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Morphometric Analysis of Implant-Related
Anatomy in Caucasian Skulls

Rodrigo F. Neiva,* Ricardo Gapski,” and Hom-Lay Wang*

Background: Sequelae related to implant placement/advanced
bone grafting procedures are a result of injury to surrounding
anatomic structures. Damage may not necessarily lead to implant
failure; however, it is the most common cause of legal action against
the practitioner. This study aimed to describe morphological aspects
and variations of the anatomy directly related to implant treatment.

Methods: Morphometric analyses were performed in 22 Cau-
casian skulls. Measurements of the mental foramen (MF) included
height (MF-H), width (MF-W), and location in relation to other
known anatomical landmarks. Presence or absence of anterior
loops (AL) of the inferior alveolar nerve (IAN) was determined,
and the mesial extent of the loop was measured. Additional mea-
surements included height (G-H), width (G-W), thickness (G-T),
and volume (G-V) of monocortical onlay grafts harvested from
the mandibular symphysis area, and thickness of the lateral wall
(T-LW) of the maxillary sinus. The independent samples t test,
and a two-tailed t test with equal variance were utilized to deter-
mine statistical significance to a level of P<0.05. Multiple regres-
sion analyses were performed to determine if each one of these
measurements was affected by age and gender.

Results: The most common location of the MF in relation to teeth
was found to be below the apices of mandibular premolars. The
mean MF-H was 3.47 £ 0.71 mm and the mean MF-W was 3.59 +
0.8 mm. The mean distance from the MF to other anatomical land-
marks were: MF-CEJ = 15.52 + 2.37 mm, MF to the most apical
portion of the lower cortex of the mandible = 12.0 £ 1.67 mm, MF
to the midline = 27.61 + 2.29 mm, and MF-MF = 55.23 + 5.34 mm.
A high prevalence of AL was found (88%); symmetric occurrence
was a common finding (76.2%), with a mean length of 4.13 *
2.04 mm. The mean size of symphyseal grafts was: G-H = 9.45 +
1.08 mm, G-W = 14.5 + 3.0 mm, and G-T = 6.15 + 1.04 mm, with
an average G-V of 857.55 + 283.97 mm? (range: 352 to 1,200 mm?3).
The mean T-LW of the maxillary sinus was 0.91 + 0.43 mm.

Conclusion: Implant-related anatomy must be carefully evalu-
ated before treatment due to considerable variations among indi-
viduals, in order to prevent injury to surrounding anatomical
structures and possible damage. J Periodontol 2004;75:1061-1067.
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The replacement of missing teeth
with endosseous dental implants
has become an important part of
dentistry. Over the last 3 decades, re-
search has supported the success of den-
tal implants as a viable and predictable
replacement for partial and complete
edentulism. Although techniques and
materials have been developed which are
capable of a high success rate, compli-
cations may occur, either during or after
implant placement. Special attention
must be paid in order to avoid complica-
tions at the time of implant placement.
While complications that occur after sur-
gery may lead only to implant fail-
ure, complication at the time of implant
placement may lead to either transient
or permanent sequelae caused by viola-
tion of anatomic structures resulting in
body injury. Sequelae related to implant
placement may not necessarily lead to
implant failure. However, they are the
most common cause of law suits against
the practitioner.!

The aim of this study was to evaluate
the anatomy most commonly associated
with implant dentistry and advanced
bone grafting procedures, such as sym-
physis onlay grafts and sinus lifts, and
to provide dimensional measurements
that could aid the clinician in overall
implant treatment planning.

MATERIALS AND METHODS

Morphometric analyses were performed
following crestal and/or intrasulcular inci-
sions and full-thickness mucoperiosteal
flap elevation in 22 Caucasian skulls ob-
tained from the Department of Anatomi-
cal Sciences, School of Medicine, University
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of Michigan. Mean age of the speci-
mens was 79.1 £ 11.4 years (40.9%
males, 59.1% females). Following flap
elevation, the anatomic structures were
identified and the measurements de-
scribed below were taken.

Mental Foramen
Size. Height and width, defined as the
longest vertical and horizontal mea-
surements identified, of each mental
foramen (MF) were measured. Height
was measured from the most coronal
aspect to the most apical aspect of the
MF (MF-H). Width was measured from
the most distal aspect to the most
mesial aspect of the MF (MF-W). Mea-
surements were taken using a standard
UNC probe.f

Location. The location of each MF was determined by
its relation to surrounding anatomical landmarks such
as neighboring teeth; most apical portion of the buccal
cemento-enamel junction (MF-CEJ) of the tooth imme-
diately superior to the MF; most apical aspect of each
MF to the most apical portion of the lower cortex of the
mandible immediately inferior to the MF (MF-LC); most
mesial aspect of each MF to the midline of the symphysis
(MF-MD); and most mesial aspect of each MF in relation
to the contralateral MF (MF-MF) (Fig. 1).

Figure 1.

Anterior Loops

The presence or absence of anterior loops (AL) of the
inferior alveolar nerve (IAN) was determined by probing
the mesial cortical wall of each MF. A positive reading
determined the presence of AL. When an AL was
detected, the length of the anterior extension of this
loop was measured using a standard UNC probe. Mea-
surements were recorded to the nearest millimeter.

Symphysis Onlay Grafts
Onlay block grafts were harvested from the symphysis
area respecting the 5 x 5 x 5 rule described by Hunt
and Jovanovic.” These numbers represent safety lim-
its for harvesting grafts from the symphysis area and
correspond to 5 mm from the mesial aspect of each
MF, 5 mm from the apices of the lower anterior teeth,
and 5 mm from the apical cortex of the mandible. Two
blocks were harvested from each symphysis, respect-
ing a minimum 3 mm distance from each osteotomy
at the midline. The depth of the osteotomy was deter-
mined by the immediate penetration into intramarrow
spaces, noted by a sudden drop of the bur (Fig. 2).
Following block removal, the thickness, height, and
length of the block were recorded. Using these mea-
surements, the volume of each block was calculated.
Each block was also examined for its composition.
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Midline

Measurements of height and width of the MF, and also location in relation to surrounding
anatomical structures.

Figure 2.

Onlay grafts allowed a 5 mm distance from each MF, 5 mm from the
lower cortex, and 5 mm from the apices of the teeth.An additional

3 mm distance was allowed from each block.

Percentages were given to cortical and cancellous bone
present in the block following cross-sectioning.

Maxillary Sinuses

Osteotomies were prepared for maxillary sinus grafting
using the lateral approach as described by Tatum.3
Drilling was performed using a 6 mm round diamond bur
in order to create a window that could provide access
for membrane elevation and subsequent grafting. The
osteotomy was discontinued as soon as the Schnei-
derean membrane became evident. Following gentle
fracture of the bony plate, the membrane was elevated.

¥ Hu-Friedy Manufacturing Company Inc., Chicago, IL.
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Figure 3.
The thickness of the lateral wall of the maxillary sinus was measured
in four locations: mesial, distal, apical, and coronal.

The thickness of the lateral wall of each maxillary sinus
was then recorded using a Boley gauge caliper.8 Mea-
surements were recorded to the nearest 0.5 mm (Fig. 3).

Statistical Analyses

The data were computerized and the statistical analysis
was performed with a software program.| Initially, descrip-
tion analysis was performed to display mean, standard
deviations, and range for all parameters measured con-
sidering the entire population. Then, two-tailed indepen-
dent ¢ test was carried out to establish possible differences
between male and female specimens. Means were con-
sidered to be significantly different when P <0.05. Multi-
ple regression analysis in a step-up manner was used to
test whether AL, MF-CEJ, MF-LC, MF-MD, MF-MF, G-
H, G-W, G-T, G-V, and T-LW were affected by age and
other correlated factors. To evaluate the overall statisti-
cal significance of each linear regression the values of r,
r2 were reported. The 95% probability was used.

RESULTS

None of the specimens showed the cause of death as
contributing to variations of anatomical measurements.

Mental Foramen

Size. The size of the MF varied considerably both in
height and width. However, consistent values of both
height and width were noted for the same MF, char-
acterizing the rounded morphology normally noted
radiographically. The mean height of the MF was 3.47 £
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Table I.
Size and Location of Mental Foramen

Location Mean Size (mm) Range (mm)
MF-H 347 £0.71 25-55
MF-W 359 £08 2-55
MF-CEJ 1552 + 237 12-22
MF-LC 12 + 1.67 9-15
MF-MD 2761 £229 22-31
MF-MF 5523 +£534 46-62

0.71 mm (range: 2.5 to 5.5 mm) and the mean width
was 3.59 £ 0.8 mm (range: 2 to 5.5 mm) (Table 1).

Location. The most common location of the MF in
relation to neighboring teeth was in an apical position
between the first and second mandibular premolars
(58%), followed by immediately apical to the second
mandibular premolar (42%). The mean distance from
the most coronal aspect of the MF to the most apical
aspect of the CEJ of the tooth immediately superior to
the MF was 15.52 £ 2.37 mm (range: 12 to 22 mm).
The mean distance from the most apical portion of the
MF to the most apical portion of the lower cortex of the
mandible immediately inferior to the MF observed was
12.0 £ 1.67 mm (range: 9 to 15 mm). Measurements
of the most mesial aspect of each MF to the midline
of the symphysis revealed a mean distance of 27.61 +
2.29 mm (range: 22 to 31 mm). The mean length of
a straight line measured from the most mesial aspect
of each MF in relation to the contralateral MF was 55.23
+ 5.34 mm (range: 46 to 62 mm) (Table 1).

Symphysis Onlay Grafts

Following harvesting, onlay symphysis grafts varied con-
siderably in terms of length of the graft obtained after
osteotomy (11 to 20 mm). This variation was signifi-
cantly correlated with the distances from the most mesial
aspect of the MF to the midline of the symphysis and to
the mesial aspect of the contralateral MF. The mean
length of the blocks obtained was 14.5 + 3 mm. The
height and thickness measurements of the blocks were
more consistent. The mean height observed was 9.45 +
1.08 mm (range: 8 to 12 mm), width 14.5 + 3.0 mm
(range: 11 to 20 mm), and the mean thickness was
6.15 £ 1.04 mm (range: 4 to 8 mm). These measure-
ments allowed calculation of the volume of these blocks,
and the mean volume was 857.55 + 283.97 mm? (range:
352 to 1,200 mm?3) (Table 2). These blocks showed more

§ Yates & Bird Dental Lab Products Inc., Chicago, IL.
| Statistica, StatSoft Inc., Tulsa, OK.
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Table 2.
Symphysis Onlay Grafts

Table 3.
Multiple Regression Analyses (mean *+ SD)

Measurement Mean Size (mm) Range (mm)
Height 945 £ 1.08 8-12
Width 4.5 £ 3.00 ['1-20
Thickness 6.15 + 1.04 4-8
Volume (mm?) 857.55 £ 283.97 352-1,200

cortical than cancellous bone. The mean percentage of
cortical bone noted was 64.5% + 16.37% (range: 40% to
100%) and the mean percentage of cancellous bone was
35.5% + 16.38% (range: 10% to 60%).

Anterior Loops

A high incidence of anterior loops of the IAN was noted
in the analyzed specimens (88% versus 12% without
loops), and this anatomic feature was frequently pre-
sent bilaterally (76.2% versus 23.8% unilateral). A wide
range was noted regarding the extent of the anterior loop
(1 to 11 mm) with a mean length of 4.13 = 2.04 mm.

Maxillary Sinuses

After osteotomy and elevation of the sinus membrane,
the mean thickness of the lateral wall of the maxillary
sinuses was 0.91 = 0.43 (range: 0.5 to 2 mm), which
was consistent throughout the edges of the analyzed
windows.

Multiple Regression Analysis

Results from statistical regression analysis demonstrated
that no correlations among age and mesial extent of the
AL (r=0.12, r2 = 0.015, P= 0.58), MF-CEJ (r = 0.35,
r? =0.12, P=0.13), MF-LC (r = 0.09, r2 = 0.009, P =
0.67), MF-MF (r = 0.22, 12 = 0.05, P = 0.32), G-V (r =
0.12, = 0.01, P=0.59), and T-LW (r=0.31, r* = 0.1,
P=0.15) were found. A close, but not statistically signi-
ficant, correlation was found between MF-MF and volume
of graft removed (r = 0.42, r2 = 0.18, P= 0.06). Results
also demonstrated no statistically significant differences
between genders for all parameters except extent of AL
(males, 2.88 versus females, 4.70; P <0.02) and T-LW
(males, 1.18 versus females, 0.75, P <0.02) (Table 3).

DISCUSSION

Implant placement requires presurgical treatment plan-
ning and in-depth knowledge of oral anatomy in order
to avoid damage to surrounding anatomical structures.*
Frequently, placement of dental implants requires hor-
izontal and/or vertical augmentation of the alveolar
ridge in order to facilitate adequate placement of the
fixtures. These procedures can also result in body dam-
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Males Females
(N=9) (N=13) P Value

Age (years) 782 +£9.03 79.7 £ 13.12 0.29
MF-H (mm) 361 +£0.82 337 £ 0.64 0.46
MF-W (mm) 3.55 + 0.68 362+ 091 0.84
AL (mm) 2.88 + 1.08 4.70 £ 1.97 0.02
MF-CEJ (mm) 16.68 + 2.68 1472 £ 148 0.06
MF-LC (mm) 120 £ 1.58 120 + 1.81 1.0

MF-MF (mm) 5577 + 502 54.83 £ 4.19 0.64
G-V (mm?3) 7885 + 3189 903.58 + 263.82 0.38
T-LW (mm) [.18 £ 046 0.75 £ 033 0.02

age if the surrounding anatomical structures are not
respected and consequently injured.?-8

Paresthesia is a complication commonly related to
injury of the inferior alveolar nerve (IAN) during place-
ment of implants in the posterior mandible. Paresthesia
is a condition that involves perverted sensations of pain,
touch, or temperature and is considered to be the most
significant damage caused by implant placement since
this condition can become permanent.?1® Common
techniques used to avoid damage to the IAN include
measurement of the distance from the alveolar crest to
the most coronal aspect of the mandibular canal and
estimation of certain depth for the osteotomy that would
avoid injury to this neurovascular bundle based on peri-
apical and/or panoramic radiographs.!! However, this
radiographic assessment has been shown to provide
images with a significant degree of distortion, increasing
the risk of complications.!?13 More precise imaging
techniques such as computerized tomography are avail-
able; however, they are not the standard of care and do
expose the patient to relatively high levels of radiation.!4
Another technique commonly used is the infiltration of
local anesthetic agents instead of blocking the IAN before
surgery. !> Blockage of the IAN eliminates all somatosen-
sory perception of the mandible, mandibular teeth, floor
of the mouth, ipsilateral tongue, and buccal soft tissue.
As a consequence, the patient is not able to sense when
the IAN is in danger of being injured.!® Local infiltration
of anesthetic cannot be the only tool used to avoid nerve
damage since variations of sensory perception exist
among different individuals.!”-2°

A technique of lateralization of the IAN was developed
for cases where the distance from the alveolar crest to
the most coronal aspect of the mandibular crest does
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not allow placement of fixtures of adequate length.21:22

A high incidence of transient or permanent nerve dam-
age (54.7%) has been reported following utilization of
this technique.?3

Another anatomical landmark commonly used during
implant treatment planning is the mental foramen.?* The
MF region is also an area that deserves special attention
during implant placement since the IAN exits the man-
dibular canal through this foramen.2> Variation in the
position of the MF with respect to the teeth does not
seem to be associated with race since various reports
have shown that the most common locations are
between the apices of mandibular premolar (PM) teeth or
below the second mandibular premolar irrespective of
race??-36 (Table 4). Our findings are in agreement with
previous studies that have identified that the MF is most
commonly located apically between first and second
premolars, followed by apical to the mandibular second
premolar. Oguz et al.3® attempted to determine the most
common location of the MF in Turkish skulls. His find-
ings demonstrated that the mean distances between the
MF and the lower cortex (LC) of the mandible and
between the MF and the alveolar crest were 14.45 mm
and 14.12 mm, respectively.3°

Our study selected the CEJ of the tooth immediately
superior to the MF as a landmark since the specimens
could have experienced crestal bone loss during life as
a result of periodontal diseases. The rationale behind
utilization of CEJ instead of the alveolar crest was based
on the following: 1) a considerable variation on the posi-
tion of the alveolar crest was observed in our specimens
in a preliminary evaluation, since only dentate cadav-
ers were evaluated; 2) for this reason, the adjacent CEJs
were used as supposedly fixed and more constant ref-

Table 4.

Studies That Have Located the Mental
Foramen in Relation to Closest Tooth
in Different Ethnic Groups

Population Results/Studies
Thai 63% between PMs2627
Chinese 67% between PMs??
60% below 2nd PM32
Korean 60% between PMs%
Turkish 62% below 2nd PM3¢

43%-84% between PMs303>
45% below 2nd PM3°

Saudi Arabian

Nigerian 56% below 2nd PM33

60%-70% between PMs283!
60% below 2nd PM34

Caucasian

erence points, since using the alveolar crest of a dentate
site would not be as accurate as using the alveolar crest
of an edentulous site; and 3) we also considered new
techniques of immediate implant placement that allow
placement of implant fixtures immediately following tooth
extraction. Based on these reasons we considered adja-
cent CEJs as the most accurate and reproducible ref-
erence point for measurements.

Future studies using edentulous specimens are needed
for comparison with our current findings. It would also
be interesting to know the exact time of tooth loss and
estimate the rate of progression of alveolar crest resorp-
tion by evaluating these distances. Despite the different
reference point, measurements comparable to previous
studies were detected, since the mean distance between
the MF-CEJ was 15.52 mm. The effect of tooth wear and
subsequent passive eruption of the teeth used as coro-
nal anatomical landmarks for the position of the MF may
also explain the slight difference in our measurements.>’
The difference between the measurements of MF-LC
could be related to a racial variation or migration of the
IAN and MF with age since our specimens had a mean
age of 79.1 years. Reports have shown that, possibly as
a result of bone associated diseases (i.e., osteoporosis),
the IAN and the MF in elderly skulls were located more
coronally when compared to younger skulls.38-4! How-
ever, Xie et al. observed that mean MF-LC measure-
ments were also smaller in old edentulous subjects than
in young and old dentate subjects, demonstrating that
it is possible that not only alveolar bone resorption, but
also basal bone atrophy could interfere with the position
of the MF.42

The presence of an anterior loop (AL) of the IAN is
a significant anatomical variation in implant dentistry
since nerve injury can occur as a result of inadvertent
invasion of this area during implant osteotomy or when
block grafts are harvested from the symphysis area.*3-4>
Previous reports have shown a significant variation of the
prevalence of these loops.#6-4? The prevalence seems to
range between 28% to 94%.4649 Our findings (88%) are
in agreement with the findings of Kieser et al. who
reported an overall prevalence of 83%.48 Our specimens
showed that symmetry of anterior loops is a common
finding, since in 76.2% of the specimens bilateral loops
were found. Previous reports have also shown signifi-
cant variation of the length of the mesial extension of
these loops, ranging from 1.2 mm to 6.95 mm.46:4849 Our
specimens showed a mean length of 4.13 mm. These
measurements seemed to be constant, without significant
variations among the specimens. Previous reports have
also compared clinical and radiographic assessments of
the presence and extension of the AL and showed that
radiographic assessment tends to underestimate the
mesial extent of the loop and frequently hides the loop
due to overimposition of other radiopaque structures,
emphasizing the need of clinical assessment.46:49.50
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Augmentation of atrophic alveolar ridges with onlay
grafts is frequently necessary to allow proper implant
placement.’! The symphyseal area is a common source
for block grafts due to ample supply of donor material,
the proximity to the recipient site, and the ease of access
when compared to other intraoral donor areas, such as
mandibular ramuses.?? The amount of augmentation is
directly dependent on the size of the harvested graft
when no additional grafting materials are used. These
grafts have also shown to resorb an average 20% to 25%
during the healing process.>> The average size of the
grafts obtained in our study was 14.5 x 9.45 x 6.15 mm
with a mean volume of 857.55 mm3. These findings
are in agreement with Montazem et al. who reported
average graft volume of 4.77 mL, and average block size
of 20.9 x 9.9 x 6.9 mm.?* Gungormus et al. found in a
similar study that the average size of symphyseal block
grafts was 45.36 x 10.31 x 9.63 mm.>> The differences
noted in these findings are related to the technique used
for block harvesting. While Montazem et al.>* harvested
two blocks from the symphysis by respecting the mid-
line, Gungormus et al. harvested only one block, includ-
ing the midline of the symphysis in the block. For this
reason, our findings are in closer agreement with the
Montazem et al. study®* (Table 2).

The lateral approach for maxillary sinus elevation
described by Tatum et al. is commonly used to increase
bone height prior to placement of implants in the pos-
terior maxilla.?® Autografts, allografts, xenografts, and
alloplasts are normally used to achieve this goal.>” When
an osteotomy is performed to gain access to maxillary
sinuses through the lateral wall, variations on the thick-
ness of this wall may increase the chances of perforat-
ing the Schneiderean membrane. Our study expected
to find significant differences among individuals and
among different locations, especially on the posterior
portion of this wall, since this area is in close proximity
with the zygomatic bone and arch. However, no signifi-
cant differences were found in our sample. The mean
thickness of the lateral was found to be 0.91 mm
(0.5 to 2.0 mm). It is possible that thicker lateral walls
could be found in a younger sample, possibly due to less
pneumatization of the maxillary sinus. Future studies
are needed to confirm this hypothesis.

Within the limits of this study, it can be concluded that
implant-related anatomy needs to be carefully evaluated
prior to treatment. Profound knowledge of this anatomy
will certainly decrease the chances of complications.
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