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he introduction of osseointegrated dental implants have increased pa-
tients’ functional and esthetic demands and prompted their use based on

well-documented high success rates.1-4 Occlusal loading of osseointegrated

The Effect of Crown Geometry on
Stress Distribution of a Single Implant
Restoration: A Finite Element Analysis

AABBSS  TTRRAACCTT  OObbjjeeccttiivvee:: The influence of occlusal loading location on stress distribution of an im-
plant and surrounding bone is less documented in literature. This study presents the stress analy-
sis of a mandibular second molar implant restored with a metal-ceramic crown under different
loading conditions using the three-dimensional finite element analysis. MMaatteerriiaall  aanndd  MMeetthhooddss:: The
implant model was adapted from ITI (Straumann, Switzerland) with a 1-piece (solid) 4.1 x 10 mm
screw-shaped abutment and the parameters for a cobalt-chromium metal framework and felds-
pathic ceramic were used for crown modelling. The crown, implant, abutment and the alveolar
bone were respectively modelled with SolidWorks software. Then stress distributions under 58 N
load were calculated by ANSYS 10.0 software in 3 cusp angles (3o, 22o and 45o with the horizontal
plane). The distribution of stresses were plotted for some critical points which were the transition
points of compression to tension or tension to compression under load. RReessuullttss:: Maximum stresses
occurred at the implant-abutment junction in all models with differing values. As the cusp angle
increased, maximum Von Mises and shear stresses increased while principal stresses decreased.
Tensile stresses were observed at the implant-alveolar bone junction while compressive stresses oc-
curred at the other areas without causing deformation on the alveolar bone. CCoonncclluussiioonn:: The crown
geometry of a single crown with shallower occlusal morphology produced more favorable stress
distribution.

KKeeyy  WWoorrddss::  Finite element analysis; dental implants, single-tooth; dental prosthesis,
implant-supported 

ÖÖZZEETT  AAmmaaçç::  Oklüzal yük konumunun implant ve çevre sert dokular üzerine etkisi literatürde az
belgelenmiştir. Bu çalışmada, metal-seramik kron ile restore edilmiş alt çene ikinci azı bölgesindeki
bir implantın farklı yükleme durumları altındaki stres dağılımları, üç boyutlu sonlu elemanlar
analizi yöntemiyle araştırılmıştır. Geerreeçç  vvee  YYöönntteemmlleerr::  İmplant ile tek parça (solid), 4.1 x 10 mm
vida şeklindeki dayanak modelleri için ITI (Straumann, İsviçre) esas alınırken, kron modellemesi
için kobalt-krom metal altyapı ve feldspatik seramik parametreleri kullanılmıştır. Kron, implant,
dayanak ve alveoler kemik sırasıyla SolidWorks yazılımıyla modellenmiştir. Üç farklı tüberkül açısı
(yatay düzlemle 3o, 22o ve 45o) için 58 N yük altındaki stres dağılımları ANSYS 10.0 yazılımı ile
hesaplanmıştır. Baskıdan gerilmeye ya da gerilmeden baskıya doğru geçiş noktaları gibi kritik
bölgeler için yük altındaki stres dağılımları belirlenmiştir. BBuullgguullaarr::  Bütün modeller için maksimum
stres değerleri implant-dayanak birleşiminde gerçekleşmiştir. Tüberkül açısı arttıkça, maksimum
Von Mises ve makaslama streslerinde yükselme, asal streslerde ise azalma gözlenmiştir. İmplant-
alveoler kemik birleşiminde gerilme stresleri, diğer bölgelerde ise alveoler kemikte deformasyona
neden olmaksızın baskı stresleri oluşmuştur. SSoonnuuçç::  Tek kron restorasyonlarında, sığ oklüzal
morfoloji ile daha kabul edilebilir yük dağılımı elde edilebilir. 

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Sonlu eleman analizi; diş implantları, tek diş; diş protezi, implant destekli  
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imp lants has be en de fi ned as a de ter mi ning fac tor
for long-term suc cess in imp lant the rapy.5,6 The im-
p lant body-abut ment-crown as sembly sho uld re-
sist to stres ses ge ne ra ted as a con se qu en ce of
func ti o nal occ lu sal for ces that are de pen dent on ge -
o metry, ma te ri al pro per ti es and lo a ding con di ti ons. 

Occ lu sal for ces and mo ments act on dif fe rent
parts of the res to ra ti on and are trans fer red to the
imp lants. In pa ti ents with nor mal den ti ti on and
imp lant den tu re we a rers, axi al for ces are ob ser ved.
Ho we ver, the dis tri bu ti on of the se for ces de pend
on the di rec ti on of the lo ad as well as the pro per ti -
es of the res to ra ti ve ma te ri al used.7,8 Occ lu sal for -
ces ex ce e ding the ca pa city of the bo ne-imp lant
in ter fa ce to ab sorb stres ses may le ad to fa i lu re of
the imp lants.9 Cus pal inc li na ti on as well as bo ne
type, ho ri zon tal off set, and occ lu sal ana tomy are
the im por tant bi o mec ha ni cal fac tors that con tri -
bu te to imp lant over lo ad.10,11

For prob lems in vol ving comp li ca ted ge o met -
ri es, it is very dif fi cult to ac hi e ve an analy ti cal so-
lu ti on. The re fo re, the use of nu me ri cal met hods
such as fi ni te ele ment analy sis (FE A) is re qu i red.
FE A is a tech ni qu e for ob ta i ning a so lu ti on to a
comp lex mec ha ni cal prob lem by di vi ding the prob-
lem do ma in in to a col lec ti on of much smal ler and
simp ler do ma ins (ele ments) in which the fi eld va -
ri ab les can be in ter po la ted with the use of sha pe
func ti ons. An ove rall ap pro xi ma ted so lu ti on to the
ori gi nal prob lem is de ter mi ned ba sed on va ri a ti o nal
prin cip les. Be ca u se the com po nents in a den tal im-
p lant-al ve o lar bo ne system are ex tre mely comp lex
ge o met ri cally, FE A has be en vi e wed as the most su -
i tab le to ol for analy zing them. A mesh is ne e ded in
FE A to di vi de the who le do ma in in to ele ments.
The pro cess of cre a ting the mesh, ele ments, the ir
res pec ti ve no des, and de fi ning bo un dary con di ti -
ons is re fer red to as “dis cre ti za ti o n” of the prob lem
do ma in.12

Thre e-di men si o nal (3D) fi ni te-ele ment analy-
sis has be en wi dely used among the met hods for
the eva lu a ti on of imp lant bi o mec ha nics for the qu -
an ti ta ti ve eva lu a ti on of stres ses and stra ins in the
bo ne du e to tech ni cal li mi ta ti ons of stress as sess -
ment in bo ne in vi vo.13,14

Mas ti ca tory for ces in du ce axi al lo ads and ben -
ding mo ment and re sult in stress gra di ents in the
imp lant as well as in the bo ne. For the suc cess or fa -
i lu re of a den tal imp lant, the man ner in which
stres ses are trans fer red to the sur ro un ding bo ne is
of vi tal im por tan ce.12 The re fo re, the ob jec ti ve of
this study was to eva lu a te the stress pat terns on an
al ve o lar bo ne- imp lant-abut ment-crown as sembly
un der lo a ding with 3 dif fe rent cusp ang les.

MA TE RI AL AND MET HODS
A 3D fi ni te ele ment mo del of a mis sing man di bu -
lar se cond mo lar rep la cing imp lant with the abut-
ment, crown and sur ro un ding type II bo ne block
we re used in the study (Fi gu re 1a and 1b). A one-
pi e ce, screw-sha ped den tal imp lant with a so lid
abut ment tigh te ned on the imp lant (ra di us: 4.1mm,
length: 10 mm) (ITI; Ins ti tu te Stra u mann AG, Wal -
den burg, Swit zer land) was se lec ted for the study.
The imp lant and its su pers truc tu re we re mo del led
with the use of a soft wa re (So lid Works, Das sa ult
Systems, Su res nes, Fran ce). 

Thre e crowns with dif fe rent cus pal inc li na ti -
ons (3º, 22º and 45º) we re mo del led (Fi gu re 1c). The
pa ra me ters of a feld spat hic ce ra mic (Vi ta, Bad Sac -
kin gen, Ger many) crown with a ba se me tal (Co-Cr)
fra me work (Wi ron 99, Be go, Bre men, Ger many)
was used to si mu la te the su pers truc tu re. Ce ra mic
and me tal thick nes ses used in this study we re 0.5–
1.5 mm. Ce ment thick ness was ig no red.15 The ge o -
metry of the crown mo del has be en des cri bed by
Whe e ler.16

All ma te ri als we re as su med to be li ne arly
elas tic, ho mo ge ne o us, and isot ro pic.17 The re qu i -
red analy ti cal pro per ti es we re de ri ved from a li te -
ra tu re sur vey, and are lis ted in Tab le 1.18 The
who le mo del con sis ted of 8019 no des and 45221
ele ments. 

An ave ra ge ver ti cal for ce of 58 N was app li ed
axi ally on the thre e buc cal cus pal tips.19 The app li -
ed for ces we re sta tic. Stress le vels we re cal cu la ted
using Von Mi ses, she ar and prin ci pal stres va lu es.
The fi nal ele ment on x axis for each de sign was as-
su med to be fi xed which de fi ned bo un dary con di -
ti on. Stress fin dings we re eva lu a ted for each cus pal
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de sign (3°, 22° and 45°). Bo un dary con di ti ons, lo a -
ding and mat he ma ti cal mo del we re pre pa red with
a fi ni te ele ment soft wa re (ANSYS 10.0, Ansys
Corp., Ho us ton, USA) to disp lay stress va lu es and
dis tri bu ti ons.

RE SULTS
App li ca ti on of axi al for ce on dif fe rent cus pal ang -
les in an imp lant-crown de sign in the pre sent study
inf lu en ced the lo ca li za ti ons of stres ses. 

Ma xi mum Von Mi ses stress dis tri bu ti ons we re
ob ser ved aro und the cer vi cal re gi on of the so lid
abut ment and abut ment-imp lant junc ti on in all 3º,
22º and 45º inc li na ti ons (115,03 MPa, 128,33 MPa
and 146,32 MPa, res pec ti vely) (Fi gu re 2a-c). As the
cus pal ang le in cre a sed, ma xi mum Von Mi ses and
she ar stres va lu es in cre a sed, and the prin ci pal stress
va lu es dec re a sed (Tab le 2). Ten si le stres ses we re
ob ser ved at the imp lant-al ve o lar bo ne junc ti on and
whi le com pres si ve stres ses we re con cen tra ted at
the ot her re gi ons (Fi gu re 3 a-c). The al ve o lar bo ne
was not ob ser ved to be un der sig ni fi cant stra in af -
ter analy sis of the stress dis tri bu ti ons in the al ve o -
lar bo ne mo del. Ma xi mum stress va lu es wit hin the
cor ti cal bo ne sur ro un ding the imp lant we re 91,29

MPa for 3º cus pal ang le, whi le 97,29 MPa for 22º
and 122,85 MPa for 45º (Fi gu re 3 a-c). 

DIS CUS SI ON
The prin ci pal dif fi culty in si mu la ting the mec ha -
ni cal be ha vi or of den tal imp lants is the mo del ling
of hu man bo ne tis su e and its res pon se to app li ed
mec ha ni cal for ce. Cer ta in as sump ti ons ne ed to be
ma de to ma ke the mo del ling and sol ving pro cess
pos sib le. The comp le xity of the mec ha ni cal cha r-
ac te ri za ti on of bo ne and its in te rac ti on with imp -
lant systems has for ced aut hors to ma ke ma jor
simp li fi ca ti ons. So me as sump ti ons such as de ta i led
ge o metry of the bo ne and imp lant to be mo del led,
ma te ri al pro per ti es, bo un dary con di ti ons and the
in ter fa ce bet we en bo ne and imp lant inf lu en ce the
ac cu racy of the FE A re sults sig ni fi cantly.20

Material Young’s Modulus (GPa) Poisson’s Ratio (µ)
Ceramic 65 0.24

Titanium 110 0.33

Alveolar bone 18 0.3

Cobalt-chromium alloy 206 0.33

TABLE 1: Material properties used for analysis.14

FIGURE 2: Von Mises stress distributions within implant and abutment. (A) for 3º cuspal inclination (B) 22º cuspal inclination, (C) for 45º cuspal inclination.

FI GU RE 1: (A) Thre e di men si o nal mo del of the imp lant-al ve o lar bo ne-abut ment-crown as sembly, (B) Mesh mo del of the imp lant-abut ment-crown as sembly, (C)
Dif fe rent cus pal inc li na ti ons and dis tri bu ti on of lo ad app li ed to fi ni te ele ment mo del. 
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Func ti o nal for ces trans mit ted to the sup por -
ting bo ne by the res to ra ti ve ma te ri al, abut ment and
the imp lant cre a te stres ses in imp lant sup por ted fi -
xed par ti al den tu res.21 The analy sis of stres ses in
res to ra ti ve ma te ri als and sup por ting tis su es is of
gre at im por tan ce sin ce the cre a ted stres ses sho uld
be at physi o lo gi cal le vels, and high stress con cen -
tra ti ons sho uld be eli mi na ted. In the pre sent study,
a fi ni te-ele ment stress analy sis met hod was used to
eva lu a te the stres ses ge ne ra ted in the abut ment,
imp lant, and sup por ting bo ne with va ri o us ma te ri -
als used in imp lant-crown de sign un der func ti o nal
for ces. In a pre vi o us fi ni te-ele ment stress analy sis
study,15 all ma te ri als we re ac cep ted to be li ne arly
elas tic, ho mo ge ne o us, and isot ro pic, and ce ment
thick ness was ig no red sin ce it was fo und not to af-
fect the stress dis tri bu ti on.22 All struc tu res in the
mo del in the pre sent study we re as su med to be ho-
mo ge ne o us and isot ro pic and li ne arly elas tic and
the ce ment thick ness was ig no red. Ho we ver, the
pro per ti es of the ma te ri als and li ving tis su es mo d-
el led in fi ni te ele ment analy ses dif fer such as the
ac tu al cor ti cal bo ne of the man dib le is de fi ned to
be trans ver sely isot ro pic and non-ho mo ge ne o -
us.21,23 Be si des, in our study, imp lan t– bo ne in ter fa -
ce was as su med to be in full con tact, which do es
not si mu la te cli ni cal si tu a ti ons.9 Among the ot her

li mi ta ti ons of the pre sent study, it is al so im por tant
to po int out that the stress dis tri bu ti on pat terns
may ha ve be en dif fe rent, de pen ding on the ma te -
ri als and pro per ti es as sig ned to each la yer of the
mo del. In a pre vi o us study on the ef fect of su pers -
truc tu re ma te ri al on stress dis tri bu ti on in an imp -
lant-sup por ted fi xed prost he sis, co bal t–c hro mi um
fra me work with por ce la in for the occ lu sal sur fa ce
was fo und to be the op ti mal com bi na ti on for sup -
ras truc tu re cons truc ti on.24 The re fo re the imp lant
sup por ted crown in the pre sent study was al so mo -
del led with Co-Cr fra me work ma te ri al and ce ra -
mic. 

In the pre sent study, a 4.1x10 mm so lid-screw
den tal imp lant was se lec ted sin ce no imp lant frac-
tu re was re por ted.25 The de sign of the occ lu sal sur-
fa ce of the mo del may inf lu en ce the stress
dis tri bu ti on pat tern, the re fo re, the lo ca ti ons of the
for ce app li ca ti ons we re des cri bed as es pe ci ally the
buc cal cusp tip sin ce it is well do cu men ted that la t-
e ral for ces are mo re det ri men tal in terms of non-
ho mo ge no us stress dis tri bu ti on in all types of
res to ra ti ons21,26,27 and imp lant sup por ted fi xed par-
ti al den tu res are not an ex cep ti on. Be si des, the for -
ces might be trans mit ted di rectly to the imp lant
body wit ho ut the pre sen ce of any pe ri o don tal li ga -
ment supp lying stress ab sorp ti on mec ha nism as in
a na tu ral to oth. 

All physi o lo gic bi o mec ha ni cal pro ces ses are
in ter re la ted, the re fo re cus pal inc li na ti on as well as
bo ne type, ho ri zon tal off set, and occ lu sal ana tomy
may play a ro le in imp lant over lo ad.28 In this study,
me tal-ce ra mic crowns with 3 dif fe rent cus pal ang -
les we re tes ted. The crown with 45º inc li na ti on ex-

Maximum stress values

Cuspal inclination Von Mises (MPa) Shear (MPa) Principal (MPa)

3º 115.03 60.33 91.29

22º 128.33 66.41 97.29

45º 146.32 76.96 122.85

TABLE 2: Maximum stress values upon force
applications on different cuspal angles.

FIGURE 3: Stress distributions within cortical bone. (A) for 3º cuspal inclination (B) 22º cuspal inclination, (C) for 45º cuspal inclination.
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hi bi ted the hig hest stres dis tri bu ti on aro und the
cer vi cal re gi on of the imp lant, ho we ver, crowns
with 3º and 22º an gu la ti ons sho wed si mi lar lo ad
dis tri bu ti ons. The se re sults may be at tri bu ted to the
fact that, as the cus pal ang le in cre a sed, even un der
axi al lo ads the ben ding mo ment oc curs and re sults
in un fa vo rab le stress gra di ents in the imp lant as
well as in the cres tal bo ne.12

Imp lant over lo ad stem form mas ti ca tory for -
ces or pa ra func ti o nal ha bits may dec re a se bo ne
den sity aro und the cer vi cal re gi on of imp lants and
le ad to cra ter-li ke de fects.12,25,28 In the pre sent
study, ma xi mum stres ses we re con cen tra ted aro -
und the col lar re gi on of imp lant and the cres tal part
of the cor ti cal bo ne du e to the ri gid con nec ti on be-
t we en the imp lant and bo ne. The re sults of this
study sho wed that, using high cus pal inc li na ti on
pro du ced high stres ses on the al ve o lar bo ne. On the
ot her hand, with low cus pal an gu la ti ons mo re fa vo -
rab le stress pat terns du e to ver ti cal re sul tant for ce
rat her than la te ral for ce oc cu red aro und the sur ro -
un ding bo ne. 

CONC LU SI ON
Wit hin the li mi ta ti ons of this study, the fol lo wing
conc lu si ons we re drawn:

1. App li ca ti on of axi al for ce on dif fe rent cus pal
ang les in an imp lant-crown de sign inf lu en ced the
lo ca li za ti ons and va lu es of stres ses at imp lant and
bo ne tis su e sur ro un ding the imp lant.

2. The crown with 45º inc li na ti on ex hi bi ted
the hig hest stress dis tri bu ti on aro und the cer vi cal
re gi on of the imp lant, ho we ver, crowns with 3º and
22º an gu la ti ons sho wed si mi lar lo ad dis tri bu ti -
ons.

3. The crown ge o metry of a sing le crown with
shal lo wer occ lu sal morp ho logy pro du ced mo re fa-
vo rab le stress dis tri bu ti on.
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This study was con duc ted and comp le ted as the MSc The-
sis named “İmplant Uygulanmış İnsan Çenesinde Kaplama
Geometrisinin Gerilme Üzerine Etkisi” of Ka an BAŞ TÜRK,
Mec ha ni cal En gi ne er un der su per vi si on of As so ci a te Pro-
fes sor Meh met ZOR.
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