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A B S T R A C T

Background: Insufficient height and width of the alveolar ridge at the implant site remains with
inadequate bone volume following extraction in older age people especially in postmenopausal women.
Postmenopausal women are susceptible to primary osteoporosis where more bone resorption than formation
is seen resulting in decreased bone mass. Hence the present study aims to evaluate the zygomatic bone
region for placement of quad zygomatic implants using CBCT.
Materials and Methods: A total of 120 CBCT images of female patients who were between the age group
of 45 yrs to 65 yrs were taken. The zygomatic bone was evaluated for pneumatisation zones and thickness
of zygomatic bone at three different regions i.e., superior, middle and inferior at nine points on zygoma
bone along with bone to implant contact (BIC) region using virtual software.
Results: The largest thickness in the superior, middle and inferior regions were at Point A2(8.01+/-2.10
mm), Point B2 (7.01+/-1.62 mm), and Point C1 (6.65+/-1.64 mm), respectively. The virtually placed
implants at Point A3 (15.92+/-4.16 mm) and Point B2 (12.02+/-3.62 mm) had the highest BICs.
Conclusions: To obtain the largest BICs, results suggested that the posterosuperior region (Point A3) and
the centre of zygoma (Point B1) were the optimal places for the placement of quad zygomatic implants.

© This is an open access article distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by/4.0/) which permits unrestricted use, distribution, and
reproduction in any medium, provided the original author and source are credited.

1. Introduction

The zygomatic bone (ZB) has been an effective option
in the rehabilitation of the atrophic edentulous maxilla.
Postmenopausal women are more susceptible to primary
osteoporosis since osteoporosis is closely related to estrogen
deficiency. Drop of estrogen levels in menopausal time leads
to more bone resorption than formation. The placement of
a zygomatic implant is a favourable approach for patients
with atrophic maxillae1–3 with a long-term survival rate of
94.2% to 100%.4–7

In the maxillary edentulous patients with severely
atrophic maxillae, more than one zygomatic implant is
required to place in each zygoma to support the prosthesis,
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and currently, the placement of quad zygomatic implants
is suggested where the placement of zygomatic implants
requires accurate evaluation on the characteristics of
zygoma so that two zygomatic implants can be placed in the
proper regions of the same zygoma. These regions provide
the largest bone-implant contacts (BICs) for the stability
concern and keep away from the adjacent critical structures
like infratemporal fossa (ITF) to avoid the intrusion
complications especially in postmenopausal women who
had low bone mass.

Previously, some studies measured the thickness of
zygoma, in the region near the inferioanterior position
to the jugale, which has the largest thickness, which
could be the optimal choice to place the apex of a
zygomatic implant.8,9 But these studies were with less
precision of linear measurement because the thickness
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was obtained by measuring on cadavers. Hence the
main aim of this study was to evaluate the ZB
using cone-beam computed tomography (CBCT) images
to determine, characteristics similar to pneumatizations
(CSPZB), evaluated the thickness in different regions of
the zygoma, assessed the BICs of the apexes of zygomatic
implants, which were virtually placed in different regions
on a computer using planning software, and assessed the
incidence of intrusion into the ITF.10

2. Materials and Methods

2.1. Patients

This study was conducted at G Pullareddy Dental College,
Kurnool, Andhra Pradesh, India from 2018 to 2021. The
study got approved by the college Ethical Committee of
G Pullareddy Dental Hospital. All patients had to sign
a written consent form. A total of 120 female patients
were included who has taken CBCT images for implant
placement of age group between 45 years to 65years. The
exclusion criteria were patients with anatomic abnormalities
in zygoma or maxilla, patients with any facial asymmetry.
For dentate patients, patients who lost one or more maxillary
premolars or molars on both sides.

2.2. CBCT standardization

A CBCT scanner with a flat panel detector was used in all
cases (i-Cat; Imaging Sciences International, LLC, Hatfield,
Pennsylvania). The voxel size was 0.2 mm 3 0.2 mm 3 0.2
mm. The exposure volume was set at 0.4 mm. Manufacturer
recommended settings were employed. The Frankfort plane
was used and the scan range was from the supraorbital
edge to mandible. DICOM files of images were imported
and analyzed using the planning software Nobel Clinician
(Nobel Biocare AB, Goteborg, Sweden).

2.3. Analysis of image

Investigation of measurements done under the supervision
of two experts in oral and maxillofacial surgery and
radiology. The examiners looked for images with
characteristics similar to those described by Tyndall
and Matteson for pneumatization of articular eminence: a
radiolucent (hypodense) defect with an appearance similar
to mastoid air cells, with no enlargement and cortical
destruction. The type was also classified as unilocular
or multilocular. The Unilocular aspect was identified as
a single hypodense oval defect with well-defined bony
borders, whereas the multilocular aspect was identified as
numerous hypodense small cavities.11

For assessment of thickness and bone-implant, contact
reference points were taken from the frontal view, a
line passed through the bilateral lowermost points on the
infraorbital margin was designated as line IM (Figure 1). A

line that passed through the most lateral point on the orbital
margin parallel to the middle line plane was designated
as line LM (Figure 1). The intersection point of line IM
and line LM was designated as Point C (Figure 1). The
intersection point of the angular bisector of line IM and
line LM and the orbital margin was designated as Point
O (Figure 1A). Line 1 (L1) connects Point O to Point C
(Figure 2). Line 2 (L2) and Line 3 (L3) were orderly parallel
to L1 posteriorly at the distance of 5 mm (Figure 1C).
The L1 to L3 were confined from the orbital margin to the
inferior border of the zygoma, and the region from L1 to L3
was the apex of the zygomatic implants may be presented.
The L1 and L3 were quartered with 6 points namely A1, B1,
C1, A3, B3, and C3 from the tops to the bottoms (Figure 3).
LA, LB and LC lines pass through A, B, and C points
respectively (Figure 3). The LA, LB, and LC intersected
with L1 and L2 with 6 points namely A1, A2, B1, B2,
C1, and C2, respectively (Figure 3). Zygoma was divided
into the superior, middle, and inferior parts by LA, LB, and
LC and regions passed through by LA, LB, and LC were
represented as the superior, middle, and inferior regions of
the zygoma (Figure 3).

Fig. 1: Skull frontal view showing the lines IM and LM; and the
points C and O

2.4. Measurements recorded

The zygomatic thicknesses at a total of 9 points in the
superior, middle, and inferior regions and the zygomatic
length at L1-L3 were, respectively, measured in all cases
(Figure 4). Zygomatic BICs were measured by placing
mesial and distal implants along L1(C1-A1) and at L3(C3-
A3) lengths using virtual implants planning software. The
coronal points of the mesial implant and distal implant were
at Point C1 and C3, respectively. The apical points of the
mesial implant were located on Point A1 and that of the
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Fig. 2: Skull lateral view showing the points C and O; and L1

Fig. 3: Skull lateral view showing the L1-L3 and LA-LC; and the
points A1-A3, B1-B3, and C1-C3

distal implant was located on Point A3. The zygomatic BIC
was the average value of zygomatic BIC length on the facial
and the temporal sides (Figure 5).

2.5. Statistical analysis

All analyses were performed with SPSS software.
Differences in the zygomatic thickness and length between
groups were compared using an independent student t-test.
The zygomatic thickness and length were correlated using
the Pearson correlation analysis and the Pearson correlation
coefficient (R). A P value of <.05 was considered to be
statistically different.

Fig. 4: Thickness of zygoma (yellow lines) and length of zygoma
(white line)

Fig. 5: The length of BIC on facial aspect (BIC1) and on temporal
(BIC2) sides (blue lines)
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3. Results

3.1. Demographic data of study

This study recruited 120 eligibly consecutive patients (mean
age of 49.8 years;) were maxillary dentate patients.

3.2. Laterality and type

Only 3.9 (3.3 %) individuals presented characteristics
similar to pneumatization in the ZB (CSPZB); 36 (30.4 %)
had unilateral modifications and 82 (69.6 %) had in both
sides. If we consider all ZB, modifications were in 3.3(2.8
%) of the unilocular type shown in Table 1.

3.3. The zygomatic thicknesses at points

The zygomatic thicknesses were measured on a total of 120
zygomata. The zygomatic thickness at each point shown
in Table 2. The differences of the thicknesses at points
on superior, middle, and inferior areas were significantly
different The largest thickness on the superior, middle, and
inferior areas were at Point A2, Point B2, and Point C1,
with a mean value of 7.92+/-2.10 mm, 7.01+/-1.62 mm, and
6.62+/-1.64 mm, respectively.

On the superior area, the thickness gradually decreases
from Point A2 to the anterior point of Point A1 and the
posterior point of Point A3; on the middle area, the thickness
gradually decreases from Point B2 to the anterior point of
Point B1 and the posterior point of Point B3; on the inferior
area, the thickness decrease from Point C1 to the posterior
point of Point C3).

3.4. Length of zygomatic bone at lines

The length of each line was measured and are shown
in Table 3. The differences of the lengths at lines were
significantly different.

3.5. The zygomatic BICs of the virtual implants at
points

The zygomatic BICs were obtained by measuring the
virtually placed implants on 120 zygomata. On the superior
area, Point A3 provided the largest zygomatic BIC, and
gradually decreased from at Point A3 to A1; on the middle
area, Point B2 provided the largest zygomatic BIC and
decreased from at Point B2 to the posterior point of Point
B3 and the anterior point of Point B1, respectively; on
the inferior area, Point C1 provided the largest BIC and
decreased from at Point C1 to the posterior point of Point
C3 shown in Table 4.

4. Discussion

The zygomatic bone (ZB) is a quadrangular structure
that can be compared to a pyramid. The importance of

zygomatic bone is increased in many clinical conditions
especially in dental Implantology. In dental implants,
when there is no adequate bone volume permitting their
anchorage, zygomatic implants are advised as a partial or
complete alternative to bone augmentation procedures.

The quality and quantity of jaw bone is affected by
menopause. Osteoporosis is a systemic disease which is
seen in postmenopausal women. It is characterised by
decrease bone mass density especially in buccal bone
region. In the present study even though bone mass is not
measured but the more stable region to place implants was
analysed.

Due to its increased clinical importance, it is important
that evaluation of ZB has been performed in imaging
techniques significantly in women who are in post
menopausal period. Because, women in this stage are more
prone with osteoporosis that further leads to severe bone
resorption. The bones of the skull contain many air-filled
cavities, referred to pneumatization. These areas can arise
at different locations, and are preceded by a formation of
bone cavities, a physiological process related to periosteal
activity.12

For that reason, several studies had evaluated the
prevalence of pneumatisation in areas of zygomatic process
and presented as characteristics similar to pneumatizations
(CSPZB) concerning the laterality and type using CBCT
images. Cone beam computed tomography (CBCT) is the
ideal image to evaluate this bone which is pyramidal and
must be evaluated 3 dimensionally.

Results from the study showed only 3.3% of individuals
presented characteristics similar to pneumatization in the
ZB (CSPZB); 36 had unilateral modifications and 82 had
in both sides. If we consider all ZB, modifications were
in multilocular type 3.9, similar to the result by Ladeira et
al.13 The results of the thicknesses of zygoma were ranges
from 5.54 to 8.01 mm, and the lengths were from 25.47 to
28.49 mm. When compared to the reports by Brazilian and
Belgian of zygomatic measurement, the results from this
study are larger.14

The largest BIC obtained on the superior, middle, and
inferior areas of zygoma were at points A3 and B2 points
with the largest thickness. Some other studies proposed that
the bone thickness for placing the apex of the zygomatic
implant was to be at least 5.75 mm,15,16 but this study found
that Point A3, which provided the largest BICs with no
intrusion complication, had a thickness of 7.04 mm.

4.1. Quad zygomatic implants approach

It needs 2 regions on a zygoma for placing zygomatic
implants, one at the apex where the mesial implant should
be placed and above that the distal implant is placed. For this
purpose the superior area was designed for mesial implant
placement and middle or inferior areas were designed to
place the distal implant. Point A3 on superior area provided
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Table 1: Prevalence and distribution of CSPZB zones concerning laterality and type

Sample CSPZB %
Individuals 120 3.9 3.3%
Laterality
Unilateral 120 36 30.4%
Bilateral 120 82 69.6%
TYPE
Unilocular 120 - -
Multilocular 120 3.3 2.8%

Table 2: Zygomatic thicknesses at points on the Superior, Middle, and Inferior areas difference

Area Point Thickness P value
Superior A1 6.21+/-2.23mm <.001

A2 8.01+/-2.10mm
A3 7.04+/-1.68mm

Middle B1 6.01+/-1.85mm <.001
B2 7.01+/-1.62mm
B3 6.03+/-1.52mm

Inferior C1 6.65+/-1.64mm <.001
C2 6.23+/-1.59mm
C3 5.54+/-1.51mm

Table 3: The lengths of Zygomatic bone at lines L1, L2 and L3 with difference

Line Length (in mm) p Value
L1 25.47+/-3.09mm

<.001L2 26.24+/-3.01mm
L3 28.49+/-3.04mm

Table 4: The zygomatic BICs of the virtual implants at different points and the percentage of the implants into the zygoma

Region Apical point BIC (mm) P values Implant into Zygoma
(%)

Superior A1 4.12+/-1.82mm <.001 9.7
A2 9.28+/-3.31mm 19.8
A3 15.92+/-4.16mm 26.9

Middle B1 6.35+/-3.12mm <0.001 16.5
B2 12.02+/-3.62mm 27.9
B3 11.86+/-3.48mm 29.7

Inferior C1 8.38+/-3.67mm <0.001 22.1
C2 11.41+/-3.38mm 31.2
C3 10.21+/-3.05mm 26.4

the largest BIC, and Point B2 on the middle or inferior
areas. But the second zygomatic implant placement on
inappropriate region increases at risk of intrusion of implant
into the ITF.17

From the results of this study, it was seen that the apex
of the distal implant placed at Point B3, Point C1, Point
C2, and Point C3 occurred implant intrusion into the ITF.
Hence, for obtaining the largest BICs while retaining the
minimum incidence of intrusion into the ITF, Point A3
and Point B2 were the most promising points for quad
zygomatic implants placement which indicates the postero-
superior region and center of zygoma for the apex of the
mesial implant and distal implants respectively. Therefore,

to obtain the largest BICs, it is suggested to produce longer
zygomatic implants.

Certain advantages of this study are large sample
size, measurement of the thicknesses and lengths of 240
zygomata on 120 patients. The linear measurements based
on CBCT images are accurate, reliable18–22 and repeatable
when compared to measuring on cadavers. One of the main
limitations of this study is, the BICs were obtained by the
virtually placed zygomatic implants on the computer using
the planning software rather than by clinical practice. The
bone density of zygoma was also not taken into account in
this study.
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5. Conclusion

Within limitations of the study, it can be concluded that
for obtaining largest BICs while avoiding the intrusion
complications, the suggested area is postero-superior region
(Point A3) and the center of zygoma (Point B2) for the
placement of quad zygomatic implants in post-menopausal
women.
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