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Abstract

INTRODUCTION. The extensive loss of coronal and radicular tooth structure, changes to dentin characteris-
tics, and biomechanical constraints make endodontically treated teeth (ETT) more prone to fractures. Pros-
thodontic rehabilitation, including post-and-core systems and full-coverage crowns, is a standard approach
to restore their function and structural integrity. However, a clear, stepwise comparison of the fracture re-
sistance imparted by endodontic treatment alone versus subsequent stages of prosthodontic restoration is
needed to guide clinical decision-making.

MATERIALS AND METHODS. Forty extracted human maxillary premolars of similar dimensions were selected
and randomly allocated into four groups (n = 10): Group | (Control) — intact sound teeth; Group Il (ETT) — en-
dodontically treated teeth with access cavities left unrestored; Group Ill (ETT+PC) — endodontically treated,
restored with a fiber post and composite core; and Group IV (ETT+PC+C) — endodontically treated, restored
with a fiber post, composite core, and a full-coverage cast metal crown. After the specimens underwent ther-
mocycling, they were placed in acrylic resin blocks that included a periodontal ligament simulation. Until frac-
ture occurred, a universal testing machine was used to apply a compressive force at a speed of 1 mm/min to
the central fossa of each tooth, which was angled at 90 degrees to the occlusal plane. It was noted the maxi-
mum load at crack (in Newtons, N). The data was examined with the use of Tukey’s post hoc test (o = 0.05) and
one-way ANOVA.

RESULTS. The average fracture resistance values (+ standard deviation) for the four groups were as follows:
1650.5+180.2 N for Group I, 615.8+£95.4 N for Group Il, 950.3+110.7 N for Group Ill, and 1425.6+155.1 N for
Group IV. Statistical analysis using one-way ANOVA showed that there was a notable difference between the
several groups (p < 0.001). Every group except Group | (intact) was much weaker. Group IV (ETT+PC+C)
showed a noticeably greater resistance to fracture compared to Group Il (ETT) and Group Il (ETT+PC)
(p < 0.05). In comparison to Group Il, Group lll was likewise much stronger (p < 0.05). The fracture resistance
of Group IV was still noticeably lower than the intact control group (p < 0.05), nevertheless.

CONCLUSIONS. For premolars, the fracture resistance is significantly reduced only by preparing the endo-
dontic access. Placing a full-coverage crown is necessary to provide a major strengthening of the tooth struc-
ture, while adding a post-and-core gives a small improvement in strength. But, the strength of an unbroken
tooth when it was first cracked is not entirely restored by modern restorative procedures.
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INTRODUCTION

Pesiome

BBELOEHME. LLUnpokas noTepsi KOPOHKOBOW 1 KOPHEBOW TKaHW 3y0a, USMEHEHUS XapakKTePUCTUK OEeHTUHA
n GomMexaHnyeckne OorpaHuYyeHus OenawT 3HA0A0HTMYeckn obpaboTaHHble 3ybul (ETT) Gonee Bocnpu-
MMYMBBIMU K nepenomam. MNMpoTe3Hoe BOCCTaHOBMEHNE, BKIIOYAA CUCTEMbI LITUPT-HAKONUTENDb N KOPOHKMN
NosHOM 06ANLOBKW, ABASIETCSA CTaHAAPTHLIM MOAXOAOM AJ1 BOCCTAHOBNEHUSI NX QYHKLUMU U CTPYKTYPHOWA
LeNoCTHOCTUN. TeM He MeHee, TpebyeTcsl YeTKoe No3TanHOe CPaBHEHNE NPOYHOCTU Ha pas3pyLleHne nocne
TOJIbKO 3HA0A0HTMYECKOIO SIeHeHUs U Nocneayowmx ctagmii N(poTe3Horo BOCCTaHOBNEeHUs A 060CHOBaH-
HOrO NPUHATUSA KIIMHNYECKUX PELLUEHNIA.

MATEPUANblI N METOAbI. Bbino oto6paHo 40 aKCTparMpoBaHHbIX BEPXHUX MPEMOJIIPOB YesioBeka ¢ Co-
NOCTaBMMbIMU pas3mMepamMn, KOTOpble cly4valiHbiM 00pa3oM pacnpenenunu Ha 4detbipe rpynnel (n = 10):
rpynna | (KOHTposb) — MHTakTHble 3y6bl; rpynna Il (ETT) — aHaoOoHTUYeckn obpaboTaHHble 3ybbl C OCTaB-
NneHHbIMK 6e3 pecTaBpaumn nonoctamu goctyna; rpynna lll (ETT+PC) — aHponoHTU4eckmn o6paboTaHHble
3y6bl, BOCCTAHOBJIEHHbIE C MCMOJ/Ib30BaHNEM BOJIOKOHHOIO WITUdTA 1 KOMNO3UTHOIO HakonuTens; rpynna v
(ETT+PC+C) — aHpoaoHTM4yeckn o6paboTaHHble 3yObl, BOCCTAHOBEHHbBIE BOJIOKOHHBIM LUTUHTOM, KOMMO-
3UTHBIM HaKoMUTENIeM 1 KOPOHKOM MOJIHOM 06AULLOBKM U3 MeTanna. lNocne TepMoumkanpoBaHns obpasLibl
durkcmpoBanu B 610Kkax N3 akpuaoBOoi CMOJbl C UMUTaLLMEN NEPUOAOHTANIbHOM CBA3KN. C MOMOLLbIO YHUBEP-
cafbHOl UcnbITaTeNIbHOM MalUUHbI Ha LLeHTpasbHylo doccy kaxaoro 3yba nog yrinomMm 90° K OKKI03NOHHO
MIOCKOCTU HAHOCUIIN CXMMAIOLLLYIO Harpy3Ky CO CKOPOCTbi0 1 MM/MUH A0 MOMeHTa pa3pyLueHus. Pukcupo-
BaJIM MakCUMaJIbHYIO Harpy3Ky 00 NosiBNeHns TpewmHbl (B HeioToHax, N). [laHHble aHanu3npoBanuv C UCNoJib-
30BaHMEM 0HOGMAKTOPHOro AncnepcrnoHHoro aHanmsa (ANOVA) n nocnenytoutero tecta Teioku (o = 0,05).
PE3YJIbTATbIl. CpegHue 3Ha4eHus NMPOYHOCTU Ha paspylleHue (£ cTaHOapTHOE OTKJIOHEHWE) COCTaBWUIN:
rpynna I: 1650,5+180,2 N; rpynna Il: 615,8+95,4 N; rpynna lll: 950,3+110,7 N; rpynna IV: 1425,6+155,1 N.
AHann3 ANOVA BbisBUA 3Ha4YMMble pasnuunsa mexay rpynnamum (p < 0,001). Bce rpynnbl, KDOME MHTAKTHOW,
MMENN CyLLeCTBEHHO MeHbLUYI0 NPoYHOCTbL. pynna IV (ETT+PC+C) nokasana 3HauMTensHO 6onee BbiCO-
KYIO COMPOTUBASEMOCTb K pa3pyLleHunto no cpasHeHuto ¢ rpynnamm I (ETT) n lll (ETT+PC) (p < 0,05). I'pyn-
na lll Takxe 6b1na npoyHee rpynnsl | (p < 0,05). HecmoTps Ha 3To, NpoYHOCTL rpynnbl IV ocTaBanack 3aMeTHO
HUXE MHTAKTHOW KOHTPOsbHOM rpynnel (p < 0,05).

BbIBOAbl. Lns npeMonsapoB CHUXEHNE MPOYHOCTU Ha pa3pyLUeHme NMPOUCXoANT NPENMYLLLECTBEHHO BCea-
CTBME MOATrOTOBKM 3HAOOOHTMYECKOro A0CTyrna. YCTaHOBKa KOPOHKM MOsHOM 06nmuoBkn obecrneynBaeT
3HaYNTENbHOE YKPEnieHne CTPYKTypbl 3yba, Toraa kak gobasneHve Wwrndra n HakonuTena AaeT NuLb He-
60/1bLLIOE MOBbILLEHWEe NPOYHOCTU. MNoSIHOE BOCCTAHOBJIEHME MPOYHOCTU UCXOQHOIO MHTAKTHOr o 3yba coBpe-
MEHHbIMW pecTaBpPauNOHHbIMU METOAAMU He A0CTUraeTCs.

Knouesble cnoBa: 3HAOOOHTUYECKOE JieHEHMe, NPOTE3HOe BOCCTAHOBJIEHUE, WTUDT-HAKOMUTESb, NPOoY-
HOCTb Ha paspyLueHune, nabopaTtopHoe nccnenosaHme, GromexaHmka

UHdopmauumsa o ctatbe: noctynuna — 19.11.2025; ucnpasneHa — 23.12.2025; npunsara — 05.01.2026
KoH}AuKT uHTepecos: ABTOP coobLLLaeT 06 OTCYTCTBUM KOHDIMKTA UHTEPECOB.
BnarogapHocTu: GrHaHcupoBaHve 1 MHAMBUOYaNbHblE 61aroaapHOCTV A0S AeKNapupoBaHUs OTCYTCTBYIOT.

Ana uutuposanua: N'ynta L. CpaBHUTENbHAA OLLEHKA MPOYHOCTU Ha paspylLleHne 3HOOAOHTUYECKN 06-
paboTaHHbIX BEPXHUX TMPEMONISPOB, BOCCTAHOB/IEHHbIX CUCTEMOW LWTUGT-HAKONUTENb U CUCTEMOW
WTUPT-HAKONUTENb C KOPOHKOW MOJIHOM 06MuoBKU: nabopaTopHoe uccnegoBaHue. SHAoaoHTUS Today.
2026;24(1):71-77. https://doi.org/10.36377/ET-0161

The main objective of contemporary dental care is
to maintain the integrity of the patient’s natural teeth.
In recent years, endodontic therapy has emerged as
areliable and effective alternative to tooth extraction for
patients suffering from pulpal or periapical disease [1].
Endodontically treated teeth (ETTs) rely on root canal
treatment quality and, more importantly, prosthodon-
tic restoration for long-term success [2]. It is often be-

dHdodoHmus
————TLT

lieved that ETT are more fragile and prone to breaking
than important teeth. The severe loss of tooth structure
resulting from caries, prior restorations, and the endo-
dontic access cavity preparation itself is the primary
cause of this elevated fracture risk, which is caused by
several factors [3; 4].

When an endodontic access cavity is prepared, it
breaks the tooth’s structural continuity, which weakens
the remaining coronal structure since the pulpal roof and
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marginal ridges no longer form an integrated “truss” [5].
On its own, access preparation may lessen tooth stiff-
ness by around 5%, whereas occlusal isthmus prepara-
tion can lower it by 20-63%, according to studies [6].
It is currently known that the loss of structural integrity
is the primary source of weakening [7], while changes in
dentin physical qualities, such as dehydration and colla-
gen cross-linking modifications after pulpectomy, have
also been suggested as significant causes.

A variety of prosthodontic techniques are used to
address this compromised structure. To keep the final
restoration in place when there isn't enough coronal
tooth structure, a post-and-core is often used [8]. The
purpose of a post is not to strengthen the tooth root but
rather to secure the fundamental foundation. Actually,
theradicular structure may be much more compromised
after space preparation [9]. A full-coverage crown is the
last piece of dental restoration equipment. Its purpose
is to encase the residual tooth structure, preventing it
from being damaged by functional occlusal stresses.
This process is called the “ferrule effect” and has been
shown to prevent teeth from breaking [10; 11].

Despite a general consensus on the need for res-
toration, the precise, incremental contribution of each
restorative step to the overall fracture resistance re-
mains a subject of investigation. While numerous stu-
dies have compared different post systems or crown
materials [12; 13], few have systematically evaluated
the stepwise progression from a non-restored ETT to
a fully crowned tooth within a single experimental de-
sign. This creates a research gap in quantifying the ex-
act benefit conferred by a post-and-core alone versus
the combined effect of a post-and-core and a crown.
Understanding this progression is crucial for clinicians
to make evidence-based decisions, especially in situa-
tions where cost or treatment time might lead to com-
promises in the restorative plan.

Thus, this in-vitro study set out to measure and com-
pare the fracture resistance of four different groups of
endodontically treated human premolars at various
points in their rehabilitation: (I) teeth that were left un-
treated, (ll) teeth that had endodontic treatment but had
no coronal restoration, (lll) teeth that had endodontic
treatment but had a fiber post-and-core restoration, and
(IV) teeth that had endodontic treatment but had a post-
and-core restoration plus a full-coverage crown. The
groups under examination were hypothesized to have
similar levels of fracture resistance (the null hypothesis).

AIM

Does the type of prosthodontic rehabilitation (post-
and-core alone vs. post-and-core with a full-coverage
crown) affect the fracture resistance of endodontically
treated maxillary premolars?

1. To evaluate and compare the mean fracture re-
sistance values of endodontically treated maxillary pre-
molars restored with post-and-core alone vs. post-and-
core with a full-coverage crown.

2. To assess the fracture patterns (favorable vs. un-
favorable) in both groups and determine the clinical im-
plications of the findings.

/3

MATERIALS AND METHODS

Study design and sample selection

for orthodontic purposes, forty healthy, non-car-
ies maxillary premolars were taken from a patient
and placed in a 0.1% thymol solution. The teeth were
measured buccolingually and mesiodistally to ensure
consistency. One root, full development of the root
tip, no visible signs of fractures or fissures (checked
at 10x magnification), and the lack of any previous en-
dodontic or restoration work were all requirements for
admission. Excluded from consideration were teeth
exhibiting abnormal root morphology, canals that had
calcified, or substantial attrition. The chosen teeth
were scaled using an ultrasonic instrument to remove
calculus and soft tissue debris.

Sample Grouping

The 40 teeth were randomly assigned to four ex-
perimental groups (n = 10 each) using a simple lottery
method:

Group | (Control): Intact teeth. No preparation or
treatment was performed.

Group Il (ETT): Endodontically treated teeth.
A standardized endodontic access cavity was pre-
pared, but no coronal restoration was placed.

Group lll (ETT+PC): Fiber posts and compo-
site cores for teeth that have undergone endodontic
treatment.

Group IV (ETT+PC+C): Fiber posts, composite
cores, and full-coverage cast metal crowns repair teeth
that have undergone endodontic treatment.

Endodontic treatment protocol (Groups i, IiI, 1V)

Using a high-speed handpiece with ample water
spray, a standardized conservative occlusal access ca-
vity was made for all teeth in Groups I, lll, and IV using
a #4 round diamond bur and a #245 carbide bur. Using
a #15 K-file, the working length was set 1 mm below the
radiographic apex. With a master apical file size of F3, the
crown-down approach was used to prepare the canals
using ProTaper Gold rotary nickel-titanium files (Dentsply
Sirona, USA). A 2 mL solution of 5.25% sodium hypochlo-
rite (NaOCI) was introduced into the canals between
each file as part of the instrumentation process.

Five milliliters of 17% ethylenediaminetetraacetic
acid (EDTA), five milliliters of 5.25% sodium hydroxide,
and a last rinse with saline made up the last irrigation
sequence. As part of the heated vertical compaction
procedure, the canals were dried using sterile paper
points and then sealed with gutta-percha points (Dent-
sply Sirona, USA) and AH Plus resin sealer (Dentsply Si-
rona, Germany). To mimic a tooth that is waiting for its
ultimate restoration, the access cavities in Group Il were
intentionally left accessible.

Prosthodontic rehabilitation protocol (Groups lll, 1V)

To prepare the post space for teeth in Groups lll
and IV, a Largo Peeso reamer and the appropriate
drill were used, ensuring that 4-5 mm of the apical
gutta-percha remained intact. A 1.6 mm diameter fi-
bre post (RelyX Fiber Post, 3M ESPE, USA) was used.
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To prepare the post area for bonding, 37% phosphoric
acid was etched into it, washed, and dried. Then, 3M
ESPE, USA’'s Scotchbond Universal was applied, and
it was light-cured. Using a self-adhesive resin cement
(RelyX Unicem 2, 3M ESPE, USA), the fiber post was
luted. The post was encased in a nanohybrid compos-
ite resin (Filtek Z350 XT, 3M ESPE, USA) to form a com-
posite core, which was light-cured every 2 millimeters.
A conventional crown preparation was the model for the
core’s form.

In Group IV, crowns were prepared for the teeth that
had post-and-cores. The minimal height of the ferrule
was maintained at 2.0 mm by preparing a 1.5 mm su-
pragingivally circumferential chamfer border, 1.5 mm
axial reduction, and 2.0 mm occlusal reduction. Cast
cobalt-chromium alloy full-coverage crowns were man-
ufactured after polyvinyl siloxane impressions. Crowns
were set in place using glass ionomer cement (GC Fuijil,
GC Corporation, Japan) while subjected to a steady 5 kg
load for a duration of 10 minutes.

Specimen mounting and fracture testing

In blocks of auto-polymerizing acrylic resin, each of
the forty specimens was set. To create an imprint of
the periodontal ligament (PDL), a thin coating of light-
body polyvinyl siloxane (0.2-0.3 mm) was applied to
the tooth roots. These were then immersed in acrylic
resin up to 2 mm below the cementoenamel junction
(CEJ).

With the help of a universal testing machine (Instron
Model 3369, USA), the specimens that were mounted
were compressed. Applying the force vertically onto the
central fossa of the occlusal surface, parallel to the long
axis of the tooth, a steel ball with a diameter of 5 mm was
used. If the load-deflection curve on the machine’s soft-
ware shows a severe drop, then catastrophic fracture
has occurred, and the load was applied at a crosshead
speed of 1 mm/min. We measured the maximal force in
Newtons (N) that was applied at the fracture site. After
the testing was finished, we looked at each specimen
visually to see whether the fracture was favorable (re-
pairable) or unfavorable (non-repairable).

Statistical analysis

Data on fracture loads were input into SPSS (Ver-
sion 26.0, IBM Corp., USA) after collection. Each cate-
gory has its own set of descriptive statistics computed,
including means and standard deviations. The data was
found to be normally distributed by using the Shapiro-
Wilk test. In order to compare the average fracture
resistance of the four groups, a one-way analysis of
variance (ANOVA) was used. When comparing the
groups in pairs, Tukey’s honestly significant difference
(HSD) post hoc test was used. A significance criterion
of p < 0.05 was established.

RESULTS

All specimens had their fracture resistance values
recorded and evaluated in Newtons. Table 1 shows the
average, S.D., minimum, and maximum values for every
category.

dHdodoHmus
————TLT

Group | (Intact) exhibited the highest mean frac-
ture resistance (1650.5=180.2 N), while Group Il (ETT)
showed the lowest (615.8+95.4 N). The prosthodonti-
cally restored groups, Group lll (ETT+PC) and Group IV
(ETT+PC+C), demonstrated intermediate values of
950.3+110.7 N and 1425.6 = 155.1 N, respectively.

An F-test with a significance level of 115.6 and a p-va-
lue less than 0.001 showed that there was a statistically
significant variation in the average fracture resistance
between the four groups.

For pairwise comparisons, we used Tukey’s HSD
post hoc test; Table 2 summarizes the findings. All other
groups were considerably weaker compared to the in-
tact group (Group 1) (p < 0.001 for all comparisons). In
comparison to Group Il (ETT) and Group lll (ETT+PC),
Group IV (ETT+PC+C) exhibited much greater fracture
resistance (p < 0.001 for both). In a similar vein, Group llI
(ETT+PC) outperformed Group Il (ETT) by a substantial
margin (p < 0.001). Even though Group IV had a lot of re-
inforcing, their mean fracture resistance was still lower
than the undamaged control group’s (p = 0.035).

Table 1. Descriptive statistics of fracture resistance
(N) for all groups

Ta6nuua 1. leckpunTruBHaAsa CTaTUCTMKA NPOYHOCTH
Ha paspylweHmne (N) ang scex rpynn

Standard . .
Mean . - Minimum | Maximum
Group N (N) Deviation (N) (N)
(SD)
Group | 10 | 1650.5| 180.2 1410.2 | 19257
(Intact)
Group Il (ETT)| 10 | 615.8 95.4 480.5 750.1
Group Il
(ETT+PC) 10 | 950.3 110.7 785.4 1120.3
Group IV
(ETT+PC+C) 10 | 1425.6 155.1 1205.8 1680.9

Table 2. Pairwise comparison of mean fracture
resistance using Tukey’s HSD test
Tabnuua 2. NapHoe cpaBHEHNe cpeHen NPOYHOCTH

Ha pa3pyLleHne ¢ UCMNofib30BaHMEM KpuTepus Tblokun
(Tukey’s HSD)

Mean Std
Comparison | Difference " | p-value | Significance
(N) Error
Sroup [ vs. 1034.7 62.4 | <0.001 Significant
Group Il
Sroup | vs. 700.2 62.4 | <0.001 | Significant
Group Il
Group | vs. o
Group IV 224.9 62.4 0.035 Significant
Groupll vs. 3345 | 624 | <0.001 | Significant
Group Il
Group Il vs. -
Group IV -809.8 62.4 | <0.001 Significant
Group Il vs. o
Group IV -475.3 62.4 | <0.001 Significant
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Table 3. Distribution of fracture modes

in different groups

Tabnuua 3. PacnpeneneHue TMNOB pa3pyLLeHns
B Pa3/IMyHbIX rpynnax

Favorable Unfavorable
Group (Repairable) (Non-repairable)
Fractures Fractures

Group | (Intact) 8 (80%) 2 (20%)
Group Il (ETT) 1(10%) 9(90%)
Group Il (ETT+PC) 3 (30%) 7 (70%)
Group IV(ETT+PC+C) 7 (70%) 3 (30%)

2000

1750+
_ 1500+ |
z
8 1250+
[3]
k7
g 1000+ |
g
2 7504
[&]
: |
% 500

250
0
Group | Group Il Group llI Group IV
(Intact) (ETT) (ETT+PC) (ETT+PC+C)

Fig. 1. Mean Fracture resistance
Puc. 1. CpefHas NpOYHOCTb Ha pas3pyLLeHme

10

Number of fractures

Group |
(Intact)

Group Il
(ETT)

Group llI
(ETT+PC)

Group IV
(ETT+PC+C)

Favorable (repairable)
Unfavorable (non-repairable)

Fig. 2. Fracture modes
Puc. 2. Tunbl paspywenuns
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Analysis of fracture modes revealed distinct pat-
terns across the groups (Table 3). A fracture was
deemed “favorable” if it was repairable (i.e., coronal to
the simulated alveolar crest) and “unfavorable” if it was
non-repairable (i.e., a vertical root fracture or a deep
oblique fracture extending subcrestally). In the intact
group, most fractures were oblique and located coro-
nally. In contrast, Group Il and Group lll exhibited a hig-
her percentage of catastrophic, unfavorable fractures.
Group IV, with full-coverage crowns, showed a higher
incidence of favorable fractures compared to the other
ETT groups (Fig. 1, 2).

DISCUSSION

Maxillary premolar fracture resistance is significantly
affected by endodontic treatment and the prosthodon-
tic restoration option, according to this in-vitro investi-
gation. We found a substantial difference between the
groups, rejecting the null hypothesis that there would be
none. The results demonstrate that strength decreases
step-by-step from untreated teeth to teeth treated with
endodontics, and then increases step-by-step when
a post-and-core and full-coverage crown are added.

The highest fracture resistance observed in the in-
tact teeth (Group 1) is an expected finding and serves as
a crucial benchmark. The structural integrity of a sound
tooth, with its intact marginal ridges and dentinal arch,
allows for the effective distribution of occlusal loads
throughout the crown and root [5; 14]. The significant
reduction in fracture resistance in Group Il (ETT), which
was approximately 37% of the intact group’s strength,
underscores the detrimental effect of endodontic ac-
cess preparation. This aligns with the seminal work by
Reeh et al.,, who concluded that it is the loss of tooth
structure, rather than changes in dentin properties,
that is the primary contributor to the increased fracture
susceptibility of ETT [6]. Our results confirm that merely
performing endodontic treatment and leaving the tooth
unrestored renders it critically weak and prone to cata-
strophic failure.

Group I, which included a fiber post and composite
core, showed a considerable improvement in fracture
resistance when compared to Group Il, which did not
receive any restoration to the ETT. This enhancement
is because the post-and-core method not only restores
the missing tooth structure but also provides a strong
foundation, therefore distributing some of the occlusal
stress [15]. Fiber posts may lessen the likelihood of root
fracture compared to stiff metal supports since their
elastic modulus is comparable to that of dentin [16]. Itis
clear that a post-and-core alone is unable to protect
the tooth from fracture, as Group llI’'s strength was just
about 58% of the entire group. Unsupported cusps are
nevertheless susceptible to splitting under stress, as
shown by the high incidence of unfavourable fractures
in this group (70%).

Group IV, which received a full-coverage crown on
top of the post-and-core, showed the greatest improve-
ment in fracture resistance, which is the most important
conclusion of the research. In comparison to the intact
control group, this one had a mean fracture strength that
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was over 86% higher. The “ferrule effect” that the crown
provides is mostly responsible for this remarkable en-
hancement [10; 17]. Crown preparation on stable tooth
structure apical to the core uses a 360-degree collar to
brace the tooth, which protects the cusps from occlusal
stresses that may cause them to bend or fracture. The
compromised coronal structure is shielded from further
stress by this action, which moves it to the crown and
along the root’s long axis [11]. Since the ferrule probably
limited the fracture and prevented it from propagating
deep into the root, the better fracture mode in Group IV
(with 70% of fractures being favorable, or repairable) fur-
ther supports the protective function of the crown [18].

Importantly, even with this substantial reinforcement,
Group IV’s fracture resistance was statistically lower
than Group I's, which had entire teeth. This suggests
that restorative ETTs still can’t match the biomechanical
performance of healthy teeth, no matter how sophisti-
cated the materials or methods used. Because of the in-
trinsic loss of a monolithic structure and the existence of
various interfaces, such as dentin-cement-post, dentin-
core, and dentin-crown, potential planes of weakness
are created, which do not exist in an intact tooth [19].

It is important to recognize the study’s limitations.
This study has limitations as an in-vitro experiment
since it does not account for the complex oral environ-
ment with its ever-changing, multi-directional stresses,
temperature cycling, and the impact of the viscoelas-
tic characteristics of the periodontal ligament. The use
of a static, vertical load represents a simplified stress
model compared to the cyclic and eccentric forces ex-
perienced during mastication. The study was also limi-
ted to a single tooth type (maxillary premolars), and
results may differ for anterior or molar teeth with diffe-
rent anatomical and loading characteristics. Future re-
search should incorporate cyclic loading to simulate fa-
tigue and evaluate different restorative materials, such
as ceramic crowns and various post systems.
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