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ABSTRACT
Introduction: The nose is a prominent structure in the midline of the face and has functional and cosmetic roles.
It is important that nasal bone fractures be properly diagnosed and adequately treated; therefore, an accurate
diagnostic method is necessary. The aim of this study was to evaluate the accuracy of ultrasonography in the
diagnosis of nasal bone fractures.
Methods: Fifteen patients (10 men and 5 women) with mid-facial traumas were evaluated. All the patients had
CT scans with coronal and axial sections from mid-facial region, and their CT results had shown unilateral nasal
fracture. All the patients underwent bilateral ultrasonography examinations with a 13-MHz surface
probe(Samsung Madison Ultrasonic System, Model Accuvix 20, South Korea). The sonograms were compared
with CT findings to evaluate the sensitivity and specificity of ultrasonography in detecting nasal bone fractures.
Results: Based on CT findings a unilateral nasal bone fracture was diagnosed in all the 15 patients (8 right side
unilateral fractures and 7 left side unilateral fractures); ultrasonography diagnosed the fractured and non-fractured
bone sides in all the patients. By considering CT as the gold standard, the sensitivity and specificity of
ultrasonography in assessing nasal bone fractures, in comparison with CT, was 100%.
Conclusion: According to the results of this study, ultrasonography is a reliable method for the diagnosis of nasal
bone fractures and can be used as an alternative primary technique in the diagnosis of nasal bone fractures.
Key words: Nasal bone, CT scan, ultrasonography, fracture, gold standard.

[I] INTRODUCTION
The nose is a central prominent structure on the
face, which has functional and cosmetic roles.
From a functional aspect, in normal state the
nose is an air gate for breathing and from human
body anatomical aspect, the nose is formed from
a collection of hard bony structures and flexible
cartilaginous structures (1,2). Because of the
prominent position of the nose in the midface,
less energy is required to fracture the nasal
complex; as a result, nasal bone fractures are

very common in patients with maxillofacial
injuries (3). This fracture accounts for 39% of
maxillofacial bone fractures and is more
common in males than in females with a 2:1
ratio (4,5).Nasal bone fracture is common in
15‒25-year-olds, but after 60 years of age, it has
the second peak of prevalence (6). In general,
young people are more susceptible to fractures
and displacement, but in old people,
comminuted fractures without displacement are
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more common. Nearly 80% of nasal bone
fractures occur between the middle third and the
inferior third of the nose (4,7,8). Nasal bone
fractures are generally considered minor
injuries, Patients usually present with some
combination
of
epistaxis,
ecchymosis,
deformity, tenderness, edema, instability, and
crepitation; however, these features
may not always be present and these symptoms
and signs are often transient (9).The treatment of
nasal fracture follows the general principles of
fracture treatment plan, i.e. reduction and
replacement of fractured parts in anatomical
position without movement in the fixed-state
period. If nasal fracture is not treated correctly
in relation to bony structures or nasal septum, it
may result in nasal deformities and functional
problems of the nasal cavity. Therefore, timely
treatment of nasal fractures prevents scarring
and soft tissue changes to avoid the need for
secondary septoplasty or rhinoplasty(9).
It is important that nasal bone fractures be
properly diagnosed and adequately treated;
therefore, an accurate diagnostic method is
necessary.Clinical examinations are considered
standard procedures in the diagnosis of nasal
fractures but sometimes hematoma and edema
of adjacent tissues can mask underlying nasal
deformity, crepitation and instability, making it
difficult to diagnose the fracture (10,11).
Conventional radiographs (Waters and lateral
nasal view) are also routine radiographic
examinations for traumas to the nose; they might
be important from medical/legal point of view
but they give us little additional information and
they are not very accurate. Exact determination
of fractured side is difficult on conventional
radiographs due to superimposition (15,16). CT
has been considered a gold standard procedure
for diagnosing complex facial fractures,
especially mid-facial fractures (17,19,25).
Therefore, CT examination is indicated when
Naso-orbital-ethmoid(NOE)or
other
facial
fractures are suspected in combination with
nasal fractures (12‒14).However, CT techniques
are expensive, are not available easily and have
a high patient radiation exposure dose; therefore,
it is not suitable for pregnant women and
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children. In addition, because of proximity of
the eyes and the thyroid gland, there is an
increased risk for cataract and thyroid carcinoma
and these considerations do not justify their use
in diagnosing isolated nasal fractures (20,21).
As a result, it is necessary to find an appropriate
alternative
diagnostic
technique.
Ultrasonography is a non-invasive and
inexpensive technique. The use of ultrasound in
the diagnosis and management of facial trauma
in different parts such as nasal bone (17,22,23),
orbital floor (18,24), anteriorwall of thefrontal
sinus (17) and zygomatic fractures (19,25) has
been reported previously. The aim of this study
was to evaluate the accuracy (sensitivity and
specificity) of ultrasonography in the diagnosis
of nasal bone fractures as an alternative
diagnostic technique.
[II] MATERIALS AND METHODS
This is a single-blind cross-sectional study
which included 15 patients (10 men and 5
women) with mid-facial traumas, referred to the
Department of Oral and Maxillofacial Surgery
Department,
Alzahra
Hospital,
Esfahan
University of Medical Sciences, Esfahan, Iran.
All the patients had CT scans with coronal and
axial sections from the mid-facial region, and
their CT results had shown unilateral nasal
fracture. In the present study, all the patients
were alert and from clinical aspect were stable.
Those with severe abrasion which prevented the
proper use of an ultrasonographic probe, or
patients who did not want to collaborate were
excluded from the study.
The study process was explained to all the
patients and written informed consent was taken.
Then the patients were referred to the Radiology
Center. All the patients underwent bilateral nasal
ultrasonography by using a small linear 13-MHz
surface probe (Samsung Madison Ultrasonic
System, Model Accuvix 20, South Korea). All
the sonography procedures were performed by
an experienced radiologist who was blinded to
CT findings. The patients were examined in the
supine position to achieve the views required to
evaluate the right and left sides of the nose
(Figure 1).
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Figure 1. The positions of the probe: (a) right side; (b) nasofrontal suture; (c) left side.

A layer of ultrasonic gel (Primax, Germany) was
placed on transducer probe and then the probe
was placed parallel to the nasal bone on the right
and left sides and also on the nasofrontal suture
for a complete examination (Figure 1). Any
interruption in the continuity and displacement
of the nasal bone was diagnosed as a nasal
fracture.The average time of ultrasonography
examination for each patient was about 5
minutes. In this study there was less than a 10day interval between the incidence of trauma
and the ultrasound examination.
The data obtained from ultrasound examinations
were recorded and compared with the CT
findings to evaluate sensitivity and specificity of
ultrasonography.
Statistical
formula
for
sensitivity and specificitywere used in order to
analyze data with SPSS 20. The significance
level was α=0.05.

[III] RESULTS
In this study, 15 patients including 10 men
(66.7%) and 5 women (33.3%) with a mean age
of 29.6 years were evaluated. The cause of
injuries were car and motorcycle accidents.
Based on CT findings a unilateral nasal bone
fracture was diagnosed in all the 15 patients (8
right side unilateral fractures and 7 left side
unilateral fractures); 12 patients had simple
unilateral fractures and 3 had comminuted
unilateral fractures. Ultrasonography diagnosed
the fractured bone sides in all the patients.
On the non-fractured bone sides, ultrasound
images were always concordant with CT
findings. Figure 2 shows the CT (a) and
sonogram (b and c) of a case with nasal bone
fracture on the right side, and ultrasonography
detected fractured and non-fractured sides
correctly. Therefore, there were no false
negative and false positive results.

Figure 2. (a) The coronal CT section and sonograms (b and c) of a right side unilateral nasal bone fracture. (b)
Fractured right side that is shown with an arrow; (c) non-fractured left side.

Mozhdeh Mehdizadeh, et al.

749

Evaluation the Accuracy of Ultrasonography in the Diagnosis of Nasal Bone Fractures

The frequency distributions of patients with fractured nasal bones in relation to fractured side on CT
and ultrasonography images are shown in Table 3.
In this study, by considering CT a gold standard, the sensitivity and specificity of ultrasonography
images in assessing nasal bone fractures in comparison with CT were 100%.
Table 1. The frequency distributions of patients with fractured nasal bones in relation to fractured side on CT and
ultrasonography images
Diagnostic
Number of patients with right
Number of patients with left
Total number
of
technique
side nasal bone fracture
side nasal bone fracture
fractured nasal bone
CT scan

8

7

15

Ultrasonography

8

7

15

[IV] DISCUSSION
Because the sensitivity of conventional
radiography in determination of nasal fractures
is low, it will be usually done by clinical
examination. The sensitivity of lateral and
Waters views in determination of nasal fractures
has been reported to be 75% and they do not
show fracture lines very well ( 23,26).
The contrast of CT scan is appropriate and the
resolution is high; therefore, it can show soft and
hard tissues well and it is not dependent on the
operator. The main disadvantages of CT are
high radiation exposure, high cost and low
availability (23). The use of CT scan to diagnose
simple and single fractures is very expensive
and time-consuming (27). Our goal in this study
was to introduce a non-invasive and suitable
technique that can reduce x-ray radiation
exposure and other related problems of the other
technique.In recent years, ultrasonography has
been introduced as an alternative technique in
the diagnosis of maxillofacial fractures. This
method is easy, fast, cheap and non-invasive
(17,23,25). Some studies have shown that
ultrasonography can determine fracture lines
measuring 0.1 mm in size (4). To date, only a
limited number of studies have been carried out
to estimate the accuracy of ultrasonography in
determination of nasal bone fractures.A study by
Hong et al showed that ultrasonography images
can diagnose all the nasal fractures correctly; the
authors suggested that ultrasonography can be
used as an initial diagnostic technique for nasal
fracture detection in children (27).Results
reported by Lee et al showed that the accuracy
of ultrasonography is more than that of CT
images in the diagnosis of nasal fractures. In this
study, the accuracy of ultrasound images, CT
Mozhdeh Mehdizadeh, et al.

and conventional radiography were reported to
be 100%, 92.1% and 78.6%, respectively
(28).The results of a study by Javad Rashid et al
on patients suspected of nasal fractures did not
show significant differences between CT images
and ultrasound. In this study, the sensitivity and
specificity of ultrasonography were reported to
be 94.9% and 100%, respectively, in comparison
with CT (29).Mohammadi et al evaluated the
sensitivity and specificity of ultrasonography in
comparison with clinical examination and CT in
the diagnosis of nasal bone fractures. Sensitivity
and specificity of ultrasonography in
comparison with clinical examination in this
study were 97% and 100%, respectively, and in
comparison with CT they were 100% and 91%,
respectively (30).In the present study, the
sensitivity and specificity of ultrasonography in
comparison with CT images were 100%.
Therefore, the results of this study are consistent
with those reported by Lee et al and Hong et al.
However, the results of the present study are a
little different from those reported by
Mohammadi et al and Javad Rashid et al. The
causes of this little difference might be
differences in study subjects, type of fracture,
number of samples, differences in the type of
device and frequency of ultrasound probe. In
this study, only patients with unilateral nasal
bone fracture, who had CT scans with axial and
coronal sections from mid-facial region, were
included.
Inclusion of patients without fractures and
without clinical signs and symptoms as a healthy
group might be problematic because lack of
clinical signs may affect the diagnosis and the
results of the study; therefore, the non-fractured
nasal bone on the other side of each patient was
750
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examined as a control in this study. In addition,
all the ultrasonography examinations were
carried out in less than 10 days after trauma.
There were no significant differences between
reaction of patients when the probe was placed
on the traumatized area, and all the patients
reported that ultrasound examination was a
process without pain. In the present study, the
sensitivity and specificity of ultrasound in
comparison with CT was evaluated and
ultrasonography diagnosed all the fractures
equal to CT scan. Therefore, ultrasonography
can be used as a reliable method in
determination of nasal fractures. However,
contrary to the results reported by Javad Rashid
et al and Mohammadi et al, in the present study
ultrasound diagnosed all the fractures.
In the study by Javad Rashid et al, an ultrasound
probe was used with a frequency of 7.5 MHz
and Mohammadi et al used a probe with a
frequency 10
MHz.
In this
study,
ultrasonograms were obtained with a highfrequency transducer (13 MHz) and with a highresolution scanner, which made it possible to
determine fractures with accuracy of 0.1 mm.
According to the results of this study,
ultrasonography is an accurate diagnostic
method in detecting nasal bone fractures and by
considering the advantages of ultrasonography
such as no radiation exposure, availability and
ease of use, it can be used as a first line of
diagnostic imaging, especially in children and
pregnant women and non-cooperative patients.
In addition, it is an alternative for conventional
radiography in determination of nasal bone
fractures.However, by considering previous
studies and to achieve acceptable results from
ultrasonography, further studies are needed to
evaluate the accuracy of this method in the
diagnosis of nasal bone fractures.
[V] CONCLUSION
In the present study the accuracy of
ultrasonography (sensitivity and specificity) in
detecting fracture lines in comparison with CT
was 100%. According to the results of this study
and prior studies, ultrasonography is a reliable
method for the diagnosis of nasal bone fractures
and can be used as an alternative primary
technique in the diagnosis of nasal bone
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fractures, especially in pregnant women and
children because of the advantage of the absence
of ionizing radiation. In addition, intra- and
post-operative evaluation of repositioning of
nasal
bone
can
be
performed
by
ultrasonography.
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