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INTRODUCTION: Zygomatic implants represent a reliable treatment modality for patients with severe maxillary bone resorption,
eliminating the need for bone grafting and enabling immediate loading. This study utilized cone beam computed tomography
(CBCT) to identify optimal zygomatic bone regions for implant placement by assessing bone-implant contact (BIC) while minimizing
intrusion risks into the infratemporal fossa (ITF). Additionally, differences in zygomatic characteristics between males and females
were investigated to address the limited evidence regarding the influence of biological sex on BIC and implant stability.
METHODS: This retrospective study analyzed CBCT scans from 20 fully edentulous patients (9 male and 11 female) with severe
maxillary resorption. Zygomatic bone thickness, length, and BIC were measured at 12 anatomical points across the superior, middle,
and inferior regions using standardized CBCT imaging and Nobel Clinician software. Virtual implants were placed to evaluate
intrusion into the infratemporal fossa. Statistical analyses, including Kruskal-Wallis and Mann-Whitney U tests, were conducted to
compare zygomatic measurements across regions and between genders.

RESULTS: The greatest bone thicknesses in the superior, middle, and inferior regions were observed at Point A; (8.53 = 1.63 mm),
Point B; (6.97 + 1.01 mm), and Paint Cy (6.36 £ 1.02 mm), respectively. Point A3 (17.65 £ 2.24 mm) in the anterior region and Point B,
(13.34+£2.35 mm) in the posterior region were identified as optimal implant sites, providing the highest BICs while minimizing
intrusion risks. Zygomatic thickness and BIC at these optimal sites were significantly greater in males than females (p < 0.01).
CONCLUSION: Point Az and Point B; are the most suitable sites for zygomatic implant placement. Quad zygomatic implants may
achieve enhanced primary stability in males than in females due to greater zygomatic bone thickness and BIC.
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INTRODUCTION

Dental implant placement has become an increasingly popular
solution for tooth restoration, offering patients long-term func-
tional and esthetic benefits. However, in cases of severe maxillary
bone resorption, conventional implant placement is often not
feasible, posing challenges for oral rehabilitation. The zygomatic
bone, with its dense quality, large surface area, and sufficient
volume, provides a reliable alternative for implant anchorage
[1-3]. Zygomatic implants offer several advantages over tradi-
tional implants, including the elimination of bone grafting
procedures and reduced surgical and recovery times [4-6].
Long-term studies report high survival rates for zygomatic
implants, ranging from 93.8 to 100%, as demonstrated by Felice
et al. [3], Malo et al., Davo et al., and Wang et al. [3, 7-9]. In cases of
severe resorption, placement of four zygomatic implants (quad-
zygoma technique) is widely recommended to achieve sufficient
prosthetic support [10]. Aboul-Hosn Centenero et al. [11]. reported
comparable survival rates between the quad-zygoma technique
and hybrid approaches using both zygomatic and conventional
implants [11]. Accurate assessment of zygomatic bone dimensions
is essential for optimizing implant positioning, maximizing bone-

implant contact (BIC), and minimizing the risk of complications,
particularly intrusion into the infratemporal fossa (ITF).

BIC within the zygomatic bone is a critical factor for predicting
implant osseointegration, primary stability, and long-term success.
Greater BIC enhances implant stability and bone integration,
particularly critical in the compromised bone quality of the
atrophic maxilla. Romeed et al. [12] recommended a minimum
zygomatic implant length of 15 mm, noting significantly increased
stress concentrations when implant length is reduced to 10 mm
[12]. While previous studies have assessed the maximum
zygomatic bone thickness on cadavers for optimal implant apex
placement, few have evaluated BIC directly. Hung et al. [13]. used
cone beam computed tomography (CBCT) to identify zygomatic
bone regions providing the highest BIC while avoiding intrusion
complications for quad zygomatic implant placement [13].
Although BIC is traditionally considered a histological measure
reflecting the percentage of bone in direct contact with an
implant surface, CBCT-based simulations allow for a radiographic
surrogate measurement that aids in preoperative planning and
the identification of anatomically favorable implant sites. This
radiographic BIC evaluation informs several critical aspects of
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Zygomatic bone lengths. Zygomatic bone lengths at lines from line 0 to line 3 (A) and thicknesses at points on the superior, middle,

and inferior areas (B). Comparisons of the mean lengths among lines or thicknesses among points were analyzed with a Kruskal-Wallis test. ns,

not significant; *, p < 0.05; **, p <0.01, ***, p <0.001, **** p < 0.0001.

surgical planning. First, it helps identify optimal implant entry and
exit points along the zygomatic trajectory, ensuring the implant
path engages the greatest volume of bone. Second, it supports
selection of implant length and angulation tailored to the patient’s
anatomy, particularly important in cases with asymmetric or
limited bone volume. Third, by visualizing areas of low BIC or
potential cortical perforation, clinicians can proactively adjust their
surgical plan to avoid complications, such as implant instability or
penetration into adjacent anatomical spaces. Finally, BIC mapping
can improve prosthetic outcomes by enhancing implant distribu-
tion and load-bearing capacity. Hung et al. also reported
significant differences in zygomatic bone length and thickness
between sexes; however, the influence of biological sex on BIC
remains unclear, leaving a gap in knowledge regarding its
potential impact on implant stability.

In this study, CBCT imaging was used to evaluate fully
edentulous Vietnamese patients. The specific aims of the study
were to: (1) describe zygomatic bone thickness and length; (2) to
identify regions with the highest BIC while minimizing intrusion
risks; and (3) to compare zygomatic bone measurements and BIC
values between male and female groups.

MATERIALS AND METHODS

Study design/sample

This retrospective study was approved by the Ethics Committee of the
University of Medicine and Pharmacy at Ho Chi Minh City (No. 632/HDDD-
DHYD). Patients with CBCT scans confirming complete maxillary edentu-
lism and severe alveolar ridge resorption, unsuitable for conventional
implants, were recruited from March 1%, 2019, to September 30", 2024.
This study ensures complete anonymity of the collected data, as no
personally identifiable information was recorded.

The inclusion criteria included (1) patients with complete maxillary
edentulism who have received four zygomatic implants, and (2) patients
classified with bone resorption types 4 and 5 according to the Cawood and
Howell classification [14].

The exclusion criteria included (1) patients with tooth loss from
maxillofacial trauma or segmental jaw resection, and (2) patients with
congenital/acquired zygomatic or maxillary bone abnormalities.

Data collection
CBCT scans were acquired using the ICAT 3D Imaging system (Imaging
Sciences International, Hatfield, PA, USA) with standardized imaging
parameters: tube current of 5mA, tube voltage of 120kV, maximum
resolution of 0.25 mm pixel size, field of view (FOV) of 25 cm (diameter) x
17 cm (height), and a scan duration of 16-20s. The scanned region
included the maxilla. CBCT data were imported into Nobel Clinician
software for image analysis and measurements.

Image analysis was performed following protocol by Hung et al. [13].
(Figs. S1, S2). Briefly, The IM line connected the lowest points on the
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infraorbital margin, while the LM line passed through the most lateral
point on the orbital margin (Fig. STA). Their intersection defined Point C,
with Point O located at the angular bisector of these lines (Fig. S1B).
Measurement lines L, to L3 were drawn parallel to L; (connecting Points C
and O) at 5 mm intervals, extending from the orbital margin to the inferior
border of the zygoma, representing the potential apical region for
zygomatic implants (Fig. S1B, C). Lines L, to L3 were subdivided into six
anatomical points (Ay, By, Co, As, Bz, C3) across superior, middle, and
inferior regions. Points E; and E, were defined along the alveolar crest to
guide anterior and posterior implant placement (Fig. S1D). Zygomatic
bone thickness was measured at 12 points, with bone length assessed
along Lo-L3 (Fig. S2A). Virtual implants (4 mm in diameter, NobelZygoma,
Nobel Biocare, Sweden) were placed using planning software, with BIC
values calculated at both facial and temporal aspects (Fig. S2B). Implant
apices were positioned at defined points (Ag-As, By-Bs, Co—C3), and
intrusion depth into ITF was recorded by measuring the linear distance
from the outer cortex of the zygomatic bone to the implant surface if it
extends beyond the bone (Fig. S2C). Bilateral measurements ensured a
comprehensive evaluation of zygomatic anatomy and implant
positioning.

Data analysis

Descriptive analyses were conducted to present the demographic profile
of the study population. Zygomatic bone thickness and length were
compared among regional groups using the Kruskal-Wallis test,
and between sexes using the Mann-Whitney U test. Statistical analyses
were conducted using GraphPad Prism v.10.4.1 (GraphPad Software Inc.,
San Diego, CA, USA). A p value of <0.05 was considered statistically
significant.

RESULTS

Patients’ demographics

The study involved 20 edentulous patients (male = 9, female =
11) with the mean age of 59.7 + 8.3 years, ranged from 43 to 71
years. Fifty five percent of the patients were above 60 years old.

The zygomatic lengths at lines and thicknesses at points
Among the 40 zygomatic bones from 20 patients, the mean
zygomatic lengths at different lines progressively increased from
Lo (24.69+2.12mm) to L3 (29.77 £2.63 mm). Notably, L; was
significantly longer than any other line, whereas no significant
pairwise differences were observed among Lo, L, and L, (Fig. 1A).

The greatest zygomatic thickness in the superior, middle, and
inferior regions was observed at Point A; (8.53 = 1.63 mm), Point
B; (6.97 £1.01 mm), and Point C, (6.36 £ 1.02 mm), respectively
(Fig. 1B). In the superior and middle regions, thickness gradually
decreased from Points A,/B; toward both anterior (A0/B0) and
posterior (As/Bs) points. In the inferior region, thickness declined
from Point C, toward the posterior point (Cs) (Fig. 1B).
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Fig.2 Comparison of the zygomatic lengths. Comparison of the zygomatic lengths at lines (A) and thickness at points (B-D) between male
and female. Comparisons of the mean values between male and female were analyzed with a Mann-Whitney U test. ns, not significant; *,

p <0.05; **, p<0.01, ** p<0.001, *** p<0.0001.

Interestingly, the variation in thickness among points was more
pronounced in the superior region (A points) compared to the
middle (B points) and inferior regions (C points). Specifically, the
thickness at Point A; was significantly higher than at both Point Aq
and Az (p=0.0014 and p <0.0001, respectively). Meanwhile, the
thickness at Point B; was significantly higher than at only Point B3
(p <0.0001), and thickness at Point Co was significantly higher
than at only Point C;3 (p < 0.0001).

Zygomatic thickness and length in correlation with sex

and age

Comparison of the zygomatic length between males and
females revealed that all measured zygomatic lines were
significantly longer in males than in females (Fig. 2A). Regarding
zygomatic thickness, all points, except points Cy and C;, were
significantly thicker in males than in females (Fig. 2B-D). In
contrast, no significant differences in zygomatic bone thickness
or length were observed between individuals under 60 and
those over 60 years old.

The zygomatic BICs of the virtual implants and intrusion in ITF
at different points

Virtual implants were placed on 40 zygomatic bones of 20
edentulous patients, with the apical points of the mesial implant
were sequentially positioned from Point Ay to A3, while those of
the distal implant were arranged from Point By to Bz and Point C,
to Ca.

In the superior region, Point A; (17.65 £ 2.24 mm) exhibited the
highest zygomatic BIC, with values gradually decreasing from
Point A3 to Point Aq (Fig. 3). In the middle and inferior regions, the
highest zygomatic BICs were observed at Point B,
(1441 £1.67 mm) and Point C, (16.21 £4.33 mm), respectively.
The BIC values subsequently decreased from Point B, to the
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posterior point (Point Bs, p < 0.01) and the anterior point (Point By,
p <0.0001), as well as from Point C, to the posterior point (Point
C3, p<0.0001) and the anterior point (Point Cy, p < 0.0001).

Regarding the intrusion into the ITF, no intrusion was observed
in the superior region (Points Ag—Aj3) following zygomatic implant
placement (Table 1). In the middle region, implantation at Point B
had the highest incidence of ITF intrusion (90%), followed by Point
B, (30%), with average intrusion depths of 2.13+0.96 mm and
0.67 + 0.94 mm, respectively. No intrusion complications were
observed at Points B; and By. In the inferior region, implantation at
Point C; resulted in the highest incidence of ITF intrusion (100%),
followed by Point C, (85%) and Point C; (20%), with average
intrusion depths of 4.06+1.18 mm, 237+1.38mm, and
0.32+0.58 mm, respectively. No intrusion complications were
observed at Point Cy. The difference in intrusion depth among the
four B points and among the four C points was statistically
significant (p < 0.0001, Table 1).

BICs of the virtual implants in correlation with sex

Given the observed differences in zygomatic length and thickness
between males and females, we also compared the BICs of virtual
implants between the two groups. The data indicated that the BIC
patterns were similar in both sexes, with Points As, B,, and G,
exhibiting the highest BICs in the superior, middle, and inferior
regions, respectively (Fig. 4). However, half of the analyzed points,
including Points A;, A, As, B;, By and Cs;, demonstrated
significantly higher BICs in males than in females (Fig. 4).

At point As;—the site with the highest BIC and no risk of
intrusion in the anterior region—both zygomatic bone thickness
and the BIC of the virtual implant were significantly greater in
males than in females (p =0.0045 and p <0.0001, respectively,
Table 2). Similarly, at point B;—the corresponding optimal site in
the posterior region—males also exhibited significantly greater
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Fig.3 The zygomatic BICs of the virtual implants at different points. Comparisons of the mean BIC among different points in the superior,
middle, and inferior regions were analyzed with a Kruskal-Wallis test. ns, not significant; *, p < 0.05; **, p < 0.01, ***, p <0.001, ****, p < 0.0001.

Table 1. The intrusion rate and depth of implant intruded into
infratemporal fossa.

Region Apical Intrusion Intrusive p value®
point rate into depth into
ITF (%) ITF (mm)
Superior A, 0 0 N/AP
A, 0 0
A, 0 0
A; 0 0
Middle Bo 0 0 <0.0001
B, 0 0
B, 30 0.67 +£0.94
B3 90 2.13+£0.96
Inferior Co 0 0 <0.0001
(o 20 0.32+0.58
G 85 237+1.38
G 100 4.06+1.18

®Kruskal - Wallis test.
PNot applicable.

zygomatic thickness and BIC values compared to females
(p <0.0001 and p =0.0012, respectively, Table 2).

DISCUSSION

The zygomatic bone is a dense, non-uniform structure with
variable thickness, influenced by factors such as ethnicity and sex.
In this study, the greatest thickness in the anterior, middle, and
posterior regions was recorded at Point A1 (8.53 + 1.63 mm), Point
B; (6.97 +£1.01 mm), and Point C, (6.36 £ 1.02 mm), respectively
(Fig. 1). Overall, the zygomatic bone dimensions in this study were
larger than those reported by Takamaru [15], Nkenke [16], and Xu
[17], but comparable to the findings of Hung [13] and Pu [18]
(Table 3). Consistent with Hung [13] and Nkenke [16], our results
showed significantly greater zygomatic bone thickness and length
in males than in females. In contrast, Takamaru et al. [15] reported
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no sex-related differences, likely due to their small sample size (11
dry skulls) and population differences. Notably, most previous
studies were conducted on dry skulls, whereas our measurements
were obtained using CBCT imaging.

In this study, the zygomatic bone exhibited significantly greater
thickness at most measured points and greater length at all lines
in males compared to females (Fig. 2). While Hung et al. [13]
reported no significant sex differences at Points Ag, A, and Cq, our
study identified Co and C; as not significantly different between
sexes. Furthermore, when examining the correlation between
zygomatic bone thickness and length in individuals above and
below 60 years of age, no statistically significant differences were
found. This aligns with the study by Hung et al. [13]. and Pu et al.
[18]., suggesting that age-related changes in anatomical land-
marks for zygomatic implant placement remain inconclusive.

These results emphasize ethnic variations in zygomatic bone
morphology, which may influence surgical planning and implant
placement strategies. Differences between studies could be
attributed to varying landmark selection and measurement
methods. Notably, many previous studies identified the thickest
region of the zygomatic bone without determining whether this
area corresponds to the highest BIC. To address this limitation, our
study not only measured zygomatic bone thickness at predefined
landmarks but also performed virtual implant placement and
evaluated BIC values to identify optimal implant sites. This method
provides clinically relevant guidance for selecting implant posi-
tions with maximum stability. Moreover, Rigollizo et al. suggested
that in cases of insufficient zygomatic bone thickness, implant
placement can be aided by digital navigation systems [19, 20].
Compared to conventional techniques, navigation-assisted
implant placement significantly improves precision and safety
[21, 22].

We found that the virtual BIC measurement ranges from 4.75 to
17.15 mm (Fig. 3). In the anterior region, the maximum recorded
BIC measurement is approximately 17.15 mm, which is greater
than the results reported by Hung [13], He [23], and Bertos [24],
but comparable to those of Pellegrino [25] (Table 4). These
variations highlight the importance of precise measurement
techniques and consideration of patient-specific anatomy when
planning zygomatic implant placement.

BIC, determined by the length of the implant engaging the
zygomatic bone, is critical for predicting osseointegration, implant

BDJ Open (2025)11:61
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Fig. 4 The zygomatic BICs of the virtual implants at different points by sex. Comparisons of the mean BIC at different points between male
and female were analyzed with a Mann-Whitney U test. ns, not significant; *, p < 0.05; **, p < 0.01, ***, p < 0.001, ****, p <0.0001.

Table 2. Comparison of the zygomatic thickness and BICs of virtual
implants at Point Asz and B; between male and female.
Points Male Female p value®
A3
Zygomatic thickness 6.78 £1.38 5.05+1.09 0.0045
BIC of virtual 18.58+3.17 16.88 £0.24 < 0.0001
implant
B,
Zygomatic thickness 7.91+0.57 6.19 £ 0.46 < 0.0001
BIC of virtual 14.85+2.78 12.11£0.78 0.0012
implant

Mann-Whitney U test.

stability, and long-term success. Greater BIC enhances implant
stability and compensates for the poor bone quality of the maxilla.
Moreover, connecting multiple zygomatic implants improves
biomechanical stability and increases the likelihood of treatment
success. While BIC in histological contexts reflects direct biological
integration, our radiographic BIC represents the predicted surface
engagement between the implant and zygomatic bone. This
approach is crucial in assessing the feasibility and expected
primary stability of implant placement, especially in complex
anatomical areas like the zygomatic region where intraoperative
adjustments may be limited. Identifying high-BIC zones helps
clinicians choose optimal implant positions and trajectories,
improving surgical accuracy, minimizing complications, and
supporting immediate loading protocols. Previous studies by
Takamaru et al. and Rigolizzo et al. suggested that the areas with
the highest BIC coincide with the thickest regions of the
zygomatic bone [15, 20]. However, we found that the thickest
points—A;, B;, and Co—did not provide the highest BIC values.
Instead, the optimal sites for maximum BIC were A3, B,, and C; in
the superior, middle, and inferior regions, respectively, none of

BDJ Open (2025)11:61

which  corresponded to the thickest
zygomatic bone.

The ITF houses critical neurovascular structures, including the
maxillary artery and its branches, the pterygoid venous plexus,
and the mandibular nerve. Owing to the curvature of the
zygomatic bone and the linear trajectory of zygomatic implants,
distal apex placement poses a substantial risk of fossa intrusion.
Rossi et al. advocate for modifying the implant insertion angle to
mitigate this risk and preserve adjacent anatomical structures [26].
In our study, no cases of ITF penetration were observed when
implants were placed in the superior region of the zygomatic
bone. However, posterior sites—specifically B,, B3, C;, C;, and Cz—
demonstrated a higher incidence of intrusion. Intrusion depth and
length increased progressively from the inferior to the superior
region, consistent with the trend reported by Wang et al. [27].
These findings highlight the anatomical challenges of posterior
implant trajectories.

Based on BIC analysis and anatomical safety, the most favorable
implant apex positions were A3 (17.65 +2.24 mm) in the superior
anterior region and B; (13.34 £ 2.35 mm) in the middle posterior
region. This suggests that the anterior-superior and mid-posterior
regions of the zygomatic bone offer the best combination of
implant stability and minimal complication risk. These data have
direct clinical implications for preoperative planning, supporting
the selection of optimal anatomical sites for quad zygomatic
implant placement.

The use of virtual BIC mapping and intrusion risk simulation
enhances surgical decision-making and reduces the likelihood of
intraoperative complications. This emphasis on individualized
trajectory planning aligns with both anatomical and clinical
studies. For example, the study on donated bodies assessing
malar bone dimensions for safe zygomatic implant placement
reported comparable patterns of regional bone thickness and
emphasized the risk of posterior trajectory encroachment into
critical anatomical spaces [28]. Their anatomical data validate the
importance of precise implant angulation and reinforce the
relevance of preoperative virtual planning. Moreover, a

regions of the

SPRINGER NATURE
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Table 3. Comparison of zygomatic bone length and thickness among different studies.
Author Country Year Sample Results
Takamaru [14] Japan 2016 Dry skull Thickness: 1.6 £ 0.5 mm-7.2 + 1.7 mm
Length: 18.2+ 2.5 mm-23.1 £4.1 mm
Jensen [25] India 1992 Dry skull Thickness: 4.5 mm
Nkenke [15] Germany 2003 Dry skull Thickness: 7.60 + 1.45 mm (female), 8.00 +2.26 mm (male)
Length: 25.40 + 2.64 mm (female), 24.93 £ 4.67 mm (male)
Rigolizzo [19] Brazil 2005 Dry skull Thickness: 2.8-6.5 mm
Pu [17] China 2014 CBCT Thickness: 11.01 £2.77 mm
Hung [12] China 2017 CBCT Thickness: 4.51-8.01 mm
Length: 25.67-32.54 mm
Xu [16] China 2017 Dry skull Thickness: 20.4 +2.61 mm
Length: 5.6 + 1.28 mm
Pellegrino [24] Italy 2020 CBCT Length: 55.13 £ 9.42 mm (male), 51.84 + 8.85 mm (female)
This study Vietnam 2021 CBCT Thickness: 3.05-11.1 mm
Length: 20.9-33.95 mm
Table 4. Comparison of virtual implant BIC among different studies.
Author Country Year Sample Average BIC Value
Bertos [23] Spain 2017 CBCT 16.95+4.73 mm
Hung [12] China 2017 CBCT 412+ 1.83mm-16.7 £4.18 mm
He [22] China 2021 CBCT Anterior teeth: 13.80 = 3.74 mm
Posterior teeth: 13.90 + 2.81 mm
Pellegrino [24] Italy 2020 CBCT 17.92 £6.92 mm
This study Vietnam 2021 CBCT 4.75 mm-17.15 mm

randomized controlled trial by Esposito et al. [29] showed that
modifications in surgical approach did not compromise implant
survival, underscoring the value of individualized anatomical
planning over rigid protocol adherence.

The significantly greater length and thickness of the zygomatic
bone, along with the significantly higher BIC of virtual implants in
males compared to females at most points—particularly at Points
Az and B, (Table 2)—suggest that quad zygomatic implants may
achieve greater stability in males than in females. These sex-
related anatomical differences have important implications for
surgical planning, particularly in selecting implant length,
diameter, and trajectory. Males, with greater bone volume, may
accommodate longer implants or wider diameters, which can
enhance biomechanical stability. Conversely, the comparatively
thinner zygomatic bone in females may necessitate a more
conservative approach, including the use of tapered or angled
implants, shorter implant lengths, or adjunctive techniques such
as bicortical engagement and navigation-assisted placement.
Tailoring implant strategies to individual anatomical profiles may
optimize clinical outcomes and minimize the risk of intraoperative
complications, reinforcing the value of sex-specific planning in
zygomatic implantology.

Unlike previous studies that primarily focused on the thickest
points of the zygomatic bone, our study evaluated both bone
thickness and BIC values at standardized anatomical landmarks.
This method provides valuable clinical guidance for determining
optimal implant placement and enhances preoperative planning.
Furthermore, recognizing sex-related anatomical differences sup-
ports better case selection and prognosis in zygomatic implant
treatment.

To our knowledge, this is the first study to comprehensively
compare BIC values between males and females and to
investigate optimal implant sites for quad zygomatic implant
placement in the Vietnamese population. However, several
limitations should be acknowledged. The exclusive inclusion of
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Vietnamese patients may limit the generalizability of our findings
to other ethnic groups, as anatomical variations across popula-
tions can influence implant planning. Additionally, the relatively
small sample size reduces the statistical power and may affect the
robustness of the conclusions. Future studies with larger, more
diverse cohorts are needed to validate these results and enhance
their applicability. Furthermore, biomechanical simulations under
functional loading conditions are recommended to assess stress
distribution and implant performance. Longitudinal clinical studies
correlating radiographic BIC estimates with actual implant out-
comes would also strengthen the clinical relevance of virtual
planning methodologies.

CONCLUSIONS

Our study identified Point As in the anterior region and Point B, in
the posterior region as the most suitable sites for zygomatic
implant placement, as these sites maximize BIC while minimize
the risk of intrusion-related complications. Additionally, quad
zygomatic implants may achieve greater stability in males than in
females due to increased zygomatic bone thickness and higher
BIC.

DATA AVAILABILITY

The data support the findings of this study are available upon reasonable request.

REFERENCES

1. Schmidt BL, Pogrel MA, Young CW, Sharma A. Reconstruction of extensive
maxillary defects using zygomaticus implants. J Oral Maxillofac Surg J Am Assoc
Oral Maxillofac Surg. 2004;62:82-89.

2. Esposito M, Worthington HV. Interventions for replacing missing teeth: dental
implants in zygomatic bone for the rehabilitation of the severely deficient
edentulous maxilla. Cochrane Database Syst Rev. 2013;2013:CD004151.

BDJ Open (2025)11:61



20.

21.

22.

23.

. Felice P, Bonifazi L, Pistilli R, Trevisiol L, Pellegrino G, Nocini PF, et al. Zygomatic

implants in the rehabilitation of severe maxillary atrophy: a retrospective study of
274 zygomatic implants with a mean follow-up period of 7.5 years. Int J Oral
Implantol Berl Ger. 2024;17:401-8.

. Nave PD, Queralt AV. Zygomatic implants for the rehabilitation of atrophic

maxillae: a retrospective study on survival rate and biologic complications of 206
implants with a minimum follow-up of 1 year. Int J Oral Maxillofac Implants.
2020;35:1177-86.

. Wang F, Tao B, Shen Y, Li C, Huang W, Sun Y, Wu Y. A single-arm clinical trial

investigating the feasibility of the zygomatic implant quad approach for Cawood
and Howell Class 4 edentulous maxilla: An option for immediate loading. Clin
Implant Dent Relat Res. 2021;23:800-8.

. Balshi TJ, Wolfinger GJ, Shuscavage NJ, Balshi SF. Zygomatic bone-to-implant

contact in 77 patients with partially or completely edentulous maxillas. J Oral
Maxillofac Surg. 2012;70:2065-9.

. Malé P, Nobre M, de A, Lopes A, Ferro A, Moss S. Five-year outcome of a retro-

spective cohort study on the rehabilitation of completely edentulous atrophic
maxillae with immediately loaded zygomatic implants placed extra-maxillary. Eur
J Oral Implantol. 2014;7:267-81.

. Davé R, Pons O. 5-year outcome of cross-arch prostheses supported by four

immediately loaded zygomatic implants: a prospective case series. Eur J Oral
Implantol. 2015;8:169-74.

. Wang F, Monje A, Lin GH, Wu Y, Monje F, Wang HL, Davé R. Reliability of four

zygomatic implant-supported prostheses for the rehabilitation of the atrophic
maxilla: a systematic review. Int J Oral Maxillofac Implants. 2015;30:293-8.

. Davo R, David L. Quad zygoma: technique and realities. Oral Maxillofac Surg Clin

N Am. 2019;31:285-97.

. Aboul-Hosn Centenero S, Lazaro A, Giralt-Hernando M, Hernandez-Alfaro F.

Zygoma quad compared with 2 zygomatic implants: a systematic review and
meta-analysis. Implant Dent. 2018;27:246-53.

. Romeed SA, Hays RN, Malik R, Dunne SM. Extrasinus zygomatic implant place-

ment in the rehabilitation of the atrophic maxilla: three-dimensional finite ele-
ment stress analysis. J Oral Implantol. 2015;41:e1-6.

. Hung KF, Ai QY, Fan SC, Wang F, Huang W, Wu YQ. Measurement of the zygo-

matic region for the optimal placement of quad zygomatic implants. Clin Implant
Dent Relat Res. 2017;19:841-8.

. Cawood JI, Howell RA. A classification of the edentulous jaws. Int J Oral Maxillofac

Surg. 1988;17:232-6.

. Takamaru N, Nagai H, Ohe G, Tamatani T, Sumida K, Kitamura S, Miyamoto Y.

Measurement of the zygomatic bone and pilot hole technique for safer insertion
of zygomaticus implants. Int J Oral Maxillofac Surg. 2016;45:104-9.

. Nkenke E, Hahn M, Lell M, Wiltfang J, Schultze-Mosgau S, Stech B, et al. Anatomic

site evaluation of the zygomatic bone for dental implant placement. Clin Oral
Implants Res. 2003;14:72-79.

. Xu X, Zhao S, Liu H, Sun Z, Wang J, Zhang W. An anatomical study of maxillary-

zygomatic complex using three-dimensional computerized tomography-based
zygomatic implantation. BioMed Res Int. 2017;2017:8027307.

. Pu L-F, Tang CB, Shi WB, Wang DM, Wang YQ, Sun C, et al. Age-related changes in

anatomic bases for the insertion of zygomatic implants. Int J Oral Maxillofac Surg.
2014;43:1367-72.

. Pena N, Campos PSF, de Almeida SM, Bdscolo FN. Determination of the length of

zygomatic implants through computed tomography: establishing a protocol.
Dento Maxillo Facial Radio. 2008;37:453-7.

Rigolizzo MB, Camilli JA, Francischone CE, Padovani CR, Branemark P-l. Zygomatic
bone: anatomic bases for osseointegrated implant anchorage. Int J Oral Max-
illofac Implants. 2005;20:441-7.

Wang F, Bornstein MM, Hung K, Fan S, Chen X, Huang W, et al. Application of real-
time surgical navigation for zygomatic implant insertion in patients with severely
atrophic maxilla. J Oral Maxillofac Surg J Am Assoc Oral Maxillofac Surg.
2018;76:80-87.

Wu Y, Wang F, Huang W, Fan S. Real-time navigation in zygomatic implant
placement: workflow. Oral Maxillofac Surg Clin N Am. 2019;31:357-67.

He S-M, Yu K, Wang HW, Huang W, Wang F, Wu YQ. [The feasibility of zygomatic
implant quad approach in patients with tooth agenesis: a radiographic analysis].
Shanghai Kou Qiang Yi Xue Shanghai J Stomatol. 2021;30:196-200.

BDJ Open (2025)11:61

M.N.-T. Le et al.

24. Bertos Quilez J, Guijarro-Martinez R, Aboul-Hosn Centenero S, Hernandez-Alfaro
F. Virtual quad zygoma implant placement using cone beam computed tomo-
graphy: sufficiency of malar bone volume, intraosseous implant length, and
relationship to the sinus according to the degree of alveolar bone atrophy. Int J
Oral Maxillofac Surg. 2018;47:252-61.

25. Pellegrino G, Grande F, Ferri A, Pisi P, Gandolfi MG, Marchetti C. Three-
dimensional radiographic evaluation of the malar bone engagement available for
ideal zygomatic implant placement. Methods Protoc. 2020;3:52.

26. Rossi M, Duarte LR, Mendonca R, Fernandes A. Anatomical bases for the insertion
of zygomatic implants. Clin Implant Dent Relat Res. 2008;10:271-5.

27. Wang J, Chen B, Zhao Y, Pan S, Xu X. The optional apex sites for quad zygomatic
implant placement in edentulous patients with severe alveolar bone resorption: a
CBCT anatomical analysis. BMC Oral Health. 2024;24:1393.

28. Barausse C, Felice P, Pistilli R, Pellegrino G, Bonifazi L, Tayeb S, et al. Anatomical
Measurements of the Malar Bone for Safe Zygomatic Implant Placement: A Study
on Donated Bodies. J Clin Med. 2024;13:6798.

29. Esposito M, Barausse C, Balercia A, Pistilli R, Ippolito DR, Felice P. Conventional
drills vs piezoelectric surgery preparation for placement of four immediately
loaded zygomatic oncology implants in edentulous maxillae: results from 1-year
split-mouth randomised controlled trial. Eur J Oral Implantol. 2017;10:147-58.

AUTHOR CONTRIBUTIONS

Conceptualization: LHT, Formal Analysis: MN-TL, TMT, Investigation: MN-TL, TMT, PNN,
HCV, LHT, Methodology: LHT, TMT, HCV, Resources: MN-TL, TMT, HCV, LHT,
Supervision: LHT, Project administration: LHT, Writing—Original Draft: MN-TL,
Writing—Review & Editing: MN-TL, LHT.

COMPETING INTERESTS

The authors declare no competing interests. This retrospective study was approved
by the Ethics Committee of the University of Medicine and Pharmacy at Ho Chi Minh
City (No. 632/HDDD-DHYD). This study ensures complete anonymity of the collected
data, as no personally identifiable information was recorded.

ADDITIONAL INFORMATION

Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/s41405-025-00350-8.

Correspondence and requests for materials should be addressed to Lam Hung Tran.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons

5Y Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons licence, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by/4.0/.

SPRINGER NATURE


https://doi.org/10.1038/s41405-025-00350-8
http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Optimal bone-implant contact sites in the zygomatic region for quad zygomatic implants placement: a retrospective study in Vietnamese patients on CBCT
	Introduction
	Materials and methods
	Study design/sample
	Data collection
	Data analysis

	Results
	Patients’ demographics
	The zygomatic lengths at lines and thicknesses at points
	Zygomatic thickness and length in correlation with sex and age
	The zygomatic BICs of the virtual implants and intrusion in ITF at different points
	BICs of the virtual implants in correlation with sex

	Discussion
	Conclusions
	References
	Author contributions
	Competing interests
	ADDITIONAL INFORMATION




