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Background: Ultrasonography can show local and superficial fractures of the nasal
bone. However, it is difficult to see the whole nasal bone. We used water as the
coupling medium for ultrasonography.

Methods: This method was used in 76 nasal bone fracture cases from July 2011 to
March 2013, and we could obtain clear images of the entire nasal bone and sur-
rounding bones. However, in some images, there were artifacts and blurred areas.
The patterns of blurring were classified and their causes were analyzed.

Results: The 6 patterns of artifacts and blurred images were (1) Blurred side wall of
the nasal bone in 68 cases, (2) air bubbles in the water in 68 cases, (3) unclear deep
portions by attenuation in 23 cases, (4) distorted images caused by shaking of the
probe in 44 cases, (5) parallel shadows due to multiple reflections in 18 cases, and
(6) mysterious shadows caused by side lobes of the ultrasound beams in 55 cases.
Almost all of them could be avoided by adding some small changes of techniques.
Conclusions: Our methods can provide whole clear images of the nasal bone and
surrounding bones in 1 field. Almost all the artifacts and blurred images which oc-
curred during the performance of our methods could be avoided by adding some
small changes, for example, tilting the probe, pouring the water slowly, and mov-
ing the probe closer to the nose. (Plast Reconstr Surg Glob Open 2017;5:e1350; doi:

10.1097/GOX.0000000000001350; Published online 30 May 2017.)

INTRODUCTION

For the diagnosis of facial bone fractures, ultrasonog-
raphy has been reported to be reliable.'~ Ultrasound is a
noninvasive imaging technique without risk of radiation
exposure. Ultrasonography can be used as an accurate
technique for evaluating nasal bone fractures, and it can
replace conventional radiography.® It is more accurate
than computed tomography (CT) in nasal fractures.*” In
children, sonography can be a primary diagnostic tech-
nique for evaluating nasal fracture without radiation,
and it provides various imaging planes without change of
position.® The use of ultrasonography-assisted closed re-
duction has been reported in the treatment of nasal bone
fracture.”® Ultrasonography can demonstrate local and
superficial fractures of the nasal bone.
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However, it is difficult to see the whole nasal bone and the
neighboring facial bones because the probe cannot be ap-
plied to the complicated three-dimensional structure of the
nose. Various media are used to solve the problem."'? We
used saline as the coupling medium for ultrasonography in
nasal bone fracture.” Clear whole images of the nasal bone
could be obtained because the attenuation index of water is
the lowest among the various media (Table 1), and the absorp-
tion of ultrasound signals is lowest. Because it is not necessary
for the probe to contact the nose, we can use the probe safely
even after reduction of the nasal fracture. And water conforms
to the contours of the nose perfectly, leaving no gaps.

Our methods have been used in many patients, but in
some cases, the images were unsatisfactory for the diagno-
sis and evaluation of reduction in nasal bone fractures. To
refine and establish this new method, we examined many
images, classified them as clear or artifact and blurred im-
age, and analyzed the causes of artifacts and blurring. The
purpose of this study was to decide the best way to obtain
the clearest image in ultrasonography of nasal bone frac-
tures using water as the coupling medium.

PATIENTS AND METHODS
Ultrasonography with the use of water as coupling
medium was performed in 76 patients with nasal bone
fracture diagnosed by CT at Chikamori Hospital from July

Disclosure: The authors have no financial interest to
declare in relation to the content of this article. The Article
Processing Charge was paid by the authors.

www.PRSGlobalOpen.com 1


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

Table 1. Attenuation Index of Various Media

Medium Attenuation Index (dB/cm/MHz)
Water (20°C) 0.002
Sonagel (coupling medium, 0.05
Takiron)
Blood 0.2
Fatty tissue 0.6
Liver 0.9
Brain 0.9
Muscle 2.3
Air 12.3
Bone 13.0

2011 to March 2013 and at Osaka Medical College from
April 2013 to December 2015 (Table 2). The average age
of the 49 men and 27 women was 30 years, ranging from 6
to 78 years. In 54 patients, the diagnosis was crooked nose,
in 4 it was saddle nose, and in 18 a combination of the two.
A Venue 40 or 50 of the echo device (GE Healthcare, Wuxi
City, China) and a 12 MHz linear array probe were used
under general anesthesia. To keep saline on the face, the
outer frame of a snorkeling mask made of thermoplastic
elastomer was first used. To prevent saline from entering
the nasal cavity, the nostrils were sealed with medical tape.
Recently, the outer frame was replaced by a plastic con-
tainer whose bottom edge was attached to a sponge and
wrapped with a waterproof seal (Fig. 1). The sponge could
close the nostrils. An ultrasound probe could be applied
through the pool of saline without adding pressure to the
nasal bone fracture site. Ultrasonographic images in the
4 different directions (axis, sagittal, inclining views from
the right and left) were scanned routinely before and after
reduction (Fig. 2).

The ethical committees in Chikamori Hospital and
Osaka Medical College had approved these methods.
Printed papers of the ultrasonographic images obtained
by using these methods were examined for blurred imag-
es, and the blurred patterns were classified. During scan-
ning ultrasonography, we tried to correct the artifacts and
blurring by refining our method.

Regarding the statistical analysis, several papers have
already reported the diagnostic sensitivity and utility of ul-
trasonography in the diagnosis of nasal bone fractures in
comparison with ultrasonography, radiograph, and/or CT
1,5-7. In this analysis, the results of CT were evaluated as

Table 2. Our Cases by Using Water as a Coupling Medium

Number 76 Cases

Sex Male : female = 49 : 27

Age at operation 6-78 years (average age = 30 years)

Dates of treatment July 2011 to March 2013 at Chikamori
Hospital

April 2013 to December 2015 at Osaka

Medical College

Type of nasal bone fracture Crooked nose = 54

Saddle nose = 4

Combination of the two = 18

Water (saline)

Coupling medium

Anesthesia General anesthesia
Echo device A Venue 40 or 50 (GE Healthcare)
Probe 12 MHz linear array probe (GE Health-

care)
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true positive (TP) or true negative (TN) states. Sensitivity
and specificity were calculated using the common formula
as follows, respectively,: sensitivity = TP/[TP + false-nega-
tive (FN) results] and specificity = TN/[TN + false-positive
(FP)]. Positive predictive values (PPVs) and negative pre-
dictive values (NPVs) were calculated using TP/ (TP + FP)
and TN/ (TN + FN).

RESULTS
The artifacts and blurred images were classified into 6
groups of patterns (Fig. 3).

1) Blurred side wall of the nasal bone. Especially in the
axial view, part of the side wall of the nasal bone be-
came blurred in 68 of 76 cases (Table 3).

The blurred images of the side wall were improved by
tilting the probe parallel to the plane of the desired image
(Fig. 4). Therefore, this pattern did not affect the diagno-
sis of the fracture or the evaluation of the reduction.

2) Air bubbles. Air bubbles were detected on the surface of
the nose and in the water in 68 cases' (Fig. 5). Such air
bubbles happen when water is poured on the face quick-
ly. These can be avoided by pouring the water slowly.

3) Unclear deep portions. The deep portion far from
the probe was blurred in 23 cases. The quality of the
images improved when the probe was moved closer to
the nose (Fig. 6). This phenomenon can be avoided.

4) Distorted images. Some distorted images were caused by
shaking of the probe in 44 cases (Fig. 7). The probe tends
to shake because it is floating in water in our method.
These images were improved by stabilizing the probe.

5) Parallel shadows in the deep field. Multiple equally
spaced signals extending into the deep field were
noted in 18 cases (Fig. 8). The parallel shadows un-
der the nasal bone images were caused by multiple
reflections. If the probe was tilted a little, the parallel
shadows disappeared. So, this phenomenon can be
avoided.

6) Mysterious shadows. Mysterious shadows were seen in
the poured water area in 55 cases (Fig. 9). This phe-
nomenon cannot be avoided. However, such mysterious
shadows did not affect the diagnosis of the nasal fracture
because they were far from the nasal bone image.

Thus, all artifacts and blurred images, except the mys-
terious shadows, could be avoided by adding some small
changes.

Our method was used for evaluating preoperatively, in-
traoperatively, and postoperatively under general anesthe-
sia for cases diagnosed with nasal bone fracture by CT. The
statistical analysis was done based on the CT scans. In the 6
cases, fractures were unclear due to some artifacts and there
were false-negative results. Therefore, the sensitivity was 6/
(70+6) =92.1%. Because there were no misdiagnosed cases,
the specificity was 76/ (76+0) = 100%. As a result, the PPV
was 100% and the NPV was 92.7% (Table 4).
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Fig. 1. The apparatus for ultrasonography with water as the coupling medium. A, A plastic container with a
sponge attached to its bottom. A waterproof seal wraps them. The sponge can close the nostrils. B, The ultra-
sound probe can be applied through the pool of saline without adding pressure to the nasal bone fracture.

Fig. 2. Ultrasound images, with saline used as a coupling medium, of a 16-year-old boy who had a nasal
bone fracture. A, Axial view. B, Sagittal view.
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Fig. 3. Six kinds of blurred image patterns seen during this study.

Table 3. Blurred Image Patterns of Ultrasound Images

® ® ® O] ® ®
Blurred Sidewall ~ Air Bubbles Unclear Deep Portion Distorted Images ~ Parallel Shadows Mysterious Artifacts
Numbers of cases 68 68 23 44 18 55
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axial view

Fig. 4. Blurred images of the side walls. They were thought to be caused by reflection and interference
of the ultrasound signals.

pour the water slowly

Fig. 5. Arrows of this figure are air bubbles. When water was poured speedily, the air bubbles were
scattered in the water and on the nasal skin. When water was poured slowly, they were not recognized.

deep portion | shallow portion

Fig. 6. Unclear deep portions. The images of the deep portion tend to become unclear because ultra-
sound signals are attenuated despite the low attenuation index of the water. A, An unclear image of the
deep portion. B, A clear image of the shallow portion.



Shigemura et al. ® Ultrasonography with Water as the Medium

DISCUSSION

When just applying linear array probe with the body
surface, only a small area can be seen because the instal-
lation area is small. However, using this method, it is pos-
sible to obtain an image of the whole nose bone. That is
the greatest value of this method.

Because the probe is used in water in this method with-
out contacting the nose, we must know the physical prop-

erties of ultrasound to obtain clear images consistently.
Ultrasound signals are attenuated by passing through the
medium. The attenuation rate can be calculated by the
following relationship: Attenuation volume (dB) = Atten-
uation index (dB/cm/MHz) x Depth (cm) x Frequency
(MHz)."®

Fig. 7. Distorted images caused by shaking the probe in the water.

The greater the depth of the medium, the more ultra-
sound is absorbed. The larger the attenuation index of
the medium, the more signals are absorbed as they pass
through the medium. The attenuation index of water is
the lowest among the various media (Table 2). Despite the
lowest attenuation index of water, absorption of ultraso-
nographic signals is thought to occur. The deep images in
our methods tend to become unclear (Fig. 5). Therefore,
the amount of water poured should be limited.

It is assumed with ultrasound signals that an echo re-
turns to the transducer after a single reflection and that
the depth of an object is related to the time for this round
trip. These assumptions are often not maintained in clini-
cal situations, and echoes may be displayed erroneously
and perceived as artifacts.’!'® We had 6 groups of blurred
or artifact images in our series. Multiple equally spaced
signals extending into the deep field were recognized
(Fig. 7). The parallel shadows under the nasal bone im-
ages were caused by multiple reflections.'™!® This phenom-
enon occurs where the reflected ultrasound signal on the
flat nasal bone is reflected again by the probe. Blurred im-
ages of part of the nasal side walls were noted. They were
thought to be caused by reflection and interference of the
ultrasound signals.'>!® They were improved by tilting the
probe parallel to the plane of the desired image (Fig. 3).

Mysterious objects seemed to be present in the water
beside the nasal bone (Fig. 8). The ultrasound beams ex-
cept for the main beams have weak side lobes. The myste-
rious objects were thought to be artifact images caused by
these side lobes.'>'®

However, the artifact images do not affect the diagno-
sis of the nasal fracture or its evaluation after reduction.

The attenuation index of air or bone is higher than
that of water (Table 2). The nose has a nasal cavity and
septum beneath the nasal bone. These may not be seen
clearly because bone and air in the nasal cavity absorb
ultrasound signals (Fig. 2). For lesions of the septum
and nasal cavities (e.g., hematoma and septal devia-
tion), ultrasonography is less useful than computed

Fig. 8. Parallel shadows under the nasal bone image were caused by multiple reflections.
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Fig. 9. Mysterious artifacts caused by the side lobes of ultrasound beams.
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@) Reduction

) Scan in the 4 routine
directions again

v Scans were performed repeatedly
until we were satisfied.

¥" If dislocation of small bone
fragments persists, switch to
a small probe and a gel.

@ External fixation

Fig. 10. The protocol of our methods.

tomography. Accordingly, ultrasonography is suitable
for the diagnosis of nasal bone fracture and for evalu-
ation after closed reduction. Our methods can provide
clear images of the entire nasal bone and neighboring
bones, such as maxillary, zygomatic, and frontal bones,
in 1 field by using a linear array probe. Moreover, water
is cheap and has the lowest attenuation index. However,

6

this method takes a little effort and requires general an-
esthesia. And because the probe is floating in the water,
it tends to be unstable, and a shaking probe may cause
distorted images (Fig. 7). Special care must be taken
to stabilize the probe. The use of a small probe and a
gel can detect local nasal small bone fragments. On the
other hand, there may be redislocation due to pressure
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Table 4. The Statistical Analysis of Ultrasonography with Water in the Diagnosis of the Nasal Fracture

Test Outcome of Nasal Bone

Patient Diagnosed Nasal Bone Fracture by CT

Fracture by Ultrasonography Condition Positive Condition Negative PPVs and NPVs
Positive TP, 70 FP, 0 PPV, 70/ (70+0) = 100
Negative FN, 6 TN, 76 NPV, 76/ (6+76) = 92.7

Sensitivity and Specificity Sensitivity, 70/ (70+6) = 92.1% Specificity, 76/ (0+76) = 100%

by the probe after reduction. Our method is recom-
mended as a final step for confirming a good position
after reduction.

Our protocols are shown in Figure 9. First, a probe is
scanned in 4 different directions while noting the follow-
ing 4 points.

1) To reduce the attenuation due to reflection, it is pref-
erable to tilt the probe parallel to the plane of the
desired image.

2) The probe should be kept close to the nose.

3) Water should be poured slowly.

4) The probe should be kept stable.

After reduction, the probe is scanned in 4 different di-
rections again.

Scanning must be performed repeatedly until satisfac-
tory reduction is obtained.

If dislocation of small bone fragments persists, a small
probe and a gel can be selected. Finally, to see the whole
picture, the use of our method is recommended to con-
firm good reduction.

The importance of this study lies in its ability to show
an alternative screening test in children and pregnant
women, as sonography could be a primary diagnostic tech-
nique for evaluating nasal fracture without radiation. The
further usefulness can be expected by improving these
points and obtaining clearer images.

CONCLUSIONS

We used water as the coupling medium for ultrasonog-
raphy in nasal bone fracture. This method can provide a
clear image in 1 field of the entire nasal bone and its sur-
rounding bones. There were 6 patterns of blurred images
impacting the diagnosis and evaluation of reduction. These
were described, and their causes were analyzed. Almost all
of them could be avoided by adding some small corrections
as shown below.

1) The blurred images of the side wall were improved by tilt-
ing the probe parallel to the plane of the desired image.

2) Air bubbles can be avoided by pouring the water slowly.

3) The quality of the images improved when the probe
was moved closer to the nose.

4) Distorted images were improved by stabilizing the
probe.

5) Parallel shadows under the nasal bone images were
caused by multiple reflections. If the probe was tilted
a little, the parallel shadows disappeared.

6) Mysterious shadows are artifacts caused by side lobes.
This phenomenon cannot be avoided.
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