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plications that occur after electron-
beam therapy of the ear canal can be 
reduced. This method can be easily 
used for patients treated with curative 
RT for tumors located around the ear 
and ear cavity. 
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Clinical Implications
Insertion depth and implant diameter affect the biomechanical response 
of bone, particularly between the plateaus of an implant. Strain distribu-
tion can be optimized for long-term bone maintenance by adjusting the 
insertion depth for different levels of bone quality in the alveolar ridge.

Statement of problem. Strain levels in periimplant bone are affected by implant dimensions, bone quality, and im-
plant insertion depth, resulting in different bone maintenance characteristics.

Purpose. The purpose of this study was to evaluate the biomechanical response of the jaw bone to a wide-diameter, 
short (WDS) implant, and a narrow-diameter, long (NDL) implant for various simulated clinical scenarios.

Material and methods. The finite element method was used to evaluate periimplant bone strain distribution for 5 x 
6-mm (WDS) and 3.5 x 10.7-mm (NDL) implants. A 3-dimensional segment of the mandible was constructed from a 
computerized tomography image of the premolar region. Occlusal force was simulated by applying a 100-N oblique 
load on the abutment. Bone strain distributions for 5 different implant insertion depths and 2 different levels of alveo-
lar bone quality were evaluated.

Results. For an NDL implant, approximately 60% to 80% of the bone volume surrounding the implant was subjected 
to 200-1000 μstrain (με), and 15% to 35% was subjected to 1000-3000 με, regardless of the alveolar bone quality. For 
a WDS implant, the bone volume subjected to 1000-3000 με increased, and the bone volume subjected to 200-1000 
με decreased in lower quality alveolar bone. For both implant types, bone volume experiencing strain levels less than 
200 με, and/or greater than 3000 με, was predicted to be relatively small.

Conclusions. In general, the thread design promoted relatively high strain around the thread tips, and the bone inside 
grooves was less strained. A more even and higher strain distribution in the periimplant bone was generated by the 
WDS implant as compared to the NDL implant. Regardless of the implant dimensions and simulated clinical scenari-
os, the development of high strain in the alveolar region was inevitable. Strain levels in periimplant bone were reduced 
as the insertion depth of the implant was increased. (J Prosthet Dent 2010;104:293-300)
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The use of dental implants for 
the treatment of partial or complete 
edentulism has become an effective 
alternative in recent decades.1,2 In a 
manner similar to that of an orthope-
dic implant, a dental implant serves 
as a load-bearing device that not only 

sustains masticatory forces, but also 
transfers loads to periimplant bone. 
Load transfer depends on successful 
healing of the osteotomy and osseo-
integration, which is characterized as 
a direct structural and functional con-
nection between the bone and the im-

plant surface.3-6 Thus, increasing the 
implant surface area (increasing the 
implant diameter or implant length) 
could be anticipated to improve the 
osseointegration of implant to bone 
and establish implant stability. 

Clinically, a narrow implant might 
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be an option when the existing bone 
space in the alveolar ridge, in both 
buccal-lingual (BL) and mesial-distal 
(MD) directions, is narrow.7 Howev-
er, a wide-diameter implant has been 
suggested to restore tooth loss in the 
posterior region, where the dimension 
of the alveolus is greater than the di-
ameter of a standard implant (3.75  
mm).8,9 In addition, the jaw anatomy 
limits the choice of implant length. 
The available bone height is restricted 
by the presence of the inferior alveo-
lar nerve and mental foramen in the 
mandible, and the maxillary sinus in 
the maxilla.8-10 The short- and mid-
term performance of wide-diameter 
implants was reviewed by Davarpa-
nah et al,11 and success rates between 
82% and 97.7% were reported. Re-
nouard et al12 reviewed the effects 
of implant length and diameter on 
survival rate. The authors reported 
a trend of increased failure rate due 
to the use of short or wide implants; 
however, when the bone density, sur-
face characteristics of the implant, 
operator’s surgical skill, and indica-
tions for treatment during the surgical 
preparation were considered, the sur-
vival rates of short- or wide-diameter 
implants were comparable to those 
of longer implants and implants with 
standard diameters. 

Generally, the mandible has a denser 
and thicker cortical layer than the max-
illa, with the cortical layer becoming 
thinner and more porous posteriorly. 
Poor quality and quantity of surround-
ing bone was ranked as the most 
influential factor for reducing the 
success rate of dental implant treat-
ments.13,14 Seong et al15 reported that 
the combined apparent density of 
cortical and trabecular bone has a 
high correlation with initial implant 
stability. Some surgical techniques16-18 
proposed to increase the cortical an-
chorage followed the suggestion that 
initial implant stability is dependent 
on adequate implant and cortical 
bone engagement.19,20 Studies have 
also shown that stress in the crestal 
bone is susceptible not only to fea-
tures of implant design,21-24 such as 

diameter, crestal module, and thread 
profile, but also to quality and quan-
tity of alveolar bone.22,25-27 Severe bone 
loss in the crestal region has often been 
attributed to excessive loading.28,29 

In the presence of a dental im-
plant, compared to a natural tooth, 
the stress and strain fields are altered 
for several reasons, including the lack 
of cushioning provided by the peri-
odontal ligament, morphological dif-
ferences between an implant and a 
natural tooth, and the differences in 
the material properties of the implant 
as compared to a natural tooth. Al-
terations in loading conditions can 
result in bone remodeling, according 
to Wolff ’s law,30 which states that 
the adaptation of bone morphology 
is regulated by mechanical loading. 
To study long-term bone morphol-
ogy, mathematical models31,32 of bone 
remodeling have been developed and 
were later adopted to predict dental 
implant-induced bone remodeling.33-35 

One of the challenges in designing a 
dental implant system is to create a 
favorable biomechanical environment 
that prevents the surrounding bone 
from resorbing and/or failing under 
normal occlusal loads.

In addition to implant design, crest-
al bone geometry, and placement site,36 
strain levels in periimplant bone can be 
affected by alveolar bone quality and 
implant insertion depth and can re-
sult in different bone maintenance 
characteristics. The purpose of this 
study was to investigate the biome-

chanical response of surrounding 
bone to 2 types of implant systems, a 
wide-diameter, short (WDS) implant 
and a narrow-diameter, long (NDL) 
implant, under occlusal loading. The 
effects of clinical scenarios, including 
(1) implant insertion depth, and (2) 
bone quality at the alveolar region, on 
strain distribution in the periimplant 
bone, were considered systematically.

MATERIAL AND METHODS

All 3-dimensional (3-D) models 
were created using software (Pro/
ENGINEER Wildfire 2.0; Parametric 
Technology Corp, Needham, Mass). 
A 2-dimensional (2-D) image of the 
bone contour in the BL plane was ob-
tained from a mandibular computer-
ized tomography image. The alveolar 
crest was assumed to be a plateau 
with a BL width of about 2.67 mm. 
Trabecular bone was assumed to be 
surrounded by a layer of cortical bone 
with a thickness of 1 mm. The 3-D 
bone model was then constructed 
through the extrusion technique in 
the software by adding thickness to 
the 2-D model in the MD direction. 
Both WDS and NDL implants evalu-
ated in this study were designed by Bi-
con, Inc (Boston, Mass). The overall 
dimensions of bone and implants are 
given in Figure 1. 

Different insertion depths (di) 
were considered by varying the dis-
tance between the implant top and 
crestal bone, as shown in Figure 2, 

 1  Dimensions of WDS implant, NDL implant, and bone in millimeters.

so that the cervical portion of the im-
plant was in a supracrestal (di= -1, -2 
mm), crestal (di = 0 mm), or subcrest-
al (di = 1, 2 mm) position. To evalu-
ate the effect of bone quality at the 
alveolar region on the biomechanical 
response of the bone, models with 
high quality (cortical) bone and low 
quality (trabecular) bone at the alveo-
lar region were generated in Figure 3. 

All materials used in this study 
were assumed to be linear elastic, 
homogeneous, and isotropic. Elastic 
moduli of cortical bone, trabecular 
bone, and dental implants modeled 
as titanium alloy (Ti-6Al-4V) were set 
to 13 GPa, 2 GPa, and 113 GPa, re-
spectively, and the Poisson’s ratio was 
0.3 for all materials.37,38 High and low 
quality alveolar bone were defined 
as having elastic moduli of 13 and 2 
GPa, respectively. It was assumed that 
full osseointegration was achieved at 
the bone-implant interface, and that 
the residual stress that developed in 
the implant and abutment during as-
sembly had relaxed.39,40

Finite element (FE) models were 
generated in software (ANSYS 11.0; 
ANSYS, Inc, Canonsburg, Pa). The 
10-node, tetrahedral element type 
(Solid92) was chosen for the abut-
ment-implant-bone system due to its 
ability to model curved boundaries 
and to tolerate irregular shapes with-
out excessive loss of accuracy. Smaller 
elements were used near the bone-
implant interface, where significant 
variation of the stress/strain field was 
expected. Quarter symmetry of the 
bone-implant-abutment complex was 
used to reduce the model size and the 
computational effort. Approximately 
77,000 elements were used to mesh 
the WDS implant model, and 81,000 
were used for the NDL implant model. 
These element numbers were chosen 
as a result of numerical experiments 
in which the number of elements was 
increased until the predicted results 
converged.

In vivo studies reported occlusal 
forces varying from 64 to 720 N, de-
pending upon the type of restoration 
supported by implants.41-43 Without 

 2  Representative illustration of 5 different implant inser-
tion depths (di), given in millimeters.

 3  Two levels of bone quality at alveolar region.

 4  Quarter symmetry of finite element model with fine mesh assigned to 
bone-implant interface. Occlusal load (F=100 N) is applied to abutment 
on BL plane at angle of θ=11 degrees, measured from implant axis.
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bone-implant-abutment complex was 
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 2  Representative illustration of 5 different implant inser-
tion depths (di), given in millimeters.

 3  Two levels of bone quality at alveolar region.

 4  Quarter symmetry of finite element model with fine mesh assigned to 
bone-implant interface. Occlusal load (F=100 N) is applied to abutment 
on BL plane at angle of θ=11 degrees, measured from implant axis.
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considering the complete masticatory 
mechanism,44-46 the effect of mastica-
tory force in this study was simulated 
by applying 100 N on the abutment 
at an angle of 11 degrees with respect 
to the  implant axis in the BL plane, as 
shown in Figure 4.21,37,42 This oblique 
load was resolved into vertical and 
lateral components. The problem was 
first solved for the application of ver-
tical load, and symmetry boundary 
conditions were assigned on both MD 
and BL planes. When the lateral com-
ponent was applied, boundary condi-
tions assigned to MD and BL planes 
were antisymmetry condition and 
symmetry condition, respectively. The 
bone was constrained in all degrees 
of freedom at the distal BL plane for 
both load situations. The definitive 
result was then obtained upon the 
superposition of these solutions. It 
should be noted that the use of quar-
ter symmetry here required applica-
tion of one quarter of the occlusal 
loads, 24.54 N vertically and 4.78 N 
horizontally.

The von Mises strain (ε) represents 
the cumulative effect of normal and 
shear strains at a point, and it was 
used as an effective strain measure:

 
 

 
where the normal-strain components 
are εx, εy, and εz, and the shear-strain 
components are γxy, γxz, and γyz.

47 In 
this study, the results were represent-
ed in terms of von Mises strain distri-
butions. 

Strain levels were evaluated in 
accordance with the bone remodel-
ing thresholds suggested by Frost’s 
mechanostat hypothesis.48 Accord-
ing to Frost, bone remodeling activi-
ties remain in equilibrium when bone 
strain is in the range of 200-1000 με; 
prolonged exposure to a low internal 
strain level (0-200 με) results in a de-
crease in bone density. A high strain 
level (1000-3000 με) stimulates re-
modeling activity, resulting in an in-
crease in bone density. In addition, 
a strain level greater than 3000 με 
induces generation of internal cracks 

that cannot be repaired by normal re-
modeling activity and will cause bone 
failure.

RESULTS

The combined effects of implant 
insertion depth and alveolar bone 
quality on the equivalent strain dis-
tribution for both WDS and NDL im-
plants are presented in Figures 5 and 
6. The color contours were plotted 
using the same scale, between 0 and 
3000 μstrain (με). When the quality 
of alveolar bone is high (Fig. 5), over-
strain (>3000 με) was only observed 

in the alveolar ridge, and the extent of 
it was a relatively small fraction of this 
region. Two high strain (1000-3000 
με) regions, the alveolar crest and the 
interface between cortical bone and 
trabecular bone, were induced by the 
NDL implant, while high strains were 
primarily observed around the pla-
teau tips in some WDS systems. For 
low quality bone at the alveolar ridge 
(Fig. 6), the overstrained region ex-
tended considerably. High strains in-
duced by the NDL remained close to 
the alveolar ridge, and, similarly, pla-
teau tips of WDS systems promoted 
notable high strain regions.

 5  Equivalent strain distribution in surrounding bone, 
induced by WDS and NDL implants at different inser-
tion depths. Bone quality of alveolar ridge is high.

Figure 7 shows the percentage 
of bone volume, grouped into the 4 
strain levels devised by Frost,48 in the 
close vicinity of the implant, where 
remodeling was likely to occur. The 
bone volume considered (BVC) was 
defined as the bone volume enclosed 
within a boxed region that had a base 
area of 2.67 x 2.67 mm2. The height of 
BVC was measured from the alveolar 
crest to a distance of 0.1 mm from the 
implant apex, as shown in Figure 4, in 
which the region containing denser 
mesh around the dental implant rep-
resents the BVC. For the NDL system, 

regardless of the alveolar bone qual-
ity, approximately 60-80% of the bone 
was loaded between 200 and 1000 
με, where bone density was expected 
to remain unchanged; and 15-35% 
of the bone was subjected to high 
strain, where bone density was likely 
to increase. The overloaded region 
covered less than 4% of the BVC, and 
understrained regions were predicted 
to occur in less than 3% of the bone. 

When 2 alveolar bone qualities 
were compared for the WDS system, 
a distinct change in the amount of 
bone volume subjected to the strain 

level of 200-1000 με was observed 
between the high and the low qual-
ity bone scenarios. Where the bone 
quality in the alveolar ridge was high, 
approximately 40% to 95% bone was 
subjected to strains within 200-1000 
με, and less than 60% of bone was 
subjected to high strains, depending 
on the insertion depth. For low qual-
ity alveolar bone, a reduction in bone 
volume subjected to the strain range 
of 200-1000 με was observed, and 
there was an increase in bone volume 
subjected to the strain range of 1000-
3000 με. It was noted that this trend 
was the opposite of that observed 
with the NDL implant.

An overall comparison of equiva-
lent strain distribution for different 
insertion depths (di) is presented in 
Figures 5 and 6. For the WDS im-
plant, the strain levels around the 
plateau tips of the implant decreased 
with increasing insertion depth (di). 
In general, strains were larger near the 
plateau tips as compared to those in-
side the grooves. The strain levels at 
the plateau tips were typically in the 
order of 2000 με for the implants with 
di of -2 mm, and were in the order of 
600 με for fully submerged implants 
with di of 2 mm. This can also be seen 
in Figure 7, which demonstrates an 
increase in bone volume subjected to 
the strain range of 0-200 με, and a re-
duction in bone volume in the strain 
range of 1000-3000 με for greater in-
sertion depths.

The influence of insertion depth 
on the overall strain distribution of 
NDL systems seemed to be limited 
because most of the strain gradient 
occurred close to the alveolar ridge, 
which could be attributed to the bone 
quality and implant geometry. Strain 
levels around the plateau tips distant 
from the alveolar crest became as low 
as 600 με for deeper insertion depths 
of 1 and 2 mm. The equivalent strains 
inside the grooves were in the ranges 
of 200-600 με for the plateaus near 
the alveolar crest, and 0-200 με for the 
plateaus close to the implant apex.

 6  Equivalent strain distribution of surrounding bone, 
induced by WDS and NDL implants at different insertion 
depths. Bone quality of alveolar ridge is low.
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considering the complete masticatory 
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tions assigned to MD and BL planes 
were antisymmetry condition and 
symmetry condition, respectively. The 
bone was constrained in all degrees 
of freedom at the distal BL plane for 
both load situations. The definitive 
result was then obtained upon the 
superposition of these solutions. It 
should be noted that the use of quar-
ter symmetry here required applica-
tion of one quarter of the occlusal 
loads, 24.54 N vertically and 4.78 N 
horizontally.

The von Mises strain (ε) represents 
the cumulative effect of normal and 
shear strains at a point, and it was 
used as an effective strain measure:

 
 

 
where the normal-strain components 
are εx, εy, and εz, and the shear-strain 
components are γxy, γxz, and γyz.

47 In 
this study, the results were represent-
ed in terms of von Mises strain distri-
butions. 

Strain levels were evaluated in 
accordance with the bone remodel-
ing thresholds suggested by Frost’s 
mechanostat hypothesis.48 Accord-
ing to Frost, bone remodeling activi-
ties remain in equilibrium when bone 
strain is in the range of 200-1000 με; 
prolonged exposure to a low internal 
strain level (0-200 με) results in a de-
crease in bone density. A high strain 
level (1000-3000 με) stimulates re-
modeling activity, resulting in an in-
crease in bone density. In addition, 
a strain level greater than 3000 με 
induces generation of internal cracks 

that cannot be repaired by normal re-
modeling activity and will cause bone 
failure.

RESULTS

The combined effects of implant 
insertion depth and alveolar bone 
quality on the equivalent strain dis-
tribution for both WDS and NDL im-
plants are presented in Figures 5 and 
6. The color contours were plotted 
using the same scale, between 0 and 
3000 μstrain (με). When the quality 
of alveolar bone is high (Fig. 5), over-
strain (>3000 με) was only observed 

in the alveolar ridge, and the extent of 
it was a relatively small fraction of this 
region. Two high strain (1000-3000 
με) regions, the alveolar crest and the 
interface between cortical bone and 
trabecular bone, were induced by the 
NDL implant, while high strains were 
primarily observed around the pla-
teau tips in some WDS systems. For 
low quality bone at the alveolar ridge 
(Fig. 6), the overstrained region ex-
tended considerably. High strains in-
duced by the NDL remained close to 
the alveolar ridge, and, similarly, pla-
teau tips of WDS systems promoted 
notable high strain regions.

 5  Equivalent strain distribution in surrounding bone, 
induced by WDS and NDL implants at different inser-
tion depths. Bone quality of alveolar ridge is high.

Figure 7 shows the percentage 
of bone volume, grouped into the 4 
strain levels devised by Frost,48 in the 
close vicinity of the implant, where 
remodeling was likely to occur. The 
bone volume considered (BVC) was 
defined as the bone volume enclosed 
within a boxed region that had a base 
area of 2.67 x 2.67 mm2. The height of 
BVC was measured from the alveolar 
crest to a distance of 0.1 mm from the 
implant apex, as shown in Figure 4, in 
which the region containing denser 
mesh around the dental implant rep-
resents the BVC. For the NDL system, 

regardless of the alveolar bone qual-
ity, approximately 60-80% of the bone 
was loaded between 200 and 1000 
με, where bone density was expected 
to remain unchanged; and 15-35% 
of the bone was subjected to high 
strain, where bone density was likely 
to increase. The overloaded region 
covered less than 4% of the BVC, and 
understrained regions were predicted 
to occur in less than 3% of the bone. 

When 2 alveolar bone qualities 
were compared for the WDS system, 
a distinct change in the amount of 
bone volume subjected to the strain 

level of 200-1000 με was observed 
between the high and the low qual-
ity bone scenarios. Where the bone 
quality in the alveolar ridge was high, 
approximately 40% to 95% bone was 
subjected to strains within 200-1000 
με, and less than 60% of bone was 
subjected to high strains, depending 
on the insertion depth. For low qual-
ity alveolar bone, a reduction in bone 
volume subjected to the strain range 
of 200-1000 με was observed, and 
there was an increase in bone volume 
subjected to the strain range of 1000-
3000 με. It was noted that this trend 
was the opposite of that observed 
with the NDL implant.

An overall comparison of equiva-
lent strain distribution for different 
insertion depths (di) is presented in 
Figures 5 and 6. For the WDS im-
plant, the strain levels around the 
plateau tips of the implant decreased 
with increasing insertion depth (di). 
In general, strains were larger near the 
plateau tips as compared to those in-
side the grooves. The strain levels at 
the plateau tips were typically in the 
order of 2000 με for the implants with 
di of -2 mm, and were in the order of 
600 με for fully submerged implants 
with di of 2 mm. This can also be seen 
in Figure 7, which demonstrates an 
increase in bone volume subjected to 
the strain range of 0-200 με, and a re-
duction in bone volume in the strain 
range of 1000-3000 με for greater in-
sertion depths.

The influence of insertion depth 
on the overall strain distribution of 
NDL systems seemed to be limited 
because most of the strain gradient 
occurred close to the alveolar ridge, 
which could be attributed to the bone 
quality and implant geometry. Strain 
levels around the plateau tips distant 
from the alveolar crest became as low 
as 600 με for deeper insertion depths 
of 1 and 2 mm. The equivalent strains 
inside the grooves were in the ranges 
of 200-600 με for the plateaus near 
the alveolar crest, and 0-200 με for the 
plateaus close to the implant apex.

 6  Equivalent strain distribution of surrounding bone, 
induced by WDS and NDL implants at different insertion 
depths. Bone quality of alveolar ridge is low.
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DISCUSSION

Osseointegration begins with the 
rapid growth of random and unorga-
nized woven bone soon after surgical 
implantation, if the relative motion 
between the implant and the adjacent 
bone can be minimized.4 This initial 
bony structure is maintained by bone 
remodeling and bone adaptation, 
during which woven bone is slowly 
replaced by more organized, lamellar 
bone. Adaptation of bone morpholo-
gy in response to functional loads con-
tinues throughout life.6 It is clear that 
biomechanics has an important role in 
the establishment of osseointegration.

Effects of 2 implant designs, NDL 
and WDS implants, under 2 simu-
lated clinical conditions, insertion 
depth of the dental implant and al-
veolar bone quality, on the equiva-
lent strain of periimplant bone were 

investigated. Results showed that the 
development of high strain in the al-
veolar region occurred regardless of 
implant dimensions, insertion depth, 
and bone quality in the alveolar re-
gion. Among all of the factors mod-
eled, bone quality was identified as 
the most dominant factor affecting 
the periimplant strain level, as previ-
ously reported.25-27 Results also pre-
dicted that the alveolar crest would 
be in an overloaded condition, which 
is in agreement with previous reports 
indicating high loading conditions to 
be one of the causes of marginal bone 
loss.28-29 In general, the WDS implant 
was seen to generate a more even, 
higher strain distribution around the 
implant periphery, as compared to 
the NDL implant, for all of the clini-
cal scenarios considered in this study. 
External plateaus of both implant sys-
tems created local strain variations 

such that relatively high strain was 
promoted by the plateau tips, and 
bone inside grooves was less strained. 

Based on the mechanostat point 
of view, a small amount of bone 
loss may occur inside the grooves, 
particularly near the implant apex. 
Depending on the insertion depth, 
it is possible to predict that posi-
tive remodeling, an increase in bone 
density, will occur near the tips, and 
such phenomena has been reported 
on the basis of histological obser-
vations6 and remodeling models,35 
which demonstrated that bone often 
attached to the tips of the threads. 
Strain distribution, and, therefore, 
long-term bone maintenance, can 
be optimized by adjusting the inser-
tion depth for different levels of bone 
quality in the alveolar ridge. When the 
alveolar ridge had high quality bone, 
deeper implant placement resulted 

 7  Strain distribution of BVC grouped according to strain levels for NDL and WDS implants.
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in low strain levels between the pla-
teaus, and bone resorption. This situ-
ation was slightly more significant for 
the NDL implants. When the quality 
of bone at the alveolar ridge was low 
(Fig. 6), deeper placement resulted in 
higher and more evenly distributed 
strains between the plateaus, particu-
larly for the WDS implant. 

The magnitude of occlusal loads 
generated during mastication shows 
a large variation due to food texture 
and differences between individual 
jaw motions and the alignment of 
antagonistic teeth.45,46 In addition to 
masticatory forces, the bone is also 
subjected to the forces generated by 
the muscles and the temporoman-
dibular joint.44 Yet in this study, an 
external force of 100 N was used to 
simulate these effects. The predicted 
strain levels would scale linearly with 
the magnitude of the external force 
acting on the implant, as the material 
model is linear elastic.21 Considering 
the effects of external muscle loads 
and joint reactions would better rep-
resent the biomechanics of the peri-
implant bone. 

In the present study, the bone-
implant interface was assumed to 
have 100% osseointegration. If lower 
levels of osseointegration were to be 
used in the model, the bone strain lev-
els would be expected to rise, as the 
same external force would be distrib-
uted to the bone through a smaller 
interfacial area. 

It is also noted that the bone was 
assumed to behave in a linear elastic, 
isotropic, and homogeneous man-
ner. Consideration of inhomogene-
ities and anisotropy of bone material 
properties could result in significant 
local variations in bone strains. Nev-
ertheless, the micro-CT-based work 
of Limbert et al49 showed that the 
bone strain levels remain in the ho-
meostatic range even when these 
wide variations, caused in part by the 
trabecular nature of bone, are mod-
eled in detail. In fact, it should be 
considered that Frost’s experimental 
work does not differentiate for these 
effects, either, but provides a gen-

eral guideline for bone remodeling.48 
Therefore, the present investigation 
may also be helpful in assessing the 
biomechanical conditions of the peri-
implant bone. To study the effect of 
implantation on the long-term bone 
density distribution, bone remodeling 
algorithms that account for the regu-
lation of bone adaptation to function 
should be used.33-35

CONCLUSIONS

Within the limitations of this study, 
the following conclusions were drawn:

1. Relatively high strain levels de-
velop around the plateaus of the im-
plant. However, the bone between the 
plateaus was shown to be subjected 
to low strain levels, where stress 
shielding could be an issue, particu-
larly near the implant apex for deeper 
placements.

2. A more even and higher strain 
distribution in the periimplant bone 
was generated by the WDS implant as 
compared to the NDL implant.

3. The development of relatively high 
strain in the alveolar ridge was inevita-
ble, regardless of the implant dimen-
sions and simulated clinical scenarios. 
The quality of alveolar bone was criti-
cal to control the development of re-
gions of overstrain.

4. Different implant insertion 
depths can cause variations in the pe-
riimplant strain levels, and favorable 
periimplant strain levels could be in-
duced by adjusting the implant inser-
tion depth for compromised alveolar 
bone quality.
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DISCUSSION

Osseointegration begins with the 
rapid growth of random and unorga-
nized woven bone soon after surgical 
implantation, if the relative motion 
between the implant and the adjacent 
bone can be minimized.4 This initial 
bony structure is maintained by bone 
remodeling and bone adaptation, 
during which woven bone is slowly 
replaced by more organized, lamellar 
bone. Adaptation of bone morpholo-
gy in response to functional loads con-
tinues throughout life.6 It is clear that 
biomechanics has an important role in 
the establishment of osseointegration.

Effects of 2 implant designs, NDL 
and WDS implants, under 2 simu-
lated clinical conditions, insertion 
depth of the dental implant and al-
veolar bone quality, on the equiva-
lent strain of periimplant bone were 

investigated. Results showed that the 
development of high strain in the al-
veolar region occurred regardless of 
implant dimensions, insertion depth, 
and bone quality in the alveolar re-
gion. Among all of the factors mod-
eled, bone quality was identified as 
the most dominant factor affecting 
the periimplant strain level, as previ-
ously reported.25-27 Results also pre-
dicted that the alveolar crest would 
be in an overloaded condition, which 
is in agreement with previous reports 
indicating high loading conditions to 
be one of the causes of marginal bone 
loss.28-29 In general, the WDS implant 
was seen to generate a more even, 
higher strain distribution around the 
implant periphery, as compared to 
the NDL implant, for all of the clini-
cal scenarios considered in this study. 
External plateaus of both implant sys-
tems created local strain variations 

such that relatively high strain was 
promoted by the plateau tips, and 
bone inside grooves was less strained. 

Based on the mechanostat point 
of view, a small amount of bone 
loss may occur inside the grooves, 
particularly near the implant apex. 
Depending on the insertion depth, 
it is possible to predict that posi-
tive remodeling, an increase in bone 
density, will occur near the tips, and 
such phenomena has been reported 
on the basis of histological obser-
vations6 and remodeling models,35 
which demonstrated that bone often 
attached to the tips of the threads. 
Strain distribution, and, therefore, 
long-term bone maintenance, can 
be optimized by adjusting the inser-
tion depth for different levels of bone 
quality in the alveolar ridge. When the 
alveolar ridge had high quality bone, 
deeper implant placement resulted 

 7  Strain distribution of BVC grouped according to strain levels for NDL and WDS implants.
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in low strain levels between the pla-
teaus, and bone resorption. This situ-
ation was slightly more significant for 
the NDL implants. When the quality 
of bone at the alveolar ridge was low 
(Fig. 6), deeper placement resulted in 
higher and more evenly distributed 
strains between the plateaus, particu-
larly for the WDS implant. 

The magnitude of occlusal loads 
generated during mastication shows 
a large variation due to food texture 
and differences between individual 
jaw motions and the alignment of 
antagonistic teeth.45,46 In addition to 
masticatory forces, the bone is also 
subjected to the forces generated by 
the muscles and the temporoman-
dibular joint.44 Yet in this study, an 
external force of 100 N was used to 
simulate these effects. The predicted 
strain levels would scale linearly with 
the magnitude of the external force 
acting on the implant, as the material 
model is linear elastic.21 Considering 
the effects of external muscle loads 
and joint reactions would better rep-
resent the biomechanics of the peri-
implant bone. 

In the present study, the bone-
implant interface was assumed to 
have 100% osseointegration. If lower 
levels of osseointegration were to be 
used in the model, the bone strain lev-
els would be expected to rise, as the 
same external force would be distrib-
uted to the bone through a smaller 
interfacial area. 

It is also noted that the bone was 
assumed to behave in a linear elastic, 
isotropic, and homogeneous man-
ner. Consideration of inhomogene-
ities and anisotropy of bone material 
properties could result in significant 
local variations in bone strains. Nev-
ertheless, the micro-CT-based work 
of Limbert et al49 showed that the 
bone strain levels remain in the ho-
meostatic range even when these 
wide variations, caused in part by the 
trabecular nature of bone, are mod-
eled in detail. In fact, it should be 
considered that Frost’s experimental 
work does not differentiate for these 
effects, either, but provides a gen-

eral guideline for bone remodeling.48 
Therefore, the present investigation 
may also be helpful in assessing the 
biomechanical conditions of the peri-
implant bone. To study the effect of 
implantation on the long-term bone 
density distribution, bone remodeling 
algorithms that account for the regu-
lation of bone adaptation to function 
should be used.33-35

CONCLUSIONS

Within the limitations of this study, 
the following conclusions were drawn:

1. Relatively high strain levels de-
velop around the plateaus of the im-
plant. However, the bone between the 
plateaus was shown to be subjected 
to low strain levels, where stress 
shielding could be an issue, particu-
larly near the implant apex for deeper 
placements.

2. A more even and higher strain 
distribution in the periimplant bone 
was generated by the WDS implant as 
compared to the NDL implant.

3. The development of relatively high 
strain in the alveolar ridge was inevita-
ble, regardless of the implant dimen-
sions and simulated clinical scenarios. 
The quality of alveolar bone was criti-
cal to control the development of re-
gions of overstrain.

4. Different implant insertion 
depths can cause variations in the pe-
riimplant strain levels, and favorable 
periimplant strain levels could be in-
duced by adjusting the implant inser-
tion depth for compromised alveolar 
bone quality.
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Clinical Implications
On a relative scale, transillumination appears to be significantly less sen-
sitive in detecting microcracks in ceramic materials as compared to the 
fluorescent penetrant method. Given the simple handling characteristics, 
transillumination constitutes a clinically applicable screening method.

Statement of problem. Despite good clinical success rates of ceramic restorations, fractures of substructures made 
from high-strength dental ceramics remain an issue. Transillumination of ceramic restorations has been proposed as a 
means of quality assurance.

Purpose. The purpose of this study was to compare the sensitivity of transillumination and the fluorescent penetrant 
method (FPM) in detecting microcracks in zirconia and feldspathic ceramic materials.

Material and methods. Two groups (n=20) of standardized plates were fabricated from zirconia ceramic (Cercon) and 
feldspathic ceramic (VITABLOCS Mark II for CEREC) materials, and central holes were created to induce microcracks. 
The plates were microscopically analyzed at x20 magnification by means of transillumination and FPM. Based on 
whether the criterion crack was recognized or not recognized, contingency tables were developed. Fisher’s exact test 
for count data was used to compare frequency distributions (α=.05).

Results. Minimum crack length as detected by FPM was 18 μm in zirconia ceramic and 17 μm in feldspathic ceramic. 
For transillumination, minimum detectable crack length was 54 μm in zirconia ceramic and 33 μm in feldspathic ce-
ramic. Thirty-seven percent of cracks in feldspathic ceramic plates and 64% of cracks in zirconia ceramic plates could 
not be detected by means of transillumination. The conditional probabilities for a crack being detected by transil-
lumination, although it was detected by FPM, were significantly lower than 1 for both materials (P<.001). Although 
transillumination was less sensitive than FPM on a relative scale, it was not possible to demonstrate a general differ-
ence between the 2 analyzing techniques by using statistical methods.

Conclusions. Using FPM as a relative reference system, transillumination appears to be less sensitive in detecting mi-
crocracks in ceramic components. (J Prosthet Dent 2010;104:301-305)

Sensitivity of transillumination for 
detecting microcracks in feldspathic 
and zirconia ceramic materials
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Growing interest in more esthetically 
pleasing and metal-free restorations has 
increased the demand for ceramic res-
torations.1 Due to its biocompatibility 
and good optical properties, as well as 
an inherent transformation-toughening 
mechanism that results in excellent 

strength and superior fracture re-
sistance, zirconia ceramic has been 
widely used in restorative dentistry.2-4 

However, for successful application 
of dental restorations made from zirco-
nia ceramic, a number of design param-
eters, such as minimum wall thickness 

of crowns as well as size and shape of 
connectors, must be considered.5-9 
Furthermore, the favorable mechani-
cal properties of high-strength ceramic 
materials can be affected by surface 
treatments performed by dental lab-
oratory technicians.10,11 It has been 

Correction

The article by Maalhagh-Fard et al entitled, “Retrieval of a stripped abutment screw: A clinical report,” published in 
the October 2010 issue of the Journal (J Prosthet Dent 2010;104:212-215), contained an error. The author’s affiliation 
should have appeared as Ahmad Maalhagh-Fard, Associate Professor, Department of Restorative Dentistry, University 
of Detroit Mercy, School of Dentistry; Visiting Professor, Tehran University of Medical Sciences, School of Dentistry.
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