
 

28 
 

General Section Original Article 

Journal of Patan Academy of Health Sciences. 2023Apr;10(1):28-34. 

 

Correspondence 
Dr. Dipesh Mangal Joshi 
Dept. of General Practice & 
Emergency Medicine, Patan 
Hospital, Patan Academy of 
Health Sciences, Lalitpur, Nepal  
 
Email: 
dipeshmangaljoshi@pahs.edu.
np 
 
 
 
 
 
 
 
 
 
 
Submitted 
30 Mar 2023 
 
Accepted 
20 Apr 2023 
 
 
How to cite this article  
Joshi DM, Maharajan R, House 
DR, Shrestha S. Accuracy of 
point of care ultrasound in the 
diagnosis of long bone 
fractures in the emergency 
department. Journal of Patan 
Academy of Health Sciences. 
2023Apr;10(1):28-34. 
 
 
https://doi.org/10.3126/jpahs.
v10i1.54846  

Accuracy of point of care ultrasound in the 
diagnosis of long bone fractures in the 
emergency department 

Dipesh Mangal Joshi1 , Rony Maharajan1 , Darlene Rose House2 , Smriti 
Shrestha3  
 
1Lecturer, 2Visiting Prof., Dept. of General Practice & Emergency Medicine, Patan 
Hospital, Patan Academy of Health Sciences, Lalitpur, Nepal; 3MDGP Clinical 
Coordinator, District Hospital, Jiri, Dolakha, Nepal 

 
Abstract 
 
 Introduction: Long bone fractures account for a significant portion of 
injuries in the emergency department (ED). This study aimed to 
determine the accuracy of point of care ultrasound (POCUS) compared to 
x-ray in the diagnosis of long bone fractures in the ED. 
 
Method: This cross-sectional study assessed 147 patients presenting to 
the ED of Patan Academy of Health Sciences (PAHS), with suspected long 
bone fractures, from Oct 2021   through Jun 2022. In all patients, POCUS 
examination was done by emergency fellows and then standard plain x-
ray was performed. Data were analyzed by SPSS 28.0 to determine 
sensitivity and specificity. 
 
Result: A total of 147 patients were included in the study. Compared 
with x-ray, sensitivity, specificity, PPV and NPV of POCUS in determining 
fractures was found to be 86%, 98.96%, 97.72% and 93.2%, respectively. 
Based on bone injured, the highest sensitivity and specificity were 
obtained with forearm fractures, which was equal to 97.22% and 100%, 
respectively. Based on age categorization, the highest sensitivity (100%) 
and specificity (100%) were obtained in pediatric age group i.e. up to 16 
years. 
 
Conclusion: This study demonstrated that POCUS has high sensitivity and 
specificity in the diagnosis of long bone fractures, compared to x-ray. 
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Introduction 
 
Globally the number of fractures are 
increasing substantially.1 Fracture accounts 
for a significant portion of injuries in countries 
like Nepal.2 Long bone fractures are most 
often caused by traumatic events such as road 
traffic accidents, fall injuries and 
assaults.3Such injuries first come to 
Emergency department where fractures are 
need to be diagnose early. 
 
The diagnosis of fractures is traditionally done 
through plain radiography, which requires 
time and has a risk of ionizing radiation. 
Ultrasonography has become an inseparable 
component of emergency department 
services in a wide range of diseases, which in 
turn can result in a decrease in the time 
needed for diagnosis and treatment.4.  A point 
of care ultrasound (POCUS) examination has 
shown good test characteristics for the 
diagnosis of long bone fractures.5-7 As it can 
be performed at the bedside, it reduces 
diagnostic delays and time to initiation of 
management. Additional advantages of point 
of care ultrasound (POCUS) include its 
simplicity, portability, repeatability and its 
lack of ionizing radiation. Studies have 
emphasized that POCUS can be used not only 
for diagnosing fractures but also for joint 
effusions, soft tissue injuries and various 
musculoskeletal pathologies.8-9 Use of 
ultrasound and the service it provides can be 
reached in all district of Nepal.10  
 
This study aims to determine the accuracy, 
sensitivity and specificity of point of care 
ultrasound to diagnose long bone fractures in 
the Emergency Department. 
 
 
Method 
 
This was a prospective cross-sectional study 
conducted at Emergency department of Patan 
Academy of health Sciences (PAHS). After 
obtaining the ethical approval from 
Institutional Review Committee of PAHS (Ref: 
std 2110291575). Data was collected from 
October 2021 through June 2022. 

 The general objective of the study was to find 
the sensitivity of POCUS to diagnose long 
bone fractures in emergency department of 
PAHS. The specific objectives were to evaluate 
the sensitivity and specificity of 
ultrasonography in diagnosing long bone 
fractures. The inclusion criteria were patients 
presenting to the emergency department with 
extremities injuries. Patients with open 
fractures, patients with joint injuries and 
patients not willing to enrol in the study were 
excluded. 
 
The sample size was calculated 147 using the 
formula based on the sensitivity. 
 
The study was commenced after obtaining the 
approval from IRC-PAHS. consent was taken 
from patients. Clinical examination of the 
patient was done. Then the point of care 
ultrasonographic examination of injured long 
bone was performed by me and fellow 
faculties with 7.5MHZ linear probe of the 
standard ultrasound device (Sonosite Turbo 
M).12 Long bone was evaluated on anterior, 
posterior, medial, lateral surfaces and from 
the proximal to the distal joint in both 
longitudinal and transverse planes and seen 
for the discontinuity of cortex of the bone, 
periosteal elevation and effusion. The 
investigators documents (ultrasonographic) 
interpretation was done prior to radiography 
being performed. 
 
The data was recorded in Microsoft excel and 
analysis was done using SPSS 28.0.  
 
Sensitivity and specificity of point of care 
ultrasonography in the diagnosis of long bone 
fracture was calculated using the formula: 
Sensitivity =TP/(TP+FN) 
 
and Specificity = TN/(TN+FP). Also, a ROC 
curve analysis was done in SPSS 28.0 to 
determine the overall diagnostic accuracy of 
point of care ultrasonography in the diagnosis 
of long bone fractures. 
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Result 
 
A total of 147 patients with suspected upper 
and lower extremity trauma were evaluated 
for long bone fracture using point of care 
ultrasound (POCUS) and x-ray. Of the study 
patients, the mean age of the patients was 34 
y, and 91(62%) were male and 56(38%) were 
female. In terms of age categorization, 
patients up to 16 y, 17-30 y, 31-45 and age 
>45 y were 8(5.4 %), 71(48.3%), 49(33.3%) 
and 21(14.2%) respectively. Fractures were 
mostly determined in forearm (48.3%). In 
terms of injured bone, fracture of humerus, 
forearm, femur and tibia-fibula were 
observed in 7(4.7%), 71 (48.3 %), 8(5.4%) and 
61(41.5%), respectively, Table 1. 
 

The sensitivity, specificity, PPV and NPV of 
POCUS in determining the fractures were 
86%, 98.96%, 97.72% and 93.2%, respectively, 
compared to x-ray. Based on bone injured, 
the highest sensitivity and specificity were 
obtained with forearm fractures, which was 
equal to 97.22% and 100%, respectively, Table 
3.  
 
The highest sensitivity (94.12%) and specificity 
(100%) were found in the female patients, 
Table 4. Based on age categorization, the 
highest sensitivity (100%) and specificity 
(100%) were obtained in pediatric age group 
i.e. up to 16 years, Table 4. 
 
The ROC curve plotted for POCUS showed 
high sensitivity, Figure 2. 

 
 
Table 1. Demographic data of patient diagnosed of long bone fractures in the emergency department. 
 
 

Variables category N (%) 
Age Up to 16 years 8(5.4%) 
 17-30 71(48.3%) 
 31-45 49(33.3%) 
 >45 21(14.2%) 
Sex Male 91(62%) 
 Female 56(38%) 
Bone Type Femur 8(5.4%) 
 Forearm 71(48.3%) 
 Hemerus 7(4.7%) 
 Tibia-Fibula 61(41.5%) 

 
 
Table 2. Accuracy of care ultrasound in the diagnosis of long bone fractures in the emergency department. 
 
 

POCUS(point of care ultrasonography) X-ray Positive X-ray Negative 
Positive 43(TP) 1(FP) 
Negative 7(FN) 96(TN) 

 
 
Table 3. Sensitivity and specificity of care ultrasound in the diagnosis of long bone fractures in the 
emergency department. 
 

Bone injured Sensitivity (%) Specificity (%) PPV(%) NPV(%) 
POCUS (point of care ultrasonography)-Total 86 98.96 97.72 93.2 
POCUS (point of care ultrasonography)- Humerus 50 100 100 83.33 
POCUS (point of care ultrasonography)- Forearm 97.22 100 100 97.22 
POCUS( point of care ultrasonography)- Femur 0 100 0 62.5 
POCUS (point of care ultrasound)- Tibia fibula 77.78 98.07 87.5 96.23 
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Table 4. Sensitivity and specificity of point of care ultrasound in the diagnosis of long bone fractures in the 
emergency department according to gender, age category 
 

  Sensitivity (%) Specificity (%) PPV (%) NPV (%) 
POCUS (point of care 
ultrasonography of long bone) - Total 

Male 81.81 98.27 96.4 90.4 
Female 94.12 100 100 97.5 

POCUS (point of care 
ultrasonography) - Age category 

Up to 16 y 100 100 100 100 
17-30 y 87.7 100 100 91.11 
31-45 y 86.67 100 100 94.44 
>45 y 50 94.7 50 94.74 

 

           
 

Figure 1. longitudinal view of  tibial bone POCUS (A), X-ray view of tibial bone (B) 
 
 

 

 
 

Figure 2. POCUS (point of care ultrasonography) 
sensitivity ROC curve 
 
Discussion 
 
In our study, the highest sensitivity was seen 
in forearm bone fracture which was 97.2% 
with specificity, PPV and NPV of 
100%,100%,97.2%, respectively A similar 
study demonstrated that US compared with 

plain radiography has a high accuracy in the 
diagnosis of upper and lower extremity long 
bone fractures. In this study, the sensitivity, 
specificity, PPV and NPV of ultrasound of 
upper extremity long bones were 95.3%, 
87.7%, 87.2% and 96.2%, respectively, while 
that of lower extremity long bones were 
98.6%, 83%, 65.4%, and 87.1%, respectively.8 
The same study observed, radius fractures to 
be the most frequent to occur in upper 
extremities and tibia and fibula fractures to be 
the most frequent in lower extremities which 
is similar to our study. Similar results were 
seen in a study by Brian C. Lau et al. which 
found the sensitivity of distal radius fracture 
diagnosis on ultrasound to be 100%.13 
 
A study assessed patients suspected of femur 
bone fracture with ultrasonography and 
radiography. In this study the sensitivity of 
ultrasound in diagnosis of proximal femur 
fracture was 16.6%, that of middle femur 
fracture was 90% and that of distal femur 
fracture was 62.5%.14 In our study, the 
sensitivity of POCUS for femur bone was 0%. 
There were total 8 cases of suspected femur 
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fracture out of which, 3 were false negative 
and no true positive. Such result could be due 
to location of the fracture in the femur bone 
itself. 
 
In our study sensitivity, specificity, PPV, NPV 
of POCUS of tibia fibula fracture were 77.78%, 
98.07%, 87.5%, and 96.23%, respectively. A 
study, comparing the efficacy of POCUS with 
radiography in diagnosis of tibia and fibula 
fracture found ultrasound to be as successful 
as direct x-ray. The study reported the 
sensitivity, specificity, PPV and NPV to be 
100%, 93%, 88% and 100%, respectively.5 
 
In our study, the sensitivity and specificity 
were highest in age group up to 16 years 
which was 100% each as they don’t have 
bulky muscle as adults. Many studies have 
concluded POCUS to be a highly accurate 
technique enabling the evaluation of long 
bone fractures in the pediatric population. For 
example, a prospective, non-randomized 
study conducted in five medical centers in 
which 554 examinations were performed with 
POCUS and X-ray in pediatric patients with 
trauma found out that Sensitivity of POCUS 
was 91.67% (95% CI, 76.41–97.82%) for high-
skill providers and 71.50 % (95% CI, 64.75–
77.43%) for standard-skill providers. 
Specificity was 88.89% (95% CI, 73.00–
96.34%) and 82.91% (95% CI, 77.82–87.06%) 
for high- and standard-skill providers, 
respectively. The Cohen κ coefficient showed 
very good agreement (0.81) for high-skill 
providers, but moderate agreement (0.54) for 
standard-skill providers.so with proper 
training and adequate practicing  there would 
be a good diagnostic accuracy of POCUS in 
evaluating fracture, with excellent sensitivity 
and specificity.15 A study carried out in 
children aged younger than 15 years to 
evaluate the utility of POCUS for diagnosing 
distal forearm fractures showed a sensitivity 
of 94.4% and specificity of 96.8%. The PPV 
and NPV were 93.2% and 97.5%, 
respectively.16 A prospective diagnostic study 
for extremity fracture using bedside 
ultrasound in pediatric trauma conducted at 
the emergency department of Imam 
Khomeini Complex Hospital, Tehran, Iran by 

Farahmand S et al. ). The overall sensitivity, 
specificity and accuracy of ultrasound in 
detecting fractures in evaluated pediatrics 
were 100%, 100% and 100%, respectively. The 
average time of performing ultrasound in 
pediatric population is 3.99± 0.83 minutes 
which is statistically significant compared to 
X-ray, 16.12 ± 4.15 minutes(P<0.001).So 
bedside ultrasound could be used as an 
accurate and time saving substitute for x-ray 
in screening for long bone fractures in 
pediatric trauma in emergency department .17 
One of the study found sensitivity of 
ultrasound to be 96.1% and sensitivity to be 
97%, in diagnosing non-displaced 
metaphyseal forearm fractures in children 
aged 1 to 14 years, compared to x-ray 
diagnosis.18 In a similar study performed 
among children aged 2 to 17 years to a 
pediatric emergency department showed the 
agreement between bedside ultrasonography 
and radiography for fracture identification to 
be 95.5%. The sensitivity and specificity for 
fracture identification was 97% and 93%, 
respectively.19 So in paediatric population 
POCUS is useful tool for diagnosing fractures. 
 
In our study, the sensitivity, specificity, PPV 
and NPV of POCUS were 86%, 98.96%, 97.7% 
and 93.2%, respectively. Similar findings were 
observed in a study in which patients with 
suspected fractures were evaluated by 
emergency physicians in the emergency 
department with POCUS and with x-ray. The 
sensitivity, specificity, PPV and NPV of POCUS, 
compared to x-ray were 99%, 93%, 93% and 
99%, respectively.20 This study also 
determined the fracture characteristics and 
found POCUS was able to identify fracture 
characteristics. Similarly, a single-blinded, 
prospective observational study of 106 
patients presenting to two emergency 
departments (ED) with trauma to long bones 
showed, the sensitivity of POCUS to diagnose 
long bone fractures to be 90.2% (4/41, 95% 
CI: 76.9-97.3) and specificity to be 96.1% 
(4/102, 95% CI: 90.3-98.9). The study 
concluded that emergency physicians can 
accurately evaluate long bone fractures in the 
emergency department using POCUS.21 A 
systematic review and meta-analysis of thirty 
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studies on use of point of care ultrasound in 
long bone fractures were as follows: 
sensitivity 64.7%–100%, specificity 79.2%–
100%. So POCUS would regarded as a 
appropriate adjunct to plain radiographs for 
long bone fractures.22 
 
In our study small bones like metatarsal 
fractures was not observed. Some studies 
suggests that POCUS can be used in diagnosis 
of metatarsal fractures. Like this study, that 
showed POCUS to have sensitivity of 93%, 
specificity of 89%, PPV of 84% and NPV of 95% 
in detection of metatarsal fractures. This 
study concluded that POCUS can be used as 
an alternative to radiography in the 
emergency department.23 So POCUS could be 
very useful tools for fracture diagnosis of 
other bones as well.  
 
From observation of all these studies we can 
assert that point of care ultrasonography 
(POCUS) is a good method in evaluating long 
bone fractures in the emergency department. 
It has high accuracy, sensitivity and specificity 
and is a safe and accessible. It can be very 
useful in emergency conditions and in 
situations where x-ray imaging is 
contraindicated or restricted.  
 
Our study was done in emergency 
department in urban setting. Similar studies 
ca be done in rural setting which would give 
more information on its reliability. Ultrasound 
guided diagonosis of fractures is useful in ED 
as well as rural settings. Portable USG device 
can be sent even in remote places. Health 
personnel can be easily trained to use the 
device. Ultrasound can be used in ED not only 
for fractures diagnosis but also for various 
other medical conditions. For this health 
professionals need to be properly trained and 
more studies need to be done to find out its 
reliability in various setting. 
 
Conclusion 
 
Our study shows that point of care 
ultrasonography (POCUS) has high sensitivity 
and specificity in the diagnosis of long bone 
fractures, compared to x-ray. So with proper 

training and adequate practice by the 
emergency physicians, point of care of 
ultrasonography (POCUS) can be used in the 
emergency rooms, for rapid assessment and 
early detection of fractures of long bones in 
trauma cases and has advantages of being 
non-invasive, portable, cost- effective and 
does not cause ionizing radiation. 
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