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STRESSES IN A TOOTH RESTORED BY A VENEER
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Abstract: Stresses in a tooth prepared for different shapes of a veneer were studied
using finite elements analysis. Six loading variants and five variants of tooth preparation
design were studied with the help of the SPLEN-K computer program. It was found that
tooth preparation form for veneer strongly affected on stresses in the cases of direct or
orthognatic occlusions, and did not affect on stresses in the case of deep occlusion.
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Introduction

In recent years, the use of veneers in prosthetic dentistry has substantially grown, largely as a
result of not only scientific achievements in technology of their manufacturing, but also an
increased interest of patients. It is because tooth preparation for a veneer is practically
noninvasive, i.e. the most of the tooth tissues is kept in comparison with preparation for a
crown. The preparation design for veneer depends on initial position, shape and color of a
tooth. However, experts' recommendations about veneer shape (without overlapping or with
different overlappings) are inconsistent [4]. For instance, Clyde and Gilmour [6]
recommended oblique chamfer of an incisal edge with depth from 0.5 up to 1 mm or uniform
preparation without involvement of the palatal surface. Calamia [5] reported that it is best to
create semicircular vestibular shoulder, and, if required, to prepare an incisal edge on 0.5-mm
depth with transition to the palatal surface.

In the field of the prosthetic dentistry, there are a lot of scientific researches based on
finite element analysis. It may be explained by series of advantages of this method against
laboratory tests, especially in a possibility of evaluation not only real loads on teeth, but also
loads of unusual magnitudes, directions and application points.

For application in manufacturing of crowns, onlays and other aesthetic restorations,
special glass-ceramic materials such as Sikor and Simet [2] were developed.

The purpose of present work was to study the influence of incisal preparation design
on stresses in a tooth restored by a veneer.

Materials and methods
In the material laboratory of the Moscow State Medical Stomatologic University in
cooperation with the faculty of mathematical modeling of Moscow Electronic Engineering
and Mathematics Institute the SPLEN-K computer program has been developed [1, 3, 7]. This
program allows calculating stresses in various constructions.
For using the SPLEN-K program it is required to input geometric sizes of
construction, boundary conditions and two elastic material constants. The used materials and
their properties are listed in Tab. 1.
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Table 1. Properties of material used in mathematical model.

Material Poisson's ratio Young's modulus (MPa)
Dentin 0.31 14700
Enamel 0.33 84100
Glass-ceramic Sikor 0.23 66760
Composite cement 0.24 14100

The model of an upper central incisor with five tooth preparation variants was created
(Fig. 1).

The calculations were performed as follows. The mesio-distal contours of a prepared
upper central incisor, a veneer and a composite interlayer have been entered into computer.
The boundary conditions (fixing points and chewing force) have been set.

Some simplifications were made, such as homogeneity of physical properties of the
tooth tissues and the absence of the pulp, which was modelled as having dentin’s mechanical
properties. Two-dimension model (middle sagittal section) was studied.

The researches were executed with three variants of 100 N load application. These
variants modelled direct occlusion (loading distributed along an incisal edge), orthognatic
occlusion (loading applied to the middle third of the palatal surface of the tooth) and deep
occlusion (loading applied to the cervical third of the palatal surface of the tooth). The study
technique was detailed in [3].

Six loading variants (2 directions 3 types of occlusion) and five variants of tooth
preparation design were studied.

Results
The results have demonstrated that the design of incisal edge preparation for a veneer
strongly affects on stress pattern in the dentin.
The most distinctions were found between the 2™ and the 5™ veneer type in values of
the maximal tensile stresses under vertical loading simulating orthognatic bite (Tab. 2): 11.8
and 18.4 MPa, respectively. There were no significant differences in stress values in case of
deep occlusion under both horizontal and vertical loadings with all five variants of preparation

Fig.1. Diagram of tooth preparation design variants.
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(Tab. 3).
Table 2. Orthognatic occlusion.
Vertical loading Horizontal loading
Veneer Max Max Max stress Max Max tensile | Max stress
type compressive tensile intensity, compressive | stresses, intensity,
stresses, stresses, (MPa) stresses, (MPa) (MPa)
(MPa) (MPa) (MPa)
1. 121.36 14.79 215.02 208.39 201.77 326.95
2. 121.97 11.83 215.93 209.73 200.55 325.89
3. 121.32 15.40 203.62 209.88 200.73 325.78
4. 121.75 14.12 216.49 213.73 200.78 326.13
5. 104.03 18.41 183.78 193.41 172.83 292.37
Table 3. Deep occlusion.
Vertical loadin Horizontal loading
Veneer Max Max Max stress Max Max tensile | Max stress
type compressive tensile intensity, compressive | stresses, intensity,
stresses, stresses, (MPa) stresses, (MPa) (MPa)
(MPa) (MPa) (MPa)
1. 99.29 34.31 207.40 83.83 63.42 140.71
2. 99.17 34.32 207.29 83.83 62.93 141.11
3. 99.19 34.32 207.33 83.83 62.96 141.12
4. 99.21 34.28 207.39 83.89 63.01 141.28
5. 100.56 35.38 210.25 83.85 62.22 140.67

In case of vertical loading of an incisal edge (direct occlusion), the maximal
compressive stresses were observed for the 3" variant of preparation (Tab. 4, Fig. 2), and the
maximal stress intensity was observed for the 2", 3 and 5" variants. The difference of the
maximal compressive stress values between the 1% and the 3" variants exceeded 38%.

The best results (minimal values) under horizontal loading were obtained for the 4™
variant of preparation with an oblique chamfer on the palatal surface of an incisal edge (Tab.
4, Fig. 3), and the worst results were obtained for the 2"® and 3" variants. The difference in
the maximal tensile stresses has reached 12%.

Table 4. Direct occlusion.

Vertical loadin Horizontal loading
Veneer Max Max tensile | Max stress Max Max tensile | Max stress
type compressive | stresses, intensity, compressive | stresses, intensity,
stresses, (MPa) (MPa) stresses, (MPa) (MPa)
(MPa) (MPa)
1. 65.44 1.90 123.07 192.30 181.51 319.24
2. 83.02 1.84 159.79 202.56 194.64 326.76
3. 90.56 1.84 158.52 202.62 192.52 326.87
4. 72.11 1.94 136.99 190.93 173.79 310.37
5. 67.52 1.85 159.57 201.38 182.00 317.00

The greatest distinction in stresses (55.6%) was observed under vertical loading for the
2" and the 5™ variants at orthognatic bite.

The best results in five of six parameters in case of orthognatic occlusion were
obtained for the 5" variant (Tab. 2, Fig. 4). The advantage of the 5" variant in respect to the
maximal stress intensity values (from 11% up to 17.8%) is especially significant.
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Fig. 2. Stress-deformation state (the 3" type of veneer design): a — mean stress
distribution, b — stress intensity distribution.
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Fig. 3. Stress-deformation state (the 4" type of veneer design): a — mean stress distribution, b — stress
intensity distribution.
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Fig. 4. Stress-deformation state (the 5" type of veneer design: a — mean stress distribution, b
— stress intensity distribution.



Russian Journal of Biomechanics, Vol. 4, Ne 1: **-** 2000

Conclusions

. Tooth preparation form for a veneer strongly affects on stress distributions in the cases of
direct or orthognatic occlusion.

. At orthognatic occlusion the lowest stress values were obtained for the 5" preparation
design with full overlapping of an incisal edge by a veneer and semicircular shoulder on
the palatal surface, and the worst ones were obtained for the 4" variant with oblique palatal
chamfer.

. At direct occlusion the best results were found for the 4™ preparation of an incisal edge,
and the maximal stresses were observed for the 3 preparation design with oval shoulder
formation at the top of an incisal edge.

. Tooth preparation shape for a veneer does not affect on stress distributions in the case of
deep occlusion (horizontal or vertical force applied to the cervical third of palatal surface
of a tooth).
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HAMNPAXEHHOE COCTOAHUE 3YBA, BOCCTAHOBJIEHHOIO
BUHNPOM

A.WN. INNe6epeHko, H.I'. BapTtaHoBa, C.B. AHucumoBa (MockBa, Poccus)

B Teuenne MOCJIICAHUX ,I[CCHTI/IJ'ICTI/Iﬁ B OpTOH@I[PI‘IGCKOfI CTOMATOJIOTHHX AaKTHMBHO

pa3BHBacTCS HANpaBJICHUE BOCCTAHOBJICHHS TMEPEIHUX 3yOOB C MOMOIIHIO BUHUPOB. DTOMY
CIOCOOCTBYIOT HE TOJBKO HAay4YHBIC JIOCTHIXKCHHS B TEXHOJOTHMM WX H3TOTOBJICHUS, HO U
MOBBIIIICHHBIA MHTEPEC MAlMEHTOB K JAHHOMY BHJIY PECTaBPAIllMH, TaK KaK MPermapupoBaHue
3y0a IMoJT BUHUD SIBISICTCS MUHUMAaJIbHO WHBA3WBHBIM — COXPAHSETCS MAKCUMYM CYOCTaHITHH
3y0a B CpaBHEHUH C MPENapUpPOBAHUEM 1101 KOPOHKY. BenmunHa npenapupoBaHus 0] BUHUD
3aBUCUT OT HMCXOJHOTO TOJIOKEHHS, (GOpMBI M IBETa OTIEIBHOTO 3yOa (3y0oB). OmHako
PEKOMEH/TAINN CIEIIHATUCTOB 0 (hOpMe TIperapupoOBaHUU PEXKYIIETo Kpas (0e3 mepeKphITHS,
C MEePEKPHITUEM PA3THYHON BEJIMYHHBI) TPOTHBOPECUYHBHI.
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JIisi 5CTETUYECKUX pecTaBpalliii B BHJIE KAKETHBIX KOPOHOK, BKJIAJOK, INTH(TOBBIX
3yOOB B OT€UECTBEHHOM CTOMATOJIOTUU pa3paboTaHbl CclielnaIbHble CUTANIOBbIE MaTepHAIIbI:
Cukop, Cumer.

Lenbto HacTosmIel paboOThl ABUIOCH U3yYEHHE BIUAHUSA (DOPMBI MpernapupoBaHUs MO
CUTAJUIOBBIN BUHHP PEXYIIETO Kpas 3y0a Ha ero HanpspkEHHO-Ae(OpMUPOBAaHHOE COCTOSTHUE.

B nmabGoparopun wmarepumanoBenenus HUWUW  cromaronorum mnpu  MOCKOBCKOM
I'ocymapcTBeHHOM MeaNKO-CTOMATONIOTHYECKOM YHUBEPCUTETE COBMECTHO ¢ Kadeapoii
MaTEMaTHYeCKOro MOJEIUPOBaHUS MOCKOBCKOTO HHCTUTYTA AJIGKTPOHHUKH M MaTeMaTHKU
pa3pabortana komnbiorepHas nporpamma SPLEN-K, mo3Bossifonias mpou3BOIUTh PACUETHI
HaANPsKEHHO-1e()OPMUPOBAHHOTO COCTOSIHUS PA3IMYHBIX OPTONEAMYECKUX KOHCTPYKIUN U
UX COTPSDKEHUS C TKaHsAMU 3y0a.

Jnst  pacu€ra B mnporpamme SPLEN-K 3amaBamu reoMerpuyeckue pasMepbl
KOHCTPYKIIMW, TPaHUYHBIC YCJIOBUS WM OCHOBHBIE MEXaHHYECKHE CBOMCTBA MaTepHajoB
MPOTE30B U 3y00B.

Hamre nccnenoBanne mpoBeieHO Ha MOJAETH LEHTPATBHOTO pe3lia BepXHEH YeTIOCTH C
MATHIO BApUAHTAMHU MIPENapUPOBAHUS PEXKYILETO Kpasi.

BBenensl ynpomieHHss B BHAE€ TOMOT€HHOCTH (PH3MYECKHMX MapaMeTpoB B TOJIIIE
JEHTMHA M 5Majd, a TakkKe B MOJEIU OTCYTCTBYET IIyJlbIIOBasg KaMmepa, KOTOPYIO
paccUMThIBaIM 1O TapamMeTrpaMm JeHTHHa 3y0a. M3ydanu IMiocKo-IBYMEpPHYIO MOJENb —
CPEIMHHOE CaruTTaJbHOE CEUCHHUE.

HccnenoBanus mpoBeeHbl IPU TPEX BapUaHTaX MPUIIOKEHUS KEBATEIbHOW HArpy3Ku
(100 H), umuTHpyromieii: TpsaMoi mpukyc (pacrpeaciénHas Harpy3Ka Mo pexyieMy Kparo),
OpPTOTHATHUYECKHI (Harpy3Kka, MPUIOKEHHAs K CPETHEH TpeTH HEOHOH MOBEPXHOCTH KOPOHKHU
3y0a) M TUIyOOKMH TIpUKYC (Harpy3ka, NPHJIOKEHHAs K TMPUIIECYHOW TpeTH HEOHOU
MIOBEPXHOCTH KOPOHKHU 3y0a). MccnenoBano 6 BapMaHTOB Harpy3ok (2 HampaBieHMs, 3 BHUa
MpHUKYyca) U 5 BapUaHTOB IIPENaprUpOBaHUs PEKYILIEro Kpasi.

AHanu3 pe3ynbTaToB UCCIIEJOBAHUM MTO3BOJIMII CIETATh CIEAYIOIINE BHIBOIbL:

1. Meroauka mpenapupoBaHUs PEXYIIEro Kpas 3y0a 1Moj BHHHUP OKa3bIBaeT CYIIECTBEHHOE
BIIUSTHUE Ha XapakTep HanpskEHHO-AePOPMUPOBAHHOTO COCTOSHUS TBEPIBIX TKaHEH 3y0a
MIPU IPSIMOM U OPTOTHATHYECKOM BHJaX MPUKYCA.

2. [Ipu OopTOrHATUYECKOM MPUKYCe HAMMEHbIIIME MOKAa3aTelH HAIMpPSKEHUH OTMEUEHBI MPHU
MSITOM BapHaHTE MPETapUpOBaHUsS C MOJIHBIM MEPEKPHITHEM BUHUPOM PEXKYIIETO Kpas C
MOJIYKPYTJIBIM YCTYIIOM Ha HEOHOW MOBEPXHOCTH, a XYAIINE PE3yAbTaThl — IPU YETBEPTOM
BapHaHTE C KOCBIM CKOCOM B HEOHYIO CTOPOHY.

3. [Ipy mpsiMOM TMpUKYyCe HAUTYYIIHE pPE3yabTaThl MOJYYEHBI NMPU YETBEPTOM BapUaHTE
MpernapupoBaHUsl  PEXYLIEro Kpas, a MaKCHUMajbHble TIOKa3aTeld HaIlpsHKEHUH
HaOII01al0TCsA P TPEThEM BapHuaHTe ¢ (POPMHUPOBAHMEM OBAIBHOIO YCTYyINa Ha BEPIIUHE
PEXYIIETO Kpasi.

4. Ilpu npuIoNKEeHUH TOPU3OHTAIBHON MU BEPTUKAIBLHOM Harpy3kd B MPHUIIEEYHOU TPETH
HEOHOM TOBEPXHOCTH (MMHTALUSI TIIYOOKOTO TPUKyca) METOIWKa TpernapupOBaHHS
pPEeXYIIero Kpasi IOJ BHUHUD HE OKa3blBaeT BIMAHMUS Ha BEIUYMHY U pacHpeeseHue
HanpsHKeHUH B KOpOHKe 3y0a. bubim. 7.

KitoueBbie ciioBa: OnoMexaHHKa 3yO00UEIIOCTHON CUCTEMBI, IpernaprupoBaHue 3yO0OB, BUHHUD,
METOJl KOHEYHBIX JIEMEHTOB, aHAJIN3 HANTPSDKEHUH
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