mostly	non-
randomized	studies	(three	out	of	a	total	of	five	studies)	with	logically	significant	risk	of	bias.	Again,	
there	was	severe	heterogeneity,	making	the	quality	of	evidence	very	low.	However,	it	was	upgraded	
for	a	dose-response	effect:	the	more	walls	(0,1,2,3	and	4),	the	lower	the	risk	of	failure.	This	puts	the	
quality	of	evidence	at	low.65	In	the	review	by	Batista	et	al.	(2020),	most	of	the	four	studies,	three	of	
which	were	randomized	studies,	had	severe	risk	of	bias.	Again,	there	was	severe	heterogeneity,	ma-
king	the	quality	of	evidence	low.	66	
	
Conclusions	
	

Low	

	

GRADE	

Failure	of	restoration	
	
Placement	of	a	post	(construction)	may	reduce	the	risk	of	restoration	failure.	
	
Ferrari	et	al.,	2007;	Cagidiaco	et	al.,	2008	

	

	

Low	

	

GRADE	

Failure	of	restoration	
	
Presence	of	one	or	more	coronal	walls	or	a	ferrule	potentially	reduces	the	risk	of	resto-
ration	failure.	
	
Ferrari	et	al.,	2007;	Cagidiaco	et	al.,	2008;	Bitter	et	al.,	2009;	Mancebo	et	al.,	2010;	Sig-
nore	et	al.,	2011;	Naumann	et	al.,	2012;	Ferrari	et	al.,	2012	

	
 

64	The	authors	also	classified	the	quality	of	evidence	in	GRADE	itself	as	"low.	
65	Regarding	dispersion	of	outcomes	from	individual	studies,	see	Figure	3	of	Alsaleh	et	al.,	2021.	Regarding	the	
dose-response	relationship,	0,	1,	2,	3	and	4	raised	walls	are	associated	with	an	incidence	of	failure	of	23,	15,	2,	1	
and	0%,	respectively	(see	Figure	3).		
66	I2	-	a	measure	of	statistical	heterogeneity	-	although	low	at	18%,	given	the	small	number	of	studies	and	small	
size	of	the	studies,	the	power	of	the	test	is	low.	The	distribution	of	individual	outcomes	is	more	informative.	Risk	
ratios:	1.05,	0.25,	0.73,	0.83.	See	Figure	2	of	Batista	et	al.	(2020). 
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Is	there	a	difference	in	effect	between	restorations	with	a	cast	post	structure,	or	with	prefabricated	
posts	or	a	composite	restoration	without	a	post?	
The	review	by	Ploumaki	et	al.	(2013)	includes	two	prospective	studies	(Ellner	et	al.,	2003;	Fokkinga	et	
al.,	2007)	that	allow	evaluation	of	the	success	of	different	types	of	posts.67	Success	was	defined	in	these	
studies	as	follows:	restorations	that	had	undergone	no	intervention	of	any	kind	during	the	follow-up	
period	of	at	least	6	years.	Extraction	of	the	element	was	considered	restoration	failure.	In	addition,	
interventions	directed	at	pins,	such	as	because	a	loosened	pin	was	re-cemented,	were	also	considered	
failures.	
	
Ellner	et	al.	(2003)	in	a	randomized	study	evaluated	four	different	types	of	metal	posts	(prefabricated	
or	cast	post	construction	of	precious	metal)	with	a	follow-up	duration	of	6-10	years.	The	number	of	
roots	was	50	and	the	number	of	patients	was	31,	ranging	in	age	from	18-76	years.	The	percentage	of	
restorations	that	failed	ranged	from	3-6%.	There	was	no	significant	difference	between	the	different	
types	of	posts.	
	
Fokkinga	et	al.	(2007)	evaluated	three	different	types	of	restorations	in	a	randomized	study:	restorati-
on	with	cast	post	build-up	and	crown,	prefabricated	metal	and	resin	composite	posts	with	crown,	and	
post-free	all-composite	restoration	with	crown.	This	study	included	257	patients	ranging	in	age	from	
17-71	years,	over	60%	of	whom	were	women,	and	counted	307	restorations.	Restorations	occurred	
for	(pre-)molars	as	well	as	cuspidates	and	incisors.	The	follow-up	duration	was	15-17	years.	The	type	
of	build-up	used	for	the	restoration	-	with	or	without	a	post	-	had	no	effect	on	the	survival	of	the	resto-
ration.	The	failure	rate	at	the	tooth	level	ranged	from	8	to	17%.	In	the	case	of	metal	pins,	the	presence	
of	the	amount	of	remaining	dentin	was	found	to	be	a	prognostic	factor:	a	higher	probability	of	failure	
when	a	"minimal"	amount	of	dentin	remains.	
	
Quality	of	evidence	failure	
The	quality	of	evidence	is	low.	First,	both	studies	did	not	report	the	method	of	randomization	or	how	
allocation	was	blinded.	Also,	outcome	assessors	were	not	blinded.	Due	to	the	long	duration	of	the	stu-
dy	by	Fokkinga	et	al.	(2007),	there	was	a	loss-to-follow-up	of	32%	after	17	years,	which	may	have	bia-
sed	the	results.	Data	on	differences	in	dentition	and	applied	restoration	between	the	dropouts	and	
non-	dropouts	were	not	presented.	Second,	the	number	of	"events"	(number	of	failed	restorations)	
was	well	below	the	required	250-300	to	obtain	sufficiently	accurate	outcomes.	It	was	downgraded	by	
one	level	because	of	risk	of	bias	and	by	one	level	because	of	imprecision.	
	
Conclusion	
	

Low	

	

	

GRADE	

Failure	of	restoration	
	
Between	restorations	with	a	cast	post	structure,	or	with	prefabricated	posts	or	a	
restoration	with	composite	without	a	post,	there	may	be	no	difference	in	the	rate	
of	failure	at	a	follow-up	duration	of	at	least	6	years.	
	
Ellner	et	al.,	2003;	Fokkinga	et	al.,	2007	

	
 

67	The	reviewers	omitted	the	following	studies	by	Naumann	et	al.	reviewed	in	the	Swedish	report:	Naumann	M,	
Blankenstein	F,	Dietrich	T.	Survival	of	glass	fiber	reinforced	composite	post	restorations	after	2	years-an	obser-
vational	clinical	study.	J	Dent	2005;33:305-12.	12.	Naumann	M,	Reich	S,	Nothdurft	FP,	Beuer	F,	chirrmeister	JF,	
Dietrich	T.	Survival	of	glass	fiber	post	restorations	over	5	years.	Am	J	Dent	2008;21:267-72.	Naumann	M,	Ster-
zenbach	G,	Alexandra	F,	Dietrich	T.	Randomized	controlled	clinical	pilot	trial	of	titanium	vs.	glass	fiber	prefabri-
cated	posts:	preliminary	results	after	up	to	3	years.	Int	J	Prosthodont	2007;20:499-503.	The	reasons	were:	insuf-
ficient	relevant	data	and	too	short	follow-up	duration.	Main	conclusions	from	these	studies	were:	1)	the	remai-
ning	substance	of	an	element	is	a	more	important	predictor	of	survival	than	the	type	of	post,	2)	contrary	to	the	
findings	of	Skupien	et	al.	(2013),	front	elements	had	worse	survival	than	posterior	elements.	
Ploumaki	et	al.	(2013)	did	not	mention	the	main	characteristics	of	their	studies	in	their	review.	



 
 

216 
 

Is	there	a	difference	in	effect	between	indirect	restoration	(metal-ceramic	crown)	with	post	compared	
to	adhesive	composite?	
Sequeira-Byron	et	al.	(2015)	found	1	study	(Mannocci	et	al.,	2002)	that	met	the	inclusion	criteria.	This	
study	included	117	patients	with	premolars	with	a	root	canal	filling	that	were	restored	with	a	carbon	
fiber	post,	followed	by	randomization	to	the	group	in	which	a	metal-		
ceramic	crown	was	applied	or	to	the	group	in	which	an	adhesive	composite	was	applied.		
	
Catastrophic	failure	(that	is,	an	unrepairable	restoration)	did	not	occur	in	either	group.	
Regarding	non-catastrophic	failure	("marginal	fit,"	wear,	presence	of	fractures),	there	was	no	significant	
difference	between	the	two	groups	(	(1/54	versus	3/53;	RR	0.33;	95%	BI:	0.04	-	3.05).	
Regarding	marker	failure,	there	was	no	difference	between	the	two	groups	(2/54	versus	1/53;	RR	
1.96;	95%	BI:	0.18	-	21.01)	after	3	years.		
	
[Update	2022/3]	De	Kuijper	et	al.	(2021)	focused	on	randomized	studies	for	the	aforementioned	ques-
tion	regarding	the	outcomes	'short-term	restorative	failure'	(FDI	score	≥	4	)	and	'short-term	retention	
of	the	element'.	Although	non-randomized	studies	were	searched	for	and	20	were	found,	they	found	
them	to	be	insufficiently	useful	because	of	a	(very)	serious	risk	of	confouding:	direct	restorations	were	
namely	performed	when	the	prognosis	of	the	element	was	unfavorable	or	when	one	'marginal	ridge'	
remained.	
In	addition	to	the	study	by	Mannocci	et	al.	(2002)	already	included	in	the	guideline,	they	included	Sku-
pien	et	al.	(2016).	This	study	involved	57	elements	(14	anterior,	21	premolars	and	22	molars)	of	47	
patients	in	whom	a	restoration	after	endodontic	treatment	was	required	in	an	element	with	one	
upright	wall.	A	fiber-reinforced	post	was	used	as	the	post	and	for	the	build-up:	composite	with	a	me-
tal-ceramic	crown.	
	
When	the	two	studies	are	combined,	the	following	results	are	found	for	"short-term	restorative	failu-
re"	and	"short-term	retention	of	the	element":	direct	restorations	increase	the	probability	of	restorati-
ve	failure	and	loss	of	retention	after	3	years	by	(more	than)	a	factor	of	2:	odds	ratio	=	2.31	[95%	BI:	
0.59,	9.08]	and	2.06	[0.08,	53.52],	respectively.	In	absolute	terms,	the	difference	is	6.5%	(95%	BI:	-
2.2%	to	29.5%)	for	restorative	failure,	to	the	detriment	of	adhesive	composite.	
	
There	was	no	information	on	patient	satisfaction,	quality	of	life,	caries,	periodontal	status	and	cost.	
	
	
Quality	of	evidence	restorative	failure	
Mannocci	et	al.	(2002)	did	not	apply	any	blinding	and	information	on	the	characteristics	of	dropouts	
was	not	reported.	In	Skupien	et	al.	(2016),	randomization	and	allocation	blinding	was	adequate.	
However,	bias	may	have	biased	the	results	of	Skupien	et	al.	(2016)	because	the	treatment	groups	were	
not	equal	in	terms	of	number	of	elements	of	the	same	type,	so	composite	restorations	could	be	less	
likely	to	be	successful	than	restorations	with	a	metal-ceramic	crown	-	composite	was	used	more	in	
premolars	and	molars	and	less	in	anterior	elements	compared	to	the	metal-ceramic	crown	
(Brignardello-Petersen,	2017).	For	the	aforementioned	reasons,	we	downgraded	for	severe	risk	of	bias	
by	one	level.	The	confidence	interval	of	the	combined	estimates	(odds	ratio)	is	very	wide	(2.2%	less	to	
29.5%	more	restorative	failure	for	adhesive	composite).		
On	this	basis,	two	levels	were	downgraded	for	very	severe	imprecision.	No	downgrading	was	done	for	
other	GRADE	factors.68	Thus,	the	quality	of	evidence	is	very	low.	
	
	
Conclusion	

 
68	In	this,	the	working	group	deviates	from	the	assessment	by	De	Kuijper	et	al.	(2021)	who	marked	down	by	one	
level	for	imprecision.	Clarification:	suppose	that	0-10%	difference	would	be	a	small	effect,	10-20%	a	moderate	
effect	and	≥25%	a	large	effect,	then	the	confidence	interval	crosses	two	thresholds	(10%	and	20%.	On	this	basis,	
downscaling	by	two	levels	is	indicated.	See:	Schünemann	et	al.	(2022).	
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Very	low	

	

GRADE	

Restorative	failure	
	
Indirect	restorations	(metal-ceramic	crown)	seem	to	reduce	failure	of	restorati-
ons	at	3	years	compared	to	adhesive	composite,	but	the	evidence	is	very	uncer-
tain.	
	
De	Kuijper	et	al.,	2021	(Skupien	et	al.,	2016;	Mannocci	et	al.,	2002)	

	
	
Is	there	a	difference	in	effect	between	restorations	with	metal	pins	compared	to	restorations	with	fi-
ber-reinforced	pins?		
[update	2022/3]	The	review	by	Martins	et	al.	(2021)	included	studies	that	met	the	following	criteria:	

- Randomized	and	non-randomized	studies	with	a	direct	comparison	between	metal	markers	
and	fiber	reinforced	markers,	with	

- at	least	10	patients	who	received	a	single	crown	or	partial	denture	in	permanent	endodontical-
ly	treated	elements,	with	

- A	follow-up	duration	of	at	least	one	year.	
	
Martins	et	al.	(2021)	found	six	randomized	and	four	non-randomized	studies.	In	total,	the	studies	in-
volved	704	study	participants	with	a	mean	age	of	43	years.	Follow-up	duration	ranged	from	12	to	154	
months.	The	number	of	endodontically	treated	elements	was	844,	of	which	453	restorations	were	do-
ne	with	a	fiber-reinforced	post	and	391	were	done	with	a	metal	post.	A	total	of	400	endodontically	
treated	elements	(210	fiber-reinforced	and	189	metal	posts)	in	the	anterior	region	and	413	endodon-
tically	treated	elements	(208	fiber-reinforced	and	161	metal	posts)	in	the	posterior	region	were	eva-
luated.	
	
Through	a	meta-analysis,	Martins	et	al.	(2021)	calculated	an	18%	lower	probability	of	failure	of	a	fi-
ber-reinforced	marker	compared	to	a	metal	marker	(RR:	0.82;	95%	BI:	.52	-	1.29).	There	are	some	
things	to	be	said	against	this	calculation.	No	distinction	is	made	as	to	the	effect	on	failure:	

- between	randomized	and	non-randomized	studies.	The	latter	generally	tend	to	overestimate	
the	effect;	

- between	studies	with	shorter	and	longer	follow-up	durations.	Longer	follow-up	duration	is	the	
most	relevant	term	(Figueiredo	et	al.,	2015).	

In	addition,	the	researchers	did	not	find	the	study	by	Sterzenbach,	Franke	&	Naumann	(2012)	in	their	
search	and	therefore	did	not	include	it.		
	
A	meta-analysis	conducted	again	by	the	Working	Group	distinguishing	between	randomized	and	non-
randomized	studies	confirms	that	the	non-randomized	studies	appear	to	overestimate	the	effect	of	
fiber-reinforced	markers	(Figure	10-3).	A	second	meta-analysis	that	included	only	studies	with	a	fol-
low-up	duration	of	60	months	or	more	showed	that	of	the	18%	reduction	in	failure	of	fiber-reinforced	
posts	calculated	by	the	reviewers,	7%	remained	(Figure	10-4;	RR:	0.93;	95%	BI:	0.76	-	1.13).	Looking	
only	at	the	randomized	studies,	only	4%	reduction	in	risk	of	failure	remains	(RR:	0.96;	95%	BI:	0.78	-	
1.17).	In	absolute	terms,	there	is	a	risk	difference	in	failure	between	fiber-reinforced	and	metal	pins	of	
1.1	per	100	less	(6.3	less	to	4.8	more)	in	favor	of	fiber-reinforced	pins.	In	the	longer	term,	therefore,	
there	is	hardly	any	difference.	
	

Figure	10-3	Survival	of	restorations	with	fiber	reinforced	or	metal	posts	with	follow-up	from	12	months	
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Figure	10-4	Survival	of	restorations	with	fiber	reinforced	or	metal	posts	with	follow-up	from	60	months	

	
	

	
 
	
Quality	of	evidence	survival	restoration	
Only	of	the	randomized	studies	was	the	quality	of	evidence	determined.	There	was	no	downgrading	
for	risk	of	bias:	the	larger	studies	generally	have	adequate	randomization	procedures	and	blinding	of	
allocation.	There	is	serious	imprecision,	as	the	confidence	interval	crosses	RR=1.	There	is	also	serious	
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inconsistency:	large	dispersion	of	individual	outcomes	of	studies.	There	was	downgrading	by	two	le-
vels.	No	downgrading	was	done	for	other	GRADE	factors.		
	
Conclusion	

	

Low	

	

GRADE	

Survival	of	restoration	with	fiber	reinforced	or	metal	post	at	follow-up	duration	
from	60	months	
	
Fiber-reinforced	posts	do	not	seem	to	reduce	the	failure	of	a	restoration	much,	if	
at	all,	compared	to	a	metal	post.	
	
Martins	et	al.,	2021	(Sarkis	Onofre	et	al.,	2020;	Cloet	et	al.,	2017;	Naumann	et	al.,	
2017;	Sterzenbach	et	al.,	2012;	Schmitter	et	al.,	2011)	

	
	
Is	there	a	difference	in	effect	between	restoration	with	post	and	crown	compared	to	restoration	with	a	
crown	only?	
Salvi	et	al.	(2007)	in	a	controlled	but	not	randomized	study	compared	the	survival	of	restoration	of	
elements	with	post	(titanium)	and	crown,	with	the	survival	of	restoration	of	elements	with	crown	only.	
It	involved	183	patients	with	248	elements	in	the	experimental	and	60	elements	in	the	control	group.	
93.5%	of	restorations	in	the	experimental	group	were	successful.	95%	in	the	control	group	were	suc-
cessful	after	a	two-year	period.		
	
Quality	of	evidence	survival	restoration	
The	quality	of	evidence	is	very	low.	The	study	is	not	randomized	and	imprecise	because	of	the	small	
number	of	"events"	("events"	is	unsuccessful	outcome).	For	this	reason,	it	is	downgraded	for	study	
limitations	by	two,	and	for	imprecision	by	one	level.		
	
Conclusion	

	
Very	low	
	
GRADE	

Survival	of	restoration	with	crown,	with	or	without	post	
	
Presence	of	a	marker	over	a	two-year	period	appears	to	have	no	effect	on	restoration	
survival.	
	
Salvi	et	al.,	2007	

	
	
Is	there	a	difference	in	effect	between	direct	posterior	composite	and	indirect	posterior	composite	
restorations	in	excessive	loss	of	substance	of	a	molar?	
Koyuturk	et	al.	(2013)	evaluated	in	a	randomized	study	in	children	and	adolescents	aged	9-15	years	
whether	there	was	a	difference	in	clinical	effectiveness	between	direct	posterior	composite	(n=13)	
versus	indirect	posterior	composite	restorations	(n=16),	when	there	was	excessive	loss	of	substance	of	a	
molar.	Almost	all	of	the	involved	molars	were	first	molars	in	the	mandibula.	The	follow-up	duration	
was	2	years.	Children	and	adolescents	with	inadequate	oral	hygiene,	severe	periodontal	problems	and	
bruxism	were	not	included	in	this	study.	How	excessive	loss	of	substance	was	defined,	the	researchers	
did	not	mention.	Evaluation	of	treatment	success	was	done	using	United	States	Public	Health	Service	
(USPHS)	criteria,	photographs	after	staining	with	alkaline	fuchsin	and	X-ray	data.	
Neither	clinical	nor	radiological	data	showed	a	significant	difference	between	indirect	and	direct	com-
posite.	After	staining	with	alkaline	fuchsin,	the	edges	of	the	restoration	with	direct	posterior	composi-
te	appeared	discolored	after	6	months.	
	
Quality	of	evidence	clinical	and	radiographic	outcomes	
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One	level	was	downgraded	for	risk	of	bias	because	it	was	not	described	how	randomization	was	done,	
how	randomization	was	blinded,	it	is	unclear	whether	or	not	outcome	assessors	were	blinded,	and	the	
size	of	the	group	to	be	compared	was	unequal	(16	versus	13;	15/16	and	10/13	elements	in	the	maxilla	
in	both	groups)	with	the	possibility	of	prognostic	imbalance.	Because	of	the	small	number	of	patients,	
one	level	was	downgraded	for	imprecision	of	outcomes.	Therefore,	quality	of	evidence	is	low.	
	
Conclusion	

	

Low	

	

GRADE	

(USPHS)	criteria,	photographs	after	staining	with	basic	fuchsin,	and	radiographic	data	
after	2	years	of	evaluation	
	
The	outcomes	regarding	a	difference	between	indirect	posterior	and	direct	posterior	
composite	restorations	in	children	and	adolescents	with	excessive	molar	substance	
loss	are	highly	uncertain.	
	
Koyuturk	et	al.,	2013	

	
	
[update	2022/3]	Is	there	a	difference	in	effect	between	an	endocrown	and	a	conventional	crown	in	the	
case	of	endodontically	treated	elements	with	severe	tissue	loss?		
Govare	&	Contrepois	(2020)	included	two	non-randomized	studies	comparing	an	endocrown	with	a	
conventional	crown,	with	a	total	of	106	endocrowns	and	167	conventional	crowns,	186	molars	and	87	
premolars	(Otto	&	Möhrmann,	2015;	Bindle,	Richter	&	Mörmann,	2005	.	The	follow-up	period	ranged	
from	an	average	of	55	months	to	an	average	of	nine	years	and	eight	months.	The	survival	rate	of	con-
ventional	crowns	on	molars	ranged	from	94.6	to	95.0%,	that	of	premolars	from	94.7	to	97.0%.	The	
survival	time	of	endocrowns	for	molars	ranged	from	87.1	to	90.5%,	that	of	premolars	from	68.8	to	
75.0%.		
The	main	causes	of	endocrown	failure	were	loss	of	retention,	periodontitis	and	endocrown	fracture.	
For	the	conventional	crown,	they	were:	fracture	of	the	crown,	vertical	root	fracture	and	irreversible	
pulpitis.	
Govare	&	Contrepois	(2020)	included	one	non-randomized	study	comparing	an	endocrown	to	a	"redu-
ced	preparation"	crown	(Otto,	2004).	The	mean	follow-up	duration	was	only	15	months.	The	study	
involved	20	teeth	(14	molars	and	6	premolars).	Survival	rate	of	both	endocrown	and	"reduced	prepa-
ration"	crown	was	100%.	
	
Quality	of	evidence	survival	endocrown	<	4	years	follow-up	
The	quality	of	evidence	for	both	molars	and	premolars	is	very	low.	Non-randomized	studies	start	as	
low	quality	of	evidence.	The	studies	did	not	correct	for	confounders.	In	addition,	all	studies	were	from	
the	originators	of	the	endocrown	and	not	independent	researchers.	Thus,	we	rate	down	for	severe	risk	
of	bias.	We	did	not	downgrade	for	other	GRADE	criteria.	
	
Conclusion	

	
very	low	
	
GRADE	

Survival	of	endocrown	after	4-year	follow-up	compared	with	conventional	crown	for	da-
maged	endodontically	treated	molars	and	premolars	
	
The	survival	time	of	an	endocrown	for	molars	appears	to	be	similar	to	that	of	a	conven-
tional	 crown,	 but	 the	 evidence	 is	 very	 uncertain.	 The	 survival	 time	 of	 an		
endocrown	for	premolars	appears	to	be	significantly	shorter	than	that	of	a	conventio-
nal	crown,	but	the	evidence	is	very	uncertain	.	
	
Govare	&	Contrepois,	2020	(Otto	&	Möhrmann,	2015;	Bindle,	Richter	&	Möhrmann,	
2005)	
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[update	2022/3]	Is	there	a	difference	in	effect	between	a	cotton	wool	or	Teflon	as	an	"endodontic	
spacer"?	
Mathew	et	al.	(2021)	investigated	whether	Teflon	(Polytetrafluoroethylene	tape)	as	an	"endodontic	
spacer"	reduces	microbial	contamination	compared	to	a	cotton	wool	when	a	temporary	restoration	is	
performed	during	root	canal	treatment.	They	included	three	laboratory	studies	and	three	clinical	stu-
dies.	In	accordance	with	the	inclusion	criteria	of	this	guideline,	only	clinical	studies	are	discussed.	Ano-
ther	inclusion	criterion	of	this	guideline	is	that	they	involve	permanent	dentition.	However,	two	of	the	
clinical	studies	involve	primary	dentition.	Therefore,	these	two	primary	element-related	studies	will	
only	be	discussed	in	a	"for	information"	section.		
Olsson	et	al.	(2017)	investigated	in	a	randomized	study	in	first	and	second	molars	(n=48)	whether	
there	was	a	difference	in	bacterial	contamination	after	a	follow-up	period	of	2-4	weeks	between	the	
group	in	whom	cotton	wool	("size	2")	was	used	and	the	group	in	whom	Teflon	(2.5	inches	in	length)	
was	used.	Both	materials	were	sterile	and	the	temporary	restoration	was	done	with	3-4	mm	cavit.	The	
bacterial	sample	was	taken	from	the	pulp	chamber	before	placement	of	a	spacer	and	after	removal	of	
the	spacer.	The	number	of	colony-forming	units	(CFU)	was	chosen	as	the	outcome	measure.	On	this	
basis,	Olsson	et	al.	(2017)	calculated	that	when	a	cotton	wool	was	used,	15	out	of	24	samples	were	
bacterially	contaminated	and	when	Teflon	was	used,	2	out	of	24	samples	were	bacterially	contamina-
ted,	or	-	according	to	a	calculation	made	by	the	working	group	-	an	odds	ratio	of	0.055	(95%BI:	0.010	-	
0.289)	and	in	absolute	terms	a	reduction	of	54%	(95%	BI:	0.28	-	0.72).		
	
For	information,	for	the	two	randomized	studies	(Prabhakar	et	al.	,	2018	[n=34];	Khatab	&	Abdelhafez,	
2020	[n=40])	comparing	Teflon	and	a	cotton	wool	as	an	'endodontic	spacer'	in	primary	elements	(se-
cond	molars	in	the	mandibula	and	bilateral	molars,	respectively),	the	study	group	calculated	the	num-
ber	of	KVE/ml	after	7	days	(cotton	wool:	mean:	1820.59;	SD:	982.78	and	teflon:	mean:	45.29;	SD:	
128.16	and	cotton	wool:	mean:	30.90;	SD:	11.90	and	teflon:	mean:	9.05;	SD:	3.90,	respectively)	a	stan-
dardized	mean	difference	(SMD).	This	SMD	is	-2.47	(95%	BI:	-3.39;	-1.56)	and	-2.28	95%	BI:	-3.10;	-
1.46),	respectively.	The	combined	SMD	calculated	using	RevMan	5.4	is	-	2.36	(95%	BI:	-2.98;	-1.75).	
SMDs	of	0.2,	0.5	and	0.8	are	generally	considered	small,	moderate	and	large	effect,	respectively.	Thus,	
there	is	a	very	large	effect	in	these	two	studies	as	well	as	in	the	study	by	Olsson	et	al.	(2017).	When	the	
combined	SMD	of	-2.28	is	converted	to	an	odds	ratio	and	to	an	absolute	reduction,	the	study	group	
arrives	at	an	odds	ratio	of	0.014	and	an	absolute	reduction	of	59%,	almost	comparable	to	the	54%	
found	for	the	study	of	permanent	dentition.69 
	
Quality	of	evidence	endodontic	failure	
Randomized	studies	start	as	high	quality	evidence.	The	outcome	measure	was	the	number	of	CFU	in	
the	study	described.	This	in	itself	is	not	a	patient	relevant	outcome	such	as	element	survival	or	perio-
dontal	status.	Considering	the	number	of	CFU	as	an	indicator	of	"endodontic	failure,"	this	is	very	indi-
rect	evidence	based	on	which	the	quality	of	evidence	is	downgraded	by	two	levels.70	The	study	by	Ols-
son	et	al.	(2017)	was	rated	as	high	risk	of	bias	by	Mathew	et	al.	(2021)	due	to	the	fact	that	the	resear-
chers	knew	about	the	specific	intervention':	'cotton	wool'	or	'Teflon.'	However,	it	is	not	downgraded	
for	this	because	it	can	also	be	upgraded	for	very	large	effect,	as	was	also	seen	in	the	studies	that	invol-

 

69	For	conversion	from	SMD	to	odds	ratio,	the	following	formula	was	used: 	.	For	conversion	to	

absolute	reduction,	the	following	formula	was	used: 	.	See	
Cochrane	handbook:	https://handbook-5-
1.cochrane.org/chapter_12/12_6_3_re_expressing_smds_by_transformation_to_odds_ratio.htm.	ACR	is	the	risk	in	
the	control	group	("wimp").	For	this	purpose,	15/25=60%	was	used.	
70	There	is	no	consensus		on	what	can	be	called	endodontic	failure	and	success.	Failure	could	be	described	as	
recurrence	of	clinical	symptoms	along	with	the	presence	of	periapical	radiolucency.	See:	Tabassum	S,	Khan	FR.	
Failure	of	endodontic	treatment:	The	usual	suspects.	Eur	J	Dent.	2016	Jan-Mar;10(1):144-147.	doi:	
10.4103/1305-7456.	
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ved	primary	dentition.	In	other	words,	the	effect	is	unlikely	to	be	nullified	by	bias.	There	is	no	
downgrading	for	other	GRADE	factors.	
	
Conclusion		

	
low	
	
GRADE	

Endodontic	failure:	Teflon	versus	cotton	wool	in	first	and	second	molars	
	
In	a	temporary	restoration	associated	with	multiple	consecutive	appointments,	the	use	
of	Teflon	instead	of	a	cotton	ball	as	an	"endodontic	spacer"	seems	to	reduce	"endodon-
tic	failure.	
	
	
Mathew	et	al,	2021	(Khatab	&	Abdelhafez,	2020;	Prabhakar	et	al.	,	2018;	Olsson	et	al.,	
2017)	

	
	
	
	
	
	
Considerations	
Notes:		

Not	desirable	to	formulate	a	recommendation	regarding	later	placement	of	post	construction	because	
immediate	placement	of	a	post,	which	incidentally	is	common	practice,	gives	better	coronal	closure	
and	limits	the	risk	of	complications.	Therefore,	there	are	no	arguments	to	postpone	placing	post	
buildup.		
	
Not	useful	to	make	a	recommendation	regarding	whether	or	not	to	place	marker	in	partial	crown	of	
lithium	disilicate.	This	is	too	specific.	
	
	
Regarding	Recommendation	1:	
Quality	of	evidence	
The	quality	of	evidence	is	low.	
	
Patient	values	and	preferences	
Most	patients	want	to	be	informed	about	the	prognosis	of	an	element	that	has	undergone	root	canal	
treatment.	
	
Costs	and	balance	of	desired	and	undesired	effects	are	irrelevant	to	the	thrust	of	the	recommendation.	
	
Professional	perspective	
The	presence	of	coronal	walls,	ferrule	and	a	non-leaking	restoration	are	important	factors	affecting	
prognosis,	according	to	the	summarized	literature.		
	
Regarding	Recommendation	2:	
Quality	of	evidence	
The	quality	of	evidence	ranges	from	low	to	fair.	
	
Patient	values	and	preferences	
Most	patients	will	opt	for	a	cheaper	solution	when	no	difference	in	effect	(retention	of	restoration)	or	
unfavorable	effect	(low	biocompatibility)	has	been	demonstrated.	
	
Balance	of	desired	and	undesired	effects	
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The	fewer	remaining	coronal	walls	the	less	likely	the	restoration	will	be	preserved.	Placement	of	a	
post	can	increase	the	likelihood	of	restoration	preservation.	It	does	not	matter	whether	direct	or	indi-
rect	post	placement	is	chosen,	but	the	latter	option	is	more	expensive.		
The	biocompatibility	of	non-metallic	markers	is	better	than	that	of	metal	markers,	according	to	the	
guideline	working	group.	[Update	2022/3]	With	fiberglass	posts,	the	risk	of	complications	is	lower.	
Denture	survival	is	better	with	a	fiberglass	post.	
However,	risk	of	root	fracture	with	metal	pins	does	not	seem	to	be	higher	than	with	fiberglass	pins.	On	
the	other	hand,	direct	marker	construction	is	cheaper.		
	
Cost	
Indirect	marker	construction	is	more	expensive	than	direct	marker	construction.	
	
Regarding	Recommendation	3:	
Quality	of	evidence	
The	quality	of	evidence	ranges	from	low	to	fair.	
	
Patient	values	and	preferences	
Most	patients	will	opt	for	a	cheaper	solution	when	no	difference	in	effect	(retention	of	restoration)	or	
unfavorable	effect	(low	biocompatibility)	has	been	demonstrated.	
Balance	of	desired	and	undesired	effects	
Onlay,	inlay	restorations	are	not	proven	to	be	more	effective	than	a	composite	overdenture.	In	case	a	
crown	is	considered	due	to	limited	presence	of	coronal	walls,	no	difference	in	effectiveness	has	been	
demonstrated	between	ceramic	and	metal-ceramic	crowns.	A	better	biocompatibility	and	the	aesthetic	
aspect	(color)	argue	in	favor	of	a	ceramic	crown,	according	to	the	guideline	working	group.	
	
Cost	
The	initial	cost	of	indirect	restorations	(onlay,	inlay	and	crown)	is	higher	than	a	direct	(composite)	
overdenture	restoration.	The	study	group	does	not	comment	on	cost-effectiveness	("durability").	
	
Regarding	draft	recommendation	4	
Quality	of	evidence	
The	quality	of	evidence	is	very	low	for	the	outcome	survival	of	endocrown.	
	
Patient	values	and	preferences	
Most	patients	will	place	great	value	on	the	survival	time	of	the	treated	tooth	and	consider	the	speed	
with	which	treatment	takes	place	of	less	importance.		
		
Balance	of	desired	and	undesired	effects	
As	far	as	molars	are	concerned,	there	seems	to	be	no	difference	in	survival	between	endocrown	and	
conventional	crown	with	post	construction.	Nor	is	there	any	difference	in	speed	of	treatment.	Against	
a	three-hour	treatment	for	an	endocrown,	there	are	two	appointments	of	about	an	hour	and	a	half	for	
the	conventional	crown.	Thus,	one	option	has	no	more	desired	or	undesired	effects	than	the	other.	In	
the	case	of	premolars,	the	apparent	better	survival	of	a	conventional	crown	versus	an	endocrown	is	
the	deciding	factor.	
		
Cost	
These	are	unlikely	to	play	a	significant	role.	
	
Regarding	draft	recommendation	5	
Quality	of	evidence	
The	quality	of	evidence	is	low	for	the	outcome	endodontic	failure.	
	
Patient	values	and	preferences	
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Prevention	of	endodontic	failure	is	a	crucial	outcome	for	both	practitioner	and	patient.	
	
Balance	of	desired	and	undesired	effects	
There	are	no	undesirable	effects	of	using	Teflon	instead	of	a	cotton	ball.	Therefore,	use	of	Teflon	to	
reduce	the	risk	of	endodontic	failure	compared	to	use	of	a	cotton	ball	is	the	deciding	factor.	
	
Cost	
These	are	unlikely	to	play	a	significant	role.	
	
	
Recommendations	
Inform	the	patient	in	whom	root	canal	treatment	is	being	considered	that	proper	coronal	closure	will	
affect	the	outcome	of	treatment.		
[unchanged	after	update	2022/3]	
	
Rational	
The	guideline	working	group	places	great	weight	on	a	well-informed	patient.	
	

In	a	patient	in	whom	root	canal	treatment	is	planned	and	in	whom	less	than	two	raised	walls	are	pre-
sent,	consider	using	a	fiberglass	post.		
[unchanged	after	update	2022/3]	
	
Rational	
The	working	group	believes	that	a	fiberglass	post	can	provide	additional	retention	for	coronal	restora-
tion	when	insufficient	tooth	material	remains.	
	

In	a	patient	in	whom	root	canal	treatment	is	planned	and	in	whom	less	than	half	of	the	coronal	tooth	
tissue	is	present,	consider	fabricating	a	nodule-covering	restoration.		
[unchanged	after	update	2022/3]	
	
Rational	
The	guideline	working	group	emphasizes	the	importance	of	avoiding	fracture	of	an	element/node.	
	
	
For	endodontically	treated	molars	with	severe	tissue	loss,	consider	placing	an	endocrown	or	a	build-up	
and	conventional	crown.	
	
For	endodontically	treated	premolars	with	severe	tissue	loss,	consider	placing	not	an	endocrown	but	a	
post	buildup	with	a	conventional	crown.	
[update	2022/3:	new	recommendation]	
	
Rational		
The	survival	time	of	an	endocrown	for	molars	seems	similar	to	that	of	a	conventional	crown,	The	sur-
vival	time	of	an	endocrown	for	premolars	seems	significantly	shorter	than	that	of	a	conventional	
crown.	
	
For	a	temporary	restoration	associated	with	multiple	consecutive	appointments,	consider	using	Teflon	
instead	of	a	cotton	ball	as	an	"endodontic	spacer,"	if	use	of	a	"spacer"	is	deemed	necessary.	
[update	2022/3:	new	recommendation]	
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Rational		
The	working	group	attaches	importance	to	the	prevention	of	bacterial	growth,	thereby	reducing	the	
risk	of	endodontic	failure.	
	
Knowledge	gaps	
There	needs	to	be	more	multicenter	randomized	research	on	it	comparing	interventions	that	are	dee-
med	important.	Why	is	randomized	research	so	necessary?	As	shown	above,	there	are	many	(potenti-
al)	factors	that	can	influence	the	success	of	a	restoration.	Randomized	research	is	the	method	of	choice	
to	distribute	known,	potential	or	unknown	prognostic	factors	equally	among	the	study	groups.	Sub-
group	analyses	can	identify	which	patients	benefit	more	or	less	from	an	intervention.		
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Appendix	10.1	Search	strategy	
	
((("endodontics"[MeSH	Terms]	OR	endodont*[Title/Abstract]	OR	"root	canal	therapy"[Title/Abstract]	OR	"root	
canal	treatment"[Title/Abstract]	OR	root	canal	obturation[Title/Abstract]	OR	root	filling*[Title/Abstract])	AND	
("dental	restoration,	permanent"[MeSH	Terms]	OR	"dental	restoration"[Title/Abstract]	OR	coronal	restoration[	
Title/Abstract]	OR	"apical	retrofilling"[Title/Abstract]	OR	"apical	retrograde	root	fillings"[Title/Abstract]	OR	
"crown"[Title/Abstract]	OR	"dental	post"[Title/Abstract]	OR	"dental	posts"[Title/Abstract]	OR	"root	canal	
posts"[Title/Abstract]	OR	"conventional	treatment"[Title/Abstract]	OR	"conventional	therapy"[Title/Abstract]))	
OR	((("Dental	Restoration	Failure"[Majr])	AND	(("Root	Canal	Therapy"[Mesh]	OR	"Dental	Pulp	Diseas-
es/therapy"[Mesh]))))	AND	((("cohort	studies"[MeSH	Terms]	OR	"randomized	controlled	trial"[Publication	
Type]	OR	"meta	analysis"[Publication	Type]	OR	"review"[Publication	Type]))	OR	"comparative	study"	[Publica-
tion	Type]	OR	"clinical	trial"[Publication	Type]))Sort	by:	Relevance	Filters:Publication	date	from	2010/01/01	
(266	studies)
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Appendix	10.2	

AQUILINO	&	CAPLAN	(2002)	
Study	participation:		

- Percentage	of	patients	meeting	study	inclusion	criteria	who	were	asked	to	participate:	not	appli-
cable.		

- Has	a	non-response	analysis	been	done?	Does	this	show	that	there	is	no	difference	between	res-
ponders	versus	non-responders	on	important	prognostic	factors	and	outcome	measures?	Patient	
selection:	only	patients	with	at	least	1	visit	to	the	COD	in	each	2-year	interval	from	1985	to	1986	
through	1995	to1996.	Reduced	rates	may	have	resulted	in	a	population	of	lower	socioeconomic	sta-
tus.	

->Serious	risk	of	bias	
Study	progression:		

- Is	dropout	rate	limited;	studies	with	population	up	to	200	<	10%,	and	above	n=200	<20%.	Not	re-
ported		

- Was	an	assessment	made	of	whether	patients	who	did	not	participate	in	all	measurement	measu-
res	and	patients	who	completed	the	entire	study	differed?	If	no	differences	between	the	two	
groups	on	key	prognostic	factors	and	outcome	measures.	Not	reported.	

->Serious	risk	of	bias	
	
Measurement	of	prognostic	factor:		

- A	maximum	of	one-third	of	a	scale	was	imputed.	No	imputation	took	place.		
- There	is	a	clear	description	of	how	prognostic	factors	were	measured,	including	cutoff	points.	

Whether	or	not	crown	placement	is	prognostic	factor.	
->Low	risk	of	bias	*	
	
Measurement	of	outcome	measure:		

- Clear	description	of	outcome	measures,	including	cutoff	points.	Sufficiently	clearly	described.	
->Low	risk	of	bias	(Alley	2004)*	
	
Confounders:	

- All	significant	confounders	were	defined	and	reliably	and	validly	measured	and	included	in	the	
analysis.	Not	all	confounders	were	measured	such	as	bone	loss,	socioeconomic	status.	Restorative	
procedures	were	not	standardized.	Number	of	carious	and	filled	surfaces	could	only	be	derived	from	
pre-treatment	radiographs.	Oral	hygiene	care	not	named.	

->Serious	risk	of	bias	*	
	
Statistical	analysis	and	reporting:		

- No	selective	reporting	of	outcome	measures.	In	order		
- Sufficient	data	to	determine	whether	statistical	analysis	is	adequate.	Adequate	(Alley	2004).	

->Serious	risk	of	bias		
	
Conclusion:	'Serious	risk	of	bias'		
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CAPLAN	(2002)	

Study	participation:		
- Percentage	of	patients	meeting	study	inclusion	criteria	who	were	asked	to	participate:	not	appli-

cable.		
- Has	a	non-response	analysis	been	done?	Does	this	show	that	there	is	no	difference	between	res-

ponders	versus	non-responders	on	important	prognostic	factors	and	outcome	measures?	Patient	
selection:	only	patients	with	at	least	1	visit	to	the	COD	in	each	2-year	interval	from	1985	to	1986	
through	1995	to1996.	Reduced	rates	may	have	resulted	in	a	population	of	lower	socioeconomic	sta-
tus.	

->Serious	risk	of	bias	
	
Study	progression:		

- Is	dropout	rate	limited;	studies	with	population	up	to	200	<	10%,	and	above	n=200	<20%.	Not	re-
ported		

- Was	an	assessment	made	of	whether	patients	who	did	not	participate	in	all	measurement	measu-
res	and	patients	who	completed	the	entire	study	differed?	If	no	differences	between	the	two	
groups	on	key	prognostic	factors	and	outcome	measures.	Not	reported.	

->Serious	risk	of	bias	
	
Measurement	of	prognostic	factor:		

- A	maximum	of	one-third	of	a	scale	was	imputed.	No	imputation	took	place.		
- It	clearly	describes	how	the	prognostic	factors	were	measured,	including	cutoff	points.	Number	of	

proximal	contacts	is	prognostic	factor	("Proximal	contacts	were	considered	absent	if	the	adjacent	
- 'Tooth	was	a	root	tip,	missing	or	impacted).	

->Low	risk	of	bias	*	
	
Measurement	of	outcome	measure:		

- Clear	description	of	outcome	measures,	including	cutoff	points.	Sufficiently	clearly	described.	
->Low	risk	of	bias		
	
Confounders:	

- All	significant	confounders	were	defined	and	reliably	and	validly	measured	and	included	in	the	
analysis.	Not	all	confounders	were	measured,	such	as	bone	loss,	socioeconomic	status,	oral	hygiene	
care.	Restorative	procedures	were	not	standardized.	Number	of	carious	and	filled	surfaces	could	on-
ly	be	derived	from	pre-treatment	radiographs.		

->Serious	risk	of	bias	*	
	
Statistical	analysis	and	reporting:		

- No	selective	reporting	of	outcome	measures.	In	order		
- Sufficient	data	to	determine	whether	statistical	analysis	is	adequate.	Adequate	

->Serious	risk	of	bias		
	
Conclusion:	'Serious	risk	of	bias'		
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CAPLAN	(2005)	
Study	participation:		

- Percentage	of	patients	meeting	study	inclusion	criteria	who	were	asked	to	participate:	not	appli-
cable.		

- Has	a	non-response	analysis	been	done?	Does	this	show	that	there	is	no	difference	between	res-
ponders	versus	non-responders	on	key	prognostic	factors	and	outcome	measures?		
Only	patients	who	were	insured	for	eight	years	were	included.	Insurance	status	may	be	associated	
with	differences	in	occupation,	age	or	education.		

->Serious	risk	of	bias	
Study	progression:		

- Is	dropout	rate	limited;	studies	with	population	up	to	200	<	10%,	and	above	n=200	<20%.	Not	re-
ported		

- Has	it	been	determined	whether	patients	who	did	not	participate	in	all	measurement	measures	
and	patients	who	completed	the	entire	study	differ	from	each	other?	If	no	differences	between	the	
two	groups	on	key	prognostic	factors	and	outcome	measures.	Not	reported.	

->Serious	risk	of	bias	
	
Measurement	of	prognostic	factor:		

- A	maximum	of	one-third	of	a	scale	was	imputed.	No	imputation	took	place.		
It	clearly	describes	how	prognostic	factors	were	measured,	including	cutoff	points.	Element	that	has	or	has	
not	undergone	root	canal	treatment	is	prognostic	factor.	
>	Low	risk	of	bias		

Measurement	of	outcome	measure:		
- Clear	description	of	outcome	measures,	including	cutoff	points.	Sufficiently	clearly	described.	

->Low	risk	of	bias		
	
Confounders:	

- All	significant	confounders	were	defined	and	reliably	and	validly	measured	and	included	in	the	
analysis.	Not	all	confounders	were	measured,	such	as	bone	loss,	socioeconomic	status,	oral	hygiene	
care.	Restorative	procedures	were	not	standardized.		

->Serious	risk	of	bias	*	
	
Statistical	analysis	and	reporting:		

- No	selective	reporting	of	outcome	measures.	In	order		
- Sufficient	data	to	determine	adequacy	of	statistical	analysis.	Age,	sex,	SES,	oral	health	care	not	in-

cluded	as	confounders	in	analysis.	
->Serious	risk	of	bias		
	
Conclusion:	'Serious	risk	of	bias'	
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TSESIS	(2013)	
	
Study	participation:		

- Percentage	of	patients	meeting	study	inclusion	criteria	who	were	asked	to	participate:	only	74	of	
720	periapical	status	studies	could	be	included,	very	small	sample	indeed.	Apparently	a	significant	
number	of	cases	lacked	a	second	measurement.	

- Has	a	non-response	analysis	been	done?	Does	this	show	that	there	is	no	difference	between	res-
ponders	versus	non-responders	on	key	prognostic	factors	and	outcome	measures?		
not	applicable.	

->Serious	risk	of	bias	
	
Study	progression:		

- Is	dropout	rate	limited;	studies	with	population	up	to	200	<	10%,	and	above	n=200	<20%.	No	
dropouts.	

- Was	an	assessment	made	of	whether	patients	who	did	not	participate	in	all	measurement	measu-
res	and	patients	who	completed	the	entire	study	differed?	If	no	differences	between	the	two	
groups	on	key	prognostic	factors	and	outcome	measures.	See	study	participation.	

->Low	risk	of	bias	
	
Measurement	of	prognostic	factor:		

- A	maximum	of	one-third	of	a	scale	was	imputed.	No	imputation	took	place.		
- It	clearly	describes	how	prognostic	factors	were	measured,	including	cutoff	points.	Element	that	

has	or	has	not	undergone	root	canal	treatment	is	prognostic	factor.	
->Low	risk	of	bias		

Measurement	of	outcome	measure:		
- Clear	description	of	outcome	measures,	including	cutoff	points.	Sufficiently	clearly	described.	As-

sessors	of	outcomes	not	blinded	to	prognostic	factors	and	initial	periapical	status.	
->Moderate	risk	of	bias		
	
Confounders:	

- All	significant	confounders	were	defined	and	reliably	and	validly	measured	and	included	in	the	
analysis.	Not	all	confounders	were	included	in	the	analysis.	For	example,	oral	health,	proximal	con-
tacts,	crown/no	crown.	

->Serious	risk	of	bias	*	
	
Statistical	analysis	and	reporting:		

- No	selective	reporting	of	outcome	measures.	In	order		
- Sufficient	data	to	determine	whether	statistical	analysis	is	adequate.	Inadequate	statistical	analy-

sis.	No	odds	ratios	or	regression	coefficients	are	reported.		
->Serious	risk	of	bias		
	
Conclusion:	'Serious	risk	of	bias'	
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11. Association between periodontitis apicalis and systemic disea-

ses	
	

Introduction	
Over	the	past	decades,	studies	have	appeared	finding	an	association	between	periodontitis	and	
cardiovascular	disease	(Koletsi	et	al.,	2021).	The	pathophysiological	mechanism	would	be	that	
inflammation	lead	to	atherosclerotic	changes	in	the	peripheral	and	coronary	circulation	(Geor-
giou	et	al.,	2019).		
The	possibility	that	infections	emanating	from	the	pulp	may	have	deleterious	effects	not	only	on	
the	cardiovascular	system	but	also	on	other	organs	has	not	yet	received	the	same	degree	of	at-
tention.		
This	chapter	presents	the	scientific	evidence	on	the	impact	of	endodontic	inflammatory	condi-
tions	on	heart	disease	and	cardiovascular	disease,	diabetes	mellitus,	chronic	liver	disease,	hema-
tologic	disease,	low	bone	density,	cerebrovascular	disease,	and	upper	respiratory	disease.	
	
Exit	question:	

- Can	pulpitis	or	periodontitis	apicalis	cause	systemic	disease?	

Search	and	selection	
The	Swedish	report	Methods	of	Diagnosis	and	Treatment	in	Endodontics.	A	systematic	review	
(2012)	and	two	systematic	reviews	whose	inclusion	criteria	met	the	selection	criteria	below	
(Khalighinejad	et	al.,	2016;	Berlin-Broner	et	al.,	2016).	See	Appendix	10.1	for	the	search	strategy	
in	PubMed.	
	
Selection Criteria 

Type of patients - patients with permanent teeth 

Type of intervention - teeth with inflammation and/or infection of the pulp and periapical tissues 

Check - teeth that do not show radiographic or clinical signs suggesting inflammation and/or 
infection of the pulp or periapical tissues 

Type of outcome 

measures 

- heart disease  

- cardiovascular diseases  

- diabetes mellitus 

- chronic liver disease  

- haematological disorders  

- low bone density  

- brain disorders 

- diseases of the upper respiratory tract 

Type of setting - general practitioners 

- dental endodontists 

Inclusion and exclusi-

on criteria 

Inclusion criteria for studies published up to 2010: 

- primary, directly comparative studies 
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- systematic reviews (with or without meta-analyses) 

 

Inclusion criteria for update studies: 

- English-language systematic reviews (with or without meta-analyses)  

 

Exclusion criteria: 
- patient series 

- animal research 

- non-comparative (observational) studies 

- in vitro, ex vivo (human) studies 

	
Endocarditis	
The	Swedish	HTA	report	included	1	observational	study	(Lacassin	et	al.,	1995)	with	high	risk	of	
bias	that	reported	the	risk	of	endocarditis	in	relation	to	different	treatment	procedures	in	the	
oral	cavity,	among	others.	Root	canal	treatment	was	associated	with	a	higher	risk	of	endocarditis	
(OR	=	2.5;	95%	BI:	1.0-6.5),	but	in	a	multivariate	model	there	was	no	statistically	significant	out-
come	(OR	=	1.7;	95%	BI:	0.5-5.2).	
	
Cardiovascular	diseases	
The	Swedish	HTA	report	included	4	observational	studies,	including	3	patient-control	studies	
(Jansson	et	al.,	2001;	Caplan	et	al.,	2006;	Joshipura	et	al.,	2006;	,5)	and	1	cross-sectional	study	
(Frisk	et	al.,	2003).		
Caplan	et	al.	(2006)	reported	an	association	between	apical	periodontitis	and	cardiovascular	
disease	in	men	under	40	years	of	age	and	middle-aged	men	(OR	=	1.4).	Frisk	et	al.	(2003)	found	
no	relationship	between	apical	periodontitis	and	ischemic	heart	disease	in	women	after	adjus-
ting	for	a	number	of	prognostic	factors.		
Jansson	et	al.	(2001)	found	that	poor	oral	health	(operationalized	as	the	sum	of	scores	for	num-
ber	of	missing	elements,	apical	lesions,	carious	lesions	and	marginal	bone	loss)	combined	with	
plaque	was	a	risk	factor	for	mortality	due	to	cardiovascular	disease.	For	individuals	younger	
than	45	years	with	more	than	10%	marginal	bone	loss,	the	odds	ratio	was	2.7	(p=0.04)	for	mor-
tality	from	cardiovascular	causes	compared	with	the	same	age	group	with	less	than	10%	margi-
nal	bone	loss.	They	found	no	significantly	increased	risk	of	cardiovascular	mortality	when	only	
apical	periodontitis	was	involved.	
Another	patient-control	study	(Joshipura	et	al.,	2006)	with	high	risk	of	bias	found	that	individu-
als	receiving	medical	care	in	whom	1	or	2	root	fillings	were	present	had	a	higher	risk	of	cardio-
vascular	disease	(RR	=	1.21,	95%	BI:	1.05-1.40).		
A	systematic	review	(Khalighinejad	et	al.,	2016)	included	5	studies	(Segura-Egea	et	al.,	2010;	
Pasqualini	et	al.,	2012;	Costa	et	al.,	2014;	An	et	al.,	2016;	Gomes	et	al.,	2016)	published	from	
2010.	The	odds	ratios	in	these	studies	for	cardiovascular	mortality	varied	widely:	from	1.77	(ba-
rely	increased	risk)	to	5.3	(greatly	increased	risk).	It	should	be	noted	that	the	matching	between	
"cases"	and	"controls"	differed	in	most	studies.		
The	reviewers	therefore	conclude	that	"there	may	be	a	relationship	between	periodontitis	apica-
lis	and	cardiovascular	disease."	
Another	recent	systematic	review	(Berlin-Broner	et	al.,	2016)	reached	a	similar	conclusion:	"alt-
hough	most	studies	-	these	reviewers	included	19	studies	(10	patient-control	studies,	5	cross-
sectional	studies	and	4	cohort	studies	-	showed	a	positive	association	between	apical	periodonti-
tis	and	cardiovascular	disease,	the	quality	of	the	existing	evidence	is	moderate	to	low,	and	a	cau-
sal	relationship	cannot	be	demonstrated."	
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Diabetes	mellitus	
The	systematic	review	by	Khalighinejad	et	al.	(2016)	included	5	studies	(Britto	et	al.,	2003;	
Segura-Egea	et	al.,	2005;	Lopez-Lopez	et	al.,	2011;	Marotta	et	al.,	2012;	Sanchez-Domınguez	et	
al.,	2015).	None	of	these	studies	had	a	low	risk	of	bias.	3	studies	(Segura-Egea	et	al.,	2005;	Lopez-
Lopez	et	al.,	2011;	Marotta	et	al.,	2011)	reported	a	significant	association	between	periodontitis	
and	prevalence	or	glycemic	control	of	diabetes	mellitus,	2	studies	(Britto	et	al.,	2003;	Sanchez-
Domınguez	et	al.,	2015)	found	no	significant	relationship.	
	
Chronic	liver	disease	
In	the	systematic	review	by	Khalighinejad	et	al.	(2016),	1	patient-control	study	was	included	
(Castellanos-Cosano	et	al.,	2013a).	In	this	study,	apical	periodontitis	was	found	to	be	more	pre-
valent	in	patients	who	had	undergone	liver	transplantation	than	in	a	control	group	(OR:	3.7).	
However,	this	study	did	not	adjust	for	differences	in	prognostic	factors	between	study	and	con-
trol	groups.	
	
Hematological	disorders	
The	systematic	review	by	Khalighinejad	et	al.	(2016)	included	1	patient-control	study	(Castella-
nos-Cosano	et	al.,	2013b).	These	researchers	reported	that	patients	with	hemophilia	were	more	
likely	to	have	apical	periodontitis	than	the	control	group	(OR=7.4).	Again,	no	adjustment	was	
made	for	differences	in	prognostic	factors	between	study	and	control	groups.	
	
Low	bone	density	
The	systematic	review	by	Khalighinejad	et	al.	(2016)	included	1	patient-control	study	(Lopez-
Lopeze	et	al.,	2015).	The	researchers	reported	that	apical	periodontitis	was	associated	with	low	
bone	density.	However,	no	adjustment	was	made	for	prognostic	factors	such	as	age,	smoking,	
alcohol	consumption	or	medical	conditions.	
	
Conclusion	
None	of	the	studies	provided	evidence	of	a	causal	relationship	between	systemic	disease	and	
pulpitis	or	periodontitis	apicalis.	
	
Considerations	
Because	of	the	lack	of	robust	evidence	for	a	cause-and-effect	relationship	between	apical	perio-
dontitis	and	various	systemic	conditions	such	as	diabetes	mellitus	et	cetera,	no	recommendati-
ons	are	made.	
	
Knowledge	gap	
More	large,	longitudinal	studies	are	needed	to	quantify	the	risks	to	general	health	when	apical	
periodontitis	is	left	untreated.	
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Appendix	11.1		

((("oral	health"[MeSH	Major	Topic]	OR	"dental	pulp	diseases"[MeSH	Terms]	OR	"periapical	diseas-
es"[MeSH	Terms]	OR	"focal	infection,	dental"[MeSH	Terms]	OR	"dental	caries/complications"[MeSH	
Terms]	OR	"tooth	diseases/complications"[MeSH	Major	Topic]	OR	"dental	caries/epidemiology"[MeSH	
Major	Topic]	OR	"dental	care/adverse	effects"[MeSH	Major	Topic])	AND	("cerebrovascular	disor-
ders"[MeSH	Terms]	OR	"heart	diseases"[MeSH	Terms]	OR	"arthritis,	rheumatoid"[MeSH	Terms]	OR	"dia-
betes	mellitus"[MeSH	Terms]	OR	"lung	diseases,	obstructive"[MeSH	Terms]	OR	"infant,	premature"[MeSH	
Terms]	OR	"obstetric	labor,	premature"[MeSH	Terms]	OR	"infant,	low	birth	weight"[MeSH	Terms]	OR	
"sepsis"[MeSH	Terms]	OR	"bacteremia"[MeSH	Terms])	AND	("meta	analysis"[Publication	Type]	OR	"sys-
tematic	review"[Filter]))	OR	(((("root	canal*"[Title]	OR	"rootcanal*"[Title]	OR	"endodont*"[Title]	OR	
"dental"[Title]	OR	("apical"[Title]	AND	"periodont*"[Title]))	AND	("relat*"[Title]	OR	"conjunction"[Title]	
OR	"risk"[Title]	OR	"associat*"[Title]	OR	"correlat*"[Title])	AND	("coronary"[Title]	OR	"vascular"[Title]	
OR	"bacteremia"[Title]	OR	"cerebro*"[Title]	OR	"ischemia"[Title]	OR	"myocardial"[Title]	OR	"cardi-
al"[Title]	OR	"diabet*"[Title]	OR	"arthrit*"[Title]	OR	"obstructive"[Title]	OR	"heart	valve"[Title]	OR	"mor-
bidity"[Title]	OR	"mortality"[Title]	OR	"inflam*"[Title]	OR	"pathol*"[Title]	OR	"diseas*"[Title]	OR	"system-
ic"[Title]	OR	"athero*"[Title]	OR	"sepsis"[Title]	OR	"hematogenous"[Title]))	OR	("tooth	diseas-
es/mortality"[MeSH	Terms]	OR	("oldmedline"[Filter]	AND	"endodontics"[MeSH	Major	Topic])))	AND	
("meta	analysis"[Publication	Type]	OR	"systematic	review"[Filter])))	AND	(meta-analysis[Filter]	OR	sys-
tematicreview[Filter]) 
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12. Avoiding and treating complications	
	
	
Introduction	
During	root	canal	treatment,	iatrogenic	complications,	also	known	as	procedural	complications,	
can	occur.	Some	complications	have	little	effect	on	the	treatment	outcome,	while	others	signifi-
cantly	worsen	the	prognosis	of	the	treated	tooth.	Complications	also	occur	with	undesirable	side	
effects	of	a	temporary	or	permanent	nature.	Following	a	survey	of	general	practitioners,	it	was	
determined	that	three	major	iatrogenic	complications	can	occur,	namely		

1. Instrument	break	
2. Perforations		
3. Sodium	hypochlorites	

This	chapter	describes	the	scientific	rationale	for	answering	the	baseline	questions	for	these	
three	complications.		
	
[Update	2022/3]	1a.	What	are	risk	factors	for	instrument	breakage?	
Instrument-,	operator-	and	patient-related	factors	can	pose	a	risk	for	instrument	breakage.		

Method	literature	analysis		
There	is	one	systematic	review	(Gomes	et	al.,	2021)	of	sufficient	methodological	quality.	
	
Summary	of	literature	
Gomes	et	al.	(2021)	examined	whether	the	incidence	of	fracture	of	a	nickel	titanium	file	differed	
for	reciprocal	and	continuous	rotation.	They	found	28	studies	that	reported	the	incidence.	Only	
one	study	had	a	comparative	design.	Most	studies	were	patient	series.	From	an	analysis	not	ad-
justed	for	confounding	variables,	continuous	rotation	showed	a	greater	risk	of	fracture	than	re-
ciprocal	rotation	(odds	ratio	[OR]:	1.4;	95%	BI:	0.26-7.48),	but	the	outcome	was	not	statistically	
significant.	This	odds	ratio	means	that	the	incidence	of	file	fracture	in	case	of	continuous	rotati-
on	would	increase	from	about	2.3%	to	3.2%,	an	increase	of	less	than	1%.	
Incidentally,	an	analysis	adjusted	for	confounding	variables	(country	of	study,	year	of	publicati-
on,	type	of	dentition,	type	of	practitioner,	number	of	times	the	same	file	was	used)	also	showed	
no	statistically	significant	difference.	However,	it	was	found	that	type	of	practitioner	and	fre-
quency	of	file	reuse	increased	the	risk	of	fracture.	The	general	practitioner	had	a	significantly	
higher	risk	than	the	endodontist	(OR	=	34.9,	95%	BI:	2.1-578.8).	Repeated	use	of	the	file	(more	
than	4	times	versus	once)	gave	an	odds	ratio	of	OR	=	11.3	(95%	BI:	3.6-35.3)	and	8.1,	(95%	BI:	
1.5-42.9)	for	a	continuous	and	reciprocating	rotary	nickel-titanium	file,	respectively.		
	
Quality	of	evidence	instrument	breakage	
Most	of	the	studies	in	the	systematic	review	are	non-comparative	in	design.	In	addition,	the	con-
fidence	intervals	of	the	odds	ratios	are	very	wide,	creating	uncertainty	about	the	degree	of	in-
creased	risk	of	fracture.	Therefore,	the	quality	of	evidence	is	very	low.	
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Conclusion	

Very	low	
	
	
GRADE	
	

Instrument	break	
	
Nature	of	rotation	of	a	nickel-titanium	file	-	continuous	versus	recipro-
cal	rotation	-	appears	to	have	little	or	no	effect	on	the	occurrence	of	in-
strument	breakage.	
Repeated	use	of	a	nickel	titanium	file	may	increase	the	risk	of	instru-
ment	breakage.	
	
Source:	Gomes	et	al.	(2021)	

	

1b.	 What	is	the	effect	of	instrument	breakageon	treatment	outcome?	How	to	handle	instrument	
fracture?	
Breakage	of	an	endodontic	file	may	occur	during	root	canal	preparation.	The	broken-off	frag-
ment	can	make	canal	treatment	difficult	and	partially	impossible.	Remaining	of	a	broken	frag-
ment	may	worsen	the	prognosis	of	the	treated	element.	Instrument	breakage	occurs	due	to	ex-
cessive	torsional	forces	and/or	metal	fatigue	during	flexion-stretching	movements.	Manufactu-
rers	of	endodontic	files	aim	to	develop	instruments	with	high	cutting	capacity	and	high	fracture	
resistance.	With	regularity,	modifications	are	made	to	the	alliage	of	the	nickel	titanium	used	and	
to	the	design	of	the	instruments.	Despite	all	the	developments,	a	fracture	incidence	of	1.3	to	10%	
is	reported.	Based	on	the	available	literature,	this	guideline	describes	the	effect	on	treatment	
outcome	of	a	retained	fragment	in	the	root	canal	and	the	factors	that	influence	it.	A	decision	tree	
discusses	treatment	options	and	offers	a	strategy	on	how	to	deal	with	aborted	instruments.		

Method	of	literature	analysis	
No	systematic	literature	search	was	conducted.	Instead,	literature	available	to	the	working	
group	was	used.	This	is	the	following	recent	review	study:	Management	of	Intracanal	Separated	
Instruments,	Madarati	et	al.	(2013).	
	

Summary	of	literature		
Influence	of	residual	aborted	fragments	on	treatment	outcome	

One	of	the	consequences	of	instrument	rupture	is	that	a	fragment	of	stainless	steel	or	nickel	ti-
tanium	remains	in	the	patient.	This	fragment	can	corrode.	There	is	only	1	publication	concluding	
that	stainless	steel	fragments	do	not	cause	tissue	reaction.	No	corrosion	is	observed	after	two	
years.	No	studies	have	yet	been	published	showing	the	influence	of	possible	corrosion	on	treat-
ment	outcome.	
Another	consequence	is	that	canal	obstruction	occurs	when	a	degraded	fragment	remains	in	the	
canal.	At	the	site	and	apical	to	the	aborted	fragment,	the	canal	is	no	longer	accessible	for	disin-
fection.	The	impact	of	this	consequence	has	been	discussed	in	several	studies.	In	one	of	the	first	
publications,	Strindberg	(1956)	reports	a	success	rate	that	is	19	percentage	points	lower	when	a	
degraded	instrument	remains	in	the	root	canal.	The	study	involved	only	15	treatments	in	which	
a	broken-off	fragment	remained.	Only	4	of	these	treatments	involved	preoperative	periapical	
radiolucency.	It	was	hypothesized	that	the	prognosis	would	be	poor	when	instrument	breakage	
occurred	in	elements	with	preoperative	periapical	radiolucency.		
Another	study	(Grossman,	1969)	evaluated	66	treatments	with	a	mean	follow-up	of	2	years.	In	
elements	with	a	vital	pulp	or	a	necrotic	pulp	without	periapical	radiolucency,	a	success	rate	was	
found	that	was	no	lower	than	in	elements	without	a	degraded	fragment,	but	the	success	rate	
decreased	from	75-95%	to	47%	when	a	degraded	fragment	remained	in	an	element	with	a	peri-
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apical	radiolucency.	It	was	concluded	that	a	degraded	fragment	reduces	the	treatment	outcome	
only	when	there	is	a	preoperative	periapical	radiolucency.	The	small	study	group	in	the	above	
studies	does	not	provide	adequate	clinical	evidence	and	makes	comparison	impossible.	A	study	
by	Fox	et	al	in	which	304	treatments	were	evaluated	with	a	mean	follow-up	of	7	years	provided	
the	same	conclusion.	14	of	the	19	failed	treatments	had	preoperative	periapical	radiolucency.	
With	the	high	success	rate	of	94%,	the	authors	suggested	that	an	aborted	fragment	of	a	NiTi	in-
strument	may	act	as	an	adequate	filler.	It	is	important	to	note	that	67%	of	the	degraded	frag-
ments	were	in	already	cleaned	canals.	More	recent	studies	reported	no	effect	of	a	retained	frag-
ment	on	treatment	outcome.	Ingle	et	al.	(1994)	evaluated	1229	treatments	over	an	average	of	2	
years.	Only	1	treatment	out	of	104	failures	involved	an	element	with	a	lagging	degraded	frag-
ment.	This	study	did	not	include	a	control	group.	In	a	later	study	by	Crump	et	al.	(1970),	178	
treatments	with	a	lagging	aborted	fragment	were	compared	with	136	control	elements.	Finally,	
53	pairs	could	be	compared	who	met	the	inclusion	criteria.	There	was	no	statistically	significant	
difference	in	success	rate	between	the	aborted	instruments	group	and	the	control	group	(81%	
and	74%,	respectively).	These	results	suggest	a	conservative	approach	to	elements	in	which	
instrument	breakage	occurred	during	root	canal	treatment.	That	is,	completing	the	treatment	
and	not	proceeding	directly	to	apical	surgery	or	extraction.	
Another	well-designed	study	(Spili	et	al.,	2005)	investigated	the	influence	of	lagging	degraded	
instruments,	including	NiTi	instruments	on	root	canal	treatment	prognosis.	From	a	collection	of	
8460	treatments,	146	elements	with	a	residual	broken-off	fragment	were	paired	as	accurately	as	
possible	with	146	control	elements.	The	overall	healing	rate	was	92%	for	the	aborted	instru-
ments	group	and	95%	for	the	controls.	In	the	presence	of	preoperative	periapical	radiolucency,	
the	healing	rate	was	lower	in	both	groups,	86.7%	for	the	aborted	instruments	group	and	92.9%	
for	the	controls.	The	difference	was	not	statistically	significant.	It	was	concluded	that	only	the	
preoperative	presence	of	a	lucency	negatively	affects	this	rate.	
Of	the	aforementioned	studies,	only	2	were	included	in	a	meta-analysis	(Panitvisai	et	al.,	2010).	
It	was	concluded	that	a	lagging	degraded	fragment	does	not	worsen	the	prognosis	of	an	element.	
Murad	and	Murray	(2011)	commented	on	the	meta-analysis:	
- The	limited	number	of	included	studies	and	the	insufficient	methodological	quality	of	the	

available	studies	reduce	the	power	of	the	meta-analysis.	
- The	numbers	of	evaluated	elements	in	both	studies	are	not	based	on	a	power	calculation.	
- The	inclusion	of	Crump	and	Natkin's	study	was	controversial	because	it	was	conducted	40	

years	ago.	At	that	time,	filler	materials	such	as	silver	markers	and	phenols	were	used,	which	
are	no	longer	permissible	today.	It	should	also	be	noted	that	this	study	evaluated	student	
treatments.	Normally,	these	are	the	simpler	treatments.	However,	Spili	et	al.	correctly	evalu-
ated	treatments	by	dental	endodontists	in	which	NiTi	instruments	were	used.	
	

The	meta-analysis	indicates	that	the	available	evidence	is	insufficient	to	support	a	change	in	
current	practice	and	that	more	research	is	needed.	Unfortunately,	there	is	no	consensus	on	how	
to	proceed	in	the	event	of	an	aborted	instrument.	Nevertheless,	it	is	important	to	know	what	
treatment	options	are	real	and	what	factors	influence	the	decision.	

	
Treatment	options	
Degraded	instruments	can	be	approached	surgically	or	orthograde.	Orthograde	approach	inclu-
des	the	following	options:		

- Removal	of	the	aborted	fragment;	
- Passing	the	aborted	fragment	or		
- Clean	and	fill	to	the	level	of	the	broken	fragment.	

The	first	approach	is	to	remove	the	aborted	fragment,	as	this	allows	the	intended	treatment	to	
continue	without	complications.	However,	it	is	not	easy	to	remove	a	fragment.	It	requires	expe-
rience	and	training	and	knowledge	of	the	various	techniques	and	available	instruments	and	
tools.	Whether	a	fragment	is	removable	depends	on	several	factors,	and	removing	aborted	frag-
ments	is	not	without	risk.	Therefore,	it	is	important	to	consider	several	factors	when	considering	
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removal.	Many	general	practitioners	prefer	referral	to	a	dentist	with	extensive	experience	in	
removing	broken	instruments.		

	
A.	Factors	affecting	removal	of	degraded	instruments.		
Elemental	factors	
Element-related	factors	are	defined	as	anatomical	factors.	These	anatomical	factors	are	deter-
mined	by	the	type	of	element,	the	shape	and	diameter	of	the	root	canal,	the	position	of	the	
aborted	fragment	in	the	root	canal,	the	position	of	the	aborted	fragment	relative	to	the	curvature	
in	the	root	canal,	and	the	degree	of	curvature	and	abruptness	of	the	curve.	Removal	of	the	
aborted	fragment	is	more	predictable	in	the	following	situations:	

- in	maxillary	teeth;	
- in	front	elements;	
- when	the	fragment	is	located	in	the	coronal	one-third	of	the	channel;	
- when	the	fragment	is	in	front	of	the	curve	and	
- when	the	fragment	is	in	straight	or	slightly	curved	channels.	

It	is	stated	that	a	broken	fragment	is	removable	when	one-third	of	the	fragment	can	be	exposed.	
Most	NiTi	instruments	will	break	off	apically	and	beyond	the	bend,	where	removal	is	difficult.	
The	influence	of	the	anatomical	factors	is	mainly	related	to	visibility	and	accessibility,	or	the	
ability	to	see	the	fragment	and	obtain	straight,	tension-free	access	to	the	fragment	so	that	it	can	
be	approached	with	special	instruments	and	tools.	For	this,	the	previously	mentioned	position	of	
the	fragment	and	element	type	are	important,	as	well	as	the	relationship	between	the	canal	wall	
and	the	aborted	fragment;	removal	of	the	fragment	is	more	predictable	if	there	is	space	between	
the	aborted	fragment	and	the	canal	wall.	
	
Instrumental	factors	
Degraded	instruments	made	of	NiTi	are	more	difficult	to	remove	than	stainless	steel	instru-
ments.	The	following	explanations	are	given	for	this:	

- The	rotational	motion	causes	them	to	cut	into	the	canal	wall.	
- They	break	faster	when	attempted	removal,	especially	when	using	ultrasonic	equipment.	
- In	curved	channels,	NiTi	instruments	will	stretch	and	therefore	will	not	be	central	to	the	

channel,	but	will	always	be	pressed	against	the	outer	wall.	
- Of	NiTi	instruments	that	break	due	to	torsional	forces,	a	short	fragment	often	remains,	

quite	far	to	apical	in	the	canal.	The	longer	the	broken	fragment	is,	the	further	to	coronal	
the	coronal	part	of	that	fragment	lies	and	the	easier	it	is	to	remove.	

The	design	of	the	broken	instrument	is	also	a	determining	factor;	a	K-file	is	easier	to	remove	
than	a	Hedström	file.	Compared	to	K-files,	Hedström	files	have	a	larger	helix	angle,	deeper	win-
dings	and	a	larger	rake	angle.	Because	of	this	design,	Hedström	files	also	have	a	greater	cutting	
capacity	and,	therefore,	would	also	be	able	to	grip	the	channel	wall	better.		
	
Operator-related	factors	
Breaking	a	root	canal	instrument	is	a	stress-increasing	complication.	An	operator	may	feel	com-
pelled	to	remove	the	instrument.	It	is	critical	that	care	be	taken	when	attempting	to	remove	a	
broken	instrument.	Successful	removal	of	a	degraded	instrument	requires	knowledge,	training,	
familiarity	with	techniques	and	instruments,	perseverance	and	creativity.	It	is	important	to	note	
that	an	experienced	operator	not	only	removes	the	instrument,	but	also	avoids	unnecessarily	
sacrificing	dental	material.	Referral	to	a	dental endodontist should	be	the	approach	of	choice	
when	the	practitioner	lacks	the	above	competencies.	
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Patient-related	factors	
Patient	factors	such	as	mouth	opening,	limited	accessibility	of	an	element,	fear,	time	constraints	
and	motivation	to	retain	a	tooth	affect	the	likelihood	of	success.	A	patient	can	be	motivated	by	
proper	explanation	of	the	complexity	of	the	procedure	and	possible	complications	prior	to	
treatment.	This	enables	the	practitioner	to	perform	optimal	treatment.	
	
Removal	techniques	
Different	success	rates	are	reported	with	respect	to	different	file-removal	techniques,	instru-
ments	and	tools.	Before	a	practitioner	decides	to	proceed	with	the	removal	of	a	broken	instru-
ment,	he	or	she	must	first	have	the	necessary	instruments,	tools	and	skills.	Every	situation	is	
different	and	the	appropriate	approach	should	always	be	chosen.	Sometimes	a	degraded	instru-
ment	is	removed	by	chance	while	attempting	to	pass	the	instrument,	or	while	flushing	the	canal,	
on	the	other	hand,	sometimes	it	is	impossible	to	remove	a	loose	fragment	from	the	canal,	all	
techniques	and	tools	notwithstanding.	Several	techniques	and	tools	have	been	described	in	re-
cent	years.	Some	are	still	widely	used,	others	are	only	of	historical	interest.	Some	new	promising	
techniques	and	tools	are	also	described.	Correct	application	of	the	instruments	and	tools	is	es-
sential	to	avoid	additional	complications.	When	in	doubt	about	skill,	referral	to	a	specialist	is	
recommended.	
	
Chemical	solvents	
The	use	of	EDTA	is	recommended	to	soften	the	dentin	of	the	canal	wall	around	the	degraded	
fragment.	This	would	make	the	degraded	fragment	easier	to	pass	through.	Other	chemical	agents	
such	as	iodine	trichloride,	nitric	acid,	nitric	acid,	hydrochloric	acid,	sulfuric	acid,	crystals	of	iodi-
ne,	iron	chloride	solution,	nitrohydrochloric	acid	and	potassium	iodide	solutions	have	been	used	
in	the	past	to	provoke	corrosion	of	the	metal.	For	obvious	reasons,	such	as	irritation	of	the	peri-
apical	tissues,	these	products	are	no	longer	used.	
	
Mini	tweezers	
When	the	root	canal	is	wide	enough,	a	chipped	fragment	located	in	the	coronal	part	of	the	root	
canal	can	be	grasped	and	removed	with	mini	tweezers	such	as	the	Steiglitz	tweezers,	Peet	silver	
point	tweezers,	or	endo	tweezers.	
	
Hedström	files	
A	broken	lentulo	spiral	is	removable	by	turning	a	Hedström	file	next	to	or	inside	the	fragment.	
The	Hedström	file	can	possibly	be	wrapped	with	a	cotton	ball	for	additional	retention.	When	the	
Hedström	file	tightens	into	the	fragment,	the	whole	can	be	removed.	
	
Wire	loop	
A	wire	loop	can	be	made	by	pulling	the	two	ends	of	a	0.14	mm	wire	through	a	25-gauge	needle.	A	
narrow	instrument	can	be	used	to	place	the	loop	around	a	free	lying	coronal	part	of	the	frag-
ment.	The	loop	is	then	pulled	tight	and	the	fragment	can	be	removed.	Of	course,	this	only	has	a	
chance	if	the	instrument	is	not	too	tight	in	the	canal.	
	
Hollow	needle	
Space	around	a	centrally	positioned	fragment	could	be	created	with	an	edge	sharpened	hollow	
needle,	this	space	can	also	be	created	with	trepan	drills	or	ultrasonic	tips.	Sometimes	a	so-called	
staging	platform	is	created	prior	to	this	with	a	shortened	Gates	glidden	drill	to	the	coronal	level	
of	the	aborted	fragment.	By	sliding	the	hollow	needle	over	the	fragment	and	then	clamping	a	
Hedström	file	through	the	needle	between	the	degraded	fragment	and	the	wall	of	the	needle.	In	
this	way,	the	entire	complex	can	be	removed.	The	hollow	tube	should	be	narrow	enough	to	fit	
into	the	canal	and	the	lumen	of	the	hollow	needle	should	be	large	enough	to	fit	over	the	coronal	
part	of	the	fragment.	Instead	of	a	Hedström	file,	the	use	of	superglue	and	synthetic	resin	is	also	
described;	the	hollow	needle	is	filled	with	glue	or	synthetic	resin	and	then	slid	over	the	aborted	
fragment.	The	fragment	glued	into	the	needle	can	then	be	removed	along	with	the	needle.	
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Because	the	needles	are	not	bendable,	this	technique	is	not	applicable	in	curved	canals.	In	a	stu-
dy	by	Suter	et	al.	the	hollow	needle	and	Hedström	file	method	allowed	9	out	of	10	fragments	to	
be	removed.	The	technique	was	applied	when	the	technique	of	first	choice,	namely,	dislodging	
the	fragment	with	an	ultrasonic	tip,	was	unsuccessful.	
	
Braiding	files	
Placing	two	files	next	to	the	broken	fragment	sometimes	succeeds	in	removing	a	fragment.	This	
approach	can	be	chosen	when	the	fragment	is	further	to	apical	and	not	visible.	Thin	files	may	
break	again,	so	the	thickest	possible	files	should	be	used.	
	
Masserann	instruments	
The	Masserann	kit	consists	of	14	trepan	drills	with	diameters	ranging	from	1.1	to	2.4	mm	and	
two	extractors;	hollow	needles	into	which	a	plugger	can	be	inserted.	Using	a	trepan	sampler,	the	
coronal	part	of	the	fragment	that	has	been	decomposed	is	first	exposed	while	turning	counter-
clockwise.	Then	the	hollow	needle	is	placed	over	the	exposed	part	and	by	inserting	the	plugger	
into	the	tube,	the	coronal	part	is	clamped	and	removable.	The	diameters	of	the	trepanned	drills	
are	quite	large	so	very	much	dentin	is	lost	when	using	the	Masserann	kit.	This	leads	to	extreme	
weakening	of	the	root.	The	Masserann	kit	is	actually	only	usable	in	front	teeth	and	in	the	straight	
roots	of	posterior	teeth.	
	
Extractors	
The	idea	of	the	Masserann	kit	was	further	developed	and	new	extractors	were	developed.	The	
diameter	of	the	new	hollow	needles	is	more	applicable	in	the	root	canal.	The	Endo	Extractor	
System	from	Roydent	comes	in	sizes	80,	50	and	30.	The	Cancelier	Extractor	Kit	has	4	sizes;	0.50,	
0.60,	0.70	and	0.80	mm.	The	Instrument	Removal	System	contains	3	extractors	in	sizes;	1.00,	
0.80	and	0.60.	The	newer	The	Endo	Rescue	includes	a	Pointier	drill	that	allows	a	staging	plat-
form	to	be	prepared	coronal	to	the	aborted	fragment	and	again	from	trepan	drills,	sizes	090	and	
070	that	prepare	counterclockwise	around	the	aborted	fragment.	Another	new	system	is	the	
Meitrac	Endo	Safety	System	which	has	three	sizes	of	hollow	needles.	Some	extractors	can	be	
taken	beyond	a	curvature,	however,	it	goes	without	saying	that	a	trepanning	drill	can	only	be	
used	in	the	straight	coronal	part	of	a	canal.	Sometimes	the	use	of	superglue	or	a	synthetic	resin	
is	recommended;	the	adhesive	is	inserted	into	the	hollow	needle	and	pushed	over	the	coronal	
part	of	the	fragment	that	has	been	broken	off.	In	this	way,	fragments	that	are	already	somewhat	
loose	in	the	canal	can	be	removed.	One	must	be	alert	to	the	risk	of	clogging	the	canal	when	an	
adhesive	is	used	and	to	weakening,	ledge	formation	and	perforation	when	trepan	drills	are	used.	
	
Canal	Finder	System	
The	original	canal	finder	system	consists	of	a	handpiece	and	specially	designed	files	that	make	
an	up	and	down	motion	with	a	maximum	amplitude	of	1-2	mm	that	decreases	as	the	speed	in-
creases.	Broken	fragments	can	be	passed	with	these	instruments,	and	the	shape	of	the	file	some-
times	pulls	up	the	broken	fragment	with	it.	There	is	a	risk	of	perforation	of	the	root	and	moving	
to	apical	and	even	extruding	the	aborted	fragment,	especially	in	curved	canals.	A	clinical	study	in	
which	the	canal	finder	was	used	as	an	initial	tool	reported	a	68%	success	rate.	The	system	was	
recently	replaced	by	the	EndoPuls	system	in	which	stainless	steel	files	make	an	up	and	down	
motion	and	rotate	a	quarter	turn.	
	
Ultrasound	
Ultrasonic	instruments	are	used	in	multiple	ways	in	endodontics.	Narrow	diamond-coated	stain-
less	steel	tips	and	narrow	NiTi	tips	with	an	active	tip	can	be	used	in	the	removal	of	degraded	
fragments.	First,	a	modified	Gates	glidden	drill	is	used	to	widen	the	canal	coronally	of	the	
aborted	fragment.	The	non-grinding	tip	of	the	Gates	glidden	drill	is	ground	off	to	create	a	cutting	
instrument	that	is	used	to	remove	dentin	down	to	the	degraded	fragment.	The	intention	is	to	
create	a	staging	platform	where	an	even	wall	of	dentin	remains	around	the	fragment.	Ultrasonic	
tips	are	then	used	to	remove	dentin	around	the	coronal	part	of	the	fragment	in	a	counterclock-
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wise	circular	motion.	This	creates	space	around	the	fragment,	loosens	the	instrument	and	some-
times	turns	it	out	of	the	canal	all	at	once.	In	this	process,	care	should	be	taken	to	prevent	the	
instrument	from	falling	into	another	canal.	If	too	much	pressure	is	applied,	there	is	a	risk	of	the	
broken	fragment	moving	apically	or	breaking	the	ultrasound	tip.	To	prevent	breaking	of	the	tip,	
it	is	advisable	not	to	let	it	vibrate	freely	but	only	to	activate	it	in	contact	with	the	canal	wall.	A	
Hedström	file,	K-file	or	spreader	can	also	serve	as	an	ultrasonic	tip.	The	files	in	particular	are	
more	fragile,	though,	so	caution	is	advised.	Success	rates	for	removing	degraded	fragments	with	
ultrasound	range	from	67%	to	88%	and	95%	in	the	various	studies.	
	
File	Removal	System	
This	system	was	developed	by	Yoshitsugu	Terauchi.	The	manufacturer	claims	that	with	this	sys-
tem,	tissue	loss	is	minimal.	Two	drills	are	used	to	create	the	staging	platform	where	the	first	drill	
has	a	non-grinding	"pilot"	tip.	The	cutting	drill	has	a	diameter	of	0.45	mm.	Both	drills	are	flexi-
ble,	so	can	also	be	used	in	curved	channels.	The	drills	rotate	counterclockwise	and	thus	can	loo-
sen	or	even	remove	the	broken	fragment	from	the	canal.	When	this	does	not	happen,	step	2	fol-
lows.	This	involves	using	a	thin	ultrasonic	tip	to	create	at	least	0.7	mm	of	space	around	the	co-
ronal	part	of	the	file.	The	tip	is	spoon-shaped,	allowing	it	to	prepare	a	groove	around	the	broken	
fragment.	Turning	counterclockwise	with	the	tip	often	loosens	the	fragment	and	sometimes	
turns	it	suddenly	out	of	the	canal.	If	not,	step	3	follows.	A	double-folded	NiTi	wire	is	pushed	
through	a	hollow	tube	0.45	mm	in	diameter.	The	resulting	loop	can	be	placed	around	the	frag-
ment.	The	ends	of	the	wire	are	attached	to	a	handpiece	that	allows	the	loop	to	be	tightened	or	
loosened.	In	in	vitro	studies,	this	system	was	used	to	remove	an	apically	located	aborted	frag-
ment	in	a	relatively	short	time.	The	system	has	recently	gone	on	sale.	
	
Future	techniques	
Laser	irradiation	
2	new	publications	describe	the	application	of	the	Nd:YAG	laser.	The	laser	can	be	used	to	remove	
dentin	around	the	degraded	fragment,	then	Hedström	files	can	be	used	to	pass	the	fragment	and	
then	remove	it.	The	laser	can	also	be	used	to	vaporize	the	degraded	fragment.	Both	applications	
have	the	advantage	that	the	fragment	can	be	removed	in	a	relatively	short	time	(less	than	5	mi-
nutes).	However,	the	techniques	also	have	disadvantages,	namely	the	risk	of	perforations	in	
crooked	or	narrow	roots	and	the	heat	generation	in	the	root	up	to	27	degrees	on	the	root	surfa-
ce.	The	rise	in	temperature	can	cause	damage	to	the	periodontal	ligament	and	burning	of	dentin,	
making	adhesion	to	the	canal	wall	difficult.	Although	the	study	describes	several	ways	to	avoid	
the	disadvantages,	a	foolproof	procedure	for	vaporizing	degraded	fragments	has	not	yet	been	
developed.	
	
Electrochemical	solution	of	the	fragment	
Ormiga	et	al.	introduced	and	tested	a	new	method	based	on	electrochemical	solution.	Two	elec-
trodes	are	placed	in	a	conductive	liquid.	One	acts	as	a	cathode	and	one	as	an	anode.	The	contact	
between	the	anode	and	the	degraded	fragment,	and	a	voltage	difference	between	the	anode	and	
cathode	result	in	the	release	of	metal	ions	into	the	solution.	This	eventually	causes	dissolution	of	
the	fragment	in	the	root	canal.	The	tip	of	a	#20	K3	NiTi	instrument	was	exposed	to	sodium	fluo-
ride	and	sodium	chloride	solutions	for	8,	17	and	25	minutes	and	until	the	entire	fragment	(6	
mm)	dissolved.	Optical	microscopic	inspection	shows	progressive	dissolution	of	the	fragment	
with	increasing	polarization	time.	The	results	show	that	this	method	is	effective.	Despite	the	
limitations	(time-consuming	procedure	for	complete	dissolution	of	the	fragment	and	limited	
space	for	both	electrodes	in	the	root	canal),	the	results	are	promising	and	further	research	is	
suggested	to	develop	the	technique	before	clinical	application.		
The	tools,	techniques	and	methods	described	above	differ	in	effectiveness,	price	and	mechanism	
of	action.	For	example,	the	Masserannkit	has	a	reported	success	rate	between	48	and	55%,	
Hülsmann	and	Schinkel	reported	an	overall	success	rate	of	68%	including	passing	degraded	
fragments	with	the	Canal	Finder.	Alomairy	reported	a	60%	success	rate	with	the	Instrument	
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Removal	System	in	an	ex	vivo	study.	Higher	success	rates	have	been	achieved	since	the	intro-
duction	of	ultrasound:	79%	by	Nagai,	91%	by	Nehme,	88%	by	Fu	and	95%	by	Cujé	et	al.	The	
combination	of	ultrasound	with	microscopic	magnification	has	also	contributed	to	higher	suc-
cess	rates.	Cujé	et	al.	and	Suter	et	al.	attributed	their	higher	success	rates	to	the	use	of	the	surgi-
cal	microscope.	Today,	the	use	of	microscopic	magnification,	such	as	with	a	magnifying	glass,	is	
considered	a	prerequisite	for	successful	removal	of	degraded	fragments.	A	protocol	in	which	
several	methods	are	used	in	a	fixed	order	may	also	contribute	to	a	higher	success	rate.	
	
Complications	of	removing	aborted	instruments	
Ledge	formation	is	a	commonly	described	complication.	This	can	result	in	the	inability	to	further	
shape	and	clean	the	canal.	Weakening	of	the	root	at	the	ledge	can	be	a	predilection	site	for	the	
development	of	cracks	and	eventually	vertical	root	fractures.	Ledges	can	often	be	filed	away	
with	microscopic	magnification	with	taped	files	or	with	a	pre-bent	hand	file	used	in	a	filing	mo-
tion.	When	the	ledge	is	apical	and	there	is	tension-free	straight	access,	the	ledge	can	be	passed	
with	a	rotary	instrument.	When	the	ledge	is	very	close	to	the	apical	foramen,	the	risk	of	apical	
transport	is	very	high.	
The	instruments	used	to	remove	broken	instruments	can	themselves	break,	resulting	in	an	addi-
tional	complication.	Hedström	files,	K	files	and	ultrasonic	tips	are	especially	vulnerable	to	
breakage.	For	prevention,	an	ultrasonic	tip	should	be	used	without	irrigation	and	at	a	low	power	
setting.	At	too	high	a	power	setting,	too	much	heat	generation	occurs	resulting	in	breakage	of	the	
tip	and	possible	damage	to	the	periodontal	ligament	(PDL)	due	to	heating.	Another	preventive	
measure	is	the	use	of	air	cooling	with	ultrasound,	nevertheless,	with	prolonged	use	of	ultrasonic	
vibrating	tips	in	the	root	canal,	substantial	heating	can	occur	resulting	in	loss	of	the	element.	
It	is	essential	to	obtain	straight	tension-free	access	to	the	broken	fragment	in	order	to	visualize	
it	and	attempt	to	remove	it.	Most	removal	techniques	require	some	dentin	to	be	removed.	When	
working	with	ultrasound,	it	is	recommended	to	create	a	staging	platform.	This	inevitably	sacrifi-
ces	dentin	which	leads	to	weakening	of	the	root.	Obviously,	more	dentin	is	sacrificed	the	deeper	
into	the	root	canal	the	aborted	fragment	is	located.	Besides	weakening,	dentin	removal	can	also	
lead	to	perforations	and	stripper	perforations.	Especially	with	narrow	and	curved	roots	and	
with	canal	walls	close	to	the	furcation,	one	should	be	alert	to	the	risk	of	perforation.		
If	too	much	pressure	is	applied	to	the	degraded	fragment,	the	fragment	may	be	displaced	apical-
ly	or	even	extruded.	The	pressure	can	be	applied	with	a	removal	tool	or	with	an	ultrasonic	tip.	It	
is	not	likely	to	happen	when	a	tip	is	used	next	to	the	fragment,	but	mainly	when	it	is	on	the	
fragment.	Again,	knowledge,	skill	and	caution	are	required.	
	
B.	Passing	the	degraded	fragment	
Removing	a	broken	fragment	without	damaging	the	root	is	not	always	possible.	When	the	frag-
ment	is	very	deep	in	the	root	canal	or	beyond	the	bend,	passing	the	fragment	is	sometimes	a	
better	choice.	To	some	extent,	this	can	achieve	the	intended	purpose	of	root	canal	treatment,	
which	is	to	shape,	clean	and	fill	the	root	canal	system.	Treatment	in	which	a	fragment	can	be	
passed	is	considered	successful.	There	are	no	studies	comparing	the	treatment	outcome	after	
removing	a	fragment	with	the	treatment	outcome	after	passing	a	fragment.	Passing	has	the	risk	
of	creating	a	fausse	route	in	which	the	original	canal	is	not	cleaned	and	a	perforation	occurs.	To	
avoid	the	above	complication,	it	is	recommended	to	work	with	good	magnification	and	regularly	
check	with	X-ray	to	ensure	that	no	own	path	is	created.	The	possibility	of	re-instrument	rupture,	
ledge	formation,	apical	displacement	or	even	extrusion	of	the	fragment	should	also	be	consi-
dered	when	passing.	An	attempt	to	pass	a	fragment	leads	to	the	creation	of	space	between	the	
fragment	and	the	canal	wall,	sometimes	an	ultrasonic	instrument	can	even	be	placed	next	to	the	
fragment	which	still	leads	to	the	removal	of	the	fragment.	Therefore,	passing	the	fragment	is	
often	seen	as	a	first	step	of	fragment	removal.	
	
C.	Leaving	the	fragment	in	situ	
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When	removal	of	an	instrument	is	unsuccessful,	referral	to	a	specialist	is	preferred.	Sometimes	it	
may	be	chosen	to	leave	the	instrument	in	situ,	especially	when	the	fracture	occurred	in	the	final	
phase	of	treatment	and	the	canal	had	already	been	cleaned.	Also,	when	the	instrument	has	bro-
ken	off	in	the	apical	part	of	the	root	canal	or	is	beyond	a	strong	curvature	in	the	root	canal,	re-
moval	is	not	always	possible.	Cleaning	and	filling	the	canal	up	to	the	broken	fragment	is	then	the	
alternative	strategy.	However,	the	treated	element	should	be	closely	monitored.	When	there	is	
persistent	apical	periodontitis	or	when	apical	periodontitis	develops,	apical	surgery	often	offers	
a	solution.		
	
Surgical	treatment	options	
If	the	fragment	remains	in	the	root	canal	and	symptoms	of	periodontitis	apicalis	occur,	surgical	
treatment	can	be	proceeded	with.	Sometimes	surgical	follow-up	treatment	is	chosen	immediate-
ly;	indeed,	it	has	been	shown	that	the	treatment	outcome	in	the	presence	of	a	periapical	radiolu-
cency	is	adversely	affected	by	the	presence	of	a	broken	instrument.	In	some	elements,	the	risk	of	
irreversible	damage	to	nearby	tissues	is	too	great.	Besides	apical	surgery,	intentional	replan-
tation,	root	amputation	and	hemisection	are	also	mentioned	as	surgical	approaches	to	still	re-
move	the	aborted	fragment.	The	various	treatment	options	are	discussed	with	the	patient	and	
the	most	appropriate	solution	is	chosen.	When	the	fragment	is	in	the	apical	part,	it	can	be	remo-
ved	by	resecting	the	root	tip	containing	the	aborted	fragment.	When	the	fragment	is	localized	in	
the	middle	part	of	the	canal,	the	canal	should	be	prepared	retrograde	to	the	aborted	fragment	
after	resection.	A	leak-free	retrograde	closure	should	then	be	applied.	Both	approaches	require	
disinfection	as	well	as	proper	coronal	and	retrograde	closure.	There	is	little	clinical	research	on	
the	influence	of	the	chosen	retrograde	filling	material	on	treatment	outcome.	A	recent	meta-
analysis	concludes	that	MTA	gives	better	results	than	amalgam.	A	difference	in	treatment	out-
come	between	MTA	and	IRM	could	not	be	demonstrated.	In	conclusion,	technological	develop-
ments	such	as	the	operating	microscope,	new	ultrasound	tips	and	biocompatible	filling	materials	
have	contributed	to	a	better	treatment	outcome	after	apical	surgery.	
	

Conclusion	
1. Instrument	rupture	can	result	in	metal	fragments	obstructing	the	root	canal.	Apical	to	

the	obstruction,	the	root	canal	is	no	longer	accessible	for	chemo-mechanical	cleaning	
The	degree	of	infection	of	this	untreated	root	canal	section	may	adversely	affect	the	out-
come	of	root	canal	treatment.	However,	there	is	as	yet	no	convincing	evidence	that	re-
moving	fragments	from	an	endodontic	file	improves	prognosis.	

2. There	is	not	yet	convincing	clinical	evidence	on	the	optimal	strategy	for	broken	instru-
ments.	Factors	that	influence	the	approach	to	be	chosen	include:	anatomical	characte-
ristics	of	the	root	canal	in	which	the	instrument	is	broken,	the	stage	of	treatment	at	
which	the	fracture	occurred,	the	expertise	of	the	practitioner,	available	resources,	possi-
ble	complications,	strategic	value	of	the	tooth	and	the	presence	or	absence	of	periapical	
pathology.	Clinical	experience	and	knowledge	of	the	influence	of	the	factors	mentioned	
above	as	well	as	the	ability	to	make	a	considered	choice	are	essential.		

	

Considerations	
Quality	of	evidence	
Not	applicable.	The	literature	review	is	based	on	a	recent	review	in	which	the	evidence	was	not	
classified	according	to	GRADE.	
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Patient	values	and	preferences	
It	goes	without	saying	that	prevention	of	instrument	rupture	is	of	utmost	importance.	When	it	
does	occur,	the	patient	benefits	from	a	careful	consideration	of	the	various	treatment	options	
with	the	associated	risks	of	additional	damage	or	complications.	When	instrument	rupture	does	
occur	unexpectedly,	the	patient	should	be	informed.	

Professional	perspective	
The	primary	objective	is	to	achieve	the	intended	goal	of	root	canal	treatment,	which	is	to	reduce	
bacterial	infection	in	order	to	have	no	more	pathological	reaction.	The	choice	of	whether	or	not	
to	remove	a	broken	fragment	is	determined	by	the	condition	of	the	root	canal	apical	to	the	bro-
ken	fragment	and	the	position	of	the	broken	fragment:	when	the	instrument	broke	in	the	apical	
one-third	beyond	the	bend	and	the	canal	contents	consisted	of	vital	pulpal	tissue,	it	is	recom-
mended	to	leave	the	broken	fragment	in	situ.	When	the	instrument	breaks	in	the	early	stages	of	
treatment,	and	the	root	canal	is	still	filled	with	necrotic	infected	material,	removal	is	indicated.	
When	the	broken	fragment	can	be	visualized	with	microscopic	magnification,	in	other	words,	if	
it	is	located	before	the	curvature	in	the	root	canal,	removal	is	often	possible	without	much	tissue	
sacrifice.	For	instruments	in	infected	canals	that	cannot	be	reached,	the	risk	of	tissue	loss	and	
extreme	weakening	of	the	root	must	be	weighed	against	leaving	the	instrument	in	situ	and	the	
persistent	infection.		

Costs		
A	referral	to	a	dental	endodontist	for	removal	of	the	broken	instrument	involves	more	cost	to	
the	patient	than	leaving	it	in	situ.	This	cost,	as	well	as	the	other	consequences	of	the	treatment	
choice,	should	be	discussed	with	the	patient.	
	
Recommendations	

Inform	the	patient	of	a	complication	that	has	occurred.	
[unchanged	after	update	2022/3]	
	
Rational		
The	guideline	working	group	attaches	great	importance	to	informing	the	patient	after	the	occur-
rence	of	a	complication.	
	
Consider	the	following	factors	when	deciding	whether	or	not	to	remove	or	have	removed	the	
aborted	instrument:	

- position	of	the	aborted	fragment;	
- cleaning	degree	of	the	root	canal;	
- available	resources;	
- risk	of	complications	and	
- Presence	of	periapical	lesion.	

	
In	the	following	conditions,	consider	leaving	the	aborted	instrument	in	situ:	

- No	periapical	radiolucency	is	visible	on	the	solo	recording	at	the	root	where	the	instru-
ment	fracture	occurred.	

- The	root	canal	apical	to	the	aborted	instrument	is	sufficiently	clean	by	thorough	irri-
gation	prior	to	instrument	fracture.	

- The	fragment	is	not	accessible	(located	in	the	apical	part	of	the	root	canal	or	beyond	the	
bend).	

	
In	all	other	conditions,	removal	of	the	aborted	instrument	should	be	considered.	This	should	
include	the	risk	of	complications;	if	the	aborted	instrument	is	not	in	the	coronal	part	of	the	root	
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canal,	removal	of	the	fragment	will	involve	tissue	loss	to	make	the	fragment	accessible	
	
If	the	practitioner	does	not	feel	competent	in	removing	broken	instruments	or	does	not	have	the	
necessary	tools,	the	practitioner	should	refer	the	patient	to	a	dental	endodontist.	
[unchanged	after	update	2022/3]	
Rational		
The	guideline	working	group	places	great	importance	on	avoiding	harm	from	repairing	compli-
cations.	
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Appendix	11.1.	Decision	tree	Management	of	intracanal	fractured	instruments	(dashed	lines	indi-

cate	preferred	approaches).	
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2.	 What	is	the	effect	of	perforation	on	treatment	outcome?	How	to	avoid	perforati-

ons?	How	to	handle	a	perforation?	

	
Introduction		
Root	perforations	occur	due	to	complications	or	pathology	such	as	resorption	and	caries.	The	
literature	shows	that	47%	of	iatrogenic	perforations	occur	during	root	canal	treatment	and	53%	
during	the	restorative	procedure.	During	root	canal	treatment,	perforation	may	occur	during	
fabrication	of	the	endodontic	opening	or	during	canal	preparation	due	to	incorrect	insertion	
direction.	Preparation	of	post	space	is	a	common	cause	of	perforation	during	the	restorative	
procedure.	In	maxillary	teeth,	perforation	occurs	almost	three	times	more	frequently	compared	
to	mandible	teeth.	One	study	found	that	4.2%	of	extracted	endodontically	treated	elements	were	
removed	because	of	iatrogenic	perforation.	Infection	due	to	non-leakage	closure	of	the	perfora-
tion	leads	to	inflammatory	symptoms.	Apical	displacement	of	the	gingival	epithelium	toward	the	
perforation	leads	to	periodontal	attachment	loss.		
	
The	goal	of	a	repair	is	preservation	of	the	tooth	by	maintaining	a	healthy	periodontium	adjacent	
to	the	perforation.	In	recent	years,	various	materials	have	been	studied	and	recommended	for	
closing	root	perforations,	namely	amalgam,	plaster,	gutta-percha,	"indium	foil"	glass	ionomer,	
"zinc	ethoxybenzoic	acid	cement"	and	IRM.	The	probability	of	successfully	closing	a	perforation	
has	increased	since	bioceramic	materials	such	as	MTA	have	been	used.	However,	there	are	few	
clinical	studies	on	the	success	of	repaired	root	perforations	and	it	is	not	known	which	treatment	
is	most	effective	in	the	occurrence	of	a	root	perforation.	
	
Method	of	literature	analysis	
No	systematic	literature	search	was	conducted.	Instead,	a	recently	published	systematic	review	
was	used	(Siew	et	al.,	2015).	No	systematic	review	was	available	on	perforation	prevention.	
	
Summary	of	literature	
The	review	used	looked	at	the	treatment	outcome	of	perforation	repair	and	mainly	preoperative	
factors	affecting	the	degree	of	success.	Of	the	32	studies	found,	17	could	be	included.		
The	studies	used	were	published	between	1974	and	2014,	with	the	majority	dating	from	after	
2000.	There	are	several	possible	explanations	why	most	of	the	studies	are	from	after	2000.	Most	
likely,	it	was	only	considered	a	real	treatment	option	from	then	on.	The	introduction	of	the	ope-
rating	microscope	as	an	important	tool	is	another	explanation	and	finally,	the	advent	of	MTA	as	a	
repair	material	is	also	an	important	explanation.	
12	of	the	studies	took	place	in	university	clinics.	Treatment	was	mainly	performed	by	endodon-
tists	or	endodontists	in	training.	Some	studies	included	a	variety	of	operators,	including	oral	
surgeons,	dental	students,	general	practitioners	and	general	practitioners	with	an	affinity	for	
endodontics.	In	2	studies,	the	type	of	operator	was	not	mentioned.	The	extent	to	which	out-
comes	differed	according	to	the	type	of	practitioner	was	not	analyzed	by	the	reviewers.	
The	average	evaluation	period	ranged	from	12	months	to	30	years.	Treatment	outcome	was	as-
sessed	in	different	ways:	2	studies	scored	per	root	rather	than	per	tooth.	Most	studies	had	two	
possible	treatment	outcomes:	success	or	failure.	Some	studies	added	the	category	of	uncertain	
treatment	outcome.	The	only	article	on	surgically	repaired	perforations	had	four	possible	treat-
ment	outcomes	(complete	healing,	partial	healing,	uncertain	healing,	and	failure).	The	treatment	
outcome	was	determined	both	clinically	and	radiographically	in	all	but	1	study.		
Almost	all	studies	evaluated	a	nonsurgical	approach.	This	is	obvious	because	when	a	perforation	
occurs,	an	immediate	attempt	is	made	to	repair	it.	Studies	that	directly	compared	a	non-surgical	
and	a	surgical	approach	are	lacking.	
For	non-surgical	repairs,	gutta-percha	was	mainly	used	until	1990.	The	more	recent	studies	ex-
clusively	describe	the	use	of	MTA.	A	number	of	other	studies	report	a	wide	variety	of	filling	ma-
terials	used	(MTA,	gutta-percha,	Optibond	with	tetric	flow,	zinc	ethoxybenzoic	acid	cement,	IRM,	
glass	ionomer,	amalgam	and	EBA).	In	some	studies,	the	material	used	was	not	mentioned.	
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Chances	of	success	
An	average	success	rate	could	be	calculated	from	10	studies.	The	success	rate	was	72.5%	(CI	
61.9%-81%)	for	all	repair	materials	used.	The	7	articles	in	which	only	MTA	was	used	report	a	
success	rate	ranging	from	57.1%	to	100%,	meta-analysis	of	5	studies	(2	studies	with	100%	suc-
cess	were	excluded)	report	a	mean	success	rate	of	80.9%	(CI	67.1%-89.8%)	for	repairs	with	
MTA.	The	8.5%	difference	in	success	rate	is	not	significant	given	that	the	aforementioned	confi-
dence	intervals	overlap	significantly.	It	should	be	noted	that	this	difference	cannot	simply	be	
attributed	to	repair	materials	other	than	MTA.	Numerous	other	factors	may	have	played	a	role.		
The	following	preoperative,	potential	prognostic	factors	were	evaluated:		

- Gender;	
- number	of	roots;	
- incisives	&	cuspidates	versus	(pre-)	molars;	
- mandibula	versus	maxilla;		
- size	of	the	perforation;	
- primary	treatment	versus	re-treatment;	
- Presence	versus	absence	of	signs	and	symptoms;		
- Presence	versus	absence	of	radiolucency	immediately	adjacent	to	the	perforation;		
- Presence	versus	absence	of	apical	periodontitis;		
- time	elapsed	after	recovery	perforation	(immediate	versus	<	1	month	versus	>	1	month)	

and		
- Location	of	perforation	(on	versus	above	versus	below	bone).		

3,	sometimes	4,	studies	with	up	to	188	repaired	perforations	could	be	used	to	combine	the	ef-
fects	of	possible	potential	prognostic	factors	(Table	12-1).		
 
 

Table	12-1	Effect	of	potential	prognostic	factor	on	probability	of	success	

Potential	prognostic	factor	 Odds	ratio	(95%	BI).	

Gender	
-	male	
-	female	

	
1	
1.33(0.64-2.76)	

Number	of	roots	
-	1	
->1	

	
	1		
1,07	(0,48-2,42)	

Teeth	
-	incisors,	cuspidatand	
-	(pre-)	molars	

	
	1		
1,35	(0,48-3,79)	

Position	in	the	jaw	
-	mandibula	
-	maxilla	

	
	1		
2,22	(1,04-4,76)↑	

Size	of	perforation	
-<1	mm	
-1-3	mm	
->3	mm	

	
	1		
1,25	(0,44-3,57)		
0,58	(0,16-2,06)	

Nature	of	treatment	
-primary	treatment	
-re-treatment		

	
	1		
1,26	(0,39-4,09)*	

Signs	and	symptoms	
-	present	

	
	1		
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-	absent	 1,62	(0,77-3,40)*	

Radiolucency	naast	perforation	
-	present	
-	absent	

	
	1		
2,57	(1,15-5,75)↑*	

Apiperiodontitis 
-absent 
-present	

	
	1		
1,02	(0,45-2,31)	

Time	elapsed	after	recovery	perforation		
-immediately	
-	<	1	month	
-	>	1	month	

	
	1		
1,28	(0,20-8,36)		
0,88	(0,15-5,03)	

Location	of	perforation	
	-	at	
	-	above	
-	below	bone	

	
	1		
2,63	(0,31-21,92)		
1,63	(0,66-4,04)	

Note:	↑significantly	increased	probability	of	success;	*	inconsistency	of	outcomes	

 
Of	the	11	potential	preoperative	factors	related	to	nonsurgical	repair,	two	significantly	increased	
the	probability	of	success:	

- maxillary	teeth	have	a	significantly	higher	success	rate	than	mandible	teeth.	This	can	be	
explained	in	two	ways:	better	blood	flow	and	therefore	higher	healing	potential,	more	
overlap	on	X-rays	and	therefore	higher	false	negative	interpretation	of	the	X-ray	image.	

- Dental	elements	without	preoperative	radiolucency	around	the	perforation	have	a	hig-
her	success	rate	than	elements	with	a	radiolucency,	although	it	should	be	noted	that	the	
outcomes	in	the	studies	were	not	consistent	among	themselves.	A	lower	success	rate	
with	preoperative	radiolucency	around	the	perforation	defect	is	explained	by	a	long-
standing	perforation	and	infection	of	the	perforation.	

Two	factors,	namely	a	location	of	the	perforation	above	or	below	bone	level,	i.e.	not	at	bone	le-
vel,	and	absence	of	signs	and	symptoms,	while	showing	a	reasonably	increased	probability	of	
success	(OR>1.50),	are	not	statistically	significant.		
	
	Quality	of	evidence	success	factors	
In	the	systematic	review,	the	included	studies	were	not	assessed	for	methodological	quality.	
Therefore,	to	assess	the	quality	of	evidence,	only	the	following	factor	criteria	were	assessed:	
circumstantial	evidence,	imprecision,	inconsistency	and	publication	bias.		
Exploratory	phase	1	cohort	studies	in	which	no	explicit	hypothesis(s)	is(are)	tested	(all	included	
studies	included	for	Table	12-1	were	used	belong	to	this	category)	start	as	reasonable	quality	of	
evidence.	It	can	then	be	downgraded	for	any	of	the	aforementioned	criteria.	For	indirect	eviden-
ce,	none	of	the	potential	prognostic	factors	were	downgraded,	although	this	can	be	considered	
due	to	the	circumstance	that	the	evaluation	period	was	short	so	there	is	no	certainty	regarding	
longer-term	success.	For	all	factors	except	the	two	that	were	significant,	one	was	downgraded	
for	imprecision.	For	the	factor	radiolucency	around	perforation	defect	and	the	factor	signs	and	
symptoms	were	discounted	by	one	for	inconsistency.	Publication	bias	was	not	detected.	
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Conclusions	
	
Undetermined	
GRADE	
	

Success	due	to	non-surgical	repair	
	
Non-surgical	repair	of	root	perforations	has	a	favorable	treatment	out-
come,	with	an	overall	success	rate	of	73%	for	all	repair	materials.	When	
using	MTA	as	a	repair	material,	this	success	rate	may	be	higher.		
	
Siew	et	al.,	2015	

	
Fair	to	low	
GRADE	

Success	due	to	location	of	dentition	
	
Elements	in	the	maxilla	are	more	likely	to	be	successful	than	elements	in	
the	mandibula.	
	
Siew	et	al.,	2015	

	
Low	to	very	low	
GRADE	
	

Success	due	to	absence	of	preoperative	radiolucency,	location	of	perfora-
tion	and	absence	of	signs	and	symptoms	
	
Absence	of	preoperative	radiolucency	around	the	perforation	defect	
may	give	a	greater	chance	of	success.	
Location	of	perforation	below	bone	level	and	absence	of	signs	and	
symptoms	may	give	a	greater	chance	of	success.	
	
Siew	et	al.,	2015	

	
Considerations	
Quality	of	evidence	
It	ranges	from	fair	to	very	low.	
	
Patient	perspective		
For	patients,	retention	of	a	tooth	is	usually	preferable.	
	
Costs		
These	are	not	relevant	to	the	recommendation.	
		
Professional	perspective		
The	success	of	a	repair	is	determined	by	the	degree	of	closure	of	the	perforation	defect	and	the	
biocompatibility	of	the	material	used.	MTA	seems	to	be	a	suitable	material	for	closing	perforati-
ons	because	of	its	biocompatibility	and	induction	of	bone	formation.	In	most	studies,	MTA	has	
been	evaluated	and	also	shows	a	higher	although	not	significant	success	rate.	Other	materials	
such	as	composite,	IRM	or	super-EBA	cement	showed	chronic	inflammatory	reaction	in	direct	
connection	with	the	material.	In	addition,	the	material	properties	of	MTA	are	not	adversely	af-
fected	by	the	presence	of	moisture,	which	is	the	case	with	the	other	materials.	This	makes	MTA	
or	a	similar	bioceramic	material	the	material	of	choice	for	root	perforation	repair.	
	
The	nonsurgical	approach	is	the	most	commonly	chosen	and	obvious	approach.	No	comparative	
studies	have	been	done	so	we	are	basing	ourselves	on	the	most	commonly	used.	
For	a	successful	repair,	cleaning	and	a	hermetic	seal	must	be	achieved.	When	both	conditions	are	
met,	the	treatment	outcome	for	a	repaired	perforation	is	similar	to	that	of	root	canal	treatment	
for	elements	without	perforation,	regardless	of	the	location	of	the	perforation.	However,	1	study	
found	that	a	perforation	in	the	vicinity	of	the	alveolar	bone	level	gives	a	higher	probability	of	
periodontal	breakdown	and	pocket	formation.	
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Recommendation	

Non-surgical	repair	of	a	root	perforation	using	MTA	material	is	preferred.	The	defect	to	be	repai-
red	should	be	cleaned.	When	the	perforation	is	above	bone	level,	composite	or	glass	ionomer	
cement	is	the	material	of	choice.	
[unchanged	after	update	2022/3]	
	
Rational	
The	guideline	working	group	attaches	great	importance	to	repairing	compllications	and	the	cor-
rect	choice	of	material.		
	

Inform	the	patient	of	a	complication	that	has	occurred.	

[unchanged	after	update	2022/3]	
	
Rational	
The	guideline	working	group	attaches	great	importance	to	informing	the	patient	after	the	occur-
rence	of	a	complication.	
	
Knowledge	gaps	
Collectively	collecting	treatment	data	and	the	pre-	and	postoperative	status	of	repaired	root	
perforations	may	make	enough	information	available	in	the	near	future	for	a	more	evidence-
based	recommendation	for	the	treatment	of	root	perforations.	

	

Literature	
Siew	K,	Lee	AH,	Cheung	GS.	Treatment	Outcome	of	Repaired	Root	Perforation:	A	Systematic	Review	and	
Meta-analysis.	J	Endod.	2015	Nov;41(11):1795-804.	
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3.	 How	to	handle	a	sodium	hypochlorite	accident?	
A	sodium	hypochlorite	solution	ranging	from	0.5	to	5.25%	is	the	most	commonly	used	disinfec-
tant.	It	is	a	strong	oxidizing	agent	that	has	a	high	pH	(11-12)	in	unbuffered	form.	It	is	a	powerful	
disinfectant	with	a	broad	antimicrobial	spectrum	through	oxidation,	hydrolysis	and	osmosis.	An	
added	value	of	this	agent	is	that	it	dissolves	organic	tissue.	In	addition,	at	the	concentration	
used,	it	is	little	irritant	to	periapical	tissues	and	does	not	damage	root	dentin.	Sodium	hypochlo-
rite	will	decompose	into	Na+	and	Cl-	ions	on	contact	with	organic	tissue,	since	the	pH	also	drops	
rapidly,	the	end	product	is	harmless.	However,	if	sodium	hypochlorite	(NaOCl)	is	pressed	acci-
dentally,	under	pressure,	into	the	periapical	tissue,	an	acute,	severe,	severe	reaction	follows,	
accompanied	by	a	great	deal	of	pain	and	swelling	and	sometimes	subcutaneous	bleeding.	From:	
Thoden	van	Velzen,	Endodontology	
	
Method	of	literature	analysis	
A	systematic	literature	search	was	performed	in	PubMed	dated	January	19,	2016.	Using	the	
search	strategy:	"Sodium	Hypochlorite/adverse	effects"[Majr],	several	publications	were	found.	
For	this	section,	the	study	group	selected	the	article	"Guidelines	for	management	of	sodium	hy-
pochlorite	extrusion	injuries.	This	is	a	recent	guideline	(2014)	that	includes	the	remaining	stu-
dies	found	in	PubMed.		
	
Summary	of	literature	
Risk	Factors		
In	order	to	prevent	a	sodium	hypochlorite	incident,	the	risk	factors	are	described	first.	Often	an	
iatrogenically	altered	canal	configuration	is	the	cause	of	sodium	hypochlorite	perforation.	These	
include	perforations	in	the	pulp	chamber	wall	or	base,	perforations	in	the	canal	wall	or	apical	
overpreparation.	Also,	resorption	defects	are	a	risk	factor	for	sodium	hypochlorite	perforation.	
Improper	irrigation	technique	has	also	been	cited	as	a	cause;	when	the	flushing	needle	becomes	
stuck	in	the	root	canal,	there	is	no	longer	an	opportunity	for	passive	reflux	of	the	fluid.	The	lite-
rature	seems	to	indicate	that	bone	density	around	the	apex	affects	the	likelihood	of	jacking	
through:	Sodium	hypochlorite	fractures	are	more	common	in	the	maxilla	than	in	the	mandible	
and	more	common	in	women	than	in	men.	When	the	apex	is	surrounded	by	only	a	thin	layer	of	
bone	or	exclusively	by	soft	tissue,	even	extrusion	of	a	small	amount	of	fluid	will	lead	to	symp-
toms.	
Sodium	hypochlorite	accidents	can	be	divided	into	mild,	moderate	and	severe	categories,	for	
each	of	the	categories,	immediate	treatment,	early	treatment	and	late	treatment	can	be	descri-
bed.	
	
Anamnesis	The	occurrence	of	a	sodium	hypochlorite	incident	is	easily	recognized;	during	irri-
gation	of	the	root	canal,	an	acute,	violent	reaction	occurs	accompanied	by	a	great	deal	of	pain	
and	acute	swelling.	It	is	recommended	that	the	degree	of	pain	be	recorded	using	a	Visual	Analo-
gue	Scale	in	order	to	demonstrate	at	a	later	time	that	the	pain	is	decreasing.	A	medical	history	
may	reveal	additional	risk	factors	such	as	increased	bleeding	tendency	or	risk	of	infection.	
	
Additional	oral	examination	
Sodium	hypochlorite	dissolves	organic	tissue	and	causes	hemolysis.	This	allows	it	to	be	absor-
bed	by	superficial	blood	vessels	and	spread	into	soft	tissue.	This	leads	to	swelling	and	subcuta-
neous	bleeding	(ecchymosis).	The	degree	of	swelling	and	bleeding	is	recorded;	a	comparison	is	
made	with	the	contralateral	side	to	determine	a	percentage	increase	in	facial	size.	The	hemato-
ma	may	be	localized	or	diffuse	in	nature.	A	check	of	the	airway	and	respiratory	and	swallowing	
function	is	performed.	Sensory	and	motor	functions	of	the	N.	facialis	and	N.	trigeminal	nerve	are	
also	tested	and	reported.	
	
Intra-oral	examination	
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Intra-oral	swelling	and	hematoma	are	also	noted.	One	should	be	especially	alert	for	swelling	of	
the	oral	floor	and	adjacent	structures.	There	may	be	ulceration	or	necrosis	of	nearby	soft	tissues.	
The	extent	of	ulceration	or	necrosis	is	accurately	recorded,	as	well	as	sensory	disturbances	and	
percussion	and	palpation	sensitivity	of	the	affected	dentition	and	surrounding	tissues.		
Based	on	the	foregoing	investigation,	the	severity	of	the	accident	can	be	determined.	
 

Table	12-2	Summary	of	findings	during	history	and	clinical	examination	and	corresponding	cate-
gory	

Symptoms	 	 	 	 Degree	of	severity	
	 Mild	 Moderate	 Seriously	
Pain	(VAS)	 0-3	 4-6	 7+	
Swelling	 <30%	 30-50%	 >50%	
Ecchymosis	 Local	 Diffuse	 Diffuse	
Ulceration	 No	ulceration	 Intra	oral	ulceration	 Intra-oral	ulceration	
Necrosis	 No	necrosis	 	 Intra-oral	necrosis	
	 	 	 Airway	obstruction	
	 	 	 Neurovascular	damage	
Follow-up	treatment	 AP/TE	 Consultation	or	refer-

ral	to	MKA	surgeon	
Referral	to	MKA	surgeon	

Immediate,	early	and	late	treatment	of	mild,	moderate	and	severe	sodium	hypochlorite	accidents		
Immediate	treatment	takes	place	in	the	first	24	hours	after	the	accident.	Explaining	to	the	pa-
tient	and	prescribing	painkillers	are	top	priority.		
For	mild	damage,	a	commonly	available	analgesic	such	as	paracetamol	is	preferred;	to	control	
swelling,	an	NSAID	may	be	chosen.	Additionally,	application	of	cold	compresses	or	a	cold	pack	
can	counteract	swelling.	An	intra-oral	radiograph	or	OPT	should	be	performed	to	determine	the	
cause	of	extrusion	and	may	be	helpful	in	further	management.		

For	moderate	damage,	an	opiate	may	be	prescribed	in	connection	with	severe	pain.	Consultation	
with	an	MKA	surgeon	is	also	recommended.		

In	cases	of	severe	damage,	immediate	referral	to	an	MKA	department	is	indicated.	In	addition	to	
adequate	analgesia	with	opiates,	intravenous	administration	of	steroids	is	required.	Intravenous	
administration	of	antibiotics	should	be	considered	to	reduce	the	risk	of	secondary	infection,	
especially	in	immunosuppressed	patients.	Additional	imaging	techniques	such	as	T2	weighted	
MRI	or	CT	are	used	to	determine	the	effect	on	surrounding	tissues.	

Early	treatment	occurs	in	the	first	week	after	the	accident	and	serves	to	stabilize	the	patient	
prior	to	any	completion	of	root	canal	treatment.	Application	of	warm	compresses	is	recommen-
ded	to	stimulate	local	circulation.	The	patient	should	be	seen	with	regularity	to	treat	worsening	
symptoms	in	a	timely	manner.	Daily	contact	is	recommended.	If	the	treated	tooth	should	be	con-
sidered	lost	due	to	perforation,	for	example,	extraction	can	take	place	during	this	period.		

With	moderate	damage,	additional	antibiotic	prescribing	may	be	chosen	at	signs	of	infection.		

In	the	severe	accidents,	the	same	early	treatment	takes	place,	but	incision	and	drainage	of	necro-
tic	tissue	is	sometimes	required.	Regular	monitoring	is	indicated	to	recognize	airway	obstructi-
on	early	to	treat.	

Late	treatment	occurs	when	the	soft	tissues	already	show	healing.	If	preservation	of	the	tooth	is	
possible,	root	canal	treatment	should	be	completed,	taking	all	possible	precautions.	With	mode-
rate	damage,	similar	late	treatment	takes	place.	Sometimes	soft	tissue	lesions	arise	from	loss	of	
fatty	tissue	in	cosmetic	areas.	These	can	be	treated	with	fillers,	implants	or	Coleman	fat	transfer.	
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Severe	lesions	may	require	additional	therapy	to	treat	cosmetic	defects,	motor	and	sensory	ner-
ve	damage,	and	neuropathic	pain.	

Conclusions	
Prevention	of	sodium	hypochlorite	accidents	is	based	on	proper	assessment	of	potentially	pre-
sent	risk	factors.	When	a	sodium	hypochlorite	incident	occurs,	an	assessment	of	the	degree	of	
damage	is	necessary,	as	a	different	approach	is	indicated	for	severe	damage.	Various	treatment	
options	are	discussed	in	the	literature.		

Considerations	
Quality	of	evidence	
Not	applicable	because	the	literature	review	is	based	on	a	recent	guideline,	not	a	review	of	the	
studies	included	therein.	
	
Patient	
	Perspective	It	goes	without	saying	that	prevention	of	a	sodium	hypochlorite	incident	is	of	para-
mount	importance.	When	it	does	occur,	the	patient	benefits	from	optimal	mitigation	of	collateral	
damage.	

Professional	perspective		
The	decision	to	use	sodium	hypochlorite	as	a	channel	disinfectant	is	based	on	numerous	scienti-
fic	publications.	Because	the	severity	of	damage	increases	with	the	concentration	of	the	solution	
used,	the	required	concentration	is	questioned	in	several	articles.	In	the	context	of	press-
through	risk,	the	lowest	effective	concentration	would	be	preferable.	After	occurrence	of	a	sodi-
um	hypochlorite	incident,	accessibility	of	the	health	care	provider	as	well	as	frequent	monito-
ring	of	the	patient	is	of	great	importance.	In	order	to	record	the	severity	of	the	damage	and	mo-
nitor	the	course,	light	photos	can	be	taken	after	the	accident	occurs	and	at	each	subsequent	
checkup.	

Cost		
It	is	irrelevant	to	make	recommendations	that	could	reduce	costs,	other	than	avoiding	sodium	
hypochlorite	accidents.	

	
	
Recommendations	

Accident	prevention	with	sodium	hypochlorite:	
- Identify	risk	factors	such	as	perforations	and	resorptions.	
- Avoid	jamming	the	irrigation	needle	in	the	root	canal.	

[unchanged	after	update	2022/3]	

	
Rational	
The	guideline	working	group	attaches	great	importance	to	the	avoidance	of	sodium	hypochlorite	
injury.		
	
Treatment	in	the	same	session	in	which	accident	occurred	
	
In	mild	damage	(mild	pain,	swelling	<30%,	local	hematoma,	no	ulcerations	or	necrosis;	see	Ta-
ble	12-2),	the	general	practitioner	or	dental	endodontist	should:		

- Explaining	to	the	patient.	
- Prescribe	analgesics,	preferably	an	NSAID	to	control	swelling.	
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- To	be	cooled	by	application	of	cold	compresses	or	a	cold	pack	to	control	swelling.		
- Perform	an	intra-oral	x-ray	or	OPT	to	determine	the	cause	of	jacking	and	use	in	further	

management.	
	

For	moderate	or	severe	damage	(moderate	or	severe	pain,	swelling	>30%,	diffuse	hematoma,	
intraoral	ulcerations,	necrosis,	airway	obstruction,	or	neurovascular	damage;	see	Table	12-2)	
patient	should	be	referred	to	the	MKA	surgeon.	
	
Follow-up	treatment	in	the	first	week	after	the	accident	
	
For	mild	damage	(mild	pain,	swelling	<30%,	local	hematoma,	no	ulcerations	or	necrosis),	the	
general	practitioner	or	dental	endodontist	should:	

- Recommend	using	warm	compresses	to	stimulate	blood	flow.	
- Perform	regular	monitoring	to	identify	any	deterioration	in	the	patient's	condition	in	a	

timely	manner.	
	

	
Longer-term	follow-up	treatment		
	
With	mild	damage	(mild	pain,	swelling	<30%,	local	hematoma,	no	ulcerations	or	necrosis)	or	
after	referral	back	by	the	MKA	surgeon,	the	general	practitioner	or	dental	endodontist	should	
complete	the	root	canal	treatment.		
	
Also	when	completing	root	canal	treatment,	use	sodium	hypochlorite	as	a	root	canal	irrigant.	In	
some	cases,	physiological	saline	may	be	chosen	as	a	root	canal	irrigant	in	consultation	with	the	
patient,	even	though	it	may	adversely	affect	the	treatment	outcome.	
[unchanged	after	update	2022/3]	
	
Rationale	initial	and	follow-up	treatment	(in	the	first	week	and	longer	term)	
The	guideline	working	group	attaches	great	importance	to	distinguishing	between	mild	and	mo-
derate	or	severe	damage	on	the	one	hand,	verifying	the	correct	estimation	of	the	damage	level,	
and	completing	root	canal	treatment	in	the	usual	manner	to	optimize	the	treatment	outcome.		
Literature	
Farook	SA,	Shah	V,	Lenouvel	D,	Sheikh	O,	Sadiq	Z,	Cascarini	L,	Webb	R.	Guidelines	for	management	of	so-
dium	hypochlorite	extrusion	injuries.	Br	Dent	J.	2014	Dec;217(12):679-84.	

Farook	SA,	Shah	V,	Lenouvel	D,	Sheikh	O,	Sadiq	Z,	Cascarini	L,	Webb	R.	Corrigendum.	Practice	article	(BDJ	
2014;	217:	679-684).	Guidelines	for	management	of	sodium	hypochlorite	extrusion	injuries.	Br	Dent	J.	
2015	Feb;218(4):230.	
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13. Knowledge gaps 
There	are	insufficient	randomized,	controlled	studies	in	which	different	methods	for	disinfection	
and	filling	of	the	root	canal	of	teeth	with	necrotic	pulp	have	been	evaluated	for	their	effect	on	
relief	of	symptoms,	prevention	of	reinfection,	and	preservation	of	the	tooth.		
	
Large	prospective	cohort	studies	examining	what	factors	influence	root	canal	treatment	failure,	
in	terms	of	persistence	or	development	of	a	periapical	lesion,	are	lacking.	
	

Collectively	collecting	treatment	data	and	the	pre-	and	postoperative	status	of	repaired	root	
perforations	may	make	enough	information	available	in	the	near	future	for	a	more	evidence-
based	recommendation	for	the	treatment	of	root	perforations.	
	

The	diagnostic	accuracy	of	CBCT	has	not	yet	been	sufficiently	compared	with	that	of	conventio-
nal,	intra-oral	X-rays.	A	good	reference	standard	is	indispensable	in	this	regard.		
A	possible	research	approach	could	be,	when	one	imaging	technique	has	a	negative	result	and	
the	other	indicates	periapical	pathology,	to	take	a	biopsy	during	surgical	apical	endodontic	
treatment	and	examine	it	histologically	(source:	Petersson	et	al.,	2012).	
	
Phase	1	and	2	prognostic	studies	are	needed	to	determine	the	extent	to	which	one	or	more	of	the	
following	factors	significantly	affect	the	success	rate	of	orthograde	(re)treatment:	

- Size	of	the	periapical	lesion;	
- expertise	of	the	practitioner	(endodontist	vs.	general	practitioner);		
- systemic	diseases	such	as	diabetes	mellitus,	and	age;	
- presence	of	broken	instruments	in	the	channel	or	other	blockages;	
- presence	of	perforations,	and	the	influence	of	their	locations,	size	and	time;	
- Presence	and	type	of	a	root	tip;	
- procedures	during	root	canal	re-treatment:	removal	of	the	old	root	canal	filling,	type	of	

mechanical	preparation,	irrigation	and	filling,	and	
- type	of	element	(single-channel	elements	versus	multi-channel	elements).	

Collectively	registering	data	on	endodontic	treatment	in	general	and	specialty	practice	can	facili-
tate	these	Phase	1	and	Phase	2	prognostic	studies.		
	
In	light	of	minimally	invasive	endodontology,	further	research	on	the	success	rate	of	pulpotomy	
is	desirable.	Pulpotomy	as	an	alternative	to	pulpectomy	is	promising.	After	all,	this	treatment	
costs	less,	provides	more	preservation	of	the	structure,	is	simpler	and	gives	less	after	pain.	
	
Future	scientific	research	should	focus	on	exploring	methods	that	clarify	whether	vital	but	affec-
ted	pulpae	can	be	preserved	or	should	be	removed	and	replaced	with	filling	material.		
	
More	large,	longitudinal	studies	are	needed	to	quantify	the	risks	to	general	health	when	apical	
periodontitis	remains	untreated.	
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14. Implementation	
	
Starting	questions	

1. How	can	the	implementation	of	this	directive	be	promoted?	
2. Are	there	viable	indicators	for	promoting	the	quality	of	endodontic	diagnosis	and	

treatment?	
	
How	can	implementation	of	the	guideline	promote	endodontic	diagnosis	and	treatment?	
The	working	group	does	not	consider	it	its	task	to	specify	exactly	how	this	directive	should	be	
implemented.	However,	in	this	brief	contribution	it	wishes	to	make	a	number	of	suggestions	to	
promote	implementation.		
	 	
The	following	activities	have	already	been	undertaken	or	are	underway	to	promote	the	imple-
mentation	of	the	guideline	on	endodontic	treatment	and	diagnostics:	
- The	relevant	scientific	association	(NVvE)	is	distributing	the	guideline	to	all	its	members.	
- The	NVvE	will	review	the	content	of	the	guideline	at	least	every	five	years	and	assess	

whether	partial	or	total	updating	is	necessary.	
	
The	guideline	working	group	proposes	the	following	activities	to	promote	the	implementation	of	
the	guideline	on	endodontic	diagnosis	and	treatment:	
- Put	discussion	of	the	guideline	on	the	agenda	at	upcoming	annual	scientific	meetings	of	the	

NVvE	in	order	to	identify	"starting	problems"	with	the	guideline	and	enable	adjustment.	
- Development	of	patient	education	materials	to	support	the	guideline.	
- At	the	local	level	-	where	relevant	-	transpose	parts	of	the	guideline	into	protocols.	
- Publication	of	key	recommendations	in	the	Dutch	Journal	of	Dentistry	and	in	the	digital	

newsletter	The	Channel.	
- Have	the	guideline	included	in	the	dental	practice	guideline	database.	

	
Are	there	viable	indicators	for	promoting	the	quality	of	endodontic	diagnosis	and	treat-
ment?		
The	guideline	working	group	established	potential	structure	indicators	based	on	identified	core	
recommendations.	Structure	indicators	do	not	require	the	establishment	and	maintenance	of	
records.	Structure	indicators	can	be	answered	yes/no.	Suggested	structure	indicators	are:	
- Is	the	cold	test	and	electrical	test	always	used	to	determine	the	sensibility,	and	indirectly	

vitality,	of	the	pulp?	
- [update	2022/3]	Is	occlusal	reduction	used	for	the	purpose	of	pain	relief?	
- Are	antibiotics	still	prescribed	for	the	purpose	of	pain	relief?		

The	working	group	recommends	that	the	NVvE	Board	of	Trustees	consider	the	possibilities	of	
having	these	indicators	applied	in	dental	practice.		
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Appendix starting questions	
1. [H3]	How	accurate	(sensitivity,	specificity,	positive	and	negative	predictive	value)	are	

the	various	methods	for	determining	pulpal	sensitivity	and	vitality?	Methods:	thermal	
testing,	electrical	testing,	percussion,	pulse	oximetry	and	laser	Doppler	flowmetry.		

2. [H3]	What	is	the	predictive	value	of	methods	or	markers	for	the	outcome	of	treatment	
aimed	at	keeping	the	pulp	vital,	healthy	and	asymptomatic?	Methods/markers:	bleeding	
of	the	pulp,	preoperative	pain	of	mild	intensity,	thermal	testing,	electrical	testing,	per-
cussion,	and	color	and	hardness	of	dentin	around	the	affected	pulp	(depth	of	caries	le-
sion).	

	
1. [H4]	How	accurate	(sensitivity,	specificity,	positive	and	negative	predictive	value)	is	a	

digital	X-ray	image	compared	with	a	conventional	X-ray	image	for	detecting	changes	in	
periapical	tissue?	

2. [H4]	How	accurate	(sensitivity,	specificity,	positive	and	negative	predictive	value)	is	a	
CBCT	compared	with	a	periapical	X-ray	image	for	detecting	changes	in	periapical	tissue?	

3. [H4]	How	accurate	(sensitivity,	specificity,	positive	and	negative	predictive	value)	is	co-
lor	Doppler	ultrasound	compared	to	X-ray	for	detecting	changes	in	periapical	tissue?	

4. [H4]	How	accurate	(sensitivity,	specificity,	positive	and	negative	predictive	value)	are	
color	Doppler	ultrasound,	CBCT	and	periapical	radiographs	for	determining	the	nature	
of	the	condition	(including	degree	of	inflammation,	presence	of	cyst	or	granuloma,	or	
healing	with	scar	tissue)?		

5. [H4]	How	accurate	(sensitivity,	specificity,	positive	and	negative	predictive	value)	is	sub-
traction	radiography	compared	with	an	X-ray	image	for	detecting	minor	bone	lesions?	

6. [H4]	Is	there	a	relationship	between	the	width	and	shape	of	the	paradontal	ligament	and	
the	vitality	of	the	pulp?	

7. [H4]	[update	2022/3]	How	accurate	(sensitivity,	specificity)	is	CBCT	in	detecting	vertical	
root	fractures	in	(permanent)	elements	with	canal	filling	compared	to	a	reference	stan-
dard	(direct	visualization	by	surgical	exploration,	extraction	or	orthograde	re-
treatment)?	

8. [H4]	[update	2022/3]	How	accurate	is	CBCT	(sensitivity,	specificity)	in	detecting	an	extra	
canal	in	permanent	teeth	with	no	root	anomalies	and	no	calcification	compared	to	refe-
rence	standard	(micro-CT	or	'staining	&	clearing'	or	root	sectioning)?	
	

1. [H5]	Is	there	a	difference	in	effect	between	stepwise,	partial	or	complete	removal	of	ca-
rious	dentin?	

2. [H5]	Is	there	any	difference	in	effect	between	MTA	versus	other	materials	and	among	
other	materials	(Biodentine,	glass	ionomer	cement	and	calcium	hydroxide)	in	indirect	
pulp	capping?	

3. [H5]	Is	there	a	difference	in	effect	between	direct	pulpal	overdenture	versus	partial	or	
complete	pulpotomy?	

4. [H5]	Is	there	any	difference	in	effect	between	calcium	hydroxide,	MTA	or	other	materials	
in	direct	pulp	capping?	

5. [H5]	[update	2022/3]	Is	there	any	difference	in	effect	between	calcium	hydroxide,	MTA	
or	other	materials	in	pulpotomy?	

6. [H5]	Is	there	a	difference	in	effect	between	pulpotomy,	partial	and	total	pulpectomy?		
7. [H5]	Is	there	a	difference	in	effect	between	single-session	pulpectomy	versus	two-

session	pulpectomy?	
8. [H5]	Is	there	a	difference	in	effect	between	occlusal	reduction	versus	no	occlusal	reduc-

tion?	
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1. [H6]	In	patients	with	permanent,	immature	teeth	with	pulpal	necrosis,	what	is	the	
survival,	healing	and	root	development	of	regenerative	endodontic	treatment?		

2. [H6]	In	patients	with	permanent,	mature	or	immature	teeth	with	pulpal	necrosis,	
what	is	the	clinical	and/or	radiographic	success	of	regenerative	endodontic	treat-
ment	compared	with	conventional	nonsurgical	endodontic	treatment?	

3. [H6]	Does	the	cause	of	pulpal	necrosis	(trauma,	dens	evaginatus	and	caries)	of	per-
manent	teeth	with	immature	roots	in	patients	treated	with	a	regenerative	procedure	
affect	the	outcomes	of	this	procedure?	

4. [H6]	In	patients	with	permanent,	immature	teeth	with	pulpal	necrosis,	what	is	the	
clinical	and/or	radiographic	success	of	regenerative	endodontic	treatment	in	one	
session	compared	with	regenerative	endodontic	treatment	in	a	second	session?	

5. [H6]	In	patients	with	permanent,	immature	teeth	with	pulpal	necrosis	receiving	re-
generative	endodontic	treatment,	what	is	the	effect	of	using	calcium	hydroxide	ver-
sus	antibiotics	as	an	intra-canal	medication	on	root	canal	calcification?	
	
	

1. [H7]	Is	there	any	difference	in	effect	of	irrigating	with	sodium	hypochlorite	(different	
concentrations)	versus	chlorhexidine	(different	concentrations)?	

2. [H7]	Is	there	a	difference	in	effect	of	irrigating	with	0.2%	chlorhexidine	versus	sali-
ne?	

3. [H7]	Is	there	difference	in	effect	of	irrigating	with	1%	sodium	hypochlorite	with	ad-
ditional	irrigation	of	chlorhexidine	2%	versus	saline?	

4. [H7]	Does	the	use	of	lasers	in	combination	with	chemo-mechanical	cleaning	of	infec-
ted	root	canals	add	value?	

5. [H7]	Is	there	a	difference	in	effect	of	irrigating	with	negative	pressure	versus	irriga-
ting	with	positive	pressure?		

6. [H7]	Is	there	a	difference	in	effect	of	irrigating	with	1%	sodium	hypochlorite	versus	a	
passive	ultrasound	protocol	prescribing	1%	sodium	hypochlorite,	17%	EDTA,	and	
2%	chlorhexidine?	

7. [H7]	Is	there	a	difference	in	effect	of	irrigating	with	Er,Cr:YSGG	versus	3%	sodium	
hypochlorite?	

8. [H7]	Is	there	a	difference	in	effect	of	conventional	irrigation	and	ultrasonic	(activa-
ted)	irrigation	on	postoperative	pain	intensity	and/or	pain	incidence?	

9. [H7]	[update	2022/3]	Is	there	difference	in	effect	of	reciprocal	versus	rotational	moti-
on?		

10. [H7]	[update	2022/3]	Is	there	a	difference	in	effect	of	"bioceramic"	and	resin-based	
sealers?	

11. [H7]	Is	there	a	difference	in	the	effect	of	treating	in	one	session	versus	treating	in	
two	sessions?		

12. [H7]	[update	2022/3]	]	Is	there	a	difference	in	endotoxin	levels	in	infected	root	ca-
nals	before	and	after	application	of	calcium	hydroxide	medication?	

13. [H7]	Does	the	preoperative	status	of	a	tooth	with	necrotic	pulp,	with	or	without	pe-
riodontitis	apicalis,	have	a	significant	effect	on	periapical	healing?	

14. [H7]	Is	there	difference	in	effect	of	adequate	versus	inadequate	root	canal	filling	and	
coronal	restoration	procedures	?		

15. [H7]	Is	there	a	difference	in	effect	of	administration	of	systemic	antibiotics	versus	no	
antibiotics/placebo?	

16. [H7]	Is	there	a	difference	in	effect	of	calcium	hydroxide	paste	with	2%	chlorhexidine	
gel	versus	2%	chlorhexidine	gel	versus	calcium	hydroxide	paste	versus	no	disinfec-
tant	as	an	intracanal	medication?	
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17. [H7]	Is	there	a	difference	in	effect	(on	postoperative	pain)	between	5.25%	sodium	
hypochlorite	versus	2%	chlorhexidine	gel	as	an	intracanal	medication?	

18. [H7]	update	2022/3]	Is	there	difference	in	effect	of	retained	vs.	nonretained	apical	
patency?	("apical	patency")	?	
	

1. [H8]	What	is	the	effect	of	the	number	of	treatment	sessions,	instrumentation,	disinfecti-
on	protocol	or	root	filling	material	on	the	outcome	of	orthograde	re-treatment?	

2. [H8]	Are	there	effective	methods	for	preventing	or	treating	postoperative	complications	
after	re-treatment?	
	

1. [H9]	Is	removal	of	the	contents	of	the	pulpal	chamber	in	symptomatic	pulpitis	or	symp-
tomatic	apical	periodontitis	as	effective	in	terms	of	symptom	relief	as	total	removal	of	
the	contents	of	the	root	canal	system?	

2. [H9]	Is	there	a	difference	in	effect	on	pain	between	oral	antibiotics	and	placebo	or	pain	
medication	in	patients	with	irreversible	pulpitis?	

3. [H9]	Is	there	a	difference	in	effect	on	pain,	flare-up	and	swelling	between	systemic	anti-
biotics	and	placebo,	whether	or	not	combined	with	surgical	intervention,	whether	or	not	
combined	with	pain	medication,	in	patients	with	symptomatic	apical	periodontitis	or	
acute	apical	abscess?	

4. [H9]	[update	2022/3]	Is	there	a	difference	in	effect	on	pain,	flare-up	and	swelling	bet-
ween	inclusion	of	an	intravenous	drug	and	not	inclusion	of	intravenous	drug?	

5. [H9]	[update	2022/3]	Is	there	a	difference	in	effect	on	postoperative	pain	between	refri-
gerated	and	nonrefrigerated	irrigants	in	patients	with	irreversible	pulpitis	or	pulpal	ne-
crosis?		

6. [H9]	[update	2022/3]	What	is	the	relative	efficacy	and	safety	of	oral	analgesics	given	
postoperatively	(i.e.,	after	nonsurgical	endodontic	treatment)	to	patients	with	irreversi-
ble	pulpitis	or	pulpal	necrosis?	

7. [H9]	[update	2022/3]	What	is	the	relative	efficacy	and	safety	of	oral	premedication	on	
postoperative	pain	in	patients	with	irreversible	pulpitis?	

8. [H9]	[update	2022/3]	What	is	the	relative	effectiveness	of	local	anesthetics	for	molars	
and	premolars	in	the	mandible,	in	terms	of	success	of	inferior	alveolar	nerve	blockade,	in	
patients	with	irreversible	pulpitis?	How	safe	are	these	local	anesthetics?	

	
1. [H10]	What	factors	influence	the	survival	of	a	tooth	that	has	undergone	root	canal	

treatment?	
2. [H10]	What	factors	are	associated	with	change	in	periapical	status,	insofar	as	the	initial	

PAI	score	is	≥2?	
3. [H10]	What	is	the	relative	effect	of	root	canal	filling	and	coronal	restoration	on	the	out-

come	periodontitis	apicalis?	
4. [H10]	What	are	causes	of	failure	of	restorations	with	different	types	of	fiber-reinforced	

posts	combined	with	a	synthetic	resin	cement	or	"passive"	posts	with	a	traditional	ce-
ment	(zinc	phosphate	or	glass	ionomer	cement)?	

5. [H10]	What	is	the	effect	of	the	amount	of	remaining	coronal	dentin	and	placement	of	
prefabricated	or	an	individual	fiber-reinforced	post	on	the	survival	of	endodontically	
treated	teeth?	

6. [H10]	Is	there	a	difference	in	effect	between	restorations	with	a	cast	post	structure,	or	
with	prefabricated	posts	or	a	restoration	with	composite	without	a	post?	

7. [H10]	Is	there	a	difference	in	effect	between	indirect	restoration	(metal-ceramic	crown)	
with	marker	compared	with	adhesive	composite?	

8. [H10]	Is	there	a	difference	in	effect	between	restorations	with	metal	posts	compared	to	
restorations	with	fiber-reinforced	posts?	

9. [H10]	Is	there	a	difference	in	effect	between	restoration	with	post	and	crown	compared	
to	restoration	with	a	crown	only?	
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10. [H10]	Is	there	a	difference	in	effect	between	direct	posterior	composite	and	indirect	pos-
terior	composite	restorations	for	excessive	tissue	loss	of	a	molar?	

11. [H10]	[update	2022/3]	Is	there	a	difference	in	effect	between	an	endocrown	and	a	con-
ventional	crown	in	the	case	of	damaged	endodontically	treated	teeth?		

12. [H10]	[update	2022/3]	Is	there	a	difference	in	effect	between	a	cotton	wool	or	Teflon	as	
an	'endodontic	space	maintainer'?	
	

1. [H11]	Can	pulpitis	or	periodontitis	apicalis	cause	systemic	disease?	
	

1. [H12]	[update	2022/3]	What	are	risk	factors	for	instrument	breakage?	
2. [H12]	What	is	the	effect	of	instrument	breakage	on	treatment	outcome?	How	to	handle	

instrument	breakage?	
3. [H12]	How	does	perforation	affect	treatment	outcome?	How	to	avoid	perforations?	How	

to	act	in	the	event	of	a	perforation?	
4. [H12]	How	to	handle	a	sodium	hypochlorite	accident?	
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Appendix	literature	search	patient	perspective	
	
Pubmed	January	20,	2017.	

Search	strategy:	("Attitude	to	Health"[MAJR]	OR	"Patient	Participation"[MAJR]	OR	prefer-

ence*[tiab]	OR	"Patient	Preference"[MAJR])	AND	(root	canal	therapy).	

	

Relevant	studies	

J	Endod.	2012	Oct;38(10):1322-5.	doi:	10.1016/j.joen.2012.06.038.	Epub	2012	Aug	
15.	
	
Patient	preferences	regarding	1-visit	versus	2-visit	root	canal	therapy.	
	
Vela	KC(1),	Walton	RE,	Trope	M,	Windschitl	P,	Caplan	DJ.	
	
Author	information:		
(1)Department	of	Endodontics,	University	of	Iowa,	Iowa	City,	Iowa	52242,	USA.	
	

INTRODUCTION:	Patient	preferences	should	be	taken	into	account	by	clinicians	when	treatment	
planning.	The	purposes	of	this	study	were	to	describe	the	number	of	visits	patients	preferred	
when	undergoing	root	canal	therapy	(RCT)	and	to	assess	whether	their	preferences	were	related	
to	hypothetical	treatment	success	rates.	
METHODS:	Self-administered	questionnaires	were	mailed	to	351	consecutive	patients	scheduled	
for	initial	RCT	appointments	in	the	University	of	Iowa	College	of	Dentistry's	graduate	or	faculty	
endodontic	clinic.	The	questionnaires	ascertained	demographic	information;	preferences	for	1-
visit	versus	2-visit	RCT	given	different	hypothetical	success	rate	scenarios	for	the	2	approaches,	
as	well	as	patient	dental	history.	Univariate	frequency	distributions	were	generated,	and	rela-
tionships	between	hypothetical	success	rates	and	patient	preferences	were	evaluated.	
RESULTS:	Questionnaires	were	returned	by	124	patients	(35%	response	rate).	Given	equal	suc-
cess	rates,	78%	of	respondents	preferred	1-visit	RCT,	compared	with	7%	who	preferred	2-visit	
RCT	and	16%	who	would	follow	their	dentist's	recommendation.	As	success	rates	for	2-visit	RCT	
went	from	equal	to	5%	better	to	10%	better	to	20%	better	compared	with	1-visit	RCT,	the	pro-
portion	of	respondents	who	preferred	2-visit	RCT	increased	from	7%	to	34%	to	46%	to	65%,	
respectively.	Regardless	of	success	rates,	approximately	5%	of	respondents	said	they	would	
prefer	2-visit	
RCT,	and	20%	would	do	whatever	their	dentist	recommended.	
CONCLUSIONS:	Although	most	respondents	preferred	1-visit	RCT	regardless	of	success	rates,	
many	would	prefer	2-visit	RCT	if	its	success	rate	were	greater	than	that	of	1-visit	RCT.	This	find-
ing	confirms	the	importance	of	discussing	success	rates	and	considering	patients'	wishes	when	
treatment	planning.	
	
Copyright	©	2012	American	Association	of	Endodontists.	Published	by	Elsevier	Inc.	
All	rights	reserved.	
	
	
	
	
Int	Endod	J.	2015	Apr;48(4):351-61.	doi:	10.1111/iej.12321.	Epub	2014	Jul	5.	
	
Root	canal	treatment	and	special	needs	patients.	
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Yap	E(1),	Parashos	P,	Borromeo	GL.	
	
Author	information:		
(1)Faculty	of	Medicine,	Dentistry	and	Health	Sciences,	Melbourne	Dental	School,	
University	of	Melbourne,	Carlton,	Australia.	
	
AIM:	To	identify	current	trends	of	root	canal	treatment	for	patients	with	special	needs.	
METHODOLOGY:	A	postal	questionnaire	was	sent	to	General	Dentists	in	Victoria,	Australia	and	
Endodontists	and	Special	Needs	Dentists	across	Australia	to	determine	the	extent	of	root	canal	
treatment	performed	on	special	needs	patients.	
RESULTS:	Over	a	four-month	period,	1120	questionnaires	were	distributed	with	an	overall	re-
sponse	rate	of	63.9%	(n	=	716).	Response	rates	were	63.2%	(n	=	655),	68.5%	(n	=	50)	and	
100.0%	(n	=	11)	among	General	Dentists,	Endodontists	and	Special	Needs	Dentists,	respectively.	
Endodontists	(95.7%)	and	Special	Needs	Dentists	(100.0%)	performed	significantly	more	root	
canal	treatment	on	adult	patients	with	special	needs	compared	with	51.2%	of	General	Dentists,	
(P	<	0.001	and	P	=	0.001	respectively;	Fisher's	exact	test).	The	most	common	reasons	for	not	
undertaking	root	canal	treatment	included	limited	cooperation,	poor	oral	hygiene	and	uncon-
trolled	movement.	Amongst	General	Dentists,	75.7%	opted	for	extraction	in	preference	to	root	
canal	treatment.	Significantly,	more	specialist	practitioners	performed	root	canal	treatment	uti-
lizing	conscious	sedation	(P	<	0.001)	and	general	anesthesia	(P	=	0.003).	Most	specialist	practi-
tioners	
(69.1%)	had	undertaken	single-visit	root	canal	treatment	on	special	needs	patients	compared	
with	only	29.7%	of	General	Dentists	(P	<	0.001).	
CONCLUSIONS:	Root	canal	treatment	in	special	needs	patients	was	more	likely	to	be	carried	out	
by	specialist	dental	practitioners	who	were	more	likely	to	utilize	a	pharmacological	approach	for	
behavior	guidance	and	to	perform	single-visit	root	canal	treatment	compared	with	General	Den-
tists.	A	multidisciplinary	approach	for	special	needs	patients	who	require	root	canal	treatment	
provides	an	opportunity	for	these	patients	to	retain	their	dentition.	
	
©	2014	International	Endodontic	Journal.	Published	by	John	Wiley	&	Sons	Ltd.	
	
DOI:	10.1111/iej.12321		
PMID:	24871933	[PubMed	-	indexed	for	MEDLINE].	
	
	
Int	Endod	J.	2013	Dec;46(12):1131-9.	doi:	10.1111/iej.12106.	Epub	2013	Apr	6.	
	
Quality	of	life	and	satisfaction	of	patients	after	nonsurgical	primary	root	canal	
treatment	provided	by	undergraduate	students,	graduate	students	and	endodontic	
specialists.	
	
Hamasha	AA(1),	Hatiwsh	A.	
	
Author	information:		
(1)Department	of	Preventive	Dentistry,	Jordan	University	of	Science	and	
Technology,	Irbid,	Jordan.	
	
AIM:	(i)	To	assess	the	impact	of	primary	root	canal	treatment	on	the	perceived	quality	of	life	
amongst	a	cohort	of	Jordanian	patients,	(ii)	to	assess	this	cohort's	satisfaction	of	their	primary	
root	canal	treatment,	and	(iii)	to	evaluate	the	association	of	the	level	of	training	and	experience	
of	clinicians	with	these	two	parameters.	
METHODOLOGY:	A	systematic	random	sample	of	302	subjects	was	selected	from	patients	who	
attended	undergraduate,	graduate	and	specialty	clinics	of	Jordan	University	of	Science	and	
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Technology.	Participants	were	interviewed	before	and	two	weeks	after	completion	of	root	canal	
treatment.	The	study	instrument	included	the	Oral	Health	Impact	Profile	questionnaire	(Dugas	
et	al.	2002)	and	seven	semantic	differential	scales.	Data	analyses	included	descriptive	statistics	
and	
nonparametric	analyses.	
RESULTS:	More	than	90%	of	subjects	reported	improvements	in	the	sense	of	taste,	pain,	eating,	
altering	food	temperature,	self-consciousness,	waking	up	during	sleep,	interruption	of	meals,	
difficulty	to	relax	and	difficulty	to	sleep	after	root	canal	treatment.	There	was	no	significant	dif-
ference	in	terms	of	improvement	amongst	patients	treated	by	specialists,	graduate	students	or	
undergraduate	students.	The	overall	semantic	differential	score	of	intraoperative	pain,	
pleasantness,	chewing	ability	and	general	satisfaction	was	about	8.	Satisfaction	of	root	canal	
treatment	by	specialists	was	higher	in	terms	of	time	involved,	intraoperative	pain,	pleasantness	
and	general	satisfaction	than	those	treatments	by	undergraduate	students.	Patients	treated	by	
specialist	were	least	satisfied	with	the	treatment	cost	compared	to	those	patients	treated	by	
graduate	or	undergraduate	students.	
CONCLUSIONS:	The	impact	of	root	canal	treatment	on	the	quality	of	life	was	apparent.	Satisfac-
tion	with	root	canal	treatment	approximates	8	on	the	semantic	differential	scale	with	preference	
for	specialists	over	dental	students.	
	
©	2013	International	Endodontic	Journal.	Published	by	John	Wiley	&	Sons	Ltd.	
	
DOI:	10.1111/iej.12106		
PMID:	23560436	[PubMed	-	indexed	for	MEDLINE].	
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A	survey	of	patients'	preferences	for	the	treatment	of	teeth	with	apical	periodontitis.	
	
Azarpazhooh	A(1),	Dao	T,	Figueiredo	R,	Krahn	M,	Friedman	S.	
	
Author	information:		
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ada;	Discipline	of	Dental	Public	Health,	Faculty	of	Dentistry,	University	of	Toronto,	Toronto,	On-
tario,	Canada;	Institute	of	Health	Policy,	Management	and	Evaluation,	Faculty	of	Medicine,	Uni-
versity	of	Toronto,	Toronto,	Ontario,	Canada;	Toronto	Health	Economics	and	Technology	As-
sessment	Collaborative,	University	of	Toronto,	Toronto,	Ontario,	Canada.	Electronic	address:	
amir.azarpazhooh@dentistry.utoronto.ca.	
	
INTRODUCTION:	This	research	aimed	to	investigate	the	preference	of	patients	in	Toronto,	Cana-
da	for	management	of	a	tooth	affected	by	painful	apical	periodontitis	when	considering	its	reten-
tion	via	root	canal	treatment	(RCT)	and	its	extraction	followed	by	no	replacement,	replacement	
with	an	implant-supported	crown,	fixed,	or	removable	partial	prostheses.	
METHODS:	Data	were	collected	through	a	mail-out	survey	of	the	University	of	Toronto	Faculty	of	
Dentistry	patients,	which	was	complemented	by	a	convenience	sample	of	patients	in	10	commu-
nity	practices	in	Toronto	(n	=	1000,	response	rate	=	43%).	Participants	were	asked	to	select	
their	general	preference	for	anterior	and	posterior	teeth	with	apical	periodontitis	between	sav-
ing	the	tooth	or	extraction	and	their	specific	preference	for	tooth	retention	via	RCT	or	extraction.	
By	using	bivariate	and	logistic	regression	analyses,	we	applied	the	Gelberg-Andersen	Behavioral	
Model	for	Vulnerable	Populations	to	the	preference	questions	to	understand	the	influential	fac-
tors	(P	≤	.05).	
RESULTS:	Participants'	specific	preference	for	tooth	retention	via	RCT	was	slightly	but	signifi-
cantly	lower	than	their	general	preference	(anterior	tooth,	93.7%	versus	97.2%;	posterior	tooth,	
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83.8%	versus	89.6%;	P	<	.005).	Higher	annual	income,	previous	RCT,	functional	dentition,	
good/excellent	self-rated	oral	health,	and	regular	dental	visits	were	associated	with	higher	pref-
erences	for	tooth	retention	in	response	to	different	questions.	
CONCLUSIONS:	The	high	preference	for	retaining	a	tooth	in	general	was	moderated	by	the	spe-
cific	consideration	of	RCT	to	retain	the	tooth.	When	RCT	and	extraction	are	viable	options,	pa-
tients	should	be	advised	about	the	treatment	options	in	an	impartial	manner	and	encouraged	to	
communicate	their	preferences.	
	
Copyright	©	2013	American	Association	of	Endodontists.	Published	by	Elsevier	Inc.	
All	rights	reserved.	
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Clinical	decision	making	for	a	tooth	with	apical	periodontitis:	the	patients'	preferred	level	of	
participation.	
	
Azarpazhooh	A(1),	Dao	T(2),	Ungar	WJ(3),	Chaudry	F(4),	Figueiredo	R(4),	Krahn	
M(5),	Friedman	S(6).	
	
INTRODUCTION:	To	effectively	engage	patients	in	clinical	decisions	regarding	the	management	
of	teeth	with	apical	periodontitis	(AP),	there	is	a	need	to	explore	patients'	perspectives	on	the	
decision-making	process.	This	study	surveyed	patients	for	their	preferred	level	of	participation	
in	making	treatment	decisions	for	a	tooth	with	AP.	
METHODS:	Data	were	collected	through	a	mail-out	survey	of	800	University	of	Toronto	Faculty	
of	Dentistry	patients,	complemented	by	a	convenience	sample	of	200	patients	from	10	commu-
nity	practices.	The	Control	Preferences	Scale	was	used	to	evaluate	the	patients'	preferences	for	
active,	collaborative,	or	passive	participation	in	treatment	decisions	for	a	tooth	with	AP.	Using	
bivariate	and	logistic	regression	analyses,	the	Gelberg-Andersen	Behavioral	Model	for	Vulnera-
ble	Populations	was	applied	to	the	Control	Preferences	Scale	questions	to	understand	the	influ-
ential	factors	(P	≤	.05).	
RESULTS:	Among	434	of	1,000	respondents,	44%,	40%,	and	16%	preferred	an	active,	collabora-
tive,	and	passive	participation,	respectively.	Logistic	regression	showed	a	significant	association	
(P	≤	.025)	between	participants'	higher	education	and	preference	for	active	participation	com-
pared	with	a	collaborative	role.	Also,	immigrant	status	was	significantly	associated	with	prefer-
ence	for	passive	participation	(P	=	.025).	
CONCLUSIONS:	The	majority	of	patients	valued	an	active	or	collaborative	participation	in	decid-
ing	treatment	for	a	tooth	with	AP.	This	pattern	implied	a	preference	for	a	patient-centered	prac-
tice	mode	that	emphasizes	patient	autonomy	in	decision	making.	
	
Copyright	©	2014	American	Association	of	Endodontists.	Published	by	Elsevier	Inc.	
All	rights	reserved.	
	
DOI:	10.1016/j.joen.2014.01.045		
PMID:	24862704	[PubMed	-	indexed	for	MEDLINE].	
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OBJECTIVES:	This	population-based	study	measured	utilities	(preferences	measured	under	con-
ditions	of	uncertainty)	of	dentin	regeneration	(DR),	a	potential	new	therapy,	root	canal	therapy	
(RCT),	and	extraction	(EXT).	
METHODS:	A	representative	sample	of	dentate	adults	(aged	18-69	years)	was	randomly	selected	
from	the	Detroit	area.	A	computer	program	was	used	to	administer	the	standard	gamble	(SG)	
method	and	record	utility	score	(US)	for	treatment	options	of	a	tooth	with	reversible	pulpitis	
using	the	SG	method.	For	the	SG	method,	two	anchor	states	were	used:	filled	tooth	with	full	oral	
health	and	filled	tooth	with	severe	and	continuous	pain	leading	to	EXT.	Additional	data	were	
obtained	using	a	self-administered	questionnaire.	
RESULTS:	Out	of	the	807	adults	who	resided	in	446	screened	and	selected	households,	a	final	
sample	of	630	adults	who	resided	in	368	households	were	interviewed.	The	mean	US	for	DR	
with	75	and	95%	success	rates	were	72.5	and	86.2	(on	a	0-100	scale),	respectively.	The	US	for	
RCT	and	immediate	EXT	were	75.6	and	31.3,	respectively.	Eleven	per	cent	of	the	adults	valued	
DR	with	95%	success	probability	higher	than	a	simple	filling	with	full	oral	health	for	life.	There	
were	no	statistically	significant	differences	in	the	average	US	of	DR	between	insured	and	unin-
sured	adults.	Factors	such	as	gender,	race,	education,	income	and	insurance	status,	experiences	
with	EXTs	or	root	canal	treatment,	regularity	of	dental	visits,	quality	of	life,	and	quality	of	oral	
health	were	not	significantly	associated	with	the	scores	of	DR.	There	was,	however,	a	small	but	
significant	interaction	between	race	and	dental	insurance,	and	race	and	gender.	
CONCLUSION:	This	population-based	study	found	that	DR	was	highly	preferred	to	other	stand-
ard	treatment	options.	
Copyright	Blackwell	Munksgaard,	2004	
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The	concept	of	shared	decision	making	(SDM)	is	an	important	emerging	trend	in	clinical	medi-
cine	but	has	received	little	or	no	attention	in	the	dental	literature.	Decision	aids	can	play	a	useful	
role	in	SDM	by	helping	patients	and	clinicians	choose	among	reasonable	alternative	treatment	
options.	The	purpose	of	this	study	was	to	develop	and	test	an	Endodontic	Decision	Board	(En-
doDB)	for	chairside	use	to	help	clarify	treatment	alternatives,	benefits,	risks,	prognosis,	and	
costs	when	root	canal	therapy	or	extraction	of	a	tooth	was	indicated.	The	hypothesis	was	that	
the	use	of	the	EndoDB	would	lead	to	improved	patient	knowledge,	greater	satisfaction	with	the	
decision-making	process,	and	no	difference	in	anxiety	when	compared	to	the	standard	discus-
sion	and	informed	consent	process	(usual	care).	The	EndoDB	was	tested	in	a	randomized	con-
trolled	
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trial	in	a	postgraduate	endodontics	clinic.	After	treatment	discussion,	a	brief	questionnaire	was	
completed	by	the	patient	to	measure	knowledge,	satisfaction,	and	anxiety.	Patients	in	the	En-
doDB	group	(n=32)	demonstrated	a	small,	but	statistically	significant,	increase	in	knowledge	(t-
test;	difference=+0.37;	p=0.03)	compared	to	the	usual	care	group	(n=35).	There	was	no	differ-
ence	between	groups	in	the	measures	of	satisfaction	or	anxiety	(Mann-Whitney	U-test;	p>0.05).		
Decision	aids	may	emerge	as	a	useful	tool	to	facilitate	SDM	and	evidence-based	clinical	practice.	
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RATIONALE,	AIMS	AND	OBJECTIVES:	Recent	analyses	from	the	Florida	Dental	Care	Study	found	
that	response	to	a	hypothetical	scenario	at	baseline	strongly	predicted:	(a)	tooth	loss	during	
follow-up;	and	(b)	subsequent	receipt	of	either	a	dental	extraction	or	Root	Canal	Therapy	(RCT).	
The	scenario	('CHOICE')	required	choosing	either	to:	(1)	extract	the	tooth	before	even	knowing	
the	cost	of	treatments;	(2)	extract,	but	after	knowing	the	cost	of	all	treatments;	or	(3)	have	RCT	
despite	knowing	costs.	
OBJECTIVE:	The	purpose	of	this	study	was	to	identify	factors	associated	with	CHOICE	and	quan-
tify	their	effects.	
METHODS:	As	part	of	the	baseline	phase	of	the	study,	873	subjects	with	at	least	one	tooth	and	
who	were	45	years	or	older	participated	for	an	interview	and	dental	examination.	A	multinomial	
multivariable	regression	of	CHOICE	quantified	effects	due	to	hypothesized	predictors.	
RESULTS:	CHOICE	was	strongly	associated	with	race	(African-Americans	were	significantly	less	
likely	to	choose	RCT).	Results	from	the	multivariable	regression	suggest	that	the	race	effect	
could	be	explained	by	racial	differences	in	patient	preference,	treatment	acceptability	and	ability	
to	afford	treatment.	
CONCLUSIONS:	There	were	substantial	racial	differences	in	treatment	preference	even	in	this	
hypothetical	scenario	where	racial	differences	in	patient-provider	interaction	and	clinical	fac-
tors	were	not	relevant.	Certain	predisposing	and	enabling	variables	explained	these	racial	dif-
ferences	in	treatment	preference.	
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AIM:	The	aims	of	this	study	were	to	record	patients'	views	of	their	experience	of	RD	use	in	an	
objective	manner,	and	to	evaluate	the	influence	of	some	personal	and	clinical	factors	on	patients'	
opinion.	
METHODOLOGY:	A	questionnaire	was	designed	which	was	then	distributed	to	patients	receiving	
dental	treatment	under	RD	by	(a)	final-year	dental	students	at	Birmingham	Dental	School,	and	
(b)	general	dental	practitioners.	Patients	completed	the	confidential	questionnaire	anonymously	
after	treatment,	outside	the	treatment	room.	After	100	correctly	completed	forms	were	collected	
from	group	(a)	and	106	from	group	(b),	data	were	entered	into	a	database	and	subsequently	
analyzed	using	SPSS.	Analyses	were	confined	to	simple	cross-tabulations	of	the	patients'	re-
sponses	and	potential	associated	factors,	with	chi-square	analysis	and	appropriate	follow-up	
comparisons	wherever	necessary.	
RESULTS:	In	both	groups,	the	majority	of	patients	said	they	would	prefer	RD	to	be	used	at	their	
next	appointment,	and	most	had	a	positive	opinion	of	the	experience.	No	statistically	significant	
association	between	age,	sex,	procedure,	application	time	or	duration	of	use	and	preference	for	
rubber	dam	was	found.	Prolonged	RD	use	showed	some	association	with	a	negative	opinion	of	
the	experience	of	RD.	Compared	with	the	dentists,	students	took	longer	to	apply	rubber	dam	and	
it	was	in	place	for	longer.	Fewer	student	patients	preferred	RD	next	time,	and	were	less	positive	
about	its	use	than	the	dentists'	patients.	
CONCLUSIONS:	Further	evidence	is	presented	that	(i)	Patients	generally	are	not	averse	to	RD.	
(ii)	Placement	of	rubber	dam	does	not	take	long.	(iii)	Operator	experience	improves	patient	
compliance.	
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What	are	the	dental	stimuli	and	situations	that	are	experienced	as	more	or	less	fear	provoking	
by	anxious	dental	patients?To	investigate	this	question,	81	highly	anxious	patients,	who	were	
referred	to	a	center	of	special	dental	care	were	presented	with	a	list	of	76	potentially	fear-
provoking	objects	and	situations.	
The	results	showed	that	invasive	dental	procedures	are	considered	as	most	terrifying	by	anxious	
patients,	and	that	stimuli	related	to	the	dental	office	(dental	chair),	the	dental	team	(dentist)	and	
their	equipment	(protecting	clothes)	are	considered	as	least	fear	provoking.	Root	canal	treat-
ments	were	rated	as	most	fear	provoking.	The	results	emphasize	the	importance	of	assessing	the	
whole	range	of	potentially	terrifying	stimuli	for	each	anxious	patient.	Only	in	this	way	an	ap-
proach	focused	on	the	extinction	of	patients'	dental	fear	can	be	successful.	
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Appendix 
	
Evidence	profile	1	

Biodentine	compared	to	glass	ionomer	cement	for	indirect	pulp	capping	in	patients	with	reversi-
ble	pulpitis	

Bibliography:	Hashem	et	al.	Clinical	and	Radiographic	Assessment	of	the	Efficacy	of	Calcium	Silicate	Indi-
rect	Pulp	Capping:	A	Randomized	Controlled	Clinical	Trial.	Journal	of	Dental	Research	2015,	Vol.	94(4)	
562-568.	

Outcomes	 №	of	partic-
ipants	
(studies)	
Follow-up	

Quality	
of	the	
evidence	
(GRADE)	

Relateffect 
(95% CI)	

Anticipated	absolute	
effects	

Risk	with	
glass	
ionomer	
cement	

Risk	diffe-
rence	with	
Biodentine	

clinical	success	
follow	up:	mean	12	months		

72	
(1	RCT	

⨁⨁◯◯ 	
LOW	1,2	

RR	1.00	
(0.81	to	
1.23)		

833	per	
1,000		

0	fewer	
per	1,000	
(158	fewer	
to	192	
more)		

*The	risk	in	the	intervention	group	(and	its	95%	confidence	interval)	is	based	on	the	assumed	risk	in	
the	comparison	group	and	the	relative	effect	of	the	intervention	(and	its	95%	CI).		
	
CI:	Confidence	interval;	RR:	Risk	ratio.		

GRADE	Working	Group	grades	of	evidence	
High	quality:	We	are	very	confident	that	the	true	effect	lies	close	to	that	of	the	estimate	of	the	effect		
Moderate	quality:	We	are	moderately	confident	in	the	effect	estimate:	The	true	effect	is	likely	to	be	close	
to	the	estimate	of	the	effect,	but	there	is	a	possibility	that	it	is	substantially	different		
Low	quality:	Our	confidence	in	the	effect	estimate	is	limited:	The	true	effect	may	be	substantially	differ-
ent	from	the	estimate	of	the	effect		
Very	low	quality:	We	have	very	little	confidence	in	the	effect	estimate:	The	true	effect	is	likely	to	be	sub-
stantially	different	from	the	estimate	of	effect		

1. Unclear	concealment	of	allocation.	Operator	unblinded.		
2. Wide	confidence	interval.	Less	than	300	events.	
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Evidence	profile	2	

Mineral	trioxide	aggregate	compared	to	calcium	hydroxide	cement	for	indirect	pulp	capping	

Bibliography:	Leye	Benoist	et	al.	Evaluation	of	mineral	trioxide	aggregate	(MTA)	versus	calcium	hydrox-
ide	cement	(Dycal)	in	the	formation	of	a	dentin	bridge:	a	randomized	controlled	trial.	International	Dental	
Journal	2012;	62:	33-39	

Outcomes	 №	of	par 
(studies) 
Follow-up	

Quality	
of	the	
evidence	
(GRADE)	

Relative	
effect	
(95%	
CI)	

Anticipated	absolute	
effects	

Risk	with	
calcium	
hydroxide	
cement	

Risk	dif-
ference	
with	min-
eral	triox-
ide	ag-
gregate	

clinical	success	
follow	up:	mean	6	months		

60	
(1	RCT	

⨁⨁◯◯ 	
LOW	1,2	

RR	1.23	
(0.96	to	
1.57)		

733	per	
1,000		

169	more	
per	1,000	
(29	fewer	
to	418	
more)		

radiological	success	
follow	up:	mean	6	months		

60	
(1	RCT	

⨁⨁◯◯ 	
LOW	1,2	

-		 The	mean	
radiological	
success	
was	0	mm		

MD	0.014	
mm	high-
er	
(0.03	low-
er	to	0.06	
higher)		

*The	risk	in	the	intervention	group	(and	its	95%	confidence	interval)	is	based	on	the	assumed	risk	in	
the	comparison	group	and	the	relative	effect	of	the	intervention	(and	its	95%	CI).		
	
CI:	Confidence	interval;	RR:	Risk	ratio;	MD:	Mean	difference		

GRADE	Working	Group	grades	of	evidence	
High	quality:	We	are	very	confident	that	the	true	effect	lies	close	to	that	of	the	estimate	of	the	effect		
Moderate	quality:	We	are	moderately	confident	in	the	effect	estimate:	The	true	effect	is	likely	to	be	close	
to	the	estimate	of	the	effect,	but	there	is	a	possibility	that	it	is	substantially	different		
Low	quality:	Our	confidence	in	the	effect	estimate	is	limited:	The	true	effect	may	be	substantially	differ-
ent	from	the	estimate	of	the	effect		
Very	low	quality:	We	have	very	little	confidence	in	the	effect	estimate:	The	true	effect	is	likely	to	be	sub-
stantially	different	from	the	estimate	of	effect		

1. Inadequate	sequence	generation	and	concealment	of	allocation.	single	blind.	
2. Wide	confidence	interval	crosses	no	effect.	
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Evidence	profile	3	

Pulpotomy	compared	to	Pulpectomy	in	permanent	molars	with	irreversible	pulpitis	

Bibliography:	Asgary	2013;	Asgary	2014;	Asgary	2015	

Outcomes	 №	of	par 
(studies) 
Follow-
up	

Quality	of	
the	evi-
dence	
(GRADE)	

Relative	
effec 
(95% 
CI)	

Anticipated	absolute	
effects	

Risk	with	
Pulpectomy	

Risk	diffe-
rence	with	
Pulpotomy	

Pain	intensity	post-operative	(PI)	
assessed	with:	NRS	numerical	rating	
scale	)	
Scale	from:	0	(no	pain)	to	9	(worst	
pain)	
follow	up:	mean	7	days		

407	
(1	RCT	

⨁⨁◯◯ 	
LOW	1,2,3,4	

-		 The	mean	
pain	intensi-
ty	post-
operative	
was	1.26	
points		

MD	0.59	
points	
lower	
(0.58	high-
er	to	0.6	
higher)		

%	clinical	success	
assessed	with:	subjective	&	objective	
signs	&	symptoms	
follow	up:	mean	12	months		

342	
(1	RCT)		

⨁⨁◯◯ 	
LOW	1,2,3	

RR	
0.993	
(0.963	
to	
1.024)		

983	per	
1,000		

7	fewer	
per	1,000	
(36	fewer	
to	24	
more)		

%	clinical	success	(clinical	success	24	
mo)	
assessed	with:	subjective	&	objective	
signs	&	symptoms	
follow	up:	mean	24	months		

332	
(1	RCT	

⨁⨁◯◯ 	
LOW	1,2,3,5	

RR	
1,000	
(0.971	
to	
1.030)		

982	per	
1,000		

0	fewer	
per	1,000	
(28	fewer	
to	29	
more)		

%	radiographic	success	
assessed	with:	radiograph	
follow	up:	mean	12	months		

342	
(1	RCT	

	
⨁⨁⨁◯	
MODERATE	
2,3,5,6	

RR	
1,312	
(1,180	
to	
1,459)		

703	per	
1,000		

219	more	
per	1,000	
(127	more	
to	323	
more)		

%	radiographic	success	
assessed	with:	radiograph	
follow	up:	mean	24	months		

332	
(1	RCT	

⨁⨁◯◯ 	
LOW	2,3,5,6,7	

RR	
1.083	
(0.982	
to	
1.195)		

795	per	
1,000		

66	more	
per	1,000	
(14	fewer	
to	155	
more)		

clinical	success	
assessed	with:	subjective	&	objective	
signs	&	symptoms	
follow	up:	mean	60	months		

271	
(1	RCT	

⨁◯◯◯ 	
VERY	LOW	
1,2,3,5,7,8	

RR	
1.026	
(0.901	
to	
1.168)		

761	per	
1,000		

20	more	
per	1,000	
(75	fewer	
to	128	
more)		

*The	risk	in	the	intervention	group	(and	its	95%	confidence	interval)	is	based	on	the	assumed	risk	in	
the	comparison	group	and	the	relative	effect	of	the	intervention	(and	its	95%	CI).		
	
CI:	Confidence	interval;	MD:	Mean	difference;	RR:	Risk	ratio		
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Pulpotomy	compared	to	Pulpectomy	in	permanent	molars	with	irreversible	pulpitis	

Bibliography:	Asgary	2013;	Asgary	2014;	Asgary	2015	

Outcomes	 №	of	par 
(studies) 
Follow-
up	

Quality	of	
the	evi-
dence	
(GRADE)	

Relative	
effec 
(95% 
CI)	

Anticipated	absolute	
effects	

Risk	with	
Pulpectomy	

Risk	diffe-
rence	with	
Pulpotomy	

GRADE	Working	Group	grades	of	evidence	
High	quality:	We	are	very	confident	that	the	true	effect	lies	close	to	that	of	the	estimate	of	the	effect		
Moderate	quality:	We	are	moderately	confident	in	the	effect	estimate:	The	true	effect	is	likely	to	be	close	
to	the	estimate	of	the	effect,	but	there	is	a	possibility	that	it	is	substantially	different		
Low	quality:	Our	confidence	in	the	effect	estimate	is	limited:	The	true	effect	may	be	substantially	differ-
ent	from	the	estimate	of	the	effect		
Very	low	quality:	We	have	very	little	confidence	in	the	effect	estimate:	The	true	effect	is	likely	to	be	sub-
stantially	different	from	the	estimate	of	effect		

1. Detection	bias	due	to	knowledge	of	the	allocated	interventions	by	outcome	assessors.	I	have	some	
doubts	about	the	randomization	procedure.	The	authors	do	not	mention	the	specific	type	of	ran-
domization.	In	multicenter	trials	it	is	common	to	use	balanced	randomization	(most	commonly	
permuted	blocks	within	center)	to	ensure	similar	proportions	of	treatment	assignments	across	
centers.	I	assume	this	method	has	been	used.	As	far	as	the	statistical	analysis	is	concerned,	the	au-
thors	do	not	report	whether	or	not	differences	in	outcome	occurred	between	centers.	

2. not	applicable	(1	study)	
3. Concrete	information	on	the	composition	of	calcium-enriched	mixture	cement	is	lacking.	During	

hand	instrumentation,	canals	were	frequently	irrigated	with	adequate	amount	of	sterile	normal	
saline	solution.	In	the	Netherlands	the	usual	procedure	is	irrigating	with	NaOCl.		

4. It	is	assumed	that	a	mean	difference	of	at	least	1.0	is	clinically	relevant	using	a	10-points	NRS-
scale	

5. It	is	assumed	that	an	absolute	effect	of	100	per	1,000	more	is	clinically	relevant.	
6. Assessment	by	independent	experienced	endodontists	and	oral	radiologists		
7. Therefore	confidence	interval	crosses	thresholf	for	clinical	relevance	
8. Not	downgraded	by	two	levels	although	percentage	of	drop-outs	is	more	than	30%.,	but	the	num-

ber	of	dropouts	is	equal	in	both	groups.	Therefore	it	is	assumed	that	no	additional	bias	was	intro-
duced.	

	
	
	
	
	
	
	
Evidence	profile	4	
Penicillin	combined	with	partial	or	total	pulpectomy	compared	to	no	penicillin	combined	with	
partial	or	complete	pulpectomy	for	symptomatic	apical	periodontitis	or	acute	apical	abscess	
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Bibliography:	Cope	A,	Francis	N,	Wood	F,	Mann	MK,	Chestnutt	IG.	Systemic	antibiotics	for	symptomatic	
apical	periodontitis	and	acute	apical	abscess	in	adults.	Cochrane	Database	of	Systematic	Reviews	2014,	
Issue	6.	Art.	No.:	CD010136.	

Outcomes	 №	of	partic-
ipants	
(studies)	
Follow-up	

Quality	
of	the	
evidence	
(GRADE)	

Relative	
eff 
(95%	CI)	

Anticipated	absolute	
effects	

Risk	with	
no	penicil-
lin	com-
bined	with	
partial	or	
complete	
pulpectomy	

Risk	differ-
ence	with	
penicillin	
combined	
with	partial	
or	total	
pulpectomy	

Pain	at	24	hours	
Assessed	with:	short	ordinal	numerical	
scale	
Scale	from:	0	to	3	
follow	up:	mean	24	hours		

61	
(2	RCTs	

⨁◯◯◯ 	
VERY	
LOW	a,b,c	

-		 The	mean	
pain	at	24	
hours	was	0		

MD	0.03	
lower	
(0.53	lower	
to	0.47	
higher)		

pain	at	48	hours	
assessed	with:	short	ordinal	numerical	
scale	
Scale	from:	0	to	3	
follow	up:	mean	48	hours		

61	
(2	RCTs	

⨁◯◯◯ 	
VERY	
LOW	a,b,c	

-		 The	mean	
pain	at	48	
hours	was	0		

MD	0.32	
higher	
(0.22	lower	
to	0.86	
higher)		

pain	at	72	hours	
assessed	with:	short	ordinal	numerical	
scale	
Scale	from:	0	to	3	
follow	up:	mean	72	hours		

61	
(2	RCTs	

⨁◯◯◯ 	
VERY	
LOW	a,b,c	

-		 The	mean	
pain	at	72	
hours	was	0		

MD	0.08	
higher	
(0.38	lower	
to	0.54	
higher)		

swelling	at	24	hr	
assessed	with:	different	scales	
follow	up:	mean	24	hours		

62	
(2	RCTs	

⨁◯◯◯ 	
VERY	
LOW	a,b,c	

-		 -		 SMD	0.27	
SD	higher	
(0.23	lower	
to	0.78	
higher)		

swelling	at	48	hr	
assessed	with:	different	scales	
follow	up:	mean	48	hours		

61	
(2	RCTs	

⨁◯◯◯ 	
VERY	
LOW	a,b,c	

-		 -		 SMD	0.04	
SD	higher	
(0.47	lower	
to	0.55	
higher)		

swelling	at	72	hr	
assessed	with:	different	scales	
follow	up:	mean	72	hours		

61	
(2	RCTs	

⨁◯◯◯ 	
VERY	
LOW	a,b,c	

-		 -		 SMD	0.02	
SD	higher	
(0.49	lower	
to	0.52	
higher)		

*The	risk	in	the	intervention	group	(and	its	95%	confidence	interval)	is	based	on	the	assumed	risk	in	
the	comparison	group	and	the	relative	effect	of	the	intervention	(and	its	95%	CI).		
	
CI:	Confidence	interval;	MD:	Mean	difference;	SMD:	Standardized	mean	difference.		
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Penicillin	combined	with	partial	or	total	pulpectomy	compared	to	no	penicillin	combined	with	
partial	or	complete	pulpectomy	for	symptomatic	apical	periodontitis	or	acute	apical	abscess	

Bibliography:	Cope	A,	Francis	N,	Wood	F,	Mann	MK,	Chestnutt	IG.	Systemic	antibiotics	for	symptomatic	
apical	periodontitis	and	acute	apical	abscess	in	adults.	Cochrane	Database	of	Systematic	Reviews	2014,	
Issue	6.	Art.	No.:	CD010136.	

Outcomes	 №	of	partic-
ipants	
(studies)	
Follow-up	

Quality	
of	the	
evidence	
(GRADE)	

Relative	
eff 
(95%	CI)	

Anticipated	absolute	
effects	

Risk	with	
no	penicil-
lin	com-
bined	with	
partial	or	
complete	
pulpectomy	

Risk	differ-
ence	with	
penicillin	
combined	
with	partial	
or	total	
pulpectomy	

GRADE	Working	Group	grades	of	evidence	
High	quality:	We	are	very	confident	that	the	true	effect	lies	close	to	that	of	the	estimate	of	the	effect		
Moderate	quality:	We	are	moderately	confident	in	the	effect	estimate:	The	true	effect	is	likely	to	be	close	
to	the	estimate	of	the	effect,	but	there	is	a	possibility	that	it	is	substantially	different		
Low	quality:	Our	confidence	in	the	effect	estimate	is	limited:	The	true	effect	may	be	substantially	differ-
ent	from	the	estimate	of	the	effect		
Very	low	quality:	We	have	very	little	confidence	in	the	effect	estimate:	The	true	effect	is	likely	to	be	sub-
stantially	different	from	the	estimate	of	effect		
a.	Rates	of	withdrawal	were	in	excess	of	20%	across	groups,	with	higher	rates	of	withdrawal	from	the	
placebo	than	the	penicillin	group	in	one	trial.	The	other	trial	was	unclear	regarding	reporting	drop-outs.		
b.	Interventions	differed	in	two	trials	(partial	and/or	total	pulpectomy;	pain	medication	regimen)		
c.	Less	than	400	patients.		
	
	

	

	


