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ABSTRACT

Background:-Maxillofacial fractures occur most frequently as an after effect of trauma. Initially
during first century, diagnosis of fracture was carried out using conventional radiographs
but it has certain shortcomings which includes high radiation exposure, difficulty in detecting
hair line & non dislocated fractures due to anatomical superimposition from the para-nasal
air sinuses obscuring the visibility of underlying anatomical structures. At the time of this
study the literature was focused more about isolated facial fracture and less about complete
comprehensive evaluation of maxillofacial fractures using USG. A radiological confirmation
is necessary because missed or incorrectly managed cases may encounter serious consequences.
The most common causes of these fractures are road traffic accidents. The etiology and incidence
of these fractures vary in different countries. The nasal bone being the most prominent bone
is often prone to fracture (39% of maxillofacial fractures). The mandible and zygomatico-
maxillary complex play an essential role in facial contour and mastication. A fracture in this area
can affect facial appearance, function, and quality of life. To restore aesthetics, function, and
quality of life, it is essential to completely diagnose these fractures for effective management.
Thus we aim to add on more facts to the preexisting context which may further help to utilize
ultrasonography as a first line diagnostic tool in detecting various maxillofacial fractures.
Materials & Methods:-Thirty four patients who presented with clinical signs & symptoms
suggestive of maxillofacial fractures having computed tomography ( GE Revolution 16 slice,
1.25mm slices) & conventional radiographs( GENORAY PAPAYA Plus DP-1S )done as a standard
protocol for management of maxillofacial fractures were included in this study. These patients
were subjected to ultrasonographic ( VOLUSON 730 PRO )examination using 5-7 MHz frequency
linear probe by an experienced sonologist who was blinded to the findings of computed
tomography and conventional radiographs. Assessment was carried out in real time. The findings
of conventional radiographs & ultrasonography were then correlated with findings on computed
tomography. In this study computed tomography was taken as the gold standard & sample
size estimation done with “two tailed test’ in EPI INFO SOFTWEAR

Results:-The data analysis was performed by diagnostic & sensitivity test. Inferentional statistics
was performed using EPI INFO 1.1.1.14. In this study ultrasonography shows sensitivity 86.20%,
specificity 100%, positive predictive value (PPV) 100%, negative predictive value (NPV) 20.00%,
accuracy of 86.66% in detecting maxillofacial fractures. When correlating the fracture detected by
computed tomography & ultrasonography the results were highly significant with P = 0.001893.

Conventional radiographs shows sensitivity 50.57%, specificity 66.66%, PPV 97.77%, NPV
4.44%, accuracy of 51.11% in detecting maxillofacial fractures. When correlating fractures
detected by USG & CR the results are significant with P = 0.00467.

Conclusion:-In the present study ultrasonography has shown better accuracy than conventional
radiographs in diagnosing maxillofacial fractures. Though CT scan is the gold standard, we
had observed that USG is equal to CT scan in diagnosing most of the superficial fractures.
Hence with the availability of well experienced sonologist and high resolution transducer
USG can be considered as the first line diagnostic procedure in suspected maxillofacial fractures.
Keywords:-Computed tomography, Ultrasonography, Conventional radiographs, Maxillofacial

fractures
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INTRODUCTION

Maxillofacial fractures occur most frequently
as an after effect of trauma’. Initially during first
century, diagnosis of fracture was carried out
using conventional radiographs but it has certain
shortcomings which includes high radiation
exposure, difficulty in detecting hair line &
non dislocated fractures due to anatomical
superimposition from the paranasal air sinuses
obscuring the visibility of underlying anatomical
structures®?. Real time visualization is impractical
which requires digital technology for hard copy
images®. After the advent of CT scan in 1970
& 1980 by Godfrey Hounsfield & Allan M Mc
Cormack it was accepted as a gold standard
imaging method in the diagnosis of maxillofacial
fractures'®. However it had limited access within
the rural area, carries a high risk of developing
cataract & thyroid carcinoma due to close
proximity & high radiation exposure®. It is not
advisory to be used in pregnant women,
children & claustrophobic patients’. Conversely
MRI gives information pertaining more about
soft tissue than that of the underlying bony
architecture®. Precedently USG was used to
detect pathology in head & neck region but
its use in detecting fractures of large bone like
skull, clavicle & ribs had been reported®°.
After a remarkable progress made by Ord et
al in 1891 where he used ultrasonography for
detecting orbital fractures had made us more
inquisitive for developing a less invasive &
available method in

readily detecting

maxillofacial fractures”'". Time needed for
USG examination is shorter i.e. 10 min in
contrast to CT & CR which is 25 min & 15 min
respectively>'?. At the time of this study the
literature was focused more about isolated facial
fracture and less about complete comprehensive

evaluation of maxillofacial fractures using

USG. Thus we aim to add on more facts to the
preexisting context which may further help to
utilize ultrasonography as a first line diagnostic

tool in detecting various maxillofacial fractures.
Aim:

The present study was designed to evaluate
the diagnostic value of ultrasonography in

maxillofacial fractures.

Objectives:

To observe and record the maxillofacial
fracture using ultrasonography, conventional
radiograph and correlated with computer

tomography.

To assess the specificity, sensitivity, positive
predictive value, negative predictive value of
ultrasonography & conventional radiographs

in determining maxillofacial fractures.

MATERIAL & METHODS

The present prospective study was conducted
for over a period of 18 months including 34
patients (05 Female and 29 Male ) at age range
(14 to 40), mean age of the patients were
34.14% with maxillofacial fractures having CT
scan & conventional radiographs done as a
standard protocol for management of
maxillofacial fractures. Intensive care patients,
patients with penetrating globe injury, severe
head injury & systemic illness were excluded
from the study. CT scan was used as a reference
method to evaluate the diagnostic value of
USG in determining maxillofacial fracture.
Informed consent was taken prior to examination.
Ultrasonography was performed by an
experienced radiologist who was blinded to
the finding of CT scan & conventional radiograph

using ultrasound machine (VOLUSON 730
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PRO) & linear transducer with frequency of
adjusted to 7MHz for

examination of superficial structures whereas

transducer was

it was reduced to 5SMHz for deeper structure.
Close eye technique was used to detect orbital
floor fractures. Images were best obtained
from the lateral canthus, with the ultrasound
beam in the coronal plane, angled caudally to
intersect the orbital floor. To inspect infraorbital
rim and anterior orbital floor fractures transducer
was placed at the infraorbital rim, to investigate
central & posterior orbital floor transducer was
positioned on the supraorbital rim. To examine
zygomatic arch fracture the transducer was
positioned over, and longitudinal to the surface
of the zygomatic arch. In case of nasal bone
fractures, assessment of nasal dorsum was
done by probing in sagittal & axial planes. To
probe lateral wall of the nasal bone probe was
positioned in an oblique manner. For condylar
fracture the probe was placed along the
imaginary line passing through the condyle,
condylar neck & ramus. The findings of USG &
CR were than correlated with the findings of
CT scan. The results were analyzed by various
statistical testing methods (for sensitivity,
specificity, positive and negative predictive

value, and accuracy).

RESULTS

The present study consists of 34 subjects out
of which 29 were males & 5 were females. The

mean age of the patients was 34.14%. The
cause of injury in all cases was assault, road
traffic accident or self fall. All cases were
managed by open reduction internal fixation
or by close reduction. None of the patients
reported discomfort during examination using
ultrasonography. In this study CT scan was
taken as the reference method. The findings
on USG & CR were correlated with the findings
on CT scan. Data analysis was performed
using diagnostic & sensitivity test. Inferential
statistics was performed by using EPI INFO
1.1.1.14. There were total of 90 fractures of
which CT scan was able to detect 87(96.66%)
fractures with negative of 3(3.33%). USG was
able to detect 75(83.33%) fractures with
negative of 15(16.67%). Whereas CR was able
to detect 45(50%) fractures with negative of
45(50%) (table 1). On correlating the fractures
detected by CT & USG the results were highly
significant with P = 0.001893. While taking CT
scan as the diagnostic tool USG showed
sensitivity of 86.20%, specificity of 100%, PPV
of 100%, NPV of 20.00%, accuracy of 86.66%
(table 2). When correlating fractures detected
by USG & CR the results were significant with
P = 0.00467. While taking CT scan as the
diagnostic tool CR showed sensitivity of
50.57%, specificity of 66.66%, PPV of 97.77%,
NPV of 4.44% & accuracy of 51.11% in detecting
maxillofacial fractures (table 3).

Table 1: Depicting frequency of fractures detected by CR

Fractures Detected by CR | Frequency | Percent Cum. Confidence limit
Percent
Yes 45 50.00% 50.00% 39.27% - 60.73%
No 45 50.00% 100.00% 39.27% - 60.73%
Total 90 100.00%
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Table 2: Taking CT scan as Diagnostic tool USG test variables are as follows

Sensitivity of USG 86.20%
Specificity of USG 100.00%
PPV of USG 100.00%
NPV of USG 20.00%
Accuracy of USG 86.66%

Table 3: Taking CT scan as Diagnostic tool CR test variables are as follows

Sensitivity of CR 50.57%
Specificity of CR 66.66%
PPV of CR 97.77%
NPV of CR 4.44%
Accuracy of CR 51.11%
DISCUSSION tissue entrapments within the fracture line,

Maxillofacial trauma contributes a highly
significant health hazards across the globe, of
which RTS heads the lists followed by assault,
sports, occupational injury & fall’®. Hence its
accurate diagnosis is the major cause of
concern for any maxillofacial surgeon. The
newest trend in radiology is to give more
ethical treatment with less radiation hazard to
the patient based on ALARA (as low as
reasonably achievable) is gaining popularity™.
Ultrasonography is a least invasive procedure
among other imaging modalities. It utilizes high
frequency sound waves to produce images of
internal structures. It can not only detect

discrepancy within the bone but also soft

edema, emphysema, callus formation can also
be well appreciated which helps to differentiate
between old & new fractures’. It can be used to
assist the reduction of fractures intraoperatively™.
In previous studies, linear transducer with
frequency ranging from 5 MHz to 30 MHz was
used in maxillofacial region. Curved array
transducer of frequency 7.5 MHz was used for
the diagnosis of orbital fractures. In our study
we have used a linear transducer with frequency
ranging from 5 to 7 MHz, where in most of the
cases the frequency was adjusted to 7 MHz for
examination of superficial structures and it
was reduced to 5 MHz to visualize deeper

structures.
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In the present study we were able to detect
83.33% of fractures with negative of 16.67%
using ultrasonography. Hence ultrasound prove
to be a reliable first line imaging modalities for
the investigation of suspected midface fracture
in daily clinical practice’™. Fractures not
determined by ultrasonography mostly included
fracture of postero-lateral wall of antrum,
posterior wall of antrum, orbital floor and medial
wall of orbit, all these anatomical structures
are oriented at the deeper level in relation to
that of the skin surface, whereas other fractures
in proximity to the skin was detected without
any difficulty. Many studies were conducted
to evaluate the efficiency of ultrasonography
in detecting nasal bone fracture, Afshin
Mohammed reported sensitivity of 97%,
specificity of 100% with high resolution
ultrasonography ( HRUS ) in comparison with
clinical examination. While sensitivity, specificity
of HRUS when compared with CT scan was
100%, 91% in detecting nasal bone fractures'.
Thiede et al reported that ultrasonography
was statistically superior with P = .04 to
radiograph in detecting lateral wall of nasal
bone fracture. Whereas radiograph were
with P = .01 to

ultrasonography in detecting nasal dorsum

statistically superior
frature. There was no statistical difference
between radiography and ultrasonography ( P
= .91 ) in the diagnosis of nasal pyramid
fracture™. In this study there were 3 cases of
nasal bone fracture out of which all 3 fractures
were detected by using linear probe of
frequency of 5-7 MHz. Advantages of using high
resolution ultrasonography over conventional
radiography is that, it can detect trauma to the
nasal cartilage portion of nose. It is useful
intraoperative in reduction of nasal bone
fractures. The present study carries few

limitations, inability to differentiate complex
fractures like lefort, panfacial as we were not
able to view extension & pattern of fracture,
identification of intracapsular condylar fracture
was difficult'”. Hence experienced sonologist
plays an important role in the diagnosis. We
have discussed a few cases of different facial
bone fracture detected on USG scan. Figure
1-AUSG showing left parasymphsis fracture,
Figure 1-B: USG showing right angle of
mandible fracture, Figure 1-C: USG showing
left sub-condylar fracture, Figure 2-A: USG
showing nasal bone fracture, Figure 2-B: USG
showing right anterior maxillary antrum wall
fracture, Figure 2-C: USG showing right frontal
bone fracture, Figure 3-A: USG showing left
zygomatic arch fracture, Figure3-B: USG showing
right supraorbital rim fracture, Figure 3-C:
USG showing right infraorbital rim fracture,
Figure 3-D: USG showing right lateral wall of
orbit fracture. Thus with this our views are in
agreement with Adeyemo that to diagnose
complex maxillofacial fractures or panfacial
fractures, use of CT scan is obligatory®. In
present study we had used a regular linear
probe which was another drawback as it had
poor adaptation to the facial topography and
limits the diagnostic ability which could had
been overcome by using curvilinear & small size

probe specially designed to suit maxillofacial
topography.
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Figure 1A: USG showing left
parasymphsis fracture
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Figure 2A: USG showing nasal
bone fracture

SPB-125MP

3.50m 1 19H; Is 1 2,

T3 shakar Ml 12 SSMC, TUMKUR

100-16.02-26-1

nasall boxel

Figure 3A: USG showing

left zygomatic arch fracture
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Figure 1B: USG showing right

angle of mandible fracture
SP6A2SMP NI 12 SSMC, TUMKUR
3.5cm 19z Tis 04 05.00.2015 025342

THYROIC 1

Har-mid)
Pur 100

rt anglef

Figure 2B: USG showing right anterior

maxillary antrum wall fracture
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Figure 3C: USG showing
right infraorbital rim fracture
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Figure 1C: USG showing left

sub-condylar fracture
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Figure 2C: USG showing right
frontal bone fracture
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Figure 3D: USG showing right
lateral wall of orbit fracture
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CONCLUSION Conflict of Interest Statement:

Accurate assessment of facial fractures is very
important as it aids the maxillofacial surgeon
to shape the treatment plan prior to surgery.
With this present study we would conclude
that ultrasonography can be used as an
adjunctive to the clinical examination in case
of doubt where we can avoid use of other
diagnostic aid with high ionizing radiation. It
can also be used intraoperatively to assess the
reduction of fractures which lessen the radiation
exposure. But in complex cases with head
injury where it is more preferable to take a CT
scan as it may be give an overview of both a
head injury as well as other maxillofacial

fractures.
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