
R E S E A R C H Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, 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 you modified the 
licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. 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 ​h​t​​​​t​p​:​/​/​c​r​e​​a​​​t​i​
v​e​​c​​o​​m​​m​​o​n​s​.​o​r​g​/​l​i​c​e​n​s​e​s​/​b​y​-​n​c​-​n​d​/​4​.​0​/​​​​​.​​​

Wang et al. BMC Oral Health         (2024) 24:1393 
https://doi.org/10.1186/s12903-024-05140-6

BMC Oral Health

†Jiayi Wang, Bo Chen, Yuexin Zhao contributed equally to this work.

*Correspondence:
Xiangliang Xu
kqxxl@126.com

Full list of author information is available at the end of the article

Abstract
Objective  To investigate the difference in bone-implant contact (BIC) and the rate of infratemporal fossa intrusion 
among different apex sites for quad zygomatic implants (ZIs) design in edentulous patients with severe alveolar bone 
resorption.

Methods  Patients with maxillary edentulism were evaluated. Alveolar bone resorption was assessed using the 
Cawood and Howell classification. Participants with Class IV or Class V/VI bone resorption were selected. The 
zygomatic bone was devided into upper, middle and lower thirds, with four potential implant apex locations 
identified in each third. Virtual planning for quad ZIs, along with measurements of BIC were performed. Additionally, 
the occurrence of ZIs intrusion into the infratemporal fossa was examined, and the distance between ZI and orbital 
cavity was measured.

Results  A total of 28 CBCT scans of edentulous patients, encompassing 56 zygomas, were analyzed. Thirty-nine 
single lateral posterior edentulous jaws were classified into Class IV subgroup, while 17 into Class V/IV subgroup. 
Among all patients and patients in subgroups, the anterior and posterior ZI exhibited the highest BIC at points A3 and 
B2, respectively. The average zygomatic BIC at A3 apex point was 18.3 ± 3.9 mm, and that at the B2 apex point was 
16.3 ± 5.3 mm. Quad ZIs risk intrusion into the infratemporal fossa when positioned at B2, B3, and at all apex points 
of the lower zygoma segment. Three anterior ZIs at A3 point show less than 1 mm distance to orbital cavity. Overall, 
A3 and B1 apex points showed high BIC and low infratemporal intrusion rate for quad ZIs, irrespective of patient’s 
alveolar bone resorption status.

Conclusions  The optional apex point for anterior and posterior quad ZIs is A3 and B1, respectively, regardless of 
the patients’s alveolar bone resorption level. Alveolar bone resorption does not affect the BIC for quad ZIs. Anterior 
ZI positioned at A3 point may present high risk for orbital penetration and may not be reccomended in a Quad ZI 
approach.
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Background
Edentulism is often a critical yet challenging case in 
prosthodontics. Numerous clinical studies have con-
firmed that implant-supported prostheses can provide 
substantially improved oral function rehabilitation [1, 2]. 
For patients with severe alveolar bone resorption, zygo-
matic implants (ZIs) offer a reliable and effective solu-
tion for oral rehabilitation. Studies indicate that in such 
patients, the success rate of zygomatic implants ranges 
from 94.2–100% [3–7].

The concept of zygomatic implants was introduced 
by Branemark in 1990 [8, 9]. Subsequently, numerous 
enhancements and innovations in ZI techniques have 
been developed [10–18]. For patients with severe maxil-
lary alveolar bone loss, a single ZI on each side may not 
provide adequate stability for full-arch implant restora-
tion and could increase potential risks. The currently rec-
ommended approach is to place two ZIs on each side, i.e., 
quad zygomatic implants. This can offer ample support 
for full-arch prosthesis in edentulous patients [19, 20].

Quad ZIs occupy a significant portion of the zygomatic 
bone and require precise placement. It is crucial to evalu-
ate the zygoma’s structure and determine the suitable 
apex point for ZI insertion before proceeding with quad 
zygomatic approach. The success and durability of ZIs 
hinge on the extent of bone-implant contact (BIC) within 
the zygoma. Moreover, the implant should not harm 
adjacent maxillofacial structures, thereby preventing 
intra- and post-operative complications. The zygoma’s 
inner aspect is close to the infratemporal fossa, home to 
vital neurovascular elements like the pterygoid plexus, 
maxillary artery and its offshoots, and the maxillary and 
mandibular nerve branches. Injury to these structures 
can result in severe complications, including deep hema-
tomas, sensory and motor impairments, and potentially 
fatal outcomes. Therefore, careful placement of quad ZIs 
is imperative to avoid encroaching on the infratempo-
ral fossa and avert serious postoperative complications. 
Moreover, orbital cavity penetration has been reported as 
a intra-operative complication with the incidence of 5.9% 
[21]. As a typical and the most serious ZI therapy compli-
cation, orbital penetration by ZI could lead to severe pain 
in the region of the orbit, persistent anesthesia, physi-
ological abduction and elevation of the involved eye [22], 
extraocular muscle injury, diplopia [23], eye movement 
limitation [24], etc. Intranasinus technique may increase 
the risk of orbit invasion due to lack of vision and control 
of the drills during implant bed preparation [25].

The alveolar ridge is categorized into six stages of 
resorption severity according to the Cawood and Howell 

classification [26]. For patients exhibiting varying degrees 
of alveolar bone loss, the location for quad zygomatic 
implants may vary. Currently, few research has been con-
ducted to compare the choices of implant sites among 
patients with different levels of alveolar bone resorption.

Two studies assessed the zygomatic BIC of quad ZIs 
using Cone Beam Computed Tomography (CBCT) 
images [19, 27]. Hung et al. evaluated the zygomatic 
BIC at various implant sites and its association with the 
infratemporal fossa, proposing the most suitable implant 
location in the zygoma [19]. This research focused on an 
Asian demographic. Conversely, Bertos et al. conducted 
their research on a European cohort, examining the influ-
ence of alveolar bone resorption on the BIC of quad ZIs, 
the volume of implant-engaged zygoma bone, and its cor-
relation with the maxillary sinus. Nevertheless, there is 
still a lacking of research on how alveolar bone resorp-
tion affects the BIC and its relationship with the infra-
temporal fossa at individual ZI sites.

This study aims to investigate the difference in BIC, 
the infratemporal fossa intrusion, and the relationship 
between ZIs and orbit among differenct apex sites for 
quad ZIs placement in edentulous patients with varying 
degrees of alveolar bone loss.

Methods
Patient selection
This study received approval from the Institutional 
Review Board of the University (Ethical Approval 
No: PKUSSIRB-202162013). The clinical research is 
registered under the number ChiCTR2100044472 
(18/03/2021).

Edentulous patients in need of implant treatment who 
underwent CBCT scans at the University dental school 
clinic between October 2019 and August 2021, and who 
met the inclusion/exclusion criteria, were included in 
the study. All participants read and signed informed 
consents.

Inclusion criteria: (1) Patient age over 18 years old; (2) 
Maxillary edentulism for a minimum of 3 months; (3) 
Require implant restoration, and undergo a CBCT exam-
ination; (4) Have read and signed the informed consent 
form; (5) Alveolar bone resorption classified as either 
Class IV or Class V/VI according to the Cawood & How-
ell classification.

Exclusion criteria : (1) Anatomical abnormalities in the 
maxilla or zygoma; (2) Severe facial asymmetry; (3) Alve-
olar bone resorption classified from level I to III accord-
ing to the Cawood & Howell classification; (4) Edentulism 
due to maxillofacial trauma or tumor resection surgery.

Trial registration  The clinical research is registered under the number ChiCTR2100044472.

Keywords  Edentulous, Quad zygomatic implants, Bone-implant contact, Infratemporal fossa, Optional apex point
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Classification of alveolar bone resorption level
The edentulous patients’ alveolar bone resorption was 
categorized using the Cawood & Howell classification 
as per Bertos et al. [13]. A knife-edge ridge form of the 
residual ridge, insufficient in width and exceeding 5 mm 
in height, was classified as Class IV alveolar bone resorp-
tion. Conversely, a flat residual ridge, insufficient in width 
and less than 5 mm in height, was classified as Class V/
VI alveolar bone resorption. The level of alveolar bone 
resorption was assessed individually on each side, utiliz-
ing both two-dimensional and three-dimensional CBCT 
reconstructed images.

Virtual implant planning
CBCT data was exported in the Digital Imaging and 
Communications in Medicine (DICOM) format and 
imported into the planning software (Nobel Clinician 
2.10.1.3, Nobel Biocare). For each side of the maxilla and 
zygoma, two zygomatic implants (Branemark System 
Zygoma Tiunite RP) were virtually planned in accordance 
with protocols from previously published articles [19, 
27], namely one anterior zygomatic implant and one pos-
terior implant, totaling four implants per case (Fig. 1).

Implant site selection
Entery point on the alveolar ridge
Points E1 and E2 are designated on the alveolar ridge 
(Fig.  2). Point E1 is located 5  mm palatally from where 
the lowest point of the maxillary alveolar ridge inter-
sects with a perpendicular line extending from the lat-
eral margin of the nasal incisure [28]. When viewing the 
maxilla from above, point E2 is situated 5  mm palatally 
from where The lowermost point of the alveolar crest 
was identified by taking a line at a tangent to the lateral 
margin of the infraorbital foramen. The degree of alveolar 
bone resorption is assessed individually at points E1 and 
E2 [19, 27, 28].

Apex point in the zygoma
Draw a horizontal line, IM, at the lower orbital margin 
and a vertical line, LM, parallel to the median plane, 
intersecting the lateral orbital margin. At their intersec-
tion lies point C. Construct an angular bisector between 
IM and LM to locate point O at their intersection with 
the orbital margin. Connect points C and O with line 
L1 (Fig. 3). Shift L1 medially by 5 mm to create a paral-
lel line L0; shift L1 laterally by 5 mm and 10 mm to form 
parallel lines L2 and L3, respectively. These lines extend 
from the orbital margin to the zygoma’s lower edge. The 
apex of the quad ZIs is positioned in the zygomatic bone 
between L0 and L3. Segment L0 and L3 into four equal 

Fig. 1  Quad zygomatic implants designed in edentulous maxilla
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parts to identify quarter points A0, B0, C0, and A3, B3, 
C3, from superior to inferior. Draw lines LA, LB, and 
LC by connecting A0 to A3, B0 to B3, and C0 to C3. The 
intersection points of LA, LB, LC with L1, L2 are labeled 
A1, B1, C1 and A2, B2, C2, respectively. The areas that 
the lines LA, LB, LC pass through is namely the upper, 
middle and lower section of the zygomatic. The 12 points 
thus identified represent the center of the 12 zygomatic 
segments [19]. The ZI apex will be positioned at these 12 
points as indicated in Fig. 4.

According to the previous studies of Hung and col-
leagues [19], the apex of the anterior ZI is positioned at 
the upper section (points A series), with its entry at point 
E1. The apex of the posterior ZI is positioned at the mid-
dle and lower sections (points B and C series), with its 
entry at point E2.

Measurements and data collection
The patient’s CBCT was imported into the planning soft-
ware (NobelClinician 2.10.1.3, Nobel Biocare, Zurich) for 
virtual planning of the quad ZI site. Implant simulations 
(Branemark System Zygoma Tiunite RP) were virtually 
designed. Measurements of the quad ZIs at 12 apex loca-
tions were taken, with the following detailed metrics:

Measurements of Bone-Implant contact (BIC)
This is a linear measurement protocol. The BIC was the 
average value of zygomatic BIC length on the facial and 
the temporal sides in the facial -temporal cross section 
(Fig. 5) [19]. The zygomatic bone-implant contact (zBIC) 
and alveolar bone-implant contact (aBIC) were assessed. 
The average contact length between the ZI and the zygo-
matic or alveolar bone on both the facial and temporal 
sides was calculated as zBIC or aBIC, respectively. The 
total bone-implant contact (tBIC) represents the com-
bined measurement of zBIC and aBIC.

Evaluation of ZI Intrusion
The occurrence of ZI intrusion into the infratemporal 
fossa was examined, along with the depth and length of 
such intrusions (Fig. 6).

Meausrement of the distance between the orbit and the 
anterior implant
The closest distance between the implant and patient’s 
orbit cavity was measured for anterior ZI at each apex 
point.

Fig. 3  The positioning of line L1. (A) Draw a horizontal line, IM, at the lower orbital margin and a vertical line, LM, parallel to the median plane, intersecting 
the lateral orbital margin. At their intersection lies point C; (B) Construct an angular bisector between IM and LM to locate point O at their intersection 
with the orbital margin; (C) Connect points C and O with line L1

 

Fig. 2  The determination of Point E1 and E2. (A) The lowest point (Point M) of the maxillary alveolar ridge intersects with a perpendicular line extending 
from the lateral margin of the nasal incisure. The lowermost point (Point N) of the alveolar crest was identified by taking a line at a tangent to the lateral 
margin of the infraorbital foramen; (B) Point E1 is located 5 mm palatally from Point M, and point E2 is situated 5 mm palatally from Point N

 



Page 5 of 12Wang et al. BMC Oral Health         (2024) 24:1393 

Determination of Optional Zygomatic Implant position
The possible location for ZI placement within the zygoma 
was identified by analyzing the implant’s BIC and the 
frequency of infratemporal fossa intrusion and orbital 
penetration. This process was then applied to determine 
the implant sites for patients with alveolar bone resorp-
tion Class IV and V/VI. The findings from these two sub-
groups were compared to the overall participant data to 
identify any differences.

Statistical analysis
All analyses were performed with SPSS (SPSS Statistics 
27.0, IBM) as follows:

(1)	A one way ANOVA was used to compare the 
zygomatic BIC (zBIC) and alveolar BIC (aBIC) 
among ZIs at various apex locations to determine 
the most suitable insertion points. Subsequently, 
BIC was assessed within each subgroup based on 
the degree of alveolar bone resorption, followed by 
a Chi-square test to compare BIC across subgroups 
and to ascertain the possible apex design for 
zygomatic implants.

(2)	A Chi-square test was employed to evaluate the 
frequency of ZI penetration into the infratemporal 
fossa among subgroups and the entire cohort. 
Additionally, the extent and magnitude of ZI 
intrusion were compared using the same statistical 
method.

(3)	When P is less than 0.05, it is considered that there is 
a significant difference.

Results
Demographics
Maxillary edentulous patients who visited the University 
dental school clinic from March 2021 to October 2022 
for implant-supported prosthesis treatment and under-
went CBCT were evaluated. A total of 48 patients were 
collected. The edentulous arches were classified using 
the Cawood and Howell classification. Of these patients, 
eleven were excluded because their alveolar bone classi-
fication was categorized as level III. Nine patients were 
excluded due to inadequate CBCT images that precluded 
the virtual design of zygomatic implants. Ultimately, 28 
participants were included in the study, comprising 12 
males and 16 females, with an average age of 63.8 ± 12.6 

Fig. 4  Segmentation of the zygoma and virtual placement of quad zygomatic implants with the apex targeting predetermined points. A and B, Segmen-
tation of the left and right zygomas; C and D, Virtual quad ZIs design on the left and right zygomas with predetermined apex points
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years. The 28 edentulous maxillae were divided into 56 
hemi-maxillae, with 39 of the 56 edentulous posterior 
residual ridges classified as Class IV and the remaining 
17 as Class V/VI. In total, 112 implants were virtually 
planned.

BIC of zygomatic implants
BIC of the anterior zygomatic implant
The apex points of the anterior ZIs were at A0, A1, A2, 
and A3. The total BIC (tBIC) and the zygomatic BIC 
(zBIC) of implants decreased significantly from A3 to A0 
(P < 0.01, Table 1) while the alveolar BIC (aBIC) showed 

Fig. 5  The linear measurement of zygomatic bone-to-implant contact (zBIC, red lines) and the alveolar bone-to-implant (aBIC, black lines) length on the 
facial and the temporal sides
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no significant change (P = 0.769). The average zBIC at 
A3, A2, A1, and A0 was 18.3 ± 3.9  mm, 13.4 ± 3.7  mm, 
7.4 ± 2.8 mm, and 4.2 ± 1.7 mm respectively.

In the Class IV subgroup, tBIC and zBIC decreased 
from A3 to A0, with a significant difference observed 
among ZIs at all apex points (P < 0.01), However, no sig-
nificant difference was found in aBIC among implants at 
any apex points (P = 0.849).

In the Class V/VI subgroups, tBIC and zBIC also 
decreased from A3 to A0. A significant difference in zBIC 
was noted among implants at all apex points (P < 0.01), 
while no significant difference was observed in tBIC 
between implants at A3 and A2 (P = 0.217), or between 
those at A1 and A0 (P = 0.132). The tBIC of implants at 
A3 and A2 was significantly higher than that of implants 

Table 1  Total BIC, zygomatic BIC and alveolar BIC in the anterior zygomatic implants (mm)
Entire cohort (n = 56) Class IV Subgroup (n = 39) Class V/VI Subgroup (n = 17)
Mean ± SD Min Max Mean ± SD Min Max Mean ± SD Min Max

Zygomatic BIC A0 4.2 ± 1.7 0.9 9.4 4.2 ± 1.8 0.9 9.4 4.1 ± 1.5 0.9 6.4
A1 A1 7.4 ± 2.8 2.5 16.0 7.3 ± 2.5 2.5 14.6 7.5 ± 3.5 3.3 16.0
A2 13.4 ± 3.7 2.9 22.1 13.4 ± 3.2 2.9 22.1 13.3 ± 4.9 6.5 21.0
A3 18.3 ± 3.9 8.0 27.5 18.1 ± 3.8 8.0 24.3 18.7 ± 4.2 12.2 27.5
P value P = 0.000 P = 0.000 P = 0.000

Alveolar
BIC

A0 7.6 ± 2.9 1.9 13.3 7.6 ± 2.8 2.4 12.9 7.6 ± 3.3 1.9 13.3
A1 7.6 ± 2.9 2.3 14.8 7.6 ± 2.8 3.0 13.8 7.8 ± 3.3 2.3 14.8
A2 7.9 ± 3.0 2.3 15.3 7.8 ± 2.7 3.6 13.0 8.2 ± 3.6 2.3 15.3
A3 8.1 ± 3.2 2.3 16.2 8.0 ± 2.8 2.7 13.4 8.2 ± 4.1 2.3 16.2
P value P = 0.769 P = 0.849 P = 0.939

Total BIC A0 11.7 ± 3.4 5.2 18.9 11.8 ± 3.2 5.4 18.9 11.7 ± 3.9 5.2 18.8
A1 15.0 ± 4.2 7.0 23.8 14.9 ± 3.9 7.5 22.6 15.3 ± 4.9 7.0 23.8
A2 21.3 ± 5.6 8.1 36.2 21.1 ± 4.5 8.1 31.2 21.6 ± 7.6 8.8 36.2
A3 26.4 ± 5.9 12.75 41.8 26.2 ± 5.4 12.8 36.7 26.9 ± 7.0 14.5 41.8
P value P = 0.000 P = 0.000 P = 0.000

Fig. 6  ZI intrusion into the infratemporal fossa. A & B, ZI intrusion into the infratemporal fossa when the apex point of the posterior ZI set at C3 point; C, 
The depth (red line) and length (white line) of ZI intrusion; D & E, ZI intrusion into the infratemporal fossa when the apex point of the posterior ZI set at 
B3 point; F, The depth (red line) and length (white line) of ZI intrusion
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at A1 and A0 (P < 0.05). No significant difference in aBIC 
was found among implants at any apex points (P = 0.939).

For implants at the four apex points of the upper 
zygoma, no significant difference in tBIC, zBIC, or aBIC 
was detected between the two subgroups (P > 0.05).

BIC of the posterior zygomatic implant
The apex points of the posterior implants comprised 
eight locations: B0, B1, B2, and B3 at the middle zygoma, 
and C0, C1, C2, and C3 at the lower zygoma. Within 
the B series, the highest zBIC and tBIC were recorded 
at the B2 point (16.3 ± 5.3  mm; 22.1 ± 7.5  mm), while 
the C series showed the highest values at the C1 point 
(13.8 ± 5.0  mm; 19.5 ± 5.5  mm) as indicated in Table  2. 
The B2 point demonstrated the highest zBIC and tBIC 
among all eight apex sites, with a significant difference 
from the other points. No significant difference in zBIC 
and tBIC were observed among the B1, B3, C1, and C2 
points (zBIC at B3: 13.4 ± 4.8  mm, at B1: 13.5 ± 5.5  mm, 
at C1: 13.8 ± 5.0 mm, at C2: 12.3 ± 5.8 mm), though these 
were significantly higher than those at the B0, C0, and C3 
points (zBIC at B0: 8.9 ± 4.9 mm, at C0: 10.9 ± 4.1 mm, at 
C3: 8.5 ± 4.5  mm). Across all apex points, aBIC did not 
show significant variation (P > 0.05) (Table 2).

In the Class IV and Class V/VI subgroups, the highest 
BIC was noted at the B2 point in the middle zygoma and 
at the C1 point in the lower zygoma. For Class IV sub-
group, zBIC and tBIC at the B2 point were significantly 
higher compared to other apex points. Between the C1 
and B1 apex points, no significant difference in zBIC and 
tBIC was detected. In the Class V/VI subgroup, zBIC and 
tBIC did not significantly differ between the B2 and B1 
points, but a significant difference was found between the 
B2 point and other points, excluding B1 (Table 2).

No significant difference was found in aBIC and tBIC 
of implants at the same apex points between Class IV and 
V/VI subgroups.

Relationship between zygomatic implants and the 
Infratemporal Fossa (Table 3)
Anterior zygomatic implants and infratemporal 
fossa  For the anterior zygomatic implants, only one 
of the 56 implants (1.8%) at the A3 point intruded into 
the infratemporal fossa. The depth of the intrusion was 
1.2  mm. No other anterior implants showed entry into 
the fossa. There was no significant difference in the rate of 

Table 2  Total BIC, zygomatic BIC and alveolar BIC in the posterior zygomatic implants (mm)
Entire cohort (n = 56) Class IV Subgroup (n = 39) Class V/VI Subgroup (n = 17)
Mean ± SD Min Max Mean ± SD Min Max Mean ± SD Min Max

Zygomatic BIC B0 8.9 ± 4.9 1.3 21.4 8.7 ± 4.6 1.3 21.4 9.2 ± 5.7 2.3 20.5
B1 13.5 ± 5.5 2.0 27.0 12.8 ± 5.3 2.0 27.0 15.2 ± 5.6 7.7 24.0
B2 16.3 ± 5.3 6.4 27.1 16.2 ± 5.3 6.4 25.3 16.5 ± 5.6 8.9 27.1
B3 13.4 ± 4.8 3.5 25.4 13.6 ± 4.9 3.5 25.4 13.1 ± 4.7 7.3 22.5
C0 10.9 ± 4.1 0.8 24.3 11.0 ± 3.9 0.8 24.3 10.5 ± 4.5 3.9 18.2
C1 13.8 ± 5.0 4.0 25.9 14.2 ± 5.3 4.0 25.9 12.8 ± 4.1 5.6 20.3
C2 12.3 ± 5.8 2.2 22.9 12.6 ± 6.3 2.2 22.9 11.6 ± 4.4 4.7 21.2
C3 8.5 ± 4.5 1.8 22.0 8.9 ± 5.2 1.8 22.0 7.5 ± 2.3 4.3 13.6
P value P = 0.000 P = 0.000 P = 0.000

Alveolar BIC B0 5.6 ± 3.4 1.0 16.3 5.5 ± 3.1 1.0 14.0 6.0 ± 4.2 1.3 16.4
B1 5.6 ± 3.4 1.0 14.7 5.4 ± 3.2 1.0 14.7 6.1 ± 3.9 1.3 14.7
B2 5.8 ± 3.6 1.1 16.0 5.8 ± 3.6 1.1 16.0 6.0 ± 3.8 1.4 14.6
B3 5.9 ± 3.8 1.2 18.9 5.8 ± 3.9 1.2 19.0 5.9 ± 3.7 1.6 14.6
C0 5.6 ± 3.4 1.1 15.4 6.0 ± 3.7 1.3 15.4 4.7 ± 2.4 1.1 9.3
C1 5.7 ± 3.4 0.9 14.7 6.0 ± 3.7 0.9 14.7 5.0 ± 2.4 1.3 10.0
C2 5.8 ± 3.5 1.3 15.1 6.1 ± 3.8 1.3 15.1 5.0 ± 2.8 1.4 9.65
C3 6.0 ± 3.7 1.1 14.5 6.3 ± 3.9 1.1 14.5 5.2 ± 3.0 1.7 10.8
P value P = 0.999 P = 0.961 P = 0.849

Total BIC B0 14.5 ± 6.5 4.6 33.5 14.2 ± 5.5 4.6 27.8 15.2 ± 8.5 5.0 33.5
B1 19.2 ± 7.0 6.2 38.6 18.2 ± 6.4 6.2 33.8 21.3 ± 7.9 12.9 38.6
B2 22.1 ± 7.5 10.5 38.8 22.0 ± 7.7 10.5 38.4 22.4 ± 7.2 13.3 38.8
B3 19.3 ± 6.8 8.7 38.8 19.4 ± 7.2 8.7 38.8 19.0 ± 6.0 9.8 35.1
C0 16.4 ± 5.4 4.4 29.2 17.0 ± 5.5 4.4 29.1 15.2 ± 5.3 8.0 24.3
C1 19.5 ± 5.5 7.8 31.2 20.2 ± 5.9 7.8 31.2 17.8 ± 4.1 9.8 23.7
C2 18.0 ± 5.9 6.6 34.7 18.7 ± 6.4 7.0 34.7 16.6 ± 4.4 6.6 23.2
C3 14.5 ± 5.5 6.1 33.3 15.2 ± 6.1 6.1 33.3 12.8 ± 3.3 6.8 18.1
P value P = 0.000 P = 0.000 P = 0.000
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ZI intrusion among the four apex points (A series points) 
(P = 0.390).

The single implant that intruded into the infratemporal 
fossa was from the subgroup of class IV, although there 
was no significant difference in the rate of anterior ZI 
intrusion between the two subgroups.

Posterior zygomatic implants and infratempo-
ral fossa  For the B series apex points (mid-zygoma), 
no implant intrusion into the infratemporal fossa was 
observed at B0. However, intrusion rates at B1, B2, and 
B3 were 1.8%, 42.9%, and 92.9%, respectively, with the 
average depth and length of intrusion into the infratem-
poral fossa increasing progressively. The average intrusion 
depth was 2.4 mm, 2.2 ± 1.0 mm, and 3.9 ± 1.6 mm at B1, 
B2, and B3 respectively. Significant differences in intru-
sion rates were noted between B3 and B0, and B2 and B0, 
but not between B1 and B0.

For the C series apex points (lower zygoma), varying 
rates of ZI intrusion into the infratemporal fossa were 
recorded across the four sites. From C0 to C3, the intru-
sion rate, depth and length of ZI exposure in the infra-
temporal fossa increased (Table 3). At the C3 apex point, 
all implants intruded into the infratemporal fossa, with 
an average intrusion depth of 7.8 ± 2.6  mm. Significant 
differences in intrusion rates were present among all C 
series sites.

In Class IV subgroup, no ZI intrusion into infratem-
poral fossa occurred at B0 and B1 site, while 35.9% of 
the ZI at B2 site and 89.7% of the ZI at B3 site showed 
intrusion, with intrusion depth of 2.4 ± 1.0 mm (B2) and 
3.9 ± 1.7 mm (B3). For the C series apex points, 15.4% of 
ZI at C0, 56.4% of ZI at C1 site, and over 90% of ZI at 
C2 and C3 sites entered the infratemporal fossa (Table 3), 
with intrusion depths increasing from C0 to C3.

Within the Class V/VI subgroup, there was no ZI intru-
sion into the infratemporal fossa at the B0 site, and only 
one ZI at the B1 site (5.9%) penetrated the infratempo-
ral fossa with an intrusion depth of 2.4 mm. In contrast, 
58.8% of ZIs at the B2 site and all ZIs at the B3 site (100%) 
intruded into the infratemporal fossa (Table 3). Regard-
ing the C series sites, 23.5% of ZIs at the C0 site, 64.7% 
of ZIs at the C1 site, and over 90% of ZIs at both the C2 
and C3 sites entered the infratemporal fossa (Table  3). 
Although the exact values for ZI intrusion rate, as well as 
the average depth and length of intrusion, were higher in 
the Class V/VI subgroup compared to Class IVsubgroup, 
there was no statistically significant difference in the rate, 
depth, or length of ZI intrusion at any of the middle and 
lower zygoma apex sites between the two subgroups 
(P > 0.05).

The risk of orbital cavity penetration
No orbital cavity penetration was detected in all the cases 
at all apex points. The distance between the anterior ZI 
and the orbital cavity was shown in Table  4. The aver-
age distance between the anterior ZI and the orbit was 
2.5 ± 1.0 mm, 3.2 ± 1.0 mm, 3.8 ± 1.0 mm, and 4.3 ± 0.9 mm 
at A3, A2, A1, and A0 apex points respectively. There was 
significant difference in ZI-orbital distance among the 
four apex groups (P < 0.001). No significant difference in 

Table 3  Intrusion rate and depth and length of quad zygomatic implant intruded into infratemporal fossa
Apex 
point 
site

Entire cohort(n = 56) Class IV Subgroup(n = 39) Class V/VI Subgroup(n = 17)
Number of ZI 
intrusion
(%)

average 
intrusion 
depth

average 
intruded 
length

Number 
of ZI
(%)

average 
intrusion 
depth

average 
intruded 
length

Number of 
ZI intrusion
(%)

average 
intrusion 
depth

average 
in-
truded 
length

Ante-
rior ZI

A0 0 (0) 0 0 0 (0) 0 0 0 (0) 0 0
A1 0 (0) 0 0 0 (0) 0 0 0 (0) 0 0
A2 0 (0) 0 0 0 (0) 0 0 0 (0) 0 0
A3 1 (1.8) 1.2 11.4 1 (2.6) 1.2 11.4 0 (0) 0 0

Poste-
rior ZI

B0 0 (0) 0 0 0 (0) 0 0 0 (0) 0 0
B1 1 (1.8) 2.4 7.2 0 (0) 0 0 1 (5.9) 2.4 7.2
B2 24 (42.9) 2.2 ± 1.0 12.5 ± 3.2 14 (35.9) 2.4 ± 1.0 13.0 ± 3.6 10 (58.8) 2.0 ± 1.0 11.9 ± 2.5
B3 52 (92.9) 3.9 ± 1.6 18.2 ± 4.7 35 (89.7) 3.9 ± 1.7 18.0 ± 4.8 17 (100) 3.9 ± 1.3 18.6 ± 4.6
C0 10 (17.9) 2.5 ± 1.1 14.0 ± 5.8 6 (15.4) 2.3 ± 0.9 13.8 ± 5.0 4 (23.5) 2.9 ± 1.4 14.2 ± 7.6
C1 33 (58.9) 3.3 ± 1.6 15.5 ± 5.0 22 (56.4) 3.0 ± 1.5 15.1 ± 5.3 11 (64.7) 3.8 ± 1.8 16.4 ± 4.5
C2 52 (92.9) 5.2 ± 2.3 19.3 ± 5.8 36 (92.3) 4.9 ± 2.3 19.1 ± 6.1 16 (94.1) 5.5 ± 2.3 19.8 ± 5.2
C3 56 (100) 7.8 ± 2.6 25.4 ± 5.3 39 (100) 7.5 ± 2.8 25.3 ± 5.7 17 (100) 8.3 ± 2.2 25.5 ± 4.5

Table 4  The closest distance between the anterior zygomatic 
implant and the orbital cavity at different apex points (mm)
Apex 
point 
site

Entire 
cohort(n = 56)

Class IV 
Subgroup(n = 39)

Class V/VI 
Subgroup(n = 17)

A0 4.3 ± 0.9 4.4 ± 0.8 4.1 ± 1.1
A1 3.8 ± 1.0 3.8 ± 1.1 3.8 ± 0.8
A2 3.2 ± 1.0 3.2 ± 1.1 3.0 ± 0.8
A3 2.5 ± 1.0 2.6 ± 1.2 2.3 ± 0.8
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ZI-orbital distance was found between the Class IV and 
Class V/VI subgroups at all the A series points. Three 
anterior ZI at A3 point showed less than 1 mm distance 
from the orbital cavity.

Discussion
Choice of apex site for quad zygomatic implants
The anterior ZI of quad zygomatic implant exhibited the 
highest zygomatic BIC when the A3 apex point at the 
upper zygoma was selected. The posterior ZI demon-
strated the highest zygomatic BIC at the B2 apex point 
in the middle zygoma and the C1 apex point in the lower 
zygoma. These findings align with the clinical study by 
Wu and colleagues [19]。.

The zygomatic BIC of anterior ZI increased progres-
sively as the apex point of ZI moved from A0 to A3, due 
to the elongating distance the ZI traversed through the 
zygoma. For the posterior ZI, the zygomatic BIC rose 
from B0 to B2, then diminished from B2 to B3, and simi-
larly increased from C0 to C1 before decreasing from C1 
to C3. This pattern is attributed to the portion of the ZI 
that is exposed in the infratemporal fossa. The more dis-
tal the apex point, the greater the percentage of ZI expo-
sure in the infratemporal fossa. Among all middle and 
lower zygoma apex points, the highest average zBIC and 
tBIC can be achieved when ZI ended at the B2 point, The 
B1, B3, C1, and C2 apex points can also provide relatively 
high BIC for the ZI.

Infratemporal fossa serves as the passage way of many 
important neurovascular structure, including the maxil-
lary artery and its branches, the pterygoid venous piexus, 
mandibular nerve, and more. Given the zygomatic bone’s 
curvature and the invariably straight path of the ZI, 
there’s a significant risk of implants entering the infra-
temporal fossa when selecting distal apex points. Rossi 
et al. have recommended adjusting the ZI insertion angle 
to prevent its encroachment into the infratemporal fossa 
and to protect the vital neurovascular structures [28].

For the anterior quad ZI, the selection of the A3 apex 
point resulted in only one instance of infratemporal fossa 
intrusion out of 56 ZIs. Statistical analysis indicated no 
significant difference in the rate of infratemporal fossa 
intrusion across all A series apex points, implying that A3 
remains a secure and preferred choice.

For the posterior quad ZI, despite the highest zBIC 
and tBIC at the B2 point, the rate of infratemporal fossa 
intrusion was 42.9%, with an average intrusion depth of 
2.2 ± 1.0  mm, potentially harming the contents in infra-
temporal fossa. All apex points in the lower zygoma (C 
series) demonstrated a risk of ZI intrusion into the infra-
temporal fossa, particularly at C2 and C3. However, at the 
B1 site, only one of the 56 posterior quad ZIs intruded 
into the infratemporal fossa, mirroring the anterior ZI 
at the A3 apex point. Therefore, placing ZI at the B1 site 

is considered safe for achieving high BIC while avoiding 
damage to the content in infratemporal fossa.

In summary, maximizing the zygomatic bone volume 
for optimal BIC, while ensuring patient safety, A3 and B1 
emerged as the superior apex points for anterior and pos-
terior quad ZI, respectively. The optimal sites for the apex 
points of quad ZIs were identified as the upper posterior 
and the anterior middle portions of the zygoma.

Risk of ZI intrusion into the infratemporal fossa and 
difference between the two subgroups
In this study the edentulous maxilla residual ridges were 
classified in to Class IV and Class V/VI according to the 
Cawood and Howell classification [26]. Simillar to the 
entire cohort, the highest zygomatic and total BIC for 
the anterior ZI in both subgroups was achieved at the A3 
apex point, with no significant difference in the rate of 
intrusion into the infratemporal fossa between the Class 
IV and Class V/VI subgroups at the A3 point.

For the posterior ZI, the highest zBIC and tBIC were 
achieved when the ZI was placed at the B2 apex point. 
The second highest zBIC and tBIC point in the Class IV 
subgroup were observed at the C1, B3, and B1 points. In 
the Class V/VI subgroup, the B1 point was also a favor-
able choice for the apex since there was no significant dif-
ference in zBIC and tBIC between the B1 and B2 points. 
Considering the risk of intrusion into the infratemporal 
fossa, it was found that the rate of posterior ZI penetra-
tion into the infratemporal fossa was high in ZIs at B2, 
B3, and all C series points. Consequently, the B1 and B0 
points were safer choices. Taking into account both BIC 
and infratemporal fossa risk factors, the optimal apex 
point for the posterior ZI was B1.

One case of anterior ZI intrusion into the infratempo-
ral fossa at the A3 apex point in the Class IV subgroup 
was noted, along with a posterior ZI intrusion at the B1 
apex point in the Class V/VI subgroup. The zygomas in 
these cases exhibited greater curvature and were thinner 
than those in other cases, resulting in a shallower infra-
temporal fossa and an increased likelihood of ZI penetra-
tion into infratemporal fossa. No significant differences 
were found between Class IV and Class V/VI subgroups 
at any apex point sites, indicating that the risk of ZI intru-
sion is influenced by zygomatic anatomy rather than the 
classification of residual ridge resorption. Preoperative 
analysis of the zygomatic anatomy is crucial, particularly 
for patients with prominent zygomatic bones. Should ZI 
intrusion be detected, the anterior ZI apex point could 
be moved forward to the A2 point, and the posterior ZI 
apex point could be adjusted toward the B0 point.

For the same apex point, no significant differences 
were observed in BIC or the rate, length, and depth of ZI 
intrusion into infratemporal fossa between Class IV and 
Class V/IV subgroups. These findings suggest that the 
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classification of the edentulous residual ridge has mini-
mal impact on the primary stability and safety of quad ZI, 
which can be safely applied in patients with severe maxil-
lary residual ridge resorption.

It should be noted that the infratemporal intrusion in 
this Chinese population may be different from those of 
the western demographic groups since the facial features 
of asian population are characterized by a relatively flat-
ter facial profile and more prominent zygomatic bones.

Risk of orbital cavity penetration
Orbital cavity penetration is a severe complication with 
the incidence of 5.9%[21] in ZI placement. Care must be 
taken to avoid the bony orbit during ZI placement. In 
this study, three anterior ZI at A3 apex point showed less 
than 1  mm distance from the orbital cavity. Even with 
the computer assisted implant surgery (CAIS), the devia-
tion of ZI placement remains above 2 mm for static and 
dynamic CAIS [29]. The orbital penetration risk should 
be taken into account when A3 point was selected as 
the apex point for anterior ZI. The zygomatic anatomy-
guided approach (ZAGA) concept that focus on interin-
dividual anatomic differences can be considered to avoid 
this complication [17].

Possible risk of interference between the anterior and 
posterior ZIs
There are potential risk of interference between the ante-
rior and posterior ZIs when this zygoma segementation 
protocol was used. When B series points were taken as 
the apex points for the posterior ZI, there are chances 
that the anterior ZI pass by in a distance of less than 
1.6  mm at some point. There is a risk for the two ZIs 
coming into contact considering the deviations in ZI 
placement. Causions should be taken when the B series 
points were taken as the apex point for the posterior ZI.

This study has some limitations. First, the study design 
and outcome are based solely on CBCT anatomical anal-
ysis and virtual implant planning, and the BIC measure-
ment was base on linear instead of area measurement, 
and these may be different from actual clinical practice. 
Second, the classification of the edentulous residual 
ridge was based on ridge height measurements and clini-
cal examination, suggesting that a more precise classifi-
cation system is needed for future research. Third, the 
choice of apex points for the anterior ZI was set at the 
A series point, in actual clinical practice, points B series 
can also be selected as apical points for anterior ZIs. Risk 
of orbital injury need to be considered when placing ZIs 
at A series points, especially A3 apex point. More refined 
zygomatic bone segmentation is needed to avoid orbital 
risk. These needs further investigation in future studies.

Conclusions

(1)	For the placement of quad zygomatic implants, 
the optional apex location for the anterior ZI is 
A3, while for the posterior ZI, it is B1. These apex 
points ensure favorable BIC and a reduced risk of 
infratemporal fossa invasion. Anterior ZI positioned 
at A3 point may present high risk for orbital 
penetration and may not be reccomended in a Quad 
ZI approach.

(2)	The degree of residual alveolar bone resorption does 
not affect the BIC of quad zygomatic implants.
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