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ABSTRACT  

Aim of the study Determining the importance of performing a three-dimensional CT reconstruction in the 

management of various fractures of the zygomatic complex, either isolated or in the context of associated facial 

fractures.  Material and methods 31 cases of zygomatic complex fractures investigated by the use of computed 

tomography were reviewed regarding the diagnosis, preoperative planning and treatment. Results The 3D 

reconstruction was useful in determining the degree of comminution, the number, displacement and angulation 

of fragments as well as the relation with the surrounding tissues. This detailed understanding of the fracture 

pattern was beneficial in the assessment of the intraoperative situation. Conclusions The use of this technique 

is valuable in the accurate diagnosis of malar fractures, but also in deciding the appropriate treatment and 

approximating the amount of reduction needed in order to achieve symmetry of the zygomatic prominence 

and reconstruction of the facial contours. 

Key words: reconstruction, zygomatic, trauma 

 

INTRODUCTION 

The midface is prone to the occurrence of 

fractures due to the prominence of the malar 

bone and zygomatic arch, behaving as shock 

absorbing structures. Impact forces at this 

level are cushioned, similar to an airbag 

effect, due to the unique architecture 

comprising air cavities that are surrounded 

and reinforced by vertical and horizontal 

buttresses. This composition allows for 

maximum volume of the region and minimum 

weight (1). It also explains the tendency of 

zygomatic fractures to be displaced inwards, 

towards the maxillary sinus, resulting in the 

collapse of the overlying soft tissues, and the 

high occurrence of complex fractures of the 

anterior sinus wall (2).  

Fractures of the zygomatic complex take 

the second place among fractures of the 

midface, following the more frequent nasal 

bone fractures. They are often encountered in 

young males and the most common traumatic 

mechanisms include traffic accidents and 

assaults (3). 

Accurate diagnosis is of outmost 

importance when it comes to the presence of 

multiple fragments and important 

displacement. The existing swelling of the 

soft tissues makes it difficult to clinically 

estimate the correct magnitude of the lesions 

and plain radiographic films are not very 

useful since they cannot show the spatial 

relation between the dislodged bony 

fragments (4). The surgical decision is 

eventually made on an individual basis 

considering the importance of the functional 

disturbances, the existing facial deformity, 

the age, comorbidities and overall prognosis 

of the patient. Visualising the importance of 

the posttraumatic lesions by the use of 3D 

reconstruction can help decision-making and 

preoperative planning (5).  

 

MATERIAL AND METHODS 

We performed a retrospective review of 31 

patients with fractures of the zygomatic bone, 

admitted in the OMF clinic of the St. Spiridon 

Hospital, Iasi. Only patients who were 

investigated by the use of CT scans were 

included in the study.  

Among the selected patients, 25 were men 

and 6 women. Patients were aged between 18 

and 62 years. The aetiology of the 

maxillofacial trauma was represented by 

assaults (14), traffic accidents (8), accidental 

falls (7), and horse hoof injuries (2). A 
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number of 10 isolated zygomatic fractures 

were encountered. In 6 patients an isolated 

zygomatic arch fracture was present. Five 

associated fractures of the malar bone and 

zygomatic arch were present. Ten cases were 

associated with other fractures of the facial 

bones. Three of all cases were open fractures 

due to the presence of regional wounds. 

All patients were initially clinically 

examined, with special attention to facial 

asymmetry due to the collapse of the malar 

contour and zygomatic arch outline, regional 

swelling, the presence of step deformity in the 

inferior orbital rim, fronto-malar suture, 

zygomato-alveolar ridge and the zygomatic 

arch, or displayed hypoesthesia in the 

territory of the infraorbital nerve. Additional 

significant factors included the presence of 

ecchymosis or other existing traumatic marks, 

subcutaneous emphysema, limited amplitude 

of mouth opening, chemosis, limited eye 

movements, the abnormal position of the 

globe, movement of the maxillary block and 

signs of epistaxis. An occlusal check was also 

performed in all cases. A proper history was 

noted related to the injury mechanism, 

context and details of the trauma.  

Radiological investigations included plain 

films in Water‘s view, posterior-anterior skull 

view, lateral view and Hirtz view, according 

to the individual case. All included cases 

were additionally investigated by computed 

tomography. 

Starting from the CT sections (Fig. 1, 2) a 

3D image reconstruction was performed in 

each case preoperatively using the OsiriX 

software. 

The reconstructed 3-D images of two 

clinical cases are used to exemplify the value 

of this method in the diagnosis and 

preoperative planning of fractures of the 

zygomatic complex. 

The advantages of CT reconstruction are 

easily illustrated in the case of an isolated 

malar fracture (Fig. 3, 5, 7) viewed from 

different angles that outline the displacement 

of the bone fragments. The utility of this 

approach is even more evident in the case of a 

complex midfacial fracture, including fracture 

of the left zygomatic bone and NOE fracture, 

illustrated in Fig. 4, 6, 8. In this case, a plain 

radiograph could never show the real 

complexity of the case due to the 

superimposition of structures. Only a 3D CT 

reconstruction viewed from different angles 

can outline the position of the various bone 

fragments. Artefacts are seen at the level of 

the dental arches due to the presence of an 

inter-maxillary fixation device. 

 

 

 

Figure 1. Axial CT section demonstrating 

the inward displacement of the right 

zygomatic bone. 
 

Figure 2. Axial CT section image in a 

complex midface fracture. 
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Figure 3. Frontal view of a 3D 

reconstruction in a right zygomatic bone 

fracture. 
 

Figure 4. Frontal view of a 3D CT 

reconstruction in a complex fracture of 

the midface. 

 

 

 

Figure 5. Inferior view of a 3D CT 

reconstructed image demonstrating the 

inward displacement of the right 

zygomatic bone. 

 

Figure 6. Inferior view of a 3D CT 

reconstruction in a complex midface 

trauma case with multiple displaced 

fragments. 

 

 

 

Figure 7. Superior view of a 3D CT 

reconstruction in a right zygomatic 

fracture- angulation of fragments at the 

 
Figure 8. Superior view of a 3D CT 

reconstruction in a complex midface 

trauma case with multiple displaced 
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inferior orbital rim. fragments. 

Results 

The spatial reconstruction of the facial soft 

tissues accurately displayed the modified 

facial contours. On the resulting image we 

observed a displacement of the maximum 

cheek volume related to the lack of support 

due to the fractured underlying zygomatic 

bone. In displaced zygomatic arch fractures 

there was an obvious flattening of the 

zygomatic region and an asymmetric 

projection of the lateral facial contour on a 

frontal view (Fig. 9).   

 

 

Figure 9. 3D CT reconstruction of facial 

soft tissues in a complex midfacial trauma 

case 

The 3D view of the facial skeleton was 

useful in determining the number of 

fragments, the degree of angulation and 

displacement, the presence of impacted soft 

tissues and associated lesions. We evaluated 

these lesions from different angles of the 

reconstructed images.  

The frontal view displayed the existing 

fracture lines of the malar bone, maxillary 

bone and nasal bones but provided less 

information regarding the displacement of 

fragments (Fig. 3, 4). This aspect was better 

emphasized on rotated and intermediary 

views. The superior view in different 

angulations was helpful in underlying the 

discontinuity of the inferior orbital rim in 

particular and the direction and degree of 

displacement of the bony fragments (Fig. 7, 

8). The projection of the submental-vertex 

alignment was the most suitable for the 

assessment of the malar prominence and 

measuring the degree of inward displacement 

(Fig. 5, 6).  

By utilising the 3D imaging reconstruction 

in the preoperative planning, good results 

were obtained postoperative regarding facial 

symmetry, with satisfactory reconstruction of 

the malar and zygomatic arch contours. The 

amplitude of mouth opening was restored to 

normal following the procedure in all cases. 

We found this technique most useful in the 

evaluation of complex fractures displaying 

multiple fragments and important 

displacement.

 

DISCUSSIONS 

The information gathered by CT and 3D 

reconstruction is far superior to the one 

obtained from the plain radiographs that 

offer a 2D view of the lesion (6). The 

superimposition of anatomical structures on 

plain films can conceal some fracture lines 

and lead to incomplete diagnosis and 

therefore deficient treatment (7). 

Additionally, in trauma cases it can be 

extremely challenging to achieve correct 

patient positioning and quality radiographs 

due to posttraumatic lesions, or the presence 

of a cervical collar. A CT evaluation allows 

a correct diagnosis of the extent of injuries 
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and in addition it provides the opportunity to 

perform the spatial reconstruction of the 

fracture and do a proper planning prior to 

surgery (8).  

Accurate diagnosis is important in facial 

trauma in order to properly address all 

lesions and minimise the functional and 

aesthetic sequelae (7). On the other hand, 

facial trauma cases are often the result of 

traffic accidents or assault, thus there is a 

forensic medicine aspect to establishing the 

correct diagnosis and deciding on the 

appropriate treatment. CT evaluation allows 

proper documentation of the case and 

possibility to compare preoperative and 

postoperative data (9). 

 In addition to the valuable information 

for the maxillofacial surgeon, the 3D 

reconstruction can help the doctor better 

explain the extent of the injuries to the 

patient, as well as the treatment plan, by 

providing comprehensive images. It can 

become an educational tool in helping 

students and residents understand the 

dynamics and patterns of facial fractures 

(10). 

A frequent practice in the treatment of 

zygomatic fractures is to postpone the 

procedure until soft tissue oedema resolves, 

with the purpose of controlling the accuracy 

of reduction by comparing the symmetry 

with the other side (11). By visualising the 

fracture pattern in 3D imaging and the 

possibility of estimating the amount of 

reduction needed, postponing the surgery is 

no longer required, unless it is the surgeon‘s 

preference to have additional control (12). 

By performing the surgery earlier, the length 

of hospital stay decreases, with a drop in the 

overall costs.  

The three dimensional reconstruction is 

quick to perform and manipulation of the 

resulting image is easy, giving the surgeon 

an accurate view of the situation that will be 

found during surgery (13). The image can be 

rotated and examined from any angle for a 

better understanding of the fracture pattern. 

This can be a true advantage over the 

viewing of multiple, consecutive plain CT 

sections, that can be difficult to interpret and 

imagine in embossed perspective. Therefore 

the most important advantage of this method 

is visualising the three-dimensional 

arrangement of the bone fragments and their 

relation to each other and to surrounding 

tissues.  

By rotating the reconstructed image it‘s 

possible to observe small impacted 

fragments, otherwise difficult to spot 

intraoperatively, fragments that could 

interfere with the attempt of recreating bone 

continuity. The surgeon can then decide 

upon the most suitable access, think of an 

adequate method of fracture reduction and 

fixation for that individual case, and 

therefore decrease the overall operating 

time. Additionally, a 3D-CT angiogram can 

help in visualising the vessels in the case of 

complex fractures that associate important 

hematomas and refractory bleeding (10). 

Symmetry of the face, balanced 

proportions and harmonious shapes are 

essential aspects in beauty perception. 

Analyses of facial contours describe the 

importance of the zygomatic complex in 

providing the fullness of the cheek as well as 

the sloping of the tissues inferior to this 

point. The zygomatic arch sets the external 

border for the facial width, while the 

prominence and shape of the malar bone 

supports and defines the moulding of the 

overlying soft tissues (14).  

In zygomatic fractures there is a 

flattening of the malar area on the affected 

side resulting in facial asymmetry. This 

absence of contour in the cheek region 

accentuates the outline of the inferior orbital 

rim (15). The displacement of prominent 

bony structures of the face leads to more 

important cosmetic shortcomings compared 

to the comminution of more flat surfaces. In 

the case of isolated complex fractures of the 

anterior sinus wall with interior 

displacement of the bony fractures, the 

aesthetic deficit is not as obvious as in 

dislodged zygomatic bone fractures 

collapsed towards the maxillary sinus. In 

reconstructing bone continuity, it is 

important to restore the malar prominence at 

the right level in order to achieve facial 
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symmetry and a pleasant appearance (16, 

17). 

It has been stated that the eminence of the 

zygomatic bone is approximatively 25 cm 

above the lateral cantus (14). Although this 

measurement can be used as a rough 

guideline in determining the initial position, 

it cannot be accurately assessed in the 

presence of tissue swelling. The CT images 

offer a clear view on the amount of 

displacement even in the presence of 

posttraumatic oedema (18).  

The 3D obtained reconstruction offers 

multiple views of the facial skeleton and the 

ability to accurately evaluate the position of 

the malar prominence bilaterally and to 

measure the amount and direction of 

reduction needed (19, 20). This will help 

improve the accuracy of outcomes related to 

facial symmetry. Aesthetic reconstruction in 

trauma cases imposes adequate and 

symmetric restoration of the height of the 

malar bone and of the zygomatic arch 

contour (13).  Similar to other practitioners 

we found that the spatial reconstruction of 

the CT images brings detailed information 

that is useful in the operating room when 

performed properly. 

Although a valuable tool in the diagnosis 

and treatment planning of facial trauma, 

surgeons should be aware of the limits of the 

reconstruction related to the technical 

aspects of slice thickness and pitch. The 

quality of the 3D reconstruction depends on 

the number and thickness of the sections. 

Therefore, if the CT was not performed to 

provide detail, the reconstructed tree-

dimensional images should not be the only 

diagnostic criteria. If a high clinical 

suspicion of additional lesions is present, 

further investigations should be performed 

(21, 22). 

 

CONCLUSIONS 

We found 3D reconstruction imaging of 

real value in the accurate diagnosis of malar 

fractures, particularly in the preoperative 

planning and management of complex 

fractures. The impact of this technique on 

the practice of maxillofacial surgeons 

subsides in the high amount of information it 

provides, but mainly in the possibility to 

visualise the fracture pattern and the spatial 

relation between bone fragments from any 

angle. This leads to a positive outcome on 

the understanding of the fracture dynamics 

and means to achieve reduction and fixation, 

with increased reproducibility of results. 
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