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ABSTRACT 

BACKGROUND: Zygomatic defects that follow trauma may lead to severe esthetic and functional deformities such as ipsilateral 
facial widening in addition to facial flattening. There are many ways to treat the damage by using either ready-made or custom-made 
appliances and implants. Accurate zygomatic anatomic reconstruction is the key to reestablishing favorable facial normality. 
AIM OF THE STUDY: To clinically evaluate the application of customized titanium implants in reconstruction of zygomatic 
fractures to restore normal pre-traumatic status (facial contour, diplopia, occlusion, and abnormal infraorbital nerve sensation). 
PATIENTS AND METHODS: Twelve patients who had recent zygomatic bone fractures were included in the current study. 
Patients were treated with customized titanium implants. Ocular motility, diplopia, infraorbital nerve affection, occlusion, and facial 

symmetry were assessed preoperatively, and then after 24 hours, one week, four weeks, and six weeks. Additionally, a radiographic 
examination was done immediately to assess the accuracy of bone reduction. 
RESULTS: None of the included patients displayed post-traumatic diplopia, and thus, diplopia was not observed in any of them 
postoperatively. At the second follow-up, six patients (50%) reported a subjective aberrant sensation along the compromised 
infraorbital nerve. By the end of the follow-up period, all patients had restored their normal sensation, despite the presence of post-
traumatic abnormal sensation.  Nevertheless, all patients suffered from pre-operative malocclusion which was immediately corrected 
after the surgery. Normal facial contour was also immediately restored after the surgery in all enrolled patients. 
CONCLUSION: In the treatment of zygomatic bone fractures, customized titanium implants demonstrated promising clinical 

outcomes, making them an excellent reconstructive option with exceptional compatibility, surgical precision, and predictability. 
KEYWORDS: Zygomatic complex reconstruction, customized plates, computer-aided techniques. 
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INTRODUCTION 
The skeletal unit consists of the zygomatic bone and 

maxilla which are together referred to as the 

zygomaticomaxillary complex (ZMC). Because of 

their anatomical and functional interdependence, 

these two bones are described as a complex as they 

articulate with one another over a larger area and are 

typically affected by the same traumatic events. By 

including the orbital floor, infra-orbital rim, and 

lateral wall, this dual complex also makes up a 
significant portion of the orbit. Occipital-

zygomatic-maxillary complex is another name for 

the ZMC (1). 

ZMC fractures are frequently referred to as "tripod, 

tetrapod, or pentapod" fractures due to their  

 

 

 
numerous articulations. Due to the prominent 

anatomical position of the zygoma and its proximity 

to essential nearby structures like the globe, ZMC 

fractures frequently result in severe cosmetic and 

functional impairments. These fractures are 

challenging to precisely reduce and fix because of 

their complicated anatomical structure, numerous 

articulations, and multi-planar deformation (2). 

The most frequent problems associated with ZMC 

fractures include aberrant ocular motility, 

asymmetric globe level, diplopia, circumorbital 
ecchymosis, abnormal sensation over 

the infraorbital nerve ramifications, and occlusal 

discrepancies. All these signs demand immediate 

surgical interventions (3). 

The facial transverse width and antero-posterior 

projection are provided by the zygoma, which spans 
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the face like a powerful jutting bar. Its role in 

establishing facial esthetics and ocular function is 

what provides its significant clinical value (2). 

Whether autogenous, allogenic, or alloplastic, the 

literature clearly contrasted the different materials 

used to repair zygomatic fractures and evaluated the 

advantages and disadvantages of each material (4).  

A wide range of alloplastic materials are readily 

available in the market, and a significant number of 

studies assessing the advantages and disadvantages 
of various materials had been conducted. (5). 

Recent trends in computer-assisted surgery and 

virtual planning have made it possible to use a 

variety of novel materials to create customized 

implants. (5). 

Titanium implants are the most commonly used 

non-resorbable hardware in reconstructing orbito-

zygomaticomaxillary complex fractures. They are 

widely used to repair a plethora of defects of 

varying sizes because of their malleability which 

enables their recontouring into various forms while 
maintaining their rigidity and stability. This is in 

addition to restoring the bony structural outline and 

function (5). 

Due to their low density and specific elastic 

modulus, these metals exhibit mechanical 

properties that are similar to that of the bone. 

Titanium is one of the few materials that can 

naturally fulfil the requirements of implantation in 

the human body. It is lightweight, robust, and 

completely biocompatible (6). 

Implantation is a potential assault on the chemical, 

physiological, and mechanical integrity of the 
human body. The most challenging application of 

implants in the human body is that the materials 

used must be "fit and forget" when implanted since 

they cannot be easily maintained or replaced. Thus, 

the effectiveness and dependability of implants and 

other medical and surgical tools are crucial to 

saving lives and providing long-term pain and 

suffering alleviation (7). 

In the field of maxillofacial trauma, only a few 

studies evaluated the effectiveness of zygomatic 

reconstruction using customized titanium implants. 
This necessitates evidence-based development of 

titanium implants to be used in reconstructive 

surgery for zygomatic fractures (2). 

AIM OF THE STUDY 

To clinically evaluate the application of customized 

titanium implants in reconstruction of zygomatic 

fractures to restore normal pre-traumatic status 

(facial contour, diplopia, occlusion, and abnormal 

infraorbital nerve sensation). 

MATERIALS AND METHOD 
Twelve patients with zygomatic fractures who 

needed surgical intervention participated in this 

prospective study between April 2022 and June 

2023. Patients were recruited from the Outpatient 

Clinic of the Alexandria University Teaching 

Hospital and underwent surgery in the Department 

of Oral and Maxillofacial Surgery, Faculty of 

Dentistry, Alexandria University. 

The study protocol was approved by the Research 

Ethics Committee, Faculty of Dentistry, Alexandria 

University. Individuals who participated in this study 

signed full informed consents. Zygomatic fractures of 

the involved patients were unilateral, accompanied 

with other facial fractures, and necessitated open 

reduction with internal fixation. Adult patients of both 
genders who agreed to complete the follow-up 

examinations for at least three months after the surgery 

were included in this study. Patients with a 

resultant diplopia were also included in the study. 

Patients with globe rupture, previous zygomatic 

fractures, and medically compromised patients were 

excluded from the current study. 

Sample size estimation 

The minimal sample size is calculated based on a 

previous study aiming to evaluate the application 

and clinical outcomes of this technique. Based on 
Zhang et al.’s, (2) results, adopting a power of 80% 

(b error=0.20) to detect a standardized effect size 

(d)=0.854 in the primary outcome (deviation of the 

zygomatic eminence), and α error =0.05, the 

minimum required sample size was found to be 10 

patients. The anticipated dropout rate is 20%, so, the 

sample size will be increased to 12 patients to 

control for any withdrawals. The sample size was 

calculated using G*Power version 3.1.9.2. 

Materials 

Titanium discs (MAGNUM HYPRONE) were used in 

the current study. Disk Dimensions: 14.75 mm diameter 
with 0.8 mm thick. Two mini screws with lengths 

ranging from 5 -7 mm, and plates, were used when 

needed (JEIL Medical Corporation Company: Seoul, 

Korea). 

Preoperative evaluation 

The cause, date, location, and nature of the 

traumatic incident were all obtained, as well as the 

personal information. Patients' previous dental and 

medical histories were recorded, along with a 

complete assessment of their general condition. 

Additionally, swelling, flattened cheeks, 
circumorbital ecchymosis, and subconjunctival 

bleeding were evaluated. This thorough 

examination aimed to spot any visual anomalies, 

including diplopia, ocular motility, abnormal 

eye level, and occlusion inconsistencies. 

Distribution of the infraorbital nerve's sensation 

was subjectively evaluated. All patients underwent 

preoperative occipitomental radiography and 

performed a CT scan to check for any zygomatic 

fractures (Figure 1). 

Preoperative virtual planning 

A virtual model created from a CT scan mirrored 
the healthy side onto the fractured side as a 

guidance for the fractured bone reduction. The 

virtual model was used to precisely reduce the 

fractured segments to their pre-traumatic ideal 
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positions. After bones had been virtually reduced, 

customized implants _with a thickness of 0.5-1.0 

mm_ were designed in the virtual model (Figure2). 

To print the plates, each design was loaded in a 

Standard Template Library (STL) format to an 

appropriate software that runs on a printing 

machine.  W.Philadelphia Street, USA (MC X5: 

Dentsply Sirona Susquehanna Commerce). 

Preoperative virtual planning was conducted to 

assist in achieving a similar clinical scenario and, 
consequently, the best intraoperative outcomes. 

Operative procedure 

All patients underwent surgery under general 

anesthesia with nasotracheal intubation. The 

surgical field was disinfected with a povidone-

iodine surgical scrub solution before the patient was 

draped in sterile cloths with only the surgical site 

left exposed.  The fracture lines were exposed to 

allow access to the segmented bones. 

Tissues dissection was performed to provide a wide 

and clean surgical site to expose all the fracture 
lines simultaneously. The fractured bone segments 

were then reduced and brought in continuity into 

appropriate anatomical positions, either bimanually 

_if possible _ or using instruments such as; 

zygomatic bone hook, periosteal elevator, and 

Bristow elevator according to the fracture site, 

degree and direction of segment rotation. 
 To ensure that all of the entrapped tissue had been 
released, a forced duction test was performed 
afterwards. During the surgery, customized 
titanium implants were placed into their planned 
positions. The implants were then secured to the 
bone around the fracture line by 5-7 mm mini-
screws. The flap tissues covering the implants' 
external surface were securely sutured (Figure 3). 
All patients were instructed to use an extra-oral ice 
pack for 12 hours starting immediately after the 
surgery. Antibiotic, anti-inflammatory, and 
analgesic medications were provided also 
prescribed.  The listed clinical parameters were 
evaluated after 24 hours, one week, four weeks, and 
six weeks by a complete follow-up. A 10-point 
Visual Analogue Scale (VAS) was employed to 
assess postoperative pain (0–1 = None, 2–4 = Mild, 
5–7 = Moderate, and 8–10 = Severe). Symptoms of 
infection of the stitched wounds, such as swelling, 
redness, heat, pus discharge, and tenderness were 
evaluated. The infra orbital nerve's sensory 
capabilities were subjectively assessed by asking 
the patient if their sensation in the cheek-midface 
area had changed. 
Objective assessment: Through the pinprick test 
(nociceptive method), precise locations comprised 
the midway of the lower eyelid, center of the lateral 
half of the nose, middle of the upper lip, and middle 
of the zygoma. According to whether or not the 
palpebral fissure was occluded, postoperative 
edema was diagnosed. The "follow my finger" test 
was used to evaluate diplopia and ocular 
movements. Postoperative ocular 
ecchymosis had been documented. 

Radiographic evaluation: An immediate 
postoperative CT scan was carried out to examine 
the precision of reduction and fixation. 
Statistical Analysis: 
Data were collected and entered to the computer 
using Statistical Package for Social Science (SPSS) 
program for statistical analysis (Version 25.0) (8). 
Data were entered as numerical or categorical, as 
appropriate. Kolmogorov-Smirnov test of normality 
revealed significance in the distribution of most of 
the variables, so the non-parametric analysis was 
adopted (9). Data were described using minimum, 
maximum, mean, median, standard deviation, 
standard error of the mean, 95% CI of the mean and 
25th to 75th percentile (10). Kendall's W (also known 
as Kendall's coefficient of concordance), a non-
parametric statistic,  was used (11). Kendall's W 
ranges from 0 (no agreement) to 1 (complete 
agreement). Statistical significance was tested at p 
value <.05 (12).  

RESULTS 
Cases epidemiology, and societal statistics of the 12 
included patients were described. The mean (SD) 
age was 39.42 (14.39) years, with a male to female 
ratio of 4:1. Road Traffic Accidents (RTA) were the 
most prevalent etiological cause of fractures in this 
study. In the present study, all patients (100.00%) had 
Zygomatic Maxillary Complex fractures, 66.67% had 
infra-orbital rim fracture, 66.67% had 
zygomaticofrontal suture fracture, 66.67% had infra-
orbital rim fracture, 50.00% had mandibular fracture, 
25.00% had zygomatic arch fracture, 16.67% had 
supra-orbital rim fracture and 16.67% had orbital floor 
fracture.  (Table 1)  
 

Table 1: Summarizes the study's demographic 

information from clinical evaluation within the 

follow-up period. 

Sex 

- Male 

- Female 

 

9 (75.00%) 

3 (25.00%) 

Age 

- Min-Max 

- Mean ± SD 

- SEM 

- 95% CI for mean 

 - 25th Percentile – 75th 

percentile 

 

22.00-64.00 

39.42±14.39 

4.16 

30.27-48.56 

27.00-51.00 

Side 

- Right 

- Left 

 

7 (58.33%) 

5 (41.67%) 

Associated Fracturesa (n=12) 

- Zygomatic Maxillary 

Complex 

- Infra-orbital rim fracture 

- Zygomaticofrontal suture 

fracture 

- Infra-orbital rim fracture 

- Mandibular Fracture 

- Zygomatic Arch 

- Supra-orbital rim fracture 

- Orbital floor fracture 

 

12 (100.00%) 

8 (66.67%) 

8 (66.67%) 

8 (66.67%) 

6 (50.00%) 

3 (25.00% 

2 (16.67%) 

2 (16.67%) 

Restoring normal bone contour 

- 24 hours PO 

Three months PO 

 

12 (100.00%) 

12 (100.00%) 

Infraorbital nerve affection  

- 24 hours PO 

- 1 week PO 

- 4 weeks PO 

- 6 weeks PO 

 

12 (100.00%) 

6 (50.00%) 

0 (0.00%) 

0 (0.00%) 

n: number of patients,  PO: Postoperative 

https://en.wikipedia.org/wiki/Non-parametric_statistic
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SD: Standard deviation, SEM: Standard error of the 

mean, CI: Confidence Interval 
a :  any patient can have more than one type of 

associated fracture(s) 

 

Within the follow-up period, the reported 

postoperative pain (VAS) of all patients were 

statistically significant (Kendall's W = 1.00, Test 

statistic = 12.00, p=.001).  

At the first follow-up visit, all patients described an 
aberrant sensation along the afflicted infraorbital 

nerve, which was objectively verified by pin prick 

nociceptive test at each of the designated sites. By 

the end of the follow up; all of the included 

patients had returned to normal sensation, despite 

the presence of post-traumatic abnormal sensation.   

None of the included patients displayed post-

traumatic diplopia, and thus, diplopia was not 

observed in any of them postoperatively.  

After the first follow-up period, ecchymosis and 

edema were observed in all patients; a significant 
recovery was noticed by the sixth postoperative 

week (p=.001 and p=.001, respectively), depending 

on whether orbital fissure occlusion was present or 

not. The radiographic investigation using an 

immediate postoperative CT demonstrated accurate 

bone reduction (Figure 4). 

 

Figure (1): Radiographic picture of preoperative 

3D Computed-Tomography Scan. 

 

Figure (2): Photographic picture demonstrating 

preoperative Virtual planning of the titanium 

implants. 

 
Figure (3):  Photograph showing: (A, C), fractured 

segments. (B, D) fractures reduction and fixations 

via customized titanium plates. 

 
Figure (4): Photograph demonstrate: A, 6 weeks 

postoperative clinical picture. B, Immediate 

postoperative 3D Computed-Tomography Scan. 

 

 



Ghabbour.et.al                                            Evaluation of customized titanium implants in zygomatic-fracture reconstruction 

Alexandria Dental Journal. Volume 49 Issue 2A 
56 

 

DISCUSSION 
Owing to the lack of prospective studies, as well as 

the technological improvement and fast prototyping 
technology, this study was designed to evaluate the 

clinical outcomes and performance of customized 
titanium implants in primary reconstruction cases (2). 

Since the zygoma occupies a prominent anatomical 

position which is adjacent to other important 

structures like eyes, zygomatic fractures frequently 

have significant cosmetic and functional 

consequences. Precise reduction and stabilization of 

these fractures is difficult due to their complicated 

anatomical structure, multiple articulations, and 

multiplanar deformations (2). 

Titanium implants are the most often chosen 

material in craniomaxillofacial reconstruction 

during the recent years. This specific implant 
seemed to be helpful for reshaping the zygomatic 
region's anatomical features and enhancing aesthetic 
results. However, because of its poor flexibility, this 

customized implant is hardly modifiable and cannot be 

adjusted during surgeries (13). 
Titanium has several uses in the medical field owing 

to its biocompatibility and high mechanical qualities. 

Since titanium can be machined into the precise 

geometrical configuration with minimum thickness 

without losing its properties, it is a desirable material 

for construction of customized implants (6). This 

study was performed in order to better evaluate the 

clinical and radiographic success of 

customized titanium implants in zygomatic fractures 

repair. 

Analysis of the epidemiological data of the study 
participants revealed a male to female ratio of 4:1 

with mean (SD) age of 39.42 (14.39). Evaluation of 

the demographic characteristics of 

zygomaticomaxillary complex fractures by Ellis et 

al. (2004), are comparable to these findings (14). In 

all the included cases, facial fracture sites were 

reported to be concurrent. According to Blumer et 

al. (2018), 40% of the ZMC fracture cases evaluated 

also had another fractures (15).  

In this study, customized titanium plates with a 

thickness range of 0.5-1.0 mm were chosen, similar to 

Wang et al. (2020) (16). Stock titanium implants have 
a thickness of 1.0-1.5 mm and serve as the most 

popular alloplastic material for ZMC repair. 

Customized implants do not require surgical 

modifications as they precisely fit the zygomatic 

bone's anatomical structure. Titanium's rigidity 

necessitates a minimum thickness to prevent its 

deformation (2).  

This study showed that customized titanium implants 

had extremely good clinical results in treating 

zygomatic fractures. The mid-face stability following 

surgery is not taken into consideration when using a 
standard mini-plate, which could lead to plate 

deformation or screw loosening, giving the mid-face 

an asymmetrical appearance, as mentioned by Wang 

et al. (2020). Understanding the stress/strain 

biomechanical dynamics of the facial skeleton during 

zygomatic fractures’ repair and healing is necessary 
for designing fixation implants. There is still no 
consensus on the best method for developing an internal 

fixation implant for zygomatic fractures (2, 17). 

According to the literature and biomechanical 

principles, the fixation implant should be 

constructed as a thin plate that is not excessively 
rigid in order to have a stress-shielding effect. It also 

cannot be too soft to cause instability during repairs, 

and must reestablish the mechanical function of the 

undamaged bone (17-19). However, before surgery, 

customized 3D printed implants need to be carefully 

designed according to the patient's condition (16). 

In the initial follow-up period, transient paresthesia 

along the infraorbital nerve's ramification route was 

noted. However, by the end of the follow-up period, 

all patients recovered their normal sensation. 

Whenever an orbito-zygomatic fracture arises, the 
infraorbital nerve becomes subjected to damage or 

compressed within a crashed infraorbital canal. 

Ozer et al. (2016) provided additional clarification, 

noting that in order to achieve infraorbital nerve 

healing, an accurate reduction is crucial (20), which 

accomplished this study's primary goal. 

The degree of palpebral fissure occlusion was used 

to determine the severity of postoperative 

periorbital edema. In the initial 24-hour follow-up, 

all the included patients showed significant edema 

which extended with five of them during first week. 

By the end of the recommended follow-up time (6 
weeks), all had fully recovered. According to 

Dickinson and Gausas (2006), postoperative edema 

manifests as occlusion of the palpebral fissure 

because the principal superficial and deep 

lymphatic draining ports aggregate at the canthus 

lymphatic vessels for lymphatic drainage of the 

periorbital tissues (21).    

Ecchymosis was found in all patients after 24 hours 

post-operatively which significantly improved by 

the end of the follow up period. 

Susarla and Peacock (2014); reported that patients 
with zygomatic fractures frequently have pain, 

ecchymosis, and edema over the lateral orbit, upper 

and lower eyelids, loss of malar projection, and 

blunting of the lateral canthus when compared to the 

unaffected side (3, 22). 

In the current study, none of the included patients 

experienced post-operative diplopia at any point 

during the follow up period. This disagrees with 

Zimmerer et al. (2016) who reported diplopia in 

24.6% of the patients, and Chepurnyi et al. who 

observed diplopia in 29.4% of the patients (23). 

Treatment of patients with diplopia depends on the 
proper release of the restricted tissues together with 

the accurate reduction of zygomaticofrontal suture 

and inferior orbital rim. 

Normal occlusion was restored in all the involved 

patients along the entire follow up periods, and this 

https://pubmed.ncbi.nlm.nih.gov/?term=Susarla%20SM%5BAuthor%5D
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finding agreed with the results of Tripathi et al. (24), 

and Zhang et al.(2017-2019) (2). 

As a reconstructive alternative, customized titanium 

implants have some drawbacks including 

its prolonged preoperative processing period making it 

more difficult to be applied in the reconstruction of 

primary zygomatic fractures. Several trauma centers 

advise immediate management of traumas, 

particularly those with orbital abnormalities. This may 

account for the long-standing success of customized 
titanium hardware in managing the large 

reconstruction of missing facial bones following 

massive resection in oncology cases (2). Moreover, 

compared to the stock titanium hardware, adoption of 

a printed fabricated titanium implant imposes a greater 

cost burden on the patient. 

CONCLUSION 
In light of the limitations of this study and the 

favorable clinical and radiographic results, it can be 
concluded that using customized titanium 

implants to treat zygomatic fractures is a promising 

reconstructive option with excellent compatibility, 

surgical accuracy and foreseeability.  With a focus 

on restoring the symmetrical facial skeleton, 

customized titanium implants outperformed the 

frequently used ready-made titanium implants in 

terms of clinical performance. However, using 

customized titanium implants need longer 

preoperative fabrication time and higher cost. 
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