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ABSTRACT

Introduction: Ultrasonography (USG) allows to the examination of soft tissue and osseous tissues 
in the head‑and‑neck region. This study compared the accuracy of USG and computed tomography 
(CT) scan in the diagnosis of mandibular fractures.
Materials and Methods: In this prospective observational study, spiral CT scan was prescribed 
for the lower face and, if necessary, midface and upper face in 42 trauma patients suspected of 
mandibular fractures, referring to Imam Reza Hospital in Tabriz. Two radiologists evaluated the CT 
scans. Then, another radiologist examined all the patients with USG with a frequency of 7–12 MHz. 
Ultrasonographic diagnostic results were recorded and compared with the results of the CT scan 
examinations. The results  were reported using descriptive statistical methods
Results: The specificity and sensitivity of USG were 100% and 91.1%, respectively. The USG 
sensitivities in the angle, condyle, condylar neck, and symphysis fractures were 100%, 91.6%, 85.7%, 
and 80%, respectively, and the specificity was 100% in all that anatomical regions. Among the 
confounding factors, the sensitivity of the USG (84.6%) was the lowest in the presence of hematoma; 
however, its specificity remained 100%. One case of symphysis fracture was not detected in the 
absence of any confounding factors in USG examination.
Conclusion: Although the sensitivity, specificity, and diagnostic accuracy of the USG were at high levels, 
there were some limitations, making it difficult to definitively replace USG with CT scans, especially in the 
case of condylar fractures and in the presence of confounding factors such as hematoma and swelling.
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INTRODUCTION

Maxillofacial injuries are often due to direct traumas, 
and since the mandible plays a major role in supplying 
the contour of the lower third of the face, it is more 
vulnerable to trauma and fracture.[1‑3]

Fractures are usually diagnosed through clinical 
examination and radiographic stereotypes such 

as panoramic radiography. Sometimes, diagnosis 
by clinical examination, touch, and performance 
evaluation might be inaccurate and incorrect, 
especially in cases where the fracture line is more 
distal than the patient’s dentition, or there is little 
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fracture displacement. In these cases, radiographic 
examination will be necessary.[2,4,5]

Although simple films often provide enough 
information to detect maxillofacial fractures, 
the major disadvantages of these films are 
superimposition of facial structures and creation of 
a two‑dimensional image (2D) of a 3D object. Since 
the introduction of the computed tomography (CT) 
scan in the late 1970s, these disadvantages have 
been resolved, and great advances have been made 
in the diagnosis of maxillofacial traumas, so that 
the facial structures in the coronal and axial planes, 
as well as 3D reconstruction, were provided for use 
in the treatment of facial traumas and congenital 
malformations. Hence, CT scans today are recognized 
as the diagnostic gold standard for facial fractures. 
Of course, CT scan also has some limitations and 
disadvantages such as failure to create a real‑time 
image, high cost, the need for advanced equipment, 
inaccessibility to all treatment centers, high exposure, 
and artifacts due to the presence of metal objects. 
On the other hand, CT scan requires a patient’s 
positioning, which is not possible in some cases, such 
as spinal cord injuries and patients’ noncooperation. 
In addition, the use of CT scan is limited in pregnant 
women.[4‑6] Rapid advances in technology and 
developments in computer hardware have resulted 
in the introduction of ultrasonography (USG) 
technology, which, in addition to the examination 
of soft‑tissue lesions, make it possible to examine 
the bone tissue of the head and neck.[4,7,8] Due to the 
advantages of USG such as radiation removal and the 
creation of a real‑time image, the use of this imaging 
technique has been considered as a substitute for CT 
scan and conventional radiography in the diagnosis of 
maxillofacial fractures.[4,7,8]

In a systematic review, Adeyemo and Akadiri reviewed 
17 papers related to the role of ultrasonographic 
diagnosis in maxillofacial traumas. Of the papers 
reviewed, only three articles evaluated mandibular 
fractures, with a sensitivity and specificity of about 
66%–100% and 52%–100%, respectively.[4] In a study 
by Weinberg et al., the sensitivity and specificity of 
mandibular fracture diagnosis in 11 patients were 
66% and 100%, respectively.[9] In other studies, the 
sensitivity and specificity of USG were reported to 
be 88.2% and 100% for the diagnosis of zygomatic 
fractures,[10] 73% and 92% for long bones,[9] 100% and 
100% for nasal bone,[11] respectively. Although studies 
support the use of USG instead of CT scans in the 

diagnosis of facial fractures, there are limitations that 
make it necessary to carry out new studies. One of 
these limitations is a small sample size, and the other 
limitation is the lack of consideration of confounding 
factors such as the presence of hematoma, swelling, 
and suturing of the traumatized region in previous 
studies.[4,7]

In studies conducted on mandibular fracture, only a 
few areas of the mandible have been examined, and all 
the anatomical regions of the mandible have not been 
evaluated. Furthermore, in most studies, USG has 
been compared with simple radiography, and direct 
comparison with CT scan has not been performed.[4] 
Therefore, the present study was designed to compare 
the accuracy of USG and CT scan in the diagnosis 
of fractures (with and without displacement) in all the 
anatomic regions of mandibular bone.

MATERIALS AND METHODS

This prospective observational study was conducted 
on trauma patients suspected of mandibular fracture 
referred to the Maxillofacial Surgery Clinic and 
Emergency Department of Imam Reza Hospital in 
Tabriz, Iran, from April 2017 to 2018.

Sampling
The sample size was determined at 42 samples using 
Adeyemo and Akadiri study,[4] taking into account 
the 66% sensitivity of USG and 100% of CT scan, 
α = 0.05, and a study power of 80%. The individuals 
were selected by convenient sampling and included in 
the study.

Inclusion and exclusion criteria
The inclusion criteria consisted of (1) patients aged 
between 18 and 60 years; (2) patients’ consciousness 
and responsiveness; (3) one or more of the followings: 
asymmetry in the lower third of the face, hematoma, 
ecchymosis, limited jaw movement, impaired 
occlusion, deformity during mouth opening, pain and 
tenderness in the mandible area, and paresthesia of 
the inferior alveolar nerve; and (4) patients’ trauma in 
the first 7 days.

Exclusion criteria consisted of (1) intubation; 
(2) unconsciousness of the patient; (3) Glasgow Coma 
Scale <15; (4) mental deterioration; and (5) instability 
of vital signs.

First, spiral CT scan in the coronal and axial sections 
of the lower face and, if necessary, the midface and 
upper face was administered for all the patients. These 
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stereotypes were evaluated by two radiologists who 
were unaware of the goals of the study. Diagnostic 
results of the CT scan were recorded and remained 
in a closed envelope until the end of the study. The 
intraclass correlation coefficient (ICC) was used to 
examine the interobserver reliability and intraobserver 
reliability, which was calculated about 98% and 
100%, respectively.

Then, all the patients underwent USG examinations 
by a third radiologist who was not aware of the goals 
of the study. For this purpose, the patient was in a 
supine position, and a sterile gel was used at the site 
of examination. The radiologist used a linear probe 
with frequencies of 7–12 MHz (WS80A, Korea, 2015 
Samsung) for ultrasonographic examination. The 
examination of the entire mandible was performed 
by a probe, and any bone loss or displacement 
was considered as a fracture. The ultrasonographic 
diagnostic results were recorded and kept in a closed 
envelope until the end of the study.

The ICC was used to examine the intraobserver 
reliability, which was calculated as 100%.

At the end of the study, the diagnostic results from 
CT scan and USG were recorded in a checklist and 
analyzed statistically.

Ethical considerations
All the stages of the study were explained to the 
patients, and informed consent was obtained. 
Companions of uneducated patients were asked to 
read and explain the procedures to the participants. 
The information of the patients participating in the 
study was protected based on ethical principles. This 
study was registered at the Medical Ethics Committee 
of Tabriz University of Medical Sciences under the 
code no. Ir.tbzmed.rdc.1397.476.

Statistical analysis
The results of the study were reported using descriptive 
statistical methods (mean ± standard deviation and 
frequency/percentage) using SPSS 17 (IBM Corp., 
Armonk, NY, USA). Ultrasonographic sensitivity and 
specificity, positive and negative predictive values, and 
accuracy were calculated and reported.

RESULTS

In this study, 42 patients suspected of mandibular 
fractures were studied, with a mean age of 
30.57 ± 13.67 years (29 males [69%] and 13 females 
[31%]).

A complete examination of the mandible was 
performed by USG in <10 min; patients had no 
pain or discomfort during USG, except in cases of 
extensive hematoma [Figure 1].

The results of CT scan evaluation showed that 
19 patients (45.2%) had no fractures and 23 (54.8%) 
had one or more mandibular fractures (a total of 
34 fractures). Condyle and condylar neck with 
12 cases (35.3%) and angle and body each with 
7 cases (20.6%) were the most frequent fractures.

For all the 19 patients with no fractures in CT scan 
examinations, no fracture was also reported in USG. 
In Table 1, CT scan and ultrasonographic diagnostic 
results were compared in patients with fracture. As 
shown, one fracture was missed in USG in each of 
the condylar, body, and symphysis areas.

Table 2 compares the results of the CT scan 
and ultrasonographic diagnoses in terms of the 
confounding factors. Hematoma in fractures in 
13 cases (38.2%), abrasion in 5 cases (14.7%), 
suturing of the fracture area in 3 cases (9%), and 
previous laceration in 2 cases (5.8%) were reported 
as confounding factors. One case of subcondylar 

Table 1: Frequency (percentage) comparisons of 
computed tomography scan and ultrasonographic 
results in different mandibular regions
Anatomic region Frequency (%)

Diagnostic 
results of CT

Diagnostic 
results of USG

Condyle and condylar neck 12 (35.3) 11 (32.4)
Angle 7 (20.6) 7 (20.6)
Body 7 (20.6) 6 (17.6)
Symphysis 5 (14.7) 4 (11.7)
Ramus 1 (2.93) 1 (2.93)
Coronoid process 1 (2.93) 1 (2.93)
Alveolar bone 1 (2.93) 1 (2.93)
Undiagnosed fracture 0 3 (9)
Total 34 (100) 34 (100)

CT: Computed tomography; USG: Ultrasonography

Figure 1: Computed tomography scan (a) and ultrasonography 
(b) images showing mandibular fracture.

ba
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fracture and one case of body fracture in the presence 
of hematoma were not detected in USG. One case of 
symphysis fracture was not detected in the absence of 
any confounding factor in USG.

Sensitivity, specificity, positive predictive value, 
and negative predictive value of USG are shown in 
Table 3.

DISCUSSION

An ultrasound is a form of energy that is caused by 
high‑frequency mechanical vibrations, and the human 
ear cannot hear it. USG, introduced for the first time in 
World War II, is a noninvasive diagnostic procedure, 
does not produce ionizing radiation, has no biological 
risks, and has a fast and painless application.[4,7]

In this study, like many previous studies,[4,9] USG 
specificity (100%) was significantly higher than 
its sensitivity (91.1%). The USG sensitivity in the 

angle, condyle, condylar neck, and symphysis was 
100%, 91.6%, 85.7%, and 80%, respectively, and its 
specificity was 100% in all the anatomical regions. 
Among the confounding factors, the sensitivity of 
the USG (84.6%) was the lowest in the presence of 
hematoma. However, its specificity remained 100%.

Weinberg et al. in a study on 212 children and 
adolescents under 25 years of age reported that the 
sensitivity and specificity of USG (7.5–10 MHz) to 
detect mandibular fractures were 67% and 100%, 
respectively.[9]

In a study by Nezafati et al. in 2010 on 17 patients 
with arch fractures with a 7.5 MHz USG, its 
sensitivity, specificity, and positive predictive value 
were 88.2%, 100%, and 100%, respectively, compared 
to CT scan and submentovertical radiography.[10]

Sreeram and Mandava in 2016 compared the diagnostic 
accuracy of USG and CT scan in 40 patients with 

Table 2: Frequency (percentage) comparisons of computed tomography scan and ultrasonography 
diagnostic results in terms of the presence of confounding factors
Anatomic region Confounding factors (%) No confounding 

factor (%)Suturing Hematoma Abrasion Previous laceration
CT USG CT USG CT USG CT USG CT USG

Condyle and condylar neck 1 (2.9) 1 (2.9) 4 (11.7) 3 (9) 2 (5.8) 2 (5.8) 1 (2.9) 1 (2.9) 5 (14.7) 5 (14.7)
Angle 1 (2.9) 1 (2.9) 1 (2.9) 1 (2.9) 2 (5.8) 2 (5.8) 1 (2.9) 1 (2.9) 3 (9) 3 (9)
Body 1 (2.9) 1 (2.9) 6 (17.6) 5 (14.7) 0 0 0 0 1 (2.9) 1 (2.9)
Symphysis 0 0 1 (2.9) 1 (2.9) 1 (2.9) 1 (2.9) 0 0 3 (9) 2 (5.8)
Ramus 0 0 0 0 0 0 0 0 1 (2.9) 1 (2.9)
Coronoid process 0 0 0 0 0 0 0 0 1 (2.9) 1 (2.9)
Alveolar bone 0 0 1 (2.9) 1 (2.9) 0 0 0 0 0 0
Undiagnosed fracture 0 0 0 2 (5.8) 0 0 0 0 0 1 (2.9)
Total 3 (9) 13 (38.2) 5 (14.7) 2 (5.8) 14 (41.1)

CT: Computed tomography; USG: Ultrasonography

Table 3: Ultrasonographic sensitivity, specificity, positive predictive value, negative predictive value, and 
accuracy
Confounding factors Sensitivity Specificity Positive predictive value Negative predictive value Accuracy
Suturing 100 100 100 100 100
Hematoma 84.6 100 100 90.4 93.7
Abrasion 100 100 100 100 100
Previous laceration 100 100 100 100 100
Presence of confounding factors 91.3 100 100 90.4 95.2
Absence of confounding factors 92.8 100 100 95 96.9
Anatomic area**

Condyle and condylar neck 91.6 100 100 95 96.7
Angle 100 100 100 100 100
Body 85.7 100 100 95 96.1
Symphysis 80 100 100 95 95.8
Total 91.1 100 100 86.3 94.3

**Because there was only one data source in other anatomical regions, the determination of sensitivity, the specificity, and positive and negative predictive values 
is meaningless
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different fractures in the facial bone (17 patients with 
mandibular fractures). The results showed that sensitivity, 
positive predictive value, and accuracy of USG for 
the diagnosis of 17 mandibular fractures were 94.1%, 
95%, and 94.1%, respectively. Of the 17 patients with 
mandibular fracture, fractures were correctly diagnosed 
in 16 patients. Two fractures were undiagnosed in a total 
of 40 patients. One case had a high condylar fracture, 
and one had a pure blownout/medial wall of orbit 
fracture. Because there was no real negative diagnosis 
in this study, the specificity of the diagnostic tests was 
not computed.[12] In the current study, the diagnostic 
accuracy of the USG was 94.3%, which is very close to 
the result of the above study.

Adeyemo and Akadiri in a systematic review in 2011 
evaluated 17 papers for the role of ultrasonographic 
diagnosis in maxillofacial traumas. Of the papers 
reviewed, only three papers evaluated mandibular 
fractures, with an overall sensitivity and specificity 
of about 66%–100% and 52%–100%, respectively. Of 
course, none of these three studies used CT scan, and 
USG results were compared with simple radiography 
or diagnosis during surgery.[4]

In the present study, the sensitivity and specificity of 
USG were 91.1% and 100%, respectively. In cases 
where the specificity of a test for fracture diagnosis 
is high, a positive result indicates a definite fracture 
(Rules IN). In cases where the sensitivity of the test 
for the diagnosis of fractures is high, a negative result 
indicates a nonfracture (Rules OUT).[9] Therefore, 
based on the results of the present study, which 
showed that the USG had a higher specificity, it 
can be concluded that USG is more applied to the 
mandible fractures Ruling IN than Ruling OUT.

It is important to note that with a change in the 
prevalence of a disease, there is a change in the 
sensitivity and specificity of the diagnostic method 
of the study; in this context, as the incidence of a 
disease increases, the sensitivity increases, and with a 
decrease in the prevalence of a disease, the specificity 
increases.[9,13] In the present study, the fracture rate 
(in other words, the prevalence of the disease) was 
54.8%; in the study of Weinberg et al., it was 27%,[9] 
with 100% in the study by Nezafati et al.[10] and 100% 
in the study by Sreeram and Mandava.[12] Therefore, the 
differences in the sensitivities and specificities reported 
in various studies can be justified. Another point that 
can be a factor in the different reported sensitivities is 
the impact of the ultrasonographic operator’s skill and 

experience on the reported sensitivity rate. This point 
has been mentioned in previous studies as one of the 
disadvantages of USG.[14]

The positive predictive value (part of the cases with 
positive test and suffering from the disease) and 
the negative predictive value (part of the cases with 
negative tests that are healthy) were 100% and 86.3%, 
respectively. In previous studies, only positive predictive 
value was reported, which was 100% in all the cases.[9,10]

In the present study, the presence of hematoma in the 
area caused both pain and discomfort for the patient 
during USG, and incorrect diagnosis in USG of the 
condylar region and the body. In the present study, 
the sensitivity and diagnostic accuracy of USG in the 
presence of hematoma decreased by 84.6% and 93.7%, 
respectively. In contrast, the presence of laceration, 
suturing, and abrasion had no effect on the reduction 
of USG diagnostic accuracy. Similar to the results 
of the present study, in the study by Sreeram and 
Mandava, a case with high condylar fracture was 
not observed in USG due to superimposition of the 
zygomatic arch and with the condyle head located 
inside the articular capsule in the glenoid fossa.[12]

Friedrich et al. evaluated 33 patients with condylar 
and mandibular ramus fractures with 7.5 MHz USG, 
reporting that the diagnosis of fractures, especially in the 
condylar region, was limited in the case of medial and 
lateral superimposition (curtain effect) and only the piece 
closer to the ultrasonographic probe was observable.[15]

It has also been mentioned in previous studies that the 
presence of swelling, emphysema, and tenderness in 
the trauma region causes pain and discomfort to the 
patient and might make it difficult to observe bone and 
fracture, ultimately decreasing diagnostic accuracy.[10,16] 
Sallam et al. proposed the use of an ultrasonographic 
device with frequencies below 7.5 MHz to overcome 
this problem.[16] In the current study, the frequency of 
the USG device was 7–12 MHz.

In this study, the USG process did not last for more 
than 10 min for each patient, which was much lower 
than the required time for CT scan (25 min) or routine 
radiography (15 min). If we consider the time required 
to process the film, the time taken to carry out a CT scan 
or radiographic examination will be much longer.[10]

Limitations and suggestions
In the present study, a radiologist with an experience 
of about 25 years performed all the ultrasound 
examinations. Previous studies have shown that the 
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skill and experience of radiologists directly affect 
diagnostic accuracy.[16] Therefore, it is suggested that 
in future studies, several radiologists with different 
experiences should be used and their diagnostic 
results should be compared. It is also suggested that 
before the study, a training course should be held for 
each of the radiologists to enhance their skills and 
experience, and the impact of this training course on 
the outcome of the study should be examined.

In previous studies, another application of USG was the 
evaluation of the bone regeneration process because, 
with the help of the USG, we can clearly see how the 
callus is formed.[12,14] It is suggested that in future studies, 
the use of USG should be considered for patients’ 
posttreatment follow‑up with the aim of examining 
the possibility of replacing USG with radiography for 
monitoring bone regeneration process. Researchers have 
also recommended that a higher diagnostic accuracy is 
required to scan the area in different planes and avoid 
transducer angulation when moving on the patient’s body 
as the angulations of the transducer produce a similar 
appearance to the cortical bone fracture.[14] Therefore, 
when examining angulated facial areas with USG 
such as symphysis or arches, the use of conventional 
converters can be challenging. It is suggested that in 
subsequent studies, modified transducers that match with 
the anatomy of the area should be used.

CONCLUSION

Although the sensitivity (91.1%), specificity (100%), 
and diagnostic accuracy (94.3%) of the USG were 
high in the current study, there are still concerns about 
the definitive replacement of USG with CT scan, 
especially in the case of condylar fracture and the 
presence of confounding factors such as hematoma 
and swelling. In cases where the use of a CT scan is 
limited due to reasons such as pregnancy or cervical 
vertebral injury, USG might be helpful. By reducing 
the need for patients’ exposure, cost, and time, USG 
can be useful during follow‑up period in evaluating 
the bone regeneration process or during surgery to 
determine the amount of fracture reduction.
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