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Abstract
This article presents the results of clinical and radiological examinations to determine 
the choice of fixation device for osteosynthesis (resorbable titanium or polymer) in 
the zygomatico-alveolar crest area in cases of fracture.
Aim: To choose a method for fixing bone fragments in cases of fracture of the facial 
bones, depending on the location of the fracture line.
Materials and methods: Patients with fractures of the zygomatic complex bones.
Results: As a result of the research, the author determined different approaches to the 
use of various types of fixators. Thus, in cases of comminuted fractures in the zygo-
matico-alveolar crest area and the presence of a bone defect, a biodegradable polymer 
plate, as the sole way to fix bone fragments, is impractical because in this area, it is 
necessary to restore the buttresses.
Conclusions. The author recommends polymer-resorbable retainers for cases involv-
ing restoring structural integrity.

Особливості остеосинтезу при хірургічному лікуванні переломів 
виличного комплексу з використанням різних фіксаторів

Анотація 
У статті відображено результати клінічного та рентгенологічного обстеження для 
вирішення питання вибору фіксатора для остеосинтезу (титанового або резорб-
тивного полімерного) у ділянці виличо-альвеолярного гребеня при переломах.
Мета: обрати метод фіксації кісткових фрагментів при переломах кісток лице-
вого черепа залежно від локалізації лінії перелому.
Матеріали та методи: пацієнти з переломами кісток виличного комплексу.
Результати: у результаті дослідження автор дійшов висновку про необхідність 
різних підходів до використання різних типів фіксаторів. Так, у випадках бага-
тоуламкових переломів у ділянці виличо-альвеолярного гребеня та за наявності 
кісткового дефекту використання біодеградаційної полімерної пластини як єди-
ного способу фіксації кісткових фрагментів є недоцільним, оскільки в цій ділян-
ці необхідно відновити контрфорси.
Висновки. Автори рекомендують застосовувати полімерні резорбтивні фіксатори 
у випадках заходів із відновлення цілісності кісток.
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Introduction
Fractures of the zygomatic complex (ZCF) are the sec-
ond most frequent among all fractures of the maxil-
lofacial area [8, 10, 14]. Unfortunately, the frequency 
of assault-related injuries has increased; furthermore, 
zygomatic fractures have become more complex in 
their nature [3, 8]. Nowadays, several algorithms for 
providing surgical care to patients with zygomatic 
complex (ZC) fractures have been established [1, 7, 
13, 15]. To fix the bone fragments, different types 
of bone plates and screws are used, including titani-
um and resorbable options. The latter perform their 
function without causing harmful effects to the body. 
In contrast, titanium implants remain in the tissues 
after bone fragments consolidate. Recently, many re-
searchers have emphasized the need to remove metal 
fixators after fracture consolidation due to inflamma-
tory processes in the surrounding tissues, sensitivity 
to cold (cold intolerance), the patient's desire to re-
move the metal structure after bone fusion, etc. [2]. 
However, there are several clinical situations in which 
removing the metal structure is undesirable because 
it serves a supporting and reconstructive function. 
In our previous studies, we demonstrated the feasi-
bility of the bioactive, resorbable plates EPU-GAP-
LEV for fixing midface (MF) bone fragments [4–6, 
9, 11, 12]. Therefore, in this and subsequent stud-
ies, we focus on the specific choice of fixators for 
osteosynthesis, depending on fracture location and 
clinical situation. Thus, in the area of the zygomati-
co-alveolar crest (ZAC), which is one of the midface 
buttresses, the choice of fixation device depends on 
the nature and type of the fracture.

The aim of our work is to determine the criteria 
for choosing the fixation device for osteosynthesis 
(titanium or resorbable) in the ZAC area for vari-
ous types of ZCF.

Materials and methods
The study group consisted of 120 patients with 
fractures of the zygomatic complex (ZC). Follow-
ing clinical and radiographic examinations, surgi-
cal treatment of the fractures was performed using 
various types of fixators. The surgery included re-
positioning and fixation of ZC fragments, as well 
as revision of the maxillary sinus using intraoral 
and extraoral approaches. Osteosynthesis of the ZC 
was performed using titanium and polymer plates 
based on polyurethane (EPU-GAP-LEV). Surgical 
planning and fixator selection were based on com-
puted tomography (CT) data and the intraoperative 
presentation of the fractures. Analysis of treatment 
outcomes was performed using CT scans obtained 

6 months after surgery, focusing on bone density in 
the area of ZC fragment fusion.

Research Results
The primary role in achieving stable ZC fixation 
in the correct position was attributed to the zygo-
matico-frontal suture osteosynthetic area. However, 
the need to fix two to three zones is an undeniable 
thesis. Significant support for stabilizing the ZC in 
space is provided by osteosynthesis in the ZAC area. 
Polymer osteosynthesis using bone plates and 
screws was performed on 79 patients. This proce-
dure was possible in the absence of bone defects. In 
the vast majority of observations, the fracture gap 
was clearly defined, while the X-ray density profiles 
remained uniform due to a significant decrease in 
the mineral saturation of the surrounding bone. In 
general, radiographic bone density in the fusion 
area was 20–30% lower than on the intact side. 
The resorbable retainers for osteosynthesis, EPU-
GAP-LEV, which we proposed [3], have certain 
advantages. Due to the inclusion of hydroxyap-
atite and levamisole, they exhibit excellent bio-
compatibility and exert a positive influence on 
the course of reparative regeneration of bone tis-
sue in the fracture area. In terms of their physical 
and mechanical properties, they are close to natu-
ral bone [6]. Therefore, during the fusion of bone 
fragments after osteosynthesis using these plates, 
the load on the bone is shared equally; there is 
no “stress shielding” effect, and consolidation of 
fragments occurs on time. However, this is pos-
sible only when structural integrity is recovered. 
Based on the analysis of the results, it should be 
noted that in cases of comminuted fractures in 
the ZAC area accompanied by bone defects, the 
use of biodegradable polymer plates is impracti-
cal as the sole method of fixing bone fragments, 
as it is necessary to restore the buttresses in this 
area. This is possible only by applying more rig-
id, non-resorbable bone plates for osteosynthesis. 
Polymer fixation plates and screws (EPU-GAP-
LEV) should then be used as an adjunct; they si-
multaneously function as a “depot” to improve 
conditions for wound healing and prevent inflam-
matory complications in the postoperative period. 
Thus, for 41 patients, titanium plates and screws 
were used in the fracture areas, while polymer re-
tainers (EPU-GAP-LEV) were utilized as addition-
al fixators. In these cases, bone defects of various 
sizes were observed following the removal of free 
fragments that had lost contact with the perioste-
um; by the time of follow-up (6 months after sur-
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gery), these areas were not yet filled with bone tis-
sue. Radiographic density in these regions averaged 
138 ± 59 HU, which was 5–16 times lower than on 
the healthy, unaffected side.

In the postoperative period, all patients were ad-
ministered a standard course of anti-inflammatory 
therapy.

Clinical Example 1
Patient S., 30 years old, was admitted for treatment 
as an emergency. The patient presented with a trau-
matic fracture of the right zygomatic bone with dis-
placement (Fig. 1).

After clinical and radiographic examinations, the 
operation was performed: repositioning and poly-
mer osteosynthesis (EPU-GAP-LEV) of the right 
zygomatic complex. Using an intraoral approach 
and direct access to the right zygomatico-frontal 
suture, repositioning of the ZC was carried out, 
followed by its fixation with EPU-GAP-LEV plates 
in the areas of the right zygomatico-frontal suture 
and the ZAC. The operation was completed with a 
revision and catheterization of the right maxillary 
sinus (Fig. 2).

The postoperative period was uneventful. The 
X-ray of the zygomatic complex confirmed the cor-
rect repositioning of bone fragments and the proper 
position of the plates and screws. The stitches were 
removed, and the patient was discharged from the 
hospital in satisfactory condition. A follow-up ex-
amination three months after the operation demon-
strated the patient's full rehabilitation. The polymer 
plates in the osteosynthetic areas were not palpable.

Six months later, a control 3D-CT of the facial 
skeleton showed complete anatomical restoration 
of the affected area (Fig. 3). Bone mineral density 
(BMD) values in the polymer osteosynthesis (EPU-
GAP-LEV) area approached those of the unaffected 
bones on the symmetrical side (879 ± 124 HU ver-

Fig. 1. 3D-CT reconstruction of the facial skeleton of 
patient S. (post-traumatic condition)

Fig. 2. Intraoperative stages: 
A — Polymer osteosynthesis in the area of the zygomati-
co-frontal suture using EPU-GAP-LEV plates and screws. 

B — Polymer osteosynthesis in the ZAC area 
using EPU-GAP-LEV plates and screws. 

B

A

Fig. 3. 3D-CT of the patient 6 months after surgery, 
showing complete anatomical restoration

Fig. 4. Analysis of bone density in the area of fragment 
fusion 6 months after surgery
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sus 951 ± 132 HU). This indicates the timeliness of 
all phases of bone tissue regeneration, including 
mineralization and remodeling (Fig. 4).

Comparison of the bone mineral density in the 
polymer osteosynthesis area and the symmetrical 
unaffected areas (in this MSCT slice, the mineral 
bone density value in the polymer osteosynthesis 
area was 879.82 HU versus 990.62 HU on the un-
affected side).

Clinical Example 2
Patient S., 28 years old, was admitted for emergency 
treatment. The patient had a traumatic fracture of 
the right zygomatic complex with displacement. He 
sought medical attention five days after the injury.

On the 3D-CT scan, disruptions of the integrity 
of the facial skeleton were determined, specifically 

a comminuted fracture of the right zygomatic com-
plex involving the body of the ZC, the infraorbital 
rim, and the ZAC with displacement (Fig. 5).

After clinical and radiographic examinations, 
the operation was performed: repositioning and os-
teosynthesis of the right ZC. Using an intraoral ap-
proach and direct access, the ZC was repositioned, 
followed by fixation with an EPU-GAP-LEV plate 
at the ZC body.

Considering that the fracture was comminut-
ed and that after the removal of free fragments, a 
small bone defect was formed (1.4 mm in length), 
there was a need not only to fix the bone frag-
ments at this site but also to restore the buttresses. 
Therefore, fixation of the ZC body was carried out 
using the EPU-GAP-LEV plate, while in the zygo-
matic-temporal area (zygomatic process of the tem-

Fig. 5. Patient S. Diagnosis: Traumatic fracture of the right ZC with displacement: 
A — CT slice in axial projection. B — CT slice in coronal projection.

BA

Fig. 6. Intraoperative stages for patient S. 
A — Polymer osteosynthesis (EPU-GAP-LEV) on the ZC body. B — Titanium osteosynthesis in the ZAC area.
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poral bone), a titanium bone plate and screws were 
used (Fig. 6). The operation was completed with a 
revision and catheterization of the right maxillary 
sinus.

The postoperative period was uneventful. The 
X-ray confirmed the correct position of the frag-
ments (Fig. 7). Within 1 year of surgery, no com-
plications were reported.

Fig. 7. Axial X-ray of patient 7 days after surgery. 
Six months after the operation, follow-up MSCT re-
vealed complete consolidation of the fracture in all 
areas where bone fragments were in contact during 
osteosynthesis. In the ZAC area, a bone defect re-
mained, which had been stabilized and bridged 
with a titanium bone plate (Fig. 8).

Conclusions
Analysis of the clinical cases demonstrated that the 
choice of fixation devices for osteosynthesis in the 
zygomatic complex area should be tailored to the 
specific injury. If the surgery reveals a bone defect 
and the buttress requires restoration, rigid non-re-
sorbable fixators, such as titanium plates, should be 
used. In cases where the integrity of the zygomatic 

complex can be restored without bridging a defect, 
resorbable EPU-GAP-LEV bone plates and screws 
are recommended.

Prospects for Further Research
To evaluate the efficacy of resorbable EPU-GAP-
LEV implants for osteosynthesis in other areas of 
the maxillofacial region.
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Fig. 7. Axial X-ray of the patient 7 days after surgery. Fig. 8. MSCT of the facial bones of patient S., 28 years old, 
6 months after osteosynthesis; visualization of the bone 

defect in the ZAC area
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