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ABSTRACT

BACKGROUND: Cracks and fractures of devitalized teeth caused by functional overload are common in dental practice,
necessitating an assessment of the stress-strain state of intact and devitalized tooth tissues under similar loading conditions.
AIM: An experimental comparison of the stress-strain state of intact and devitalized hard tooth tissues and the surrounding
bone tissue using mathematical modeling.

METHODS: A 3D mathematical modeling of the stress-strain state of a mandibular segment with an intact and devitalized tooth
was performed. A vertical and oblique (45°) load of 150 N was applied; the maximum stress and its location in the enamel,
dentin, cortical bone, and cancellous bone were analyzed by comparing them to the respective strength limits.

RESULTS: Devitalized hard tissues are subjected to a higher stress than intact teeth, especially when an oblique load is applied,
by 49.3, 11.0, and 13.1% (86.186, 31.371, and 5.037 MPa) for the enamel, cortical bone, and cancellous bone, respectively.
When a vertical load is applied, tooth devitalization increases the stress in the enamel and cancellous bone of the socket by
33.1 and 29.2% (51.147 and 1.953 MPa), respectively. Devitalized dentin shows almost no changes in stress under a vertical
load due to the deterioration of physical properties (and, thus, a decrease in the strength limit), whereas an oblique load results
in a decrease of 28.1%. Functional load in a devitalized tooth results in stress values close to the strength limit in the enamel
(under a vertical and oblique load) and dentin (under an oblique load). Periapical resorption and root apex resection further
increase the stress.

CONCLUSION: Tooth devitalization increases the stress in the enamel and bone tissues, especially under an oblique load.
Despite the reduced stress in devitalized dentin caused by a decrease in its mechanical strength, stress values under an oblique
load are close to the dentin strength limit in the tooth neck area. Due to tooth devitalization, the stress in the enamel exceeds
its strength limit under both oblique and vertical loads (in the tooth neck area and along the occlusal surface, respectively).
Periapical resorption and root apex resection cause a similar increase in the stress in the enamel compared to a devitalized
tooth under both loads, as well as in the cortical bone under an oblique load.
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AHHOTALMA

06ocHoBaHMe. B KIMHNYECKOI NPaKTUKe HEPEAKU Clyyaun TPELUMH M NepPeNoMOB AEBUTANM3UMPOBAHHBIX 3y60B Npu UX dYHK-
LMOHANbHOW Harpy3ke, YTO AeNAeT aKTyasbHbIM aHanM3 HanpsXEHHO-Ae(OPMMPOBAHHOMO COCTOSHUA TKaHEW MHTaKTHOro
W LEeBUTaNM3MpOBaHHOM0 3yba B MAEHTUYHBIX YCOBUAX Harpysku.

Llenb. IKcneprMeHTanbHoe CpaBHEHWE HANPSKEHHO-Ae(OPMMPOBAHHOI0 COCTOSAHUA TBEPAbIX TKAHEN MHTAKTHOTO W [eBUTa-
NIM3MPOBAHHOTO 3yDa M OKPYXKaloLLEeN KOCTHOW TKaHW C MOMOLLbI0 MaTeMaTUYECKOT0 MOAENMPOBaHHS.

MeToapl. [lpoBeaeHO TPEXMEpHOE MaTEMATUYECKOE MOJLENMPOBaHUE HaNpSXEHHO-AePOPMMPOBAHHOMO COCTOSHUS TKaHeM
CerMeHTa HUKHEN YeNHCTU C UHTAKTHBIM U J,eBUTANM3MPOBaHHLIM 3yboM. [TpuMeHsann Harpy3ky 150 H B BepTMKanbHOM U Ha-
KIOHHOM (45°) HanpaBneHNsX, aHaNM3MPOBaIM MaKCUMaSbHbIe HAMPSIKEHUA U UX NOKANN3aLMio B 3Manu, AEHTUHE, KOPTHU-
KanbHOM U rybyaToi KOCTHBIX TKaHSX B COMOCTaB/IEHUM C UX MPeAenaMu NpoYHOCTY.

Pe3ynbrarbl. TKaHM A€BUTaNN3MPOBAHHOIO 3yba UCMbITLIBAT 6ObLUME HANPSIKEHWS NO CPABHEHMIO C UHTAKTHBIM 3y00M,
0C06EHHO NpU HAKIMOHHOM Harpy3Ke: 3Marb, KOpTUKanbHas W rybuatas KOCTHbIE TKaHU COOTBETCTBEHHO Ha 49,3; 11,0; 13,1%
(86,186; 31,371; 5,037 MIa). MNpu BepTMKaNbHON Harpy3Ke AeBUTaNM3aUmMs 3yda yBENMYMBAET HANPSIKEHUS B 3Mau U rybya-
TOW KOCTM JyHKM co0TBETCTBEHHO Ha 33,1 1 29,2% (51,147 n 1,953 MIla). B aeBuTanM3vpoBaHHOM [ieHTUHE BBUAY YXyALue-
HUs ero pU3NYeCcKUX CBOWCTB (4, CiefoBaTeIbHO, CHUMEHWUA NPeAena NPOYHOCTH) HanpsieHUe NpW BEPTUKaNbHOM Harpy3Ke
MPaKTUYECKN He MEHSIETCS, @ MPW HAKIIOHHOW — CHUaeTcs Ha 28,1%. OyHKuMOHaNbHas HarpysKa [LeBUTaU3UpOBaHHO-
ro 3yba npubnukaeT K npefeny NPOYHOCTA HaMpsKEHUS B 3Manu (Mpy BEPTUKANbHOM M HAKIIOHHOW HarpysKax), a Takxe
B [LleHTUHe (MpW HaKNOHHOM Harpy3ke). MepuanukanbHas pe3opbums U pe3eKumMs BEpXYLLKM KOPHA ycyrybnset noBbilleHKe
HaNPSXXEHNN.

3akniouenue. [leButanusaums 3y6oB NoBbILIAET HANPSAXKEHNUS B IMaNIM U KOCTHBIX TKaHSAX, 0COBEHHO NMpU HaKNOHHOW Ha-
rpy3ke. HecMoTps Ha yMeHbLUEHME HanpsKEHWA B LEHTWHE [eBUTaNM3MPOBaHHOrO 3yba M3-3a CHUMKEHWS ero MexaHuue-
CKOM MPOYHOCTM, HANPSXKEHUS MPU HAKIOHHOW HarpysKe NpUbAMKAIOTCA K Npefeny NPOYHOCTU AeHTMHA B 061aCTy LWeiiKu
3yba. Bcnencteue peutanusaumm 3yba HanpsKeHWs B 3Manu NpeBbILLAOT NPeAesibl € NPOYHOCTM KaK NPY HAKIIOHHOM, TaK
W Npy BEPTUKANbHOM Harpyskax (COOTBETCTBEHHO B 0BM1ACTU LUEVKM M MO OKKJIIIO3MOHHOM MoBepxHocTy). [epuanukanbHas
pe30opbums 1 pe3eKLms BEPXYLLKU KOPHS B BAM3KON CTEMEHW YBENMYMBAKT HANPSKEHWUS B 3MaNk B CPABHEHWM C AeBUTaNM-
31poBaHHbIM 3yBoM Mpu 060MX BMAAX HArpy3KW, a TaKKe B KOPTUKA/bHOIM KOCTHOW TKaHU NpU HaKIOHHOW Harpys3ke.

KnioueBble cnoea: dJYHKU,VIOHaﬂbeIe HanpaXxeHua; MaTeMaTn4yecKaa Mozelb; 3YG; KOCTHad TKaHb.
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BACKGROUND

Over the long term after root canal treatment,
root cracks and fractures are frequently observed
under normal masticatory function, indicating reduced
dentin strength resulting from changes in its physical
and mechanical properties [1-3]. In some cases, this
complication can be managed with post-retained
restorations. However, restoration of the crown'’s
integrity does not eliminate the risk of recurrent root
fracture.

Therefore, the magnitude and distribution of
functional stresses and their relationship to dentin
strength in devitalized (nonvital) teeth under functional
loading, compared with intact teeth, remain a subject
of considerable scientific interest.

Three-dimensional mathematical modeling provides
a highly detailed assessment of the stress—strain
behavior of dental hard tissues [4-7]. It is essential
that such models account for the actual ultimate
strength values of dentin and restorative materials.
Although the available data on the physical and

o]
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Fig. 1. Three-dimensional mathematical model of a single-rooted mandibular tooth (premolar) under unfavorable biomechanical
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mechanical properties of dental hard tissues remain
limited and sometimes inconsistent, several studies
have demonstrated a significant reduction in dentin
ultimate strength in devitalized teeth compared with
intact teeth, which is critical for accurate interpretation
of mathematical modeling outcomes [8, 9].

AIM

This work aimed to experimentally compare the
stress—strain behavior of dental hard tissues in intact
and devitalized teeth, as well as in the surrounding
alveolar bone, using mathematical modeling.

METHODS

A baseline three-dimensional mathematical model
of a mandibular premolar was constructed, including
enamel, dentin, and the surrounding cortical and
cancellous bone, preserving their natural anatomical
proportions. The model variants included an intact
tooth, a devitalized tooth, a tooth with periapical bone

conditions: g, intact tooth; b, tooth with periapical bone resorption; c, tooth after apicoectomy.

Table 1. Mechanical properties of dental hard tissues

Tissue / material Elastic modulus (E), MPa

Poisson’s ratio Ultimate tensile strength, MPa

Enamel 81700
Dentin 23 300
Devitalized dentin 2600
Cortical bone 20 500
Cancellous bone 3500

0.28 42.1
0.31 104
0.31 30
0.32 150
0.34 15

DOI: https://doiorg/1017816/dent653465

122



123

EXPERIMENTAL AND THEORETICAL INVESTIGATIONS

resorption, and a tooth after apicoectomy (see Fig. 1).

The mechanical properties of the analyzed tissues
and restorative materials were based on published
data regarding their elastic modulus, Poisson’s ratio,
and ultimate tensile strength, which are lower than
the corresponding compressive strength values (see
Table 1). For modeling purposes, the ultimate strength
of dentin was set at 104 MPa for intact and 30 MPa for
devitalized teeth.

Stress distribution and the magnitude of stresses
in the modeled tissues and restorative materials were
analyzed under vertical and oblique loading of 150 N
using color-coded stress maps and quantitative stress
scales in SolidWorks (Dassault Systemes, France) (see
Figs. 2 and 3).

Comparative analysis of stress values across
the different modeling variants was performed in
Excel 2019 (Microsoft, USA) using Student’s t-test;
differences were considered statistically significant at
p < 0.05.

S, Mises
(Avg: 75%)
51,147
43,252
35,357
27,462
19,567
11,672
3,771

Y
Step: Step-1

A Increment 11: Step Time=1.000
Z X Primary Var: S, Mises

S, Mises

(Avg: 75%)
4,955
4,159
3,363
2,567
1,771
0,975
0,179

Y
Step: Step-1

A Increment 11: Step Time=1.000
Z X Primary Var: S, Mises
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RESULTS

Under vertical loading, the highest stresses in the
intact tooth and its surrounding alveolar socket were
observed in the enamel, reaching 34.204 MPa along the
occlusal surface (see Table 2). In dentin, stresses up
to 9.174 MPa were recorded above the pulp chamber,
beneath the enamel layer of the occlusal surface. In
cortical bone, the maximum stresses were distributed
along the lower third of the tooth socket and its
projection on the mandibular cortical plate (5.066 MPa),
whereas in cancellous bone, stresses concentrated
near the tooth apex (1.382 MPa).

Oblique loading substantially increased stresses in all
hard tissues of the tooth: up to 43.705 MPa in enamel,
56.469 MPa in dentin, 27.909 MPa in cortical bone, and
4.375 MPa in cancellous bone. The areas of maximum
stress shifted as follows: along the cervical region in
enamel; in the middle third of the root in dentin; in the
transition zone between the vertical and basal surfaces of

S, Mises

(Avg: 75%)
8,622
7,270
5919
4,568
3217
1,966
0,515

Y

Step: Step-1
Increment 11: Step Time=1.000
Primary Var: S, Mises

S, Mises

(Avg: 75%)
1,953
1,664
1,375
1,086
0,797
0,508
0,219

Step: Step-1

Y
IZ, A Increment 11: Step Time=1.000
Z X Primary Var: S, Mises

Fig. 2. Functional stress distribution in the tooth and surrounding bone tissue under vertical loading in unfavorable biomechanical
conditions (devitalized tooth): @, enamel; b, dentin; c, cortical bone; d, cancellous bone.
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Fig. 3. Functional stress distribution in the tooth and surrounding bone tissue under oblique loading in unfavorable biomechanical
conditions (devitalized tooth): a, enamel; b, dentin; c, cortical bone; d, cancellous bone.

Table 2. Maximum stress values under functional loading of a devitalized tooth (MPa)

Periapical bone

Test object Intact tooth Devitalized tooth resorption Apicoectomy
Enamel (v) 34.204 51.147 57.360 57.360
Enamel (o) 43.705 86.186 110.489 110.505
Dentin (v) 9.174 8.622 791 197
Dentin (o) 56.469 40.625 36.792 36.790
Cortical bone (v) 5.066 4.955 5.418 5.419
Cortical bone (o) 27.909 31.371 47.968 47.969
Cancellous bone (v) 1.382 1.953 1.871 1.872
Cancellous bone (o) 4.375 5.037 5.107 5111

Note: v, vertical load; o, oblique load.
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the mandible in cortical bone; and in the cervical portions
of the interalveolar septa in cancellous bone.

The hard tissues of the devitalized tooth were exposed
to greater stresses than those of the intact tooth,
particularly under oblique loading: by 49.3%, 11.0%, and
13.1% (86.186, 31.371, and 5.037 MPa) in the enamel,
cortical bone, and cancellous bone, respectively. Under
vertical loading, tooth devitalization increased stresses in
enamel and cancellous bone by 33.1% and 29.2% (51.147
and 1.953 MPa, respectively). In devitalized dentin, due to
the deterioration of its physical properties and consequent
reduction of ultimate strength, stresses remained nearly
unchanged under vertical loading and decreased by 28.1%
under oblique loading.

A clinically common condition, periapical bone
resorption, compared with a devitalized tooth without
resorption, resulted in increased enamel stress—by
10.8% under vertical and 22.0% under oblique loading
(57.360 and 110.489 MPa, respectively)—and in cortical
bone under oblique loading by 34.6% (47.968 MPa). Under
vertical loading with periapical resorption, stress values
in enamel, dentin, cortical bone, and cancellous bone
were 57.360, 7.971, 5.418, and 1.871 MPa, respectively.
Under oblique loading, the corresponding stresses
increased to 110.489, 36.792, 47.968, and 5.107 MPa,
respectively.

The mathematical model of a devitalized tooth after
apicoectomy showed no significant differences in stress
magnitudes in tooth and bone tissues compared with
the model featuring periapical resorption. Under vertical
loading, maximum stresses in enamel, dentin, cortical
bone, and cancellous bone were 57.360, 7.971, 5.419,
and 1.872 MPa, respectively; under oblique loading,
they were 110.505, 36.790, 47.969, and 5.111 MPa,
respectively.

The stress distribution pattern in the devitalized tooth
differed from that in the intact tooth only within dentin
under vertical loading: stresses persisted in the cervical
area but disappeared beneath the enamel layer of the
occlusal surface.

Compared with a devitalized tooth, periapical
bone resorption altered the stress distribution only in
cancellous bone under vertical loading, where stresses
were concentrated along the upper boundary of the
periapical cavity.

The stress distribution patterns across all analyzed
tissues were nearly identical in the models with periapical
bone resorption and apicoectomy.

DISCUSSION

Analysis of stress values across the modeled teeth
showed that functional loading of a devitalized tooth
resulted in enamel stress levels approaching its ultimate
strength under both vertical and oblique loading, and in

Vol. 29 (2) 2025
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dentin under oblique loading. Periapical bone resorption
further increased stress levels. Oblique loading was
particularly detrimental to the stress—strain behavior of
the tooth and surrounding alveolar bone.

The patterns revealed through mathematical modeling
are consistent with clinical observations, confirming the
applicability of this method for individualized prediction of
the biomechanical consequences of dental interventions
affecting the hard tissues of the tooth.

CONCLUSION

From a hiomechanical perspective, tooth devitalization
negatively affects the strength of hard dental tissues.
Devitalization increases stresses in enamel and bone
tissue, particularly under oblique loading. Despite
a reduction in dentin stress caused by a decrease in its
mechanical strength, the stress values in a devitalized
tooth under oblique loading approach the dentin ultimate
strength in the cervical region. As a result of tooth
devitalization, enamel stresses exceed its ultimate
strength under both oblique and vertical loads—at the
cervical area and along the occlusal surface, respectively.
Periapical bone resorption and apicoectomy similarly
increase enamel stress compared with a devitalized tooth
under both loading conditions and also raise cortical bone
stress under oblique loading.
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