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Zygomatic Bone: Anatomic Bases for 
Osseointegrated Implant Anchorage
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Purpose: The aim of the present study was to evaluate zygomatic bone thickness considering a possi-
ble relationship between this parameter and cephalic index (CI) for better use of CI in the implant
placement technique. Materials and Methods: CI was calculated for 60 dry Brazilian skulls. The zygo-
matic bones of the skulls were divided into 13 standardized sections for measurement. Bilateral mea-
surements of zygomatic bone thickness were made on dry skulls. Results: Sections 5, 6, 8, and 9
were appropriate for implant anchorage in terms of location. The mean thicknesses of these sections
were 6.05 mm for section 5, 3.15 mm for section 6, 6.13 mm for section 8, and 4.75 mm for section
9. In only 1 section, section 8, did mean thickness on 1 side of of the skull differ significantly from
mean thickness on the other side (P < .001). Discussion: For the relationship between quadrant thick-
ness and CI, sections 6 and 8 varied independently of CI. Section 5 associated with brachycephaly,
and section 9 associated with subbrachycephaly, presented variations in the corresponding thickness.
Conclusion: Based on the results, implants should be placed in sections 5 and 8, since they presented
the greatest thickness, except in brachycephalic subjects, where thickness was greatest in section 5,
and in subbrachycephalic subjects, where thickness was greatest in section 9. CI did not prove to be
an appropriate parameter for evaluating zygomatic bone thickness for this sampling. (More than 50
references.) INT J ORAL MAXILLOFAC IMPLANTS 2005;20:441–447
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When treating patients with atrophic mandibular
and maxillary ridges, it is not always possible to

predict favorable results.1–4 Misch5 stated that the

oral soft tissues of edentulous subjects are more sen-
sitive to decreased salivary flow and alveolar mucosa
thickness, making the conventional prosthetic
restoration inefficient.

In 1965, the osseointegration concept was first
used to treat an edentulous patient. A 2-stage tech-
nique6 was used for this treatment. Initially, a modi-
fied reconstruction procedure was applied using a
bone graft removed from the proximal metaphysis of
the tibia and placed in the edentulous maxilla and
mandible to permit placement of the implant in a
second phase.6

Before osseointegration was developed, remov-
able mucosa-supported prosthetic restorations pre-
sented higher difficulty levels in the mandible. The
small contact area between the prosthesis and
mucosa, bone trauma, muscle attachments, and
mandibular movements were factors affecting pros-
thetic restoration.7 With osseointegrated implants,
maxillary rehabilitation is more complex because of
the proximity of the maxillary sinus and nasal cavity.
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In the mandible, even with the occurrence of severe
resorption, adequate residual ridge for implant
placement can usually be found in the anterior
region between the mental foramina.7

Another important factor for successful rehabilita-
tion using osseointegrated implants is the quality of the
bony tissue that will receive the implants. In the anterior
mandible, type 1 or 2 bone is usually found, while, in the
posterior maxilla, type 3 or 4 bone is prevalent.8

Approximately 20% of the population over 18
years of age presents an absence of posterior teeth
in the maxillary.5 The frequency of edentulism is 35
times higher in the posterior maxilla than in the
mandible.5 Patients with severe maxillary atrophy in
addition to maxillary sinus pneumatization usually
require alveolar ridge height and thickness for
endosseous implant placement.5

Implant placement in the posterior maxilla usually
requires bone grafting in the maxillary sinus floor.9,10

This procedure can result in an increase in the
osseointegration success rate when compared with
the placement of implants in the maxillary bone
without bone grafting. Disadvantages include
needed surgical skill, increased treatment time, pres-
ence of polyps and mucoceles, the potential for the
septum to be an obstacle, and risk of complications
such as sinus infection and blood vessel break-up.11–19

Another procedure that has been used to solve
the problem created by the lack of bone tissue is the
pterygoid implant, which can be used to support
restorations in the posterior maxilla.20,21 The advan-
tages of this technique are the maintenance of sinus
cavity integrity and architecture, elimination of the
need for bone grafting, and reduction of morbidity
and treatment time compared with sinus floor eleva-
tion.20,21 According to Graves,20 the disadvantages
are the operative skill required, difficulty obtaining
the needed visual access, and small bone volume in
the maxillary tuberosity region.20,21

The conventional procedures for reconstruction of
osseous topography can result in a high morbidity
rate and are time consuming and expensive. Thus, it
may be possible to choose simpler and less invasive
alternative surgical techniques, such the placement
of implants in the zygomatic bone.22 This procedure,
which has been indicated for a growing number of
subjects, aims at restoring the function of the
severely resorbed posterior maxilla following abla-
tive tumor surgery, in cleft palate patients, or follow-
ing failure of grafting procedures.23–27

Adequate knowledge of zygomatic bone anatomy
is needed for better standardization and improved
use of the technique. Therefore, the aim of the pre-
sent study was to evaluate the thickness of the bone,
considering the discrepancy among the locations

and the possible relationship between this parame-
ter and the cephalic index (CI).

MATERIALS AND METHODS

The study was carried out on 60 dry Brazilian skulls
from 37 men and 23 women ranging in age from 18
to 87 years. Zygomatic bone thickness was measured
bilaterally. The skulls were the property of the Univer-
sidade Federal de São Paulo Morphology Depart-
ment. They were divided into 5 groups of 12, accord-
ing to Pierre Broca28 CI:

• Group I (Dolichocephalic): CI less than or equal to 75.00

• Group II (Subdolichocephalic): CI of 75.01 to 77.77

• Group III (Mesocephalic): CI of 77.78 to 80.00

• Group IV (Subbrachycephalic): CI of 80.01 to 83.33

• Group V (Brachycephalic): CI of 83.34 or more

Procedures for Obtaining CI
The CIs were determined according to the Pierre
Broca method, cited by Testut and Latarjet.28 Each
skull was placed on a plane, and the maximum trans-
verse diameter was measured using 2 squares placed
at the most transverse points on the right and left
sides of the skull, ie, the points of maximal curvature.
The procedure was repeated, taking as reference
points the points of greatest anteroposterior curva-
ture. Thus, the maximum anteroposterior diameter
was obtained. The CI of each skull was defined by the
following formula:

CI =
Maximum transverse diameter of the skull � 100

Maximum anteroposterior diameter of the skull

Measurement Procedure
The external surface of the zygomatic bone was
divided into 13 sections for standardization of the
thickness measurement sites. A transparent auto-
adhesive polyvinyl chloride (PVC) laminate placed at
the external bone surface was used. Four reference
points (A, B, C, and D) were marked on the laminate.
The laminate was then removed, and lines linking the
4 points were drawn, resulting in a quadrilateral fig-
ure. This figure was divided into 16 sections, and
those that covered the zygomatic bone when in
place were numbered 1 to 13 (Fig 1).

Since this investigation was aimed at studying
zygomatic bone wall thickness, focusing attention on
its clinical use for implant placement and further oral
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rehabilitation, the sites of highest interest were those
with potential for implant placement according to
The Branemark System Manual.17 Those sites corre-
sponded to the sections identified as 5, 6, 8, and 9.
For this reason, only those sections were used for
measurements.

After drawing and identifying the sections, the
laminate was re-placed on the zygomatic bone. The
thicknesses of the sections of interest were obtained
using a thickness gauge (ACE Brock Mass 08-000-52
stainless Germany 99p0 with 0.5 mm of approxima-
tion). The instrument tips were placed perpendicu-
larly to the external and internal surfaces of the bone
in each section, and the values were recorded. The
same person performed all anatomic measurements.

Association among variables of interest was stud-
ied using the Spearman correlation coefficient.29 To
compare the right and left sides, the nonparametric
Wilcoxon signed rank test was used. P was consid-
ered statistically significant if it was less than .05.

RESULTS

For each section, the measurement made on the left
zygomatic bone was compared to that made on the
right zygomatic bone. As can be seen in Table 1, no
significant differences were found for sections 5, 6,
or 9. For section 8, there was a significant difference
between the left and right zygomatic bones; the
right zygomatic bone was significantly thicker (P <
.001).

Mean Thickness with Regard to CI
As can be seen in Table 2, the highest mean thickness
value for section 5 was 6.7 mm. This was the mean
thickness measured on the left side for the sub-
dolichocephalic group. The lowest value for section 5
was 5.7 mm (subbrachycephalic group, right side;
mesocephalic group, left side). For section 6, the
highest value was 3.8 mm (subdolichocephalic
group, left side), and the lowest value was 2.4 mm
(dolichocephalic group, left side; mesocephalic
group, left side). For section 8, the highest value was
7.1 mm (subdolichocephalic group, right side) and
the lowest was 5.4 mm (mesocephalic group, left
side). For section 9, the highest value was 5.6 mm
(subdolichocephalic group, right side), and the low-
est was 4.1 mm (dolichocephalic group, right side).

Association Between Thickness and CI
After statistical analysis, when the thicknesses of the
sections of interest were assessed for association
between thickness and CI, it was concluded that sec-
tions 6 and 8 presented no significant association;

thus, CI could not be used to identify possible bone
thickness values for those sections.

The thicknesses of sections 5 and 9, however, pre-
sented significant associations to the brachycephalic
and subbrachycephalic portions of the CI. There was
an association between CI value and thickness for
subbrachycephalic subjects in section 9 and brachy-
cephalic subjects in section 5. For this population
sampling, for sections 5 and 9, no other associations
could be made between CI and thickness.

DISCUSSION

The use of zygomatic bone for the placement of
endosseous implants for prosthetic support 
following ablative surgical procedures or trauma or
for cleft palate patients has been previously
described.2,27,30–34 Recently, this site has also been
indicated for the placement of endosseous implants
in patients with severely resorbed posterior maxillae,
and this technique has resulted in high success
rates.7,22–24,26,27,35–40 The objective of this procedure
is to avoid complications related to reconstructive
procedures such as bone grafting, since they may

Fig 1 Drawing of the zygomatic bone. Point A articulates with
the frontal zygomatic process. Point B articulates with the maxil-
lary zygomatic process on its superior border. Point C articulates
with the maxillary zygomatic process on its inferior border. Point
D articulates with the temporal zygomatic process. Based on
these points, a grid was formed and superimposed over the zygo-
matic bone, and the sections that contained a portion of the
maxillary bone were labeled 1 to 13. Sections 5, 6, 8, and 9 were
the sections with the best potential for implant placement.
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cause high morbidity, and such treatment can be
slow and expensive.41

To apply this technique, it is necessary to evaluate
the type of prosthetic rehabilitation and its limits, the
psychologic aspects, the patient’s age, maxillary sinus
conditions, treatment reversibility, and anatomic limi-
tations in the anterior and posterior maxilla.36 Other
elements that can be assessed are craniometric char-
acteristics such as CI.

The most frequent sites for dental implant place-
ment are the maxilla and mandible, which have been
extensively studied through histomorphometry.42–44

However, there is little information on the zygomatic
bone either in articles related to implantology or in
anatomy treatises.28,45–49

Nkenke and colleagues38 studied the proportions
of 30 zygomatic bones and found values of 19.99% ±
7.60% for trabecular bone and 83.18% ± 8.87% for
cortical bone in the female group. The values for the
bones from males were 27.32% ± 9.49% for trabecu-
lar bone and 83.68% ± 6.35% for cortical bone. Those
authors presented mean lateral-thickness measures
of 7.60 ± 1.45 mm for the bones from women and
8.00 ± 2.26 mm for the bones from men. Despite less
favorable values found in the female zygomatic bone,
these differences were not statistically significant.

Jensen and associates31 examined 15 skulls from
India and found a mean thickness of 4.4 mm for their
zygomatic bones. Nobel Biocare zygomatic implants
measure 4.5 mm in diameter and, according to
Brånemark and coworkers,6 there must be at least 1
mm of bony tissue around the implants. An impor-
tant parameter for implant placement is the available
bone volume, and the aforementioned data revealed
critical conditions for the zygomatic bone.

To contribute to the improvement of this tech-
nique, in the present study the thickness of the zygo-
matic bone was measured in the locations planned
for implant placement by comparing the thickness of
the zygomatic bone in the sections of interest and
the CI for the skull. The results of those measure-
ments, followed by comparison between the right
and left sides, demonstrated that the left and right
zygomatic bones were statistically equivalent in sec-
tions 5, 6, and 9. A statistically significant difference
was seen in section 8 when the left and right sides
were compared; the right side was significantly
thicker than the left (P < .001) (Tables 1 and 2).

Based on the thickness results, sections 5 and 8 are
recommended for implant placement, since they pre-
sented the highest thickness values. When the zygo-
matic complex thickness is limited, computer-assisted
implant placement can be used.39 Based on spiral
computerized tomography data, a guidance system
can be installed for the preoperative planning and

intraoperative control of implant placement. Presurgi-
cal planning can be assisted by 3-dimensional visual-
ization of the anatomic sites and the virtual place-
ment of the implants. By guiding the drills in the
planned direction, the surgical procedure for implant
placement can be carried out with precision.38–40,50

When examining a patient, appropriate craniomet-
ric measurements can be made, and patients can be
categorized according to the Pierre Broca28 classifica-
tion according to the values obtained. The higher the
CI, the more rounded or brachycephalic the skull is; the
lower the CI, the more elongated or dolichocephalic.28

In the present study, effort was made to deter-
mine whether zygomatic bone thickness is associ-
ated with CI. For this sampling, no significant associa-
tion between thickness and CI was found for sections
6 or 8; the thickness values varied independently of
the CI. On the other hand, when sections 5 and 9
were compared, the statistical results showed a sig-
nificant association between thickness in section 5
and the brachycephalic range of the CI and a signifi-
cant association between thickness in section 9 and
the subbrachycephalic range of the CI. The highest
and lowest CI values corresponded with the highest
and lowest thicknesses for both sections. When, for
example, a high CI measurement (ie, in the brachy-
cephalic range) was found, a corresponding value
could be expected for thickness of the zygomatic
bone in section 5. The same could be expected for
thickness of the zygomatic bone in section 9 in sub-
brachycephalic subjects (Table 3).

Success rates of 65% to 75% were described when
the zygomatic bone alone was used as anchorage for
reconstruction after ablative surgery and trauma
from several origins.33,35,51 When zygomatic implants
were placed in normal patients presenting with
severely resorbed maxillae, the success rate was
more than 80%.22,23This high rate was apparently
related to the fact that in these cases the palatal alve-
olar bone ridge and the sinus floor become part of
the anchorage areas for these implants.22,23 High suc-
cess rates can be projected when 4 cortical bone
walls are used for anchorage, in comparison to the 1
or 2 used for conventional implant placement in the
maxilla. The use of as many cortical bone walls as
possible has been defended as a decisive factor in
determining the success of dental implants, since
this provides greater stability than the presence of a
large quantity of trabecular bone tissue.52,53

It has been suggested by Jensen and coworkers31

that zygomatic implants can be made even more sta-
ble if they are placed inside the infratemporal fossa,
thereby obtaining support from 2 additional cortical
bone walls. Although the muscles in the infratempo-
ral fossa may be at risk of perforation, according to
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Jensen and associates, complications or sequelae
originating from this procedure were not found.

CONCLUSIONS

1. Despite the unfavorable structure of the 
zygomatic bone, implants can be placed in patients
after ablative surgical procedures or trauma, in cleft
palate patients, patients with severely resorbed
maxillae, or following failed grafting procedures
with good clinical success when it is possible to
achieve multicortical stabilization.

2. Thickness measures showed that sections 5 and 8

were the most appropriate areas for implant
placement in selected Brazilian dry skulls.

3. For this population sampling, CI did not prove to
be an adequate parameter for determining zygo-
matic bone thickness values, except for brachy-
cephalic and subbrachycephalic subjects, for sec-
tions 5 and 9, respectively.
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Table 1 Mean Thickness in mm of the Studied Sections of the Zygomatic Bone

Section

5R 5L 6R 6L 8R 8L 9R 9L

Minimum 1.0 2.5 1.0 1.0 2.5 2.0 2.0 2.0
Maximum 11.0 9.0 6.0 7.0 11.0 9.0 8.0 8.5
Median 6.0 6.0 3.0 3.0 7.0 6.0 4.5 5.0
Mean 6.1 6.0 3.0 2.8 6.5 5.8 4.7 4.8
SD 1.9 1.5 1.2 1.1 1.8 1.4 1.6 1.6

Spearman corre-
lation coefficient 0.36 1.5 4.1 -0.89

P >.05 >.05 <.001 >.05

Table 2 Mean Thickness in mm by Group of the Sections Studied

Section

Group 5R 5L 6R 6L 8R 8L 9R 9L

Dolichocephalic 5.9 5.8 2.6 2.4 6.5 5.8 4.1 4.7
Subdolichocephalic 6.5 6.7 3.6 3.8 7.1 6.4 5.6 5.4
Mesocephalic 5.8 5.7 2.8 2.4 6.5 5.4 4.6 4.6
Subbrachycephalic 5.7 6.0 3.4 2.8 5.9 5.7 4.5 4.5
Brachycephalic 6.5 5.8 2.7 2.8 6.4 5.6 4.7 5.0

Table 3 Significance Analysis of Association Between Sections of Interest and 
Respective CI Groups

- Subdolicho- Subbrachy- Brachy-

Dolichocephalic cephalic Mesocephalic cephalic cephalic

Segment 5 � CI 0.33 0.19 0.08 0.04 0.52*
Segment 6 � CI 0.01 0.37 0.34 0.18 0.20
Segment 8 � CI 0.11 0.46 0.13 0.27 0.28
Segment 9 � CI 0.03 0.10 0.19 0.54* 0.05

*P < .05. For all other values, P > .05.
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