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Introduction

Trauma is a significant public health problem and one of the main 

causes of death in individuals under 40, in particular. Cerebral 

hemorrhage is significant in patients with general body trauma 

in terms of both its prevalence and fatal outcomes. The etiology 

of head trauma includes traffic accidents, accidents at work, 

violence, sports injuries and falls (1). Moreover, the prevalence of 

etiological factors varies depending on societies and sociocultural 

differences. For example, motor vehicle accidents predominate in 

developing countries and violence in developed countries (1,2). 

Cerebral hemorrhage and accompanying fractures in facial bones 

are common in these patients. 

The priority is to prevent mortality due to cerebral injury, function 
impairment due to facial injuries and cosmetic problems. 
Mortality may rarely be seen and is primarily associated with 
hemorrhaging, foreign bodies and airway obstruction (3). Cranial 
computed tomography (CT) and, more rarely, magnetic resonance 
imaging are used to assess cranial trauma. Facial osseous 
structures, such as the orbital, temporal and maxillofacial bones, 
can also be assessed by cranial CT. However, cranial CT may be 
insufficient due to factors such as slice thickness, imaging angle 
and imaging area. For this reason, maxillofacial, orbital and 
temporal bone CT images are frequently employed. In this study, 
we investigated the capacity of cranial CT to identify facial bone 
fractures by using maxillofacial, orbital and temporal bone CT as 
a reference.

Abstract
Aim: This study aimed to investigate the ability of routine cranial computed tomography (CT) to detect facial bone fractures, taking the 
maxillofacial, orbital, and temporal bones CT as reference.

Materials and Methods: Patients who presented to the emergency department with head trauma and undergoing cranial CT were included 
in the study. Cases in the study group were also assessed using at least one of maxillofacial, orbital, or temporal CT.

Results: Fracture was present in 155 patients who were examined by maxillofacial, orbital, or temporal CT. Moreover, 59 patients had a single 
fracture and 96 had more than one fracture. Fractures were determined completely and accurately in 71 patients using cranial CT. Cranial 
CT successfully provided the fracture diagnosis in 48 of 96 patients with multiple fractures, but all fracture lines in these patients were not 
shown. Eleven patients were reported as having false-positive results. The effectiveness of cranial CT was presented as a sensitivity of 45.8%, 
specificity of 93.1%, positive predictive value of 86.6%, negative predictive value of 63.8%, and kappa value of 0.39. Cranial CT identified 11 
of 21 temporal, 33 of 50 nasal, 27 of 35 zygomatic, 3 of 4 occipital, 8 of 17 ethmoid, and 19 of 23 frontal bone fractures.

Conclusion: CT assists in the detection of small, non-displaced fractures at the temporal, maxillofacial, and orbital bones owing to its 
advantages such as having thin slice thickness, use of a bone algorithm, and ability to reformat images.
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Materials and Methods

The study population was selected from among patients 
presenting to the emergency department due to trauma and 
was assessed using cranial CT. Additionally, 314 patients assessed 
with at least one of a temporal bone, orbital or maxillofacial 
CT were enrolled in the study. Insufficient image quality was 
regarded as an exclusion criterion. All patients were evaluated 
by two radiologists, the first of whom reported orbital, temporal 
bone and maxillofacial CTs, while the second, blinded to those 
results, reported cranial CT. 

The temporal, orbital and maxillofacial CT results were 
adopted as a reference, and the ability of cranial CT to detect 
bone fractures was evaluated. Approval was granted by our 
hospital’s ethical committee. Furthermore, statistical analysis 
was performed using SPSS 19.0 software. Descriptive data were 
expressed as mean, standard deviation, minimum, maximum, 
percentage and frequency values. Comparisons between groups 
were performed using the Kruskal-Wallis and Mann-Whitney U 
tests for constant variables and the chi-square test for categoric 
variables. Moreover, the Cohen kappa statistical method was 
used to assess agreement between radiological methods.

Imaging Protocol

All patients were evaluated with a 4-multidetector CT scanner 
(Toshiba®Asteion TSX-021B) without intravenous or oral contrast 
media. CT imaging was performed according to the routine 
protocol employed in our hospital, with the removal of metal 
objects capable of causing artifacts, such as hair clips, earrings, 
and so on. The imaging field at maxillofacial CT comprised the 
mandible in the inferior aspect and the frontal sinus in the 
superior. The imaging protocol consisted of a slice thickness of 
2 mm, 150 mA and 120 kV. Thin-slice axial source images and 
coronal-sagittal multiplanar reformation images were evaluated 
in the bone and soft tissue algorithm.

Axial images at orbital CT were obtained parallel to the 
orbitomeatal line. The imaging protocol consisted of a slice 
thickness of 1 mm, 80 mA and 120 kV. Cranial CT was performed 
from the foramen magnum as far as the vertex at a slice 
thickness of 8 mm in the supratentorial region and 4 mm in the 
infratentorial region, and at 200 mA and 120 kV. 

Temporal bone CT was performed between the beginning of the 
mastoid air cells and the superior margin of the petrous bone, 
parallel to the infraorbital line, and in the bone algorithm. 
Parameters of a slice thickness of 1 mm, 120 kV and 150 mA 
were employed. No contrast media was used in any case during 
imaging.

Results

The mean age of the 314 patients in the study, consisting of 
91 women (29%) and 223 men (71%), was 41.15-21.19 years. 
All patients underwent at least one of a maxillofacial, orbital 
or temporal bone CT in addition to cranial CT. Fractures were 
determined in 155 patients (49.4%) upon CT examination of the 
facial bones, while 159 (50.6%) patients were normal. A single 
fracture was present in 59 of the patients with fractures, and 
multiple fractures were present in 96. Additionally, 71 patients 
with fractures were reported fully and accurately with cranial 
CT, while 36 were misdiagnosed as normal. While fractures were 
determined in 48 of the 96 multiple-fracture patients, not all 
fracture lines could be displayed. False positivity was reported 
in 11 patients. The ability of cranial CT to reveal the presence of 
fractures and reveal all fractures accurately and completely is as 
follows: sensitivity, 45.8%; specificity, 93.1%; positive predictive 
value (PPV), 86.6%; negative predictive value (NPV), 63.8%; and 
kappa value, 0.39. The effectiveness of cranial CT for facial 
fractures is presented in Table 1.

In terms of location, fractures in the temporal bone were present 
in 21 patients. This was correctly identified in 11 patients upon 
undergoing cranial CT, while false negativity was present in 10, 
and two cases were incorrectly reported as having fractures 
(Figure 1) 

Thirty-three of the 50 patients with nasal bone fractures and 27 
of the 35 with zygomatic fractures were reported correctly with 
cranial CT. False positivity in the zygomatic and nasal bones was 
present in one patient each at cranial CT. Fractures in the maxilla 
was present in 42 patients, 27 of whom were reported correctly, 
while fractures could not be shown in 15, and false positivity was 
present in three patients. Thirty patients had orbital fractures, 
which were displayed in 18 of these patients with cranial CT, 
while false positivity was present in two patients. Five of the 14 
patients with sphenoid fractures were reported correctly, while 
false negativity was present in nine and false positivity in one. 
Three of the four patients with occipital fractures (Figure 2), eight 

Table 1. The effectiveness of cranial CT in the patient with 
fracture (n=155)

Fracture (completely and accurately, n) 71

False positivity (n) 11

Sensitivity (%) 45.8

Specificity (%) 93.1

Positive predictive value (%) 86.6

Negative predictive value (%) 63.8

Kappa value 0.39

CT: Computed tomography, n: Number
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of the 17 with ethmoid fractures, and 19 of the 23 with frontal 
fractures were reported correctly. The sensitivity, specificity, PPV 
and NPV values for cranial CT fracture locations are presented in 
Table 2.

Discussion

Facial trauma and fractures are significant health problems 
resulting in economic losses due to their high incidence. Facial 
fractures are not often life-threatening, though complications 
include impairment of functions, such as sight, hearing and 
smell, and esthetic problems (3,4). The incidence of complications 
increases in high-energy trauma and complicated fractures. One 
study reported life-threatening injuries such as hemorrhagic 
shock or airway obstruction in facial trauma with an incidence 
of 6.2% (5).

The etiology of trauma varies among countries and even in 
different sociocultural regions within the same country (1). 
The mean age in the study by Shah et al. (6) was 33.7 years. 
Meanwhile, Sohns et al. (7) observed sex distributions of 36% in 
females and 64% in males. The mean age in our study was 41.15 
years, with a sex distribution of 91 females (29%) and 223 (71%) 
males, which aligns with the previous literature. Factors such as 
the use of fast vehicles, dangerous sports activities and physical 
violence affect the variation in terms of age and sex. In addition, 
given that the facial bones and paranasal sinuses are not fully 
developed in children, the small volume of their facial bones and 
the flexibility of the facial structures suggest that facial fractures 
are less common in children (8).

Since fractures were detected in only 155 of the 314 subjects who 
underwent facial CT in this study, this suggests that maxillofacial 
CT was requested unnecessarily in approximately half of the 
patients. However, fractures could be detected in only 119 of the 
155 fracture patients using cranial CT, and false positivity was 
diagnosed in 11 patients. While fractures were shown in 48 of 
the 96 patients with multifractures, not all fractures’ lines were 
detected. Cranial CT exhibited 45.8% sensitivity, 93.1% specificity 

Figure 1. Axial non-contrast cranial (a) and temporal bone CT (b). 
Axial high-resolution multi-detector CT image of the temporal 
bone reveals a fracture on the anterior wall of the external 
auditory canal

CT: Computed tomography

Figure 2. Cranial (a) and maxillofascial (b) axial CT images from 
skull base. A fracture line is present on the left occipital condyle

CT: Computed tomography

Table 2. Fracture locations and the effectiveness of cranial CT

Cranial CT results

Localization Fracture (n) Fracture Sensitivity (%) Specificity (%) PPV NPV Kappa

Nasal 50 33 66 99.6 97.1 93.9 0.75

Maxilla 42 27 64.3 98.9 90.0 94.7 0.71

Zygomatic 35 27 77.1 99.6 96.4 97.2 0.84

Orbita 30 18 60.0 99.3 90.0 95.9 0.69

Frontal 23 19 82.6 100 100 98.6 0.89

Temporal 21 11 52.4 99.3 84.6 96.7 0.62

Ethmoid 17 8 47.1 100 100 97.1 0.62

Mandible 14 2 14.3 99.7 66.7 96.1 0.22

Sphenoid 14 5 35.7 99.7 83.3 97.1 0.48

Occipital  4 3 75 100 100 99.7 0.85

CT: Computed tomography, PPV: Positive predictive value, NPV: Negative predictive value, n: Number
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and a kappa value of 0.39 for facial fractures. Therefore, these 
results indicate that cranial CT is insufficient when potential 
complications are considered. Additionally, because maxillofacial 
trauma is painful and the area of trauma is edematous, physical 
examination is insufficient and additional imaging is essential. 

The most common sites of fracture in this study were, in 
descending order, the nasal bone, maxilla, zygomatic bone and 
orbital bone. Various previous studies have reported inconsistent 
findings in terms of fracture prevalence. For example, Sohns et 
al. (7) reported that fractures in the orbito-zygomatico area and 
maxilla fractures were more common, while Hwang and You (9) 
maintained that fractures were most prevalent in the nasal bone.

The nasal bone was also the most common site in our study. 
Deformities and nasal obstructions in nasal trauma can be 
determined through physical examination. Old fractures, 
vascular structures and suture lines yield false positive results 
upon radiography, while cartilaginous injuries yield false 
negative results (10). We were unable to identify 17 of the 50 
patients with nasal fractures using cranial CT. The slice thickness 
affects the inability to identify nasal fractures, even though the 
nasal bone enters the imaging field.

Twenty-seven of the 42 patients with maxillary fractures and 
two of the 12 patients with mandibular fractures were reported 
correctly with cranial CT. The numbers of patients diagnosed with 
false positive fractures in these two sites at cranial CT were three 
and one, respectively. All the mandibular fractures could not 
be identified, and 8 of the 15 maxillary fractures were outside 
the cranial CT imaging field. Indirect findings, such as fluid 
inside the sinus or the presence of air contiguous to the sinus 
are suggestive of fractures, particularly in fractures affecting the 
maxillary sinus. Therefore, fractures involving the maxillary sinus 
are frequently accurately identified. Shah et al. (6) investigated 
the efficacy of three-dimensional computed tomography in the 
diagnosis of maxillofacial fractures. They compared their study 
findings with those of Baek et al. (11) and attributed the resulting 
discrepancies in the determination of undisplaced fractures 
to slice thickness (6). We were unable to identify seven of the 
maxillary fractures, though inside the cranial CT imaging field, 
these were undisplaced in character. This supports the assertion 
of Shah et al. (6).

Orbital trauma is frequently accompanied by multiple organ 
trauma. The second most common form of fractures, after blunt 
orbital fractures, is “blow-out” fractures. Compression fractures 
may be observed in the lamina papyracea that constitutes 
the medial wall of the orbit. Injuries to the dura occasionally 
accompany orbital roof fractures (12). Ophthalmological 
evaluation is limited by the presence of soft tissue swelling and 

pain. Radiological imaging is particularly important for diagnosis, 
and the gold standard imaging technique is orbital CT. A slice 
thickness (0.5-1.25 mm) and the presence of coronal and sagittal 
reformatted images in additional to axial plane images increase 
the diagnostic effectiveness. Kim et al. (13) compared orbital 
fractures in young and elderly patient groups. They reported that 
medial wall fractures were common in the non-elderly group, 
while lateral wall fractures were common in the elderly group. 
Eighteen of the 30 orbital fractures and 27 of the zygomatic 
fractures (n=35) in our study were reported correctly at cranial 
CT. Coronal and sagittal reformatted images at orbital CT were 
particularly helpful in revealing fractures within the orbital floor 
and roof. Small compression fractures in the lamina papyracea 
that could not be revealed at cranial CT were identified with 1 
mm thin slices at orbital CT.

Nineteen of the 23 patients with frontal fractures and three of the 
four patients with occipital fractures were shown correctly with 
cranial CT. The occipital fractures that could not be detected had 
nondisplaced character in the craniocervical junction. Similarly, 
non-detected frontal fractures were small and undisplaced. The 
temporal bone is one of the strongest bones, and fractures occur 
with severe trauma. Fractures are more common in cavities 
through which large vessels and nerves pass and in weak points 
containing mastoid cells. Fractures in the temporal bone are 
known to occur in 14-22% of patients with skull fractures (14,15). 
Radiography and conventional tomography are insufficient for 
evaluation. Only half of the temporal bone fractures are reported 
to be capable of detection using cranial CT (16). Fractures can 
be detected to a significant extent with high resolution CT with 
a slice thickness of 1 mm and a bone algorithm. Additionally, 
transverse fractures can be  identified more easily in sagittal 
images and longitudinal ones on coronal images (17). In our 
study, 52.3% of temporal fractures were identified correctly and 
fully with cranial CT, which aligns with the literature.

Study Limitations

This study had some limitations. In particular, the 4-detector 
tomography device used served as a leading limitation. We 
believe that that reliability could be increased in similar studies 
with new-generation multi-detector computed tomography 
devices.

Conclusion

Fractures in the body of the maxilla and mandible cannot be 
detected at cranial CT, since they lie outside the imaging field. 
Temporal, maxillofacial and orbital CT offer many advantages 
in the detection of small undisplaced fractures, including a thin 
slice thickness, bone algorithm and reformatted image.
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