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Fracture Resistance of Endodontically Treated Premolars with Deep Cervical 
Lesions Restored with and without Posts in Different Restorations
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Abstract
 The	purpose	of	this	study	was	to	evaluate	the	effects	of	fiber	posts	and	different	restorations	on	the	fracture	

resistance	of	endodontically	treated	maxillary	premolars	with	cervical	cavities.	In	forty	extracted	human	first	maxillary	

premolars,	cervical	cavities	were	prepared	simulating	cervical	lesions	and	randomly	divided	into	four	groups	(n=10):	

COM-NP,	endodontically	treated	teeth	(ETT)	restored	with	resin	composite	without	fiber	posts;	ON-NP,	ETT	restored	

with	CAD/CAM	ceramic	onlays	without	fiber	posts;	COM-P,	ETT	restored	with	resin	composite	and	fiber	posts;	and	

CR-P,	ETT	restored	with	CAD/CAM	ceramic	crowns	and	fiber	posts.	After	the	fiber	posts	and	restorations	had	been	

cemented	with	resin	cement,	all	specimens	were	loaded	onto	the	long	axis	in	a	universal	testing	machine	until	

fracture	at	a	speed	of	0.5	mm/min.	Fracture	load	(N)	and	fracture	modes	were	evaluated	in	all	specimens.	The	

mode	of	failure	was	determined	by	visual	inspection.	Data	were	analyzed	with	Welch’s	ANOVA	and	Games-Howell	tests	

(p<0.05).	 Fracture	 load	 for	 all	 groups	 were	 (N):	 COM-NP	 (933.48±242.53);	 ON-NP	 (1871.45±313.59);	 COM-P	

(1510.17±251.87);	and	CR-P	(2189.97±600.38).	COM-NP	had	the	lowest	fracture	resistance,	significantly	different	from	

those	of	the	other	groups	(p≤0.05).	Statistically	significant	differences	were	observed	among	groups	(p≤0.05),	except	

in	 the	ON-NP	 to	CR-P	groups	 (p=0.471).	All	 groups	showed	the	non-restorable	 fracture	mode.	Cuspal-coverage	

restorations	significantly	enhanced	the	fracture	resistance	of	endodontically	treated	maxillary	premolars	with	cervical	

cavities.		Placement	of	fiber	posts	improved	the	fracture	resistance	of	endodontically	treated	teeth	but	did	not	

make	the	failure	restorable.	
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Introduction

Materials and methods

	 Endodontically	treated	teeth	(ETT)	are	usually	

characterized	by	essential	coronal	and	radicular	tooth	structure	

lost	as	a	result	of	dental	caries,	previous	restorations,	and	

endodontic	access	preparation	that	negatively	influenced	

tooth	strength.1,2	The	primary	cause	of	extraction	among	

endodontically	treated	teeth	is	tooth	fracture	related	

primarily	 to	 improper	 prosthetic	 restorations.3,4	 The	

longevity	of	endodontically	treated	teeth	depends	not	

only	on	the	use	of	conservative	endodontic	procedures	

but	also	on	appropriate	coronal	restoration	of	the	tooth.3,5,6 

The	 remaining	 tooth	 structure	 is	 the	most	 effective	

parameter	in	the	selection	of	proper	restorations	because	

it	is	considered	significant	in	resisting	the	fracture	of	ETT.7-10 

The	greatest	preservation	of	remaining	tooth	structure	

showed	higher	 fracture	resistance	and	also	 increased	

the	survival	rates	of	endodontically	treated	teeth.7,11-14	

Among	posterior	teeth,	the	highest	rate	of	clinical	fractures	

was	in	maxillary	premolars	due	to	unfavorable	anatomic	

shape,	making	them	more	susceptible	to	cusp	fracture.15,16 

In	addition	to	the	tooth	structure	lost	during	endodontic	

treatment,	non-carious	wedge-shaped	cervical	lesions	

are	 another	 factor	 reported	 to	 occur	 significantly	 in	

premolars,	 further	weakening	 tooth	 strength.17-20	 The	

association	of	these	factors	probably	makes	premolar	

teeth	more	susceptible	to	fracture.19

	 Today,	different	principles	and	materials	can	

be	used	to	restore	endodontically	treated	teeth,	from	

conservative	alternative	to	progressive	approaches.	As	

a	 conservative	 concept	 for	 endodontic	 preparation	

restricted	to	endodontic	access,	direct	composites	can	

be	used	as	definitive	restorations	to	avoid	further	tooth	

preparation,	which	weakens	 tooth	strength.8,10,14,21,22	 In 

vitro,	 a	 high	 fracture	 resistance	of	 ETT	 restored	with	

resin	composite	has	been	reported.23,24

	 However,	 as	 a	 protective	 concept,	 posterior	

ETT	should	receive	a	cuspal-coverage	crown	restoration	

to	protect	the	teeth	from	fracture.	Several	studies	have	

reported	that	cuspal-coverage	restorations	significantly	

improved	the	success	rate	and	longevity	of	endodontically	

treated	posterior	teeth.4,6,10,14	Additionally,	posts	are	another	

option	being	used	to	restore	ETT.	Posts	are	normally	used	

only	to	retain	the	core	material	of	ETT,	but	they	do	not	

reinforce	the	root.4	Moreover,	post	space	preparation	

can	damage	residual	tooth	structure,	causing	the	root	

to	weaken	and	the	mechanical	resistance	of	treated	teeth	

to	be	decreased.21	However,	several	studies	reported	

that	posts	increased	the	fracture	resistance	of	endodontically	

treated	teeth.25	Fiber	posts	have	been	suggested	as	an	

alternative	to	metal	posts	because	they	have	a	modulus	

of	elasticity	similar	to	that	of	root	dentin,	which	improves	

stress	distribution	and	avoids	force	concentration	at	the	

post-dentin	 interface.26-28	One	clinical	study	 indicated	

significantly	greater	clinical	success	for	premolars	restored	

with	posts	compared	with	teeth	that	had	been	restored	

without	 posts.27	 However,	 laboratory	 studies	 did	 not	

show	significantly	increased	fracture	resistance	for	molars	

and	premolars	restored	with	fiber	posts.12

	 Although	 endodontically	 treated	 teeth	 have	

been	 extensively	 studied,	 the	 choice	 of	 an	 optimal	

restorative	method	(conservative	or	protective	approach)	

and	material	to	restore	non-vital	teeth	remains	controversial.	

Based	on	the	author’s	literature	review,	there	are	no	

publications	on	the	association	between	endodontically	

treated	premolars	and	deep	cervical	lesions.	Thus,	the	

purposes	of	this	study	were	to	measure	the	different	

modes	of	restoration	after	endodontic	procedures	with	

deep	cervical	lesions	to	assess	the	resistance	to	fracture	

and	 fracture	modes	 of	 these	 teeth	 under	 simulated	

occlusal	load.	The	null	hypotheses	were	that	the	restorations	

and	fiber	post	have	no	effect	on	the	fracture	resistance	

of	restored	endodontically	treated	maxillary	premolars	

and	no	effect	on	fracture	modes.

Tooth preparation and root canal filling

	 This	study	was	approved	by	the	Research	Ethics	

Committee,	Faculty	of	Dentistry,	Chulalongkorn	University	

(HREC-DCU	 2017-013).	 The	 study	 used	 forty	 human	
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two-rooted	maxillary	first	premolars	with	straight	canals	

extracted	for	orthodontic	reasons	and	stored	at	37oC	in	

a	solution	of	0.1	%	thymol.	The	time	from	extraction	to	

the	mechanical	testing	of	teeth	was	less	than	6	months.	

Inclusion	criteria	were:	sound	teeth	with	a	bifurcated	

canal	at	the	middle	third	of	the	root;	no	sign	of	cracks,	

defects,	and	caries	on	visual	examination	under	2.8x	

magnifying	 loupes,	 with	 fully	 developed	 apices	 and	

complete	 root	 length.	 The	 average	 lengths	 of	 teeth	

used	in	this	study	were	22±1	mm,	with	bucco-lingual	

coronal	dimensions	of	9±1	mm	and	mesial-distal	coronal	

dimensions	of	7±1	mm,	measured	by	means	of	a	digital	

caliper	at	the	labial	midpoint	of	the	cemento-enamel	

junction	(CEJ)	level.	Initial	preparation	of	the	teeth	involved	

the	 removal	of	any	superficial	 staining,	calculus,	and	

adhering	soft	tissue	with	an	ultrasonic	scaler.	The	specimens	

were	assigned	to	one	of	four	groups	(n=10)	(Fig.	1)	as	

follows:	COM-NP,	ETT	with	cervical	cavity	restored	with	

resin	composite	without	post;	ON-NP,	ETT	with	cervical	

cavity	restored	with	ceramic	onlay	without	post;	COM-P,	

ETT	with	cervical	cavity	restored	with	resin	composite	

and	fiber	post;	and	CR-P,	ETT	with	cervical	cavity	restored	

with	full-coverage	crown	and	fiber	post.	Cavity	preparation	

mimicked	cervical	lesions	that	were	wedge-shaped	with	

divergent	walls	located	in	enamel	(occlusal	margin)	and	

cementum	(cervical	margin).	The	cavities	were	prepared	

by	means	of	a	cylinder	diamond	bur	(835	023	Intensive,	

Grancia,	Switzerland)	at	45o	 to	 the	buccal	 surface	 to	

create	wedge-shaped	lesions	at	the	CEJ	until	a	bur	depth	

of	2.0	mm	was	reached	as	an	outline	forming	and	creating	

a	sharp	internal	line	angle	of	90o.	For	standardization,	

post-preparation	dimensions	were	finalized	again	in	all	

specimens:	2.4	mm	deep,	5	mm	wide	occluso-cervically,	

4	mm	long	on	the	occlusal	wall,	and	3	mm	long	on	the	

cervical	wall.	A	periodontal	probe	was	used	to	verify	the	

depth.	After	cavity	preparation,	Optibond	FL	Adhesive	(Kerr,	

Orange,	CA,	USA)	was	applied	and	restored	the	cavities	

with	 resin	 composite	 (Premise,	 Kerr,	Orange,	CA,	USA).	

Light-curing	was	performed	with	a	LED	light-curing	unit	for	20	

seconds.	(DemiPlus,	Kerr	Corporation,	Middleton,	WI,	USA)	

	 An	endodontic	access	cavity	was	prepared	in	

the	center	of	 the	occlusal	surface	with	a	high-speed	

handpiece	with	 a	 round	diamond	bur	 until	 the	 root	

canal	orifices	were	identified.	The	access	opening	was	

oval	on	the	occlusal	surface	and	in	the	middle	third	of	

the	tooth.	Buccal	and	palatal	cusps	were	not	undermined	

during	access	opening	preparation.	The	root	canal	length	

was	determined	by	a	#10	K-Flex	file	(Kerr	Sybron,	Romulus,	

MI)	until	the	tip	of	the	file	was	visible	at	the	apical	foramen.	

Teeth	with	initial	apical	files	(IAF)	20-25	were	included	

in	this	study.	The	working	length	was	established	1	mm	

short	of	the	apex.	The	root	canals	were	instrumented	

by	means	of	K-Flex	file	and	prepared	up	to	X4	using	

ProTaper	Next	(Dentsply	Maillefer,	Ballaigues,	Switzerland)	

to	the	working	length.	Each	file	was	used	with	a	brushing	

motion,	and	a	3-mL	quantity	of	2.5	%	NaOCl	was	used	

to	irrigate	at	each	change	of	instrument.	Each	instrument	

was	used	to	enlarge	eight	canals	only.	Apical	patency	

was	performed	by	 a	No.10	K-file.	 Final	 irrigation	was	

done	by	1	mL	of	17	%	EDTA	and	3	mL	of	distilled	water	

and	dried	with	3	absorbent	paperpoints	for	3	seconds	

each	(Dentsply,	Maillefer,	Ballaigues,	Switzerland).	After	

instrumentation,	all	canals	were	obturated	by	the	lateral	

condensation	technique	with	AH	Plus	(Dentsply,	DeTrey,	

Konstanz,	Germany).	Digital	x-rays	confirmed	the	quality	

of	canal	obturation.	The	excess	gutta	percha	was	removed	

from	the	pulp	chamber	with	a	heated	instrument,	and	

the	access	cavities	were	wiped	with	alcohol.	Endodontic	

access	was	etched	with	37.5	%	phosphoric	acid	for	15	

seconds	followed	by	adhesive	preparation	by	Optibond	

FL	and	restored	with	resin	composite	(Premise)	according	

to	the	manufacturer’s	instructions.	Light-curing	with	a	

LED	curing	light	for	20	seconds.

Post space preparation 

	 After	3-month	storage,	gutta	percha	was	removed	

to	prepare	post	spaces	in	the	COM-P	and	CR-P	groups	

at	 the	 palatal	 canal	with	 a	 Largo	 drill	 No.	 1	 (Largo;	

Dentsply	Maillefer,	Ballaigus,	Switzerland)	Post	spaces	

were	prepared	with	pre-shaping	drills	followed	by	D.T.	

drill	 No.	 1	 (D.T.	 Light-Post	 Double	 Taper;	 Bisco	 Inc.,	
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Schaumburg,	 IL,	USA)	to	achieve	a	post	space	length	

with	at	least	4	mm	of	gutta	percha	remaining	in	the	apical	

third.	Syringe	irrigation	was	performed	with	distilled	water	

(3	mL	in	3	minutes),	then	3	absorbent	paperpoints	were	

used	for	3	seconds	each.	The	prefabricated	fiber	post	

no.1	(DT	Light	Post	Illusion	X-RO,	Bisco,	Schaumburg,	USA)	

was	wiped	with	alcohol	according	to	the	manufacturer’s	

recommendation.

Fiber post luting procedure

	 Before	the	luting	posts	were	placed,	a	digital	

x-ray	 was	 used	 to	 check	 the	 quality	 of	 post	 space	

preparation.	Cavity	and	canal	were	etched	with	37.5	%	

phosphoric	 acid	15	 seconds,	 rinsed	with	water	 spray	

and	dried	with	paper	points.	Subsequently,	adhesive	

agent	OptiBond	Solo	Plus	was	applied	by	disposable	

microbrush	and	immediately	rubbed	on	all	surfaces	of	

root	canal	walls	in	the	canal.	The	solvent	was	removed	

by	air	blown	gently.	The	posts	were	prepared	with	the	

same	 adhesive	 agent	 and	 placed	with	 a	 dual-cured	

resin	cement	(Panavia	SA	Cement	Plus,	Kuraray,	New	

York,	USA),	 seated	 in	 the	 root	canals,	and	stabilized.	

Excess	cement	was	removed	with	a	brush.	The	cement	

was	light-cured	for	20	seconds	from	occlusal	direction	

with	the	tip	directly	contact	with	the	post.	Each	post	

was	cut	to	an	adequate	length	with	a	diamond	rotary	

cutting	instrument	to	cover	its	occlusal	end	with	resin	

composite	up	to	at	least	2	mm.		The	resin	composite	

(Premise)	was	restored	followed	by	light-curing	with	a	

LED	curing	light	for	20	seconds.	A	digital	x-ray	was	taken	

to	check	the	quality	of	post	placement.	Samples	were	

inserted	in	polyvinyl	chloride	(PVC)	mold	with	18	mm	

internal	diameter,	22	mm	external	diameter	and	40	mm	height.	

The	molds	were	filled	with	auto	polymerizing	acrylic	

resin	(Palapress;	Heraeus	Kulzer	GmbH,	Hanau,	Germany).	

Teeth	were	 placed	 3	mm	up	 from	 cementoenamel	

junction	(CEJ).	(Fig.	2)

Onlay preparation 

	 Before	the	preparations,	an	impression	of	each	

tooth	was	made	with	a	heavy-body	silicone	impression	

material	 (Zhermack	 Elite	 HD,	 Badia	 Polesine,	 Rovigo,	

Italy)	as	an	anatomic	guide	to	obtain	an	original	form	

while	the	restoration	was	applied.	All	specimens	in	the	ON-NP	

group	were	prepared	by	an	 initial	occlusal	 reduction	

generating	2	mm	of	clearance	for	the	onlay.	All	angles	

were	 rounded	and	all	prepared	surface	were	refined	

using	fine	and	superfine	diamond	cutting	instruments	

(Intensiv,	Montagnol,	Switzerland).	Onlays	were	scanned	

by	intraoral	scanner	(Cerec	AC	Omnicam;	Sirona	Dental	

Systems,	Bensheim,	Germany)	and	generated	with	the	

CAD/CAM	 system	 (Cerec	 SW	 v.	 4.5.2;	 Sirona	 Dental	

Systems	 GmbH,	 Bensheim,	 Germany).	 All	 specimens	

were	fitted	with	the	anatomy	of	a	first	maxillary	premolar	

with	cusp	tips	parallel	to	the	preparation	surface.	Teeth	

were	scanned,	and	onlays	were	designed.	On	the	basis	

of	this	scan,	a	virtual	onlay	with	defined	wall	thickness	

was	constructed.	The	onlays	were	milled	with	lithium	

disilicate	(e.max	CAD	blocks,	Ivoclar	Vivadent,	Schaan,	

Liechtenstein)	 and	 crystallized	 in	 a	 ceramic	 furnace	

(Programat	 P700,	 Ivoclar	 Vivadent)	 according	 to	 the	

crystallization/Glaze	LT	program.	All	restorations	were	

polished	mechanically	by	means	of	a	commercial	polishing	

kit	(Jota	All	Ceramic	Kit	1369,	Jota	AG,	Rüthi	SG,	Switzerland).	

The	bonded	surfaces	of	the	ceramic	onlays	were	etched	

with	9.5	%	HF	(Porcelain	etchant,	Bisco,	Schaumburg,	IL,	

USA)	for	90	seconds	in	accordance	with	the	manufacturer’s	

instructions.	After	onlays	were	rinsed	thoroughly,	Silane	

Primer	(Kerr,	Orange,	CA)	were	applied	to	etched	surfaces;	

after	1	minute,	the	restorations	were	hot-air-dried	for	2	

minutes.	After	the	surface	treatment	and	before	insertion,	

the	 restoration	was	 protected	 from	 light	 to	 prevent	

premature	setting.	Tooth	preparations	were	treated	by	

30	second	etching	with	37.5	%	phosphoric	acid,	then	

rinsed	with	water	 and	 dried.	 Restoration	 and	 tooth	

surfaces	were	 coated	with	 adhesive	 resin	 (Optibond	

Solo	Plus)	and	left	unpolymerized	until	the	application	

of	the	luting	material.	The	dual-cure	resin	cement	system	

(NX3,	Kerr,	Orange,	CA)	was	applied	to	the	inner	surfaces	

of	restorations	and	seated	on	their	corresponding	prepared	



155       Suebsawadphatthana and Leevailoj, 2019

teeth	with	vertical	seating	pressure	and	residual	cement	

was	removed.	Buccal,	lingual,	mesial,	distal,	and	occlusal	

surfaces	were	light-polymerized	for	20	seconds	for	each	

surface.	 The	 restored	 teeth	were	 stored	 in	 distilled	

water	at	room	temperature	for	7	days	prior	to	being	tested.	

Crown preparation

	 For	 the	 CR-P	 group,	 ten	 premolars	 were	 

conventional	prepared	by	means	of	round-ended	tapered	

diamond	cutting	instruments	D2,	D8,	and	D16	(Intensiv,	

Montagnola,	Switzerland)	to	obtain	a	6-degree	convergence	

between	walls.	 Preparation	 dimensions	 were	 done	

according	 to	manufacturer’s	 instructions	 as	 follows:	

1.0-1.5	mm	buccal	and	lingual	reduction,	2-mm	reduction	

was	performed	on	the	occlusal	surface	and	1.0	mm-deep	

chamfer	placed	0.5	mm	occlusal	 to	the	CEJ.	Crowns	

were	fabricated	with	lithium	disilicate	(e.max	CAD	blocks)	

and	cemented	with	NX3	resin	cement.	Surface	treatment	

and	tooth	surface	preparation	were	followed	by	method	

mentioned	earlier.

Figure 1			COM-NP,	ETT	with	cervical	cavity	restored	with	resin	composite	without	post;	ON-NP,	ETT	with	cervical	cavity	restored	with

	 ceramic	onlay	without	post;	COM-P,	ETT	with	cervical	cavity	restored	with	resin	composite	and	fiber	post;	and	CR-P,	ETT		

	 with	cervical	cavity	restored	with	full-coverage	crown	and	fiber	post.

Figure 2 	Teeth	were	placed	3	mm	up	from	cementoenamel	junction	(CEJ)
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Compressive fracture resistance testing

	 Specimens	were	tested	using	a	universal	testing	

machine	 (Instron	 5566,	 London,	 UK).	 Each	 specimen	

was	inserted	perpendicular	to	the	horizontal	plane	in	

the	holding	device.	A	controlled	load	was	applied	by	

means	of	a	stainless	steel	tip	(2-mm	diameter)	in	a	direction	

parallel	to	the	longitudinal	axis	of	the	tooth.	Pressure	

from	the	rod	tip	was	applied	at	the	central	fossa	contact	

of	both	buccal	and	lingual	inclines,	to	simulate	an	occlusal	

load.	The	load	was	applied	at	a	crosshead	speed	of	0.5	

mm/minute.	 All	 samples	were	 loaded	until	 fracture,	

and	 the	maximum	breaking	 loads	were	 recorded	 in	

Newtons	(N).	(Fig.	3)	The	mode	of	failure	was	recorded	

and	classified	as	restorable	or	unrestorable.	The	failure	

mode	was	visually	inspected,	and	the	restorations	were	

classified	as	unrestorable	with	the	appearance	of	fractures	

located	below	CEJ	 (Fig.	4).	Data	of	 fracture	 load	and	

mode	of	failure	were	collected	by	the	author	and	analyzed	

using	 statistical	 software	 (IBM	 SPSS	 Statistics	 version	

20.0).	Welch’s	ANOVA	was	used	to	compare	the	mean	

failure	 load	for	each	group.	Significant	ANOVA	results	

were	also	tested	with	the	Games-Howell	test,	with	the	

statistical	significance	of	p<0.05.	Pearson	chi-square	test	

was	 used	 in	 this	 study	 for	 fracture	modes	with	 the	

statistical	significance	of	p<0.05.

Figure 3 specimens	were	tested	using	a	universal	machine

Figure 4 Mode	of	failure	classification
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Results 

Discussion 

Table 1	 Mean	value	of	fracture	resistance	of	the	tested	groups	(n=10)

   Group Mean±SD (N)

				COM-NP	(Composite	WITHOUT	fiber	post) 933.48±242.53a

				ON-NP	(Onlay	WITHOUT	fiber	post) 1871.45±313.59b 

				COM-P	(Composite	WITH	fiber	post) 1510.17±251.87c

				CR-P	(Crown	WITH	fiber	post) 2189.97±600.38b

Means	with	the	same	superscript	letter	are	not	significantly	different	from	each	other	(p>0.05).

Table 2 Fracture	modes	of	the	tested	groups	(n=10)

   Group Restorable (%) Non-restorable (%) Pearson chi-square test

				COM-NP	(Composite	WITHOUT	fiber	post) 0 100 A

				ON-NP	(Onlay	WITHOUT	fiber	post) 0 100 A

				COM-P	(Composite	WITH	fiber	post) 30 70 A

				CR-P	(Crown	WITH	fiber	post) 20 80 A

Fracture	modes	followed	by	different	upper	case	letters	are	significantly	different	at	p<0.05.

	 The	highest	 fracture	 resistance	was	 2189.97± 

600.38	 N,	 recorded	 for	 the	 CR-P	 group,	 followed	 by	

1871.45±313.59	N	for	the	ON-NP	group	and	1510.17±251.87	

for	the	COM-P	group,	with	the	lowest	fracture	resistance	

(933.48±242.53	 N)	 recorded	 for	 the	 COM-NP	 group.	

Welch’s	ANOVA	showed	significant	differences	between	

COM-NP	and	all	test	groups	(p≤0.05).	However,	there	

was	no	significant	difference	between	the	the	ON-NP	

and	CR-P	groups	(p=0.471).	The	fracture	loads	(mean±SD)	

are	presented	in	Table	1.	

	 The	 failure	mode	was	 determined	 by	 visual	

inspection	 and	was	 classified	 into	 two	major	 types	

relative	to	the	CEJ	(Table	2).	Specimens	that	presented	

fracture	 above	 the	CEJ	were	 classified	 as	 restorable,	

whereas	those	that	presented	fracture	below	the	CEJ	

were	 classified	 as	 non-restorable.	 Although	most	 of	

specimens	showed	non-restorable	mode	of	failure	and	

there	were	no	significant	differences	in	mode	of	failure	

among	 all	 groups	 (p>0.05),	 only	 fiber	 post	 groups	

showed	restorable	fracture.	

	 This	study	investigated	the	fracture	resistances	

of	ETT	with	deep	cervical	lesions	restored	with	fiber	posts	

and	various	restorations.	The	mode	of	failure	of	ETT	with	

various	types	of	restorations	was	also	examined.	We	found	

that	cuspal-coverage	restorations	composed	of	crown	

and	onlay	showed	higher	fracture	resistance	compared	

with	composite	restorations.	Based	on	these	results,	it	

was	determined	that	the	fiber	post	influences	fracture	

strength	when	teeth	are	restored	with	composite	restoration	

but	does	not	affect	the	mode	of	failure	significantly.

	 In	 this	 study,	 the	 fracture	 resistance	 of	 ETT	

restored	with	 fiber	 posts	 and	 crowns	 (CR-P)	 did	 not	

differ	significantly	from	that	of	those	restored	with	onlay	

without	fiber	posts	(ON-P).	Both	groups	are	representative	

of	 cuspal	 coverage	 restorations	which	 are	 significant	

differences	from	the	rest	of	our	results.	In	2002,	Aquilino	

and	Caplan	stated	that	other	forms	of	coronal	coverage,	

such	as	gold,	ceramic,	or	resin	composite	onlays,	could	

provide	RCT	teeth	with	protection	against	fracture	compared	
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with	 full-coverage	crowns.6	Moreover,	several	studies	

reported	that	endodontically	treated	maxillary	premolars	

should	be	restored	with	cuspal-coverage	restorations	

to	protect	and	reduce	the	risk	of	fracture.6,	7,	10	When	

fractures	occurred,	cuspal	coverage	was	considered	to	

avoid	vertical	fracture	at	the	cemento-enamel	junction,	

especially	when	teeth	were	subjected	to	lateral	forces,	

because	fractures	in	cuspal	coverage	mostly	occurred	

within	the	restorative	materials.29,	30	In	1984,	Sorensen	

and	Martinoff	demonstrated	that	endodontically	treated	

maxillary	premolars	with	crowns	showed	significantly	

increased	success	rates	of	93.9	%,	whereas	post-endodontic	

restorations	without	crowns	showed	success	rates	of	only	

56	%.4	Also,	several	studies	compared	teeth	with	and	

without	crowns	and	reported	significant	differences	in	

longevity.	Crown	placement	extended	the	average	time	

before	extraction	in	ETT.3,	6,	14	Recently,	a	retrospective	study	

by	Suksaphar	and	colleagues	in	2018	reported	that	the	

survival	rates	of	premolars	in	relation	to	fracture	of	full- 

coverage	crowns	were	higher	than	those	of	direct	resin	

composite	 restorations.10	 Supporting	 by	 our	 results,	

cuspal-coverage	restorations	tended	to	achieve	more	

desirable	outcomes	than	direct	resin	composite	restorations	

even	in	the	group	that	fiber	posts	were	inserted.	This	

finding	is	consistent	with	the	previous	recommendation	

for	 post-endodontic	 restorations	 in	 posterior	 teeth.	

However,	Ibrahim	and	colleagues	address	the	opposite	

results	saying	that	tooth	preparation	for	crowns	in	premolars	

significantly	decreased	fracture	resistance	due	to	remaining	

tooth	structure	destruction;	maximal	thickness	of	axial	tooth	

structure	at	the	crown	margin	is	necessary	to	resist	fracture.9

	 Nevertheless,	in	this	study,	fracture	resistance	

after	restoration	with	crowns	and	onlays,	considered	to	

preserve	tooth	structure,	showed	similar	results.	From	this	

point	of	view,	onlays	are	superior	in	terms	of	reductions	

in	the	amount	of	tooth	loss,	especially	in	the	cervical	

area.	Preparation	 for	onlays	could	 reduce	 tooth	 loss	

from	67.5–72.3	%	compared	with	conventional	crown	

preparation	of	5.5–27.2	%.31	The	greater	the	amount	of	

remaining	tooth	structure,	the	more	fracture	resistance	

the	ETT	have.1,	6,	7,	16,	32	In	addition,	supragingival	location	

of	 the	margin	 for	onlays	avoids	periodontal	 irritation	

and	gingival	inflammation	and	makes	the	margin	easily	

detected.33,	34

	 The	drawback	of	this	study	was	the	lack	of	data	

from	group	restored	with	fiber	post	and	onlays	which	

would	be	beneficial	to	draw	a	better	conclusion.	However,	

several	studies	have	already	investigated	fracture	resistance	

and	failure	mode	between	lithium	disilicate	onlay	restorations	

with	and	without	fiber	post.	The	results	showed	no	significant	

differences	were	found	in	the	groups	with	fiber	posts	in	

terms	of	fracture	resistance.35,	36	It	leads	to	the	conclusion	

that	insertion	of	fiber	posts	did	not	increase	the	fracture	

resistance	significantly.	In	latter	study,	the	results	of	failure	

mode	 had	 significant	 differences	 among	 the	 groups	

which	was	consistent	with	our	results.36 

	 From	the	results	of	this	study,	the	group	restored	

with	composite	without	fiber	posts	(COM-NP)	showed	

the	lowest	fracture	resistance.	In	terms	of	physical	and	

mechanical	properties,	Soares	and	colleagues	reported	

that	direct	composite	resin	restorations	are	inferior	to	

ceramic	restorations	due	to	the	side	effects	of	composite	

polymerization	shrinkage	and	also	the	process	of	fabrication	

in	the	laboratory	of	ceramics	could	enhance	fracture	

resistance.17,	37	In	contrast	to	many	studies	that	supported	

resin	composite	as	a	post-endodontic	 restoration	 for	

endodontically	treated	premolars	with	limited	loss	of	tooth	 

structure	or	where	marginal	 ridges	are	preserved.8,	38,	39 

Also,	 advantages	 of	 this	 conservative	 protocol	 as	 a	

final	restoration	can	reduce	treatment	times	and	costs	

for	patients.10	There	is	evidence	that	resin	composites	

perform	 better	 in	 stress	 distribution	 under	 occlusal	

force.40,	41	However,	comparison	within	the	composite	

groups,	fiber	post	placement	significantly	increased	the	

fracture	resistance	of	direct	restorations.7,	8,	12,	25,	42	Fiber	

posts	improved	stress	distribution	along	the	adhesive	

interface	because	their	elastic	modulus	was	close	to	

that	of	dentin,26,	27	which	found	contradict	to	previously	

published	results	that	showed	no	differences	in	fracture	

resistance	after	fiber	post	 insertion.16,	40,	41	 In	addition,	
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when	 compared	 between	 group	 restored	with	 resin	

composite	restoration	and	fiber	post	to	group	restored	

with	onlay	without	fiber	post,	the	results	showed	the	

latter	group	exhibit	higher	fracture	resistance.	Assuming	

that	post	preparation	by	the	removal	of	dentin	from	the	

canal	decreases	tooth	strength	and	leads	to	fracture.41 

It	has	been	recommended	that	posts	be	inserted	only	

when	 insufficient	tooth	structure	 is	present,	with	the	

goal	of	facilitating	the	retention	of	restorative	materials.4	

Also,		another	reason	for	onlay	group	showed	higher	strength	

might	come	 from	being	cuspal	coverage	 restorations	

from	the	information	stated	above.

	 No	difference	was	found	 in	modes	of	 failure	

among	the	four	groups	in	this	study,	we	failed	to	reject	

the	second	null	hypothesis.	Several	classifications	for	

mode	of	failure	have	been	proposed	either	mechanical	

cause	which	is	adhesive/cohesive	or	clinical	implications	

which	is	restorable/unrestorable.	In	this	study	we	observed	

based	on	the	extent	of	fracture	compared	to	CEJ	level.	

Almost	all	specimens	fractured	in	an	unfavorable	mode.		

Likewise,	studies	by	Fokkinga	and	colleagues	in	200543	

and	Forberger	and	Gohring	in	200844	indicated	that	failure	

modes	in	post-restored	groups	were	90	%	unrestorable	

and	involved	deep	root	fracture.	However,	the	results	

that	some	restorable	fracture	were	found	only	in	both	

fiber	 post	 groups	was	 interesting,	which	might	 imply	

that	fiber	post	could	somehow	enhance	and	affect	the	

mode	of	failure.	Further	carefully	designed	studies	are	

needed	to	confirm	this	finding.

	 In	 the	 present	 study,	 the	means	 of	 fracture	 

resistance	 in	all	groups	were	higher	 than	100–400	N,	

which	is	the	range	of	normal	forces	in	normal	occlusion	

for	maxillary	premolars.	So	the	minimum	threshold	in	

the	premolar	area	which	might	be	capable	of	withstanding	

bite	force	is	400	N.9,	45	The	mean	fracture	load	was	at	least	

more	than	2	times	greater	than	this	threshold,	suggest-

ing	that	all	restorations	 in	this	study	could	withstand	

forces	during	function.46	However,	this	study	was	a	static	

laboratory	test,	measuring	fracture	resistance	that	could	

not	simulate	dynamic	oral	conditions	in	many	respects,	

such	as	magnitude,	direction,	and	rate,	but	Sorrentino	

and	colleagues12	proved	that	static	and	fatigue	loading	

conditions	showed	comparably	high	stress	concentration	

areas	and	similar	failure	patterns.12,	46

	 Different	forces	have	been	applied	to	investigate	

mechanical	 resistance	 including	 compression,	 shear	

and	tension	respectively.	However,	static	analyses	of	

resistance	to	fracture	have	usually	been	performed	with	

compressive	tests	until	fractures	occurred14,	43,	47	When	

maxillary	 premolars	 are	 tested	with	 an	 optimal	 size	

of	stainless	steel	tip	are	considered	to	reproduce	the	

mean	width	of	antagonist	teeth	present	in	the	simulated	

clinical	situation.12	Most	static	mechanical	fracture	tests	

reported	in	the	literature	are	characterized	by	a	loading	of	

the	premolars	at	130°-150°	to	the	longitudinal	axis	which	

simulates	non-axial	 forces.7,	43,	44	On	the	contrary,	this	

study	was	decided	to	load	the	specimens	in	a	direction	

parallel	to	the	longitudinal	axis	of	the	tooth	simulating	a	

physiological	occlusion	in	order	to	distribute	the	stresses	

more	evenly	between	the	residual	dental	tissues	and	the	

restorative	material.12	Load	application	area	could	vary	

from	the	center	of	the	tooth	to	supporting	cusps.	Some	

studies	load	was	applied	either	at	the	palatal	cusp12	or	the	

buccal	cusp16	to	represented	parafunctional	oral	habits,	

this	study	investigated	loads	placed	at	the	center	of	the	

tooth	to	simulate	normal	occlusion.12,	17,	21,	42	Hannig	et	al. 

pointed	out	the	importance	of	applying	loads	in	unaltered	

areas	of	teeth	in	order	to	achieve	reliable	data	and	avoid	

the	influence	from	tooth/restoration	interface.47	

	 Limitations	of	this	study	were	our	inability	to	

recreate,	in	the	laboratory,	cervical	lesions	occurring	in	

natural	teeth,	and	the	variations	in	depth	in	the	natural	

process.	Additional	factors	which	might	have	affected	the	

results	include	tooth	anatomy,	the	lack	of	a	simulated	

periodontal	 ligament,	 and	 the	 simulation	 of	 biting	

force	from	only	one	direction	instead	of	the	multiple	

directions	of	actual	biting	force.	Further	studies	are	also	

needed	to	include	the	use	of	a	thermal	cycling	machine	

and	the	simulation	of	the	periodontal	ligament.
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	 Within	the	limitations	of	this	study,	the	following	

conclusions	can	be	drawn:	

	 1.	 Cuspal-coverage	 restorations	 significantly	

enhanced	 the	 fracture	 resistance	 of	 endodontically	

treated	maxillary	premolars	with	cervical	cavities.	

	 2.	Placement	of	fiber	posts	resulted	in	a	significant	

improve	 the	 fracture	 resistance	 of	 endodontically	

treated	teeth	with	cervical	lesions	but	did	not	significant	

make	the	failure	restorable.	However,	fiber	post	insertion	

reduces	20-30%	of	non-restorable	fracture	in	all	specimens.

	 Our	sincere	thanks	go	to	Assoc.	Prof.	Chanchai	

Hosawaun	for	statistic	consultation
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