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Ultrasound scanning as a screening method for
extremity fractures in adult trauma patients in
Emergency Department: A diagnostic study
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Abstract

Objectives: This study was conducted to evaluate the accuracy of ultrasound in comparison with standard X-ray
for screening extremities fractures in adult population.

Methods: This was a diagnostic accuracy study performed at the emergency department of Imam Khomeini
Complex Hospital, Tehran, Iran. All patients > 18-year-old admitted in the emergency department, with a recent
history of trauma including any limb were included. The patients were first evaluated by attending emergency
medicine physician using ultrasound and then underwent necessary X-rays. Subsequently, the reports were
compared regarding calculating the accuracy.

Results: One hundred twenty-eight patients with the mean age of 37.1 + 14.9 years enrolled in the study (50.8%
were male). The results showed an almost perfect agreement between ultrasound and X ray for detecting upper
and lower extremity fractures in studied population (k=0.98). The duration of ultrasound was statistically shorter
than X-ray (p<0.0001). The overall sensitivity, specificity and accuracy of ultrasound in detecting fractures were
97.4%, 100%, 99.2% respectively. When considering each bone separately, the lowest sensitivity and accuracy of
ultrasound was for femur. Comparing the longitudinal and axial view of ultrasound, longitudinal view was more
accurate (p<0.0001).

Conclusions: It is likely that ultrasound could be an accurate and time saving alternative for x-ray in terms of
extremities fractures screening in emergency department.

Keywords: Ultrasonography, Fractures, Bone, Emergency Department, Wounds, Nonpenetrating, Diagnostic
imaging
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INTRODUCTION

Trauma is one of the most common cause of emergency department
(ED) patients’ referral. Skeletal injuries are among the most prevalent
complications in such patients and Fracture probability varies markedly in
different regions of the world [1,2]. Early fracture diagnosis in ED would
lead to decrease the early and late complication rate, and ultrasound is well-
known, safe, rapid and noninvasive diagnostic device that could be used
in this regard [3-6]. It has been highly regarded as a diagnostic instrument
for bone fracture diagnosis and even some management. Use of ultrasound
could be so valuable in radiation sensitive population like pregnant women,
prehospital settings, nonverbal patients who cannot localize pain, and
also in terms of decreasing serial x-ray imaging [7-9]. Several studies in
this area is ongoing and more studies are still needed [10-12]. This study
was conducted to evaluate the accuracy of ultrasound in comparison with
standard X-ray for screening extremities fractures in adult population.

METHODS

Study design and ethical considerations

The current diagnostic survey was conducted at the emergency department
of Imam Khomeini complex Hospital, Tehran, Iran. Sampling was
started following the study protocol approval with Emergency Medicine
Department Research Council and Ethics Committee of Tehran University
of Medical Sciences (TUMS). Informed written consents were obtained
from patients. The authors were adhered to Declaration of Helsinki as a
statement of ethical principles for medical research involving human
subjects.

Study population

Sampling was carried out in an accessible manner. All patients > 18-year-
old referred to the emergency department, during first six months of 2014,
with a recent history of trauma including any limb were included. Those
with open fractures, penetrating trauma, severe crashed injury, or limb
deformities were excluded. Considering a=0.05 and $=0.95 using formula
below, the least sample size calculated as 30.

[z[l-‘;jn@ -B)j2 (31+82)°
(wi-p2)’

Study protocol

n=

A pre-prepared checklist containing the demographic and baseline
characteristics was fulfilled for each participant. All the eligible patients
were scanned by emergency medicine attending physicians or a senior
resident. The researcher who were responsible for performing ultrasound
exams were fully trained and had credentials in performing the emergency
ultrasound based on point-of-care ultrasound curriculum guideline [13]. The
portable ultrasound machine used in this study was a SonoScape S6 with
C352; 7.5 MHz linear array transducer. The point of maximal tenderness
and edema which was clinically considered as a possible fracture site was
scanned first in the axial and then in the longitudinal views. Any disruption
of the bony cortex was considered as fracture [14].

Their final diagnosis in each view and the duration of ultrasound scanning
were then recorded in a separate sheet. The patient was then transferred
to the radiology unit and all the standard X-ray views were taken. All
the X-ray views were then reviewed by the attending radiologist and
the reports were available in the Picture Archiving and Communication
System (PACS) of the hospital. The results of the X-ray and the duration of
patient’s placement on the X-ray machine till the end of the procedure were
recorded in a separate sheet.

Data analysis

The gathered data were inserted in SPSS version 21, and Kappa correlation
was calculated for comparing the reports of ultrasound reports by
emergency medicine physicians vs. X-rays reported by the radiologist.
T-test was used to compare duration of each procedure. P-value <0.05 was
considered statistically significant in this study.

RESULTS

One hundred twenty-eight patients with the mean age of 37.1 £ 14.9
years (minimum 18 years and maximum 80 years) enrolled in the study

(50.8% were male). Totally 54 (42.2%) visits were performed due to
upper extremity trauma, and 74 (57.8%) cases were referred due to lower
extremity trauma. Considering the duration of each diagnostic process,
the mean + SD duration for ultrasound was 3.56 + 1.06 minutes compared
to 18.28 + 6.28 minutes for X-rays. There is a significant difference in
duration between these two methods (p<0.0001). The results showed an
almost perfect agreement between ultrasound and X ray for detecting upper
and lower extremity fractures (k=0.98, k=1.00). The overall sensitivity,
specificity and accuracy of ultrasound in detecting fractures were 97.4%,
100%, 99.2% respectively.

Presence or absence of fractures in participants diagnosed by ultrasound
and x-rays are summarized in Table 1. The kappa correlation for axial and
longitudinal ultrasound views of upper extremities and lower extremities
were 0.9 and 0.96 respectively.

Table 1. Presence or absence of fractures in participants diagnosed by
ultrasound and x-ray (n=128).

Findings Ultrasound X-ray
Positive 37(29.0) 38(29.7)
Negative 91 (71.0) 90 (70.3)

The values are reported in number (%).

Statistical characteristics of ultrasound in detecting fractures in studied
patients considering the presence of displacement have been reported in
Table 2. The overall kappa correlation for ultrasound and X-ray in detecting
fractures was 0.98 which is an almost perfect agreement. For displaced
fractures, the kappa correlation was 0.90.

Table 2. Statistical characteristics of ultrasound in detecting fractures in studied
patients considering the presence of displacement.

Variables Sensitivity | Specificity PPV NPV Accuracy
(95%Cl)  (95%Cl) = (95%Cl) | (95%Cl) (95% Cl)
97.4% 100% 100% 98.9% 99.2%
All fractures (89.6- (96.7- (92_108% (95.6- (94.6-
97.6%) 100%) 1 98.9%) 99.2%)
Displaced 97.1% 95.7% 89.2% 98.9% 96.1%
frastures (86.4- (91.9- (79.4- (94.9- (90.4-
99.8%) 96.8%) 91.7%) 99.9%) 97.6%)

PPV: Positive Predictive Value; NPV: Negative Predictive Value

Comparison of axial and longitudinal ultrasound views in adults and
pediatrics population considering the ultrasound view shows in Table 3.
The accuracy of longitudinal view is 99.2% compared to 95.3% of axial
view (p<0.0001). The axial and longitudinal views of ultrasound and also
anteroposterior and lateral views of one patient with radius fracture have
been provided in Fig. 1. In this study, ultrasound views were also evaluated,
and longitudinal view was more accurate compared to axial view.

Table 3. Comparison of axial and longitudinal ultrasound views in adults and
pediatrics population considering the ultrasound view.

Ultrasound  Sensitivity = Specificity PPV NPV Accuracy
View (95%C1) | (95%Cl)  (95%Cl)  (95%Cl)  (95% Cl)
S 97.4% 100% o 98.9% 99.2%
Lonﬁ'atlud" (89.6- (96.7- (9;?100/:)?) (95.6- (94.6-
97.4%) 100%) ° 98.9%) 99.2%)
84.2% 100% 100% 93.8% 95.3%
Axial (75.1- (96.2- (89.2- (90.2- (89.9-
84.2%) 100%) 100%) 93.8%) 95.3%)

PPV: Positive Predictive Value; NPV: Negative Predictive Value

Statistical characteristics of ultrasound in detecting fractures in studied
patients considering each bone separately were summarized in Table 4.
When considering each bone separately the sensitivity, specificity and
accuracy are equal to 100% except for femur which was 50%, 100%,
88.9%, respectively. When evaluating each bone, the kappa correlation for
all bones is 1 except for femur which is 0.6 with an accuracy of 88.9%.
Considering the sample size, test sensitivity and calculated p-value, the
power of the study was almost 0.9.

DISCUSSION

Considering the findings of this survey, fracture screening using ultrasound
in ED has a high accuracy rate.

THE JOURNAL OF ORTHOPAEDICS TRAUMA SURGERY
AND RELATED RESEARCH
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Fig. 1. Axial and longitudinal view of a fracture of radius compared to the antero-posterior and lateral x-ray.

Table 4. Statistical characteristics of ultrasound in detecting fractures in studied patients considering each bone separately.

Evaluated bone Kappa
F Humerus (n=5) 1.0
E Radius (n=14) 1.0
= Ulna (n=10) 1.0
E:_ Carpal/ Metacarpal (n=13) 1.0
:n. Phalanx (n=12) 1.0
oz Femur (n=9) 0.6
g g Tibia (n=28) 1.0
29 -
2 g Fibula (n=14) 1.0
“ Tarsal/Metatarsal (n=23) 1.0

Sensitivity (95%Cl) Specificity (95%Cl)

100% (76.5-100%)
100% (72.7-100%)
100% (50.5-100%)
100% (49.2-100%)
100% (58-100%)
50% (2.8-50%)
100% (55.8-100%)
100% (57.2-100%)
100% (5.7-100%)

100% (5.8-100%)
100% (63.5-100%)
100% (67-100%)
100% (77.4-100%)
100% (70-100%)
100% (86.5-100%)
100% (90.4-100%)
100% (76.2-100%)
100% (95.7-100%)

PPV (95%CI)
100% (76.5-100%)
100% (72.7-100%)
100% (50.5-100%)
100% (49.2-100%)

100% (58-100%)

100% (5.6-100%)
100% (55.8-100%)
100% (57.2-100%)
100% (5.7-100%)

NPV (95%Cl)
100% (5.8-100%)
100% (63.5-100%)
100% (67-100%)
100% (77.4-100%)
100% (70-100%)
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Accuracy (95%Cl)
100% (62.3-100%)
100% (68.7-100%)
100% (60.4-100%)
100% (68.7-100%)
100% (65-100%)

87.5% (75.7-87.5% 88.9% (67.9-88.9%)

100% (90.4-100%)
100% (76.2-100%)
100% (95.7-100%)

100% (84.2-100%)
100% (69.4-100%)
100% (91.8-100%)

Lots of studies have been done evaluating the use of ultrasound for detecting
fractures. In a study by Marshburn et al. 58 patients with trauma to upper
arm and leg were evaluated by ultrasound and plain X-ray or CT scan.
The sensitivity and specificity of ultrasound were reported as 92.9% and
83.3%. However, in the mentioned study, physicians with an hour training
evaluated the patients and this could explain the difference between the
results as the emergency medicine attending physicians and the senior
resident in this study were completely trained [15]. Another study has
suggested that with limited training of junior orthopedic residents, they are
able to detect ankle fractures and this could reduce the need for radiographic
imaging [16]. According to a systematic review done in 2012, the overall
sensitivity and specificity of ultrasound in detecting extremity fractures
were 85-100% and 73-100% respectively [17]. Our study also supports the
result of this review.

With regard to different ultrasound views, it has been suggested that
scanning technique should include a longitudinal view and in order to reduce
false positive cases, a transverse view could be used [6,18]. However, in
these studies, these two ultrasound views have not been compared. Our
study shows that longitudinal view is more accurate than transverse view.

In this study, evaluation of femur bone in adult population was not as
successful as other bones. This might be due to soft tissue thickness in this
area or might be related to the fact that the fracture site was deeper than
the depth that could be reached by linear probe. Bozorgia et al., conducted
a diagnostic accuracy study to assess probable detecting femur bone
fractures by bedside ultrasound and reported 90% sensitivity. Reviewing
their methods level revealed that they were using a high frequency 10 to 15
MHz broadband linear array transducer that was different from what was
used in our study [19]. As well, Frouzan et al. reported high sensitivity of
ultrasound for diagnosis of thigh fractures using 8-10 MHz linear probe
[20]. It seems that, there should be an issue regarding the tool properties.
Therefore, conducting studies regarding the proper facilities characteristics
would be explainable.

The researchers conducting current study supports using ultrasound as
a faster tool in ED to detect extremity fractures, but it could not totally

13 (1) 2018

replace x-ray. Maybe, in mass casualties, hand-held portable ultrasound
could be used by physicians, paramedics and nurse practitioners as a
good alternative for x-ray to screen for fracture and start the appropriate
management of victims.

LIMITATIONS

Skill and experience have undeniable effect on the results of this study.
Ultrasound was performed by fully trained emergency medicine physicians
in this survey. It should be mentioned that ultrasound training is part of the
educational curriculum of Emergency Medicine residency program. Further
studies could be done regarding the evaluation of ultrasound accuracy by
residents who do not pass any extra training course.

CONCLUSION

It is likely that ultrasound could be an accurate and time saving alternative
for x-ray in terms of extremities fractures screening in emergency
department.
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