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ABSTRACT

INTRODUCTION

Fracture cases are rising globally, with long bone fractures being a common presentation in
trauma-related injuries. Early diagnosis in the emergency department (ED) is crucial. While X-
rays are the standard imaging modality for diagnosing fractures, their use involves potential
delays in a busy ED and exposes patients to ionizing radiation. Point-of-care ultrasound
(POCUS) offers a fast, radiation-free, and portable bedside alternative with proven accuracy in
detecting fractures, joint effusions, and soft tissue injuries. Its portability makes it ideal even in
remote areas or resource-limited settings where traditional radiography might be inaccessible or
impractical. This study assesses the accuracy, sensitivity, and specificity of POCUS in
diagnosing long bone fractures in the emergency setting.

AIM AND OBJECTIVES

This study aimed to assess the overall accuracy of POCUS in identifying long bone fractures in
patients presenting with orthopaedic trauma. The specific objectives were to assess the
diagnostic utility of POCUS, compare its accuracy with standard radiographic imaging (X-ray),
and evaluate its sensitivity and specificity in diagnosing long bone fractures.

METHODS

This was a prospective cross-sectional study conducted at the Emergency Department of Sri
Siddhartha Medical College, Tumkur. The study included patients over 5 years of age presenting
with post-traumatic pain in the arm, elbow, forearm, wrist, leg bones, or ankle between January
and June 2025, after obtaining informed consent. Patients with injuries older than 72 hours,
previous fractures at the site, open fractures, spine/pelvic injuries, or life/limb-threatening
injuries were excluded. Using a 7.5 MHz linear probe, patients first underwent a clinical
examination followed by a POCUS evaluation of the injured long bone. The bone was scanned
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in longitudinal and transverse planes from all aspects (anterior, posterior, medial, and lateral),
covering from the proximal to the distal joints. Key sonographic findings recorded prior to
radiography included cortical discontinuity, periosteal elevation, and joint effusion. The
universal sampling method was used.

RESULTS

A total of 147 patients with long bone injuries were included in the study, with a male-to-female
ratio of 91 (62%) to 56 (38%). The most common injury sites were the forearm (48.3%) and the
tibia-fibula (41.5%). POCUS correctly identified 43 true positives (TP) and 96 true negatives
(TN), with 7 false negatives (FN) and 1 false positive (FP) when compared to X-ray. POCUS
demonstrated excellent diagnostic utility in specific bone groups, particularly the forearm
(sensitivity: 97.22%, specificity: 100%). The sensitivity was notably lower for the Humerus
(50%) and the Femur (0%). When stratified by age, diagnostic accuracy was 100% for the group
up to 16 years.

CONCLUSION

Our study demonstrates that POCUS has high sensitivity and specificity in diagnosing long bone
fractures when compared to X-ray. POCUS offers significant advantages, as it is non-invasive,
portable, cost-effective, and free from ionizing radiation. With appropriate training and sufficient
practice, emergency physicians can effectively utilize POCUS for the rapid assessment and early
detection of long bone fractures in trauma cases, making it a valuable adjunct in the emergency
setting.

INTRODUCTION

Fractures constitute a major global health burden, with the incidence rising steadily due to
urbanization, road traffic accidents, falls, and occupational injuries.[!! Long-bone fractures
represent one of the most commonly sustained injuries following trauma and account for nearly
4% of emergency department visits.!”l Timely and accurate diagnosis of these injuries is essential,
as delays may result in complications such as malunion, prolonged disability, and increased
healthcare costs.”*! In countries where trauma contributes substantially to emergency admissions,
the need for efficient diagnostic modalities is particularly pressing.

The World Health Organization estimates that road traffic accidents (RTAs) account for
approximately 1.25 million deaths annually worldwide, with the numbers showing little decline
over recent years.!* In India, RTAs contribute to more than one-third of all unnatural deaths,!
resulting in an economic loss of nearly 2%-3% of the national gross domestic product,
amounting to about 55,000 crore rupees each year."!

Plain radiography has traditionally been the gold standard for diagnosing fractures. While
effective, it is not without limitations. Obtaining radiographs requires specialized infrastructure,
incurs costs, exposes patients to ionizing radiation, and may be associated with delays in busy
ED environments. These limitations are amplified in rural or resource-limited settings, where
imaging facilities are scarce and timely diagnosis may not be possible.

Point-of-care ultrasound (POCUS) has emerged as a valuable adjunct in the rapid
diagnosis of musculoskeletal trauma.!’! Its advantages include portability, ease of use,
repeatability, and absence of radiation exposure. Bedside availability allows emergency
physicians to promptly evaluate suspected fractures, thereby reducing time to diagnosis and
streamlining patient care. Numerous studies have demonstrated its high sensitivity and
specificity for detecting cortical disruptions, particularly in pediatric patients and superficial
bones such as the radius and ulna. Furthermore, POCUS can also identify soft tissue changes,
periosteal elevation, and joint effusions, adding to its diagnostic utility.
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However, the accuracy of POCUS may vary depending on the bone involved, patient age,
and operator expertise. For deeper structures, such as the femur, sensitivity has been reported to
be lower, necessitating cautious interpretation.l’l Given these strengths and limitations, local
validation of POCUS against radiography is warranted to guide its integration into clinical
protocols.

The present study therefore aimed to assess the accuracy, sensitivity, and specificity of
POCUS in diagnosing long bone fractures in the emergency department setting, and to evaluate
its potential as a frontline diagnostic tool in trauma care.

Aim
To assess the accuracy of point-of-care ultrasound in identifying fractures in patients with
orthopaedic trauma.

Objectives

» To assess the diagnostic utility of point-of-care ultrasound for identifying fractures.

* To compare the accuracy of POCUS with standard radiographic imaging.

* To evaluate the sensitivity and specificity of ultrasonography in diagnosing long bone
fractures.

MATERIALS AND METHODS

A prospective convenience sample study was conducted in the ED to compare the accuracy of
point-of-care ultrasound (POCUS) and radiography in detecting fractures. After informed
consent, emergency physicians performed ultrasound using a 7-10 MHz linear probe before X-
ray. Scanning was done in transverse and longitudinal planes to identify cortical disruptions.
Findings from POCUS and X rays were compared to determine diagnostic accuracy.

RESULTS
Participant Demographics and Injury Characteristics
A total of 147 patients presenting with suspected long bone trauma were included in this
prospective cross-sectional study. The cohort comprised 91 males (62.1%) and 56 females
(37.9%). The age distribution of patients was stratified into four groups: 8 patients (5.4%) were
up to 16 years old, 71 patients (48.3%) were in the 17-30 year age group, 49 patients (33.3%)
were in the 31-45 year age group, and 21 patients (14.2%) were over 45 years old.

The most frequently injured long bones were the forearm bones (radius/ulna), accounting
for 48.3% (n=71) of cases, followed by the tibia and fibula at 41.5% (n=61). Femur and humerus
fractures were less common, representing 5.4% (n=8) and 4.7% (n=7) of cases, respectively.

Overall Diagnostic Accuracy of POCUS

When compared against radiography as the gold standard, point-of-care ultrasound (POCUS)
demonstrated a high degree of accuracy for the detection of long bone fractures. Out of 50
fractures confirmed by X-ray, POCUS correctly identified 43, resulting in 7 false-negative cases.
Among the 97 cases negative for fracture on X-ray, POCUS correctly identified 96, with only
one false-positive case.

The overall diagnostic performance metrics for POCUS in this study were calculated as follows:
e Sensitivity: 86.0%

e Specificity: 98.96%

o Positive Predictive Value (PPV): 97.72%

o Negative Predictive Value (NPV): 93.2%
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Subgroup Analysis of POCUS Performance

The diagnostic accuracy of POCUS varied across different demographic and anatomical

subgroups.

e By Sex: POCUS showed higher sensitivity and specificity in female patients (94.12% and
100%, respectively) compared to male patients (81.81% and 98.27%, respectively).

o By Age: The performance of POCUS was highest in the pediatric group (<16 years), with
100% sensitivity, specificity, PPV, and NPV. Accuracy remained high for the 17-30 and 31-
45 age groups. However, there was a notable decline in sensitivity (50%) and PPV (50%) for
patients aged over 45 years.

e By Bone Type: The accuracy of POCUS was highly dependent on the bone being examined.
For forearm fractures, it demonstrated excellent sensitivity (97.22%) and perfect specificity
(100%). For tibia-fibula fractures, the sensitivity was lower at 77.78%, though specificity
remained high at 98.07%. Performance was significantly poorer for the humerus and femur.

Humerus evaluation yielded a sensitivity of only 50%, while for the femur, POCUS failed

to detect any of the fractures confirmed by X-ray, resulting in a sensitivity of 0%.

DISCUSSION

Principal Findings

This study demonstrates that point-of-care ultrasound (POCUS) is a highly specific and
moderately sensitive tool for diagnosing long bone fractures in the emergency department (ED).
With an overall sensitivity of 86% and specificity of 98.96%, POCUS serves as a reliable adjunct
to traditional radiography. The positive predictive value (PPV) of 97.72% indicates that a
positive POCUS result is a strong predictor of a true fracture, facilitating prompt clinical
decisions such as splinting and analgesia.

Comparison with Existing Literature

Our findings align with several studies that have assessed the diagnostic accuracy of POCUS in

long bone fractures. For instance:

o Waterbrook et al. (2013) reported a sensitivity of 90.2% and specificity of 96.1% for POCUS
in diagnosing long bone fractures, which closely mirrors our findings.®!

e Aveci et al. (2019) demonstrated a sensitivity of 99% and specificity of 93% for POCUS in
long bone fractures, highlighting its high diagnostic accuracy.!

e Khan et al. (2023) found that POCUS exhibited a sensitivity of 100% and specificity of
76.84% in diagnosing long bone fractures, emphasizing the importance of operator
expertise.[!%

These studies collectively support the utility of POCUS as a diagnostic tool for long bone
fractures, with variations in sensitivity and specificity attributable to factors such as operator
experience, patient demographics, and the specific bones involved.

Anatomical and Demographic Variations

Our subgroup analysis revealed significant variations in POCUS performance based on

anatomical location and patient demographics:

e Forearm Fractures: POCUS demonstrated excellent sensitivity (97.22%) and perfect
specificity (100%) for forearm fractures, consistent with its effectiveness in evaluating
superficial bones.

o Tibia-Fibula Fractures: Sensitivity was lower at 77.78%, though specificity remained high at
98.07%, indicating that while POCUS is reliable for ruling in fractures, it may be less
effective for ruling out fractures in these bones.
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e Humerus and Femur Fractures: POCUS showed poor performance, with a sensitivity of only
50% for humerus fractures and 0% for femur fractures, likely due to the deeper location and
surrounding muscle mass of these bones, which attenuate the ultrasound beam.

o Age-Related Performance: The highest accuracy was observed in the pediatric group (<16
years), with 100% sensitivity and specificity. In contrast, sensitivity declined to 50% in
patients over 45 years old, possibly due to osteoporotic or arthritic changes that make cortical
breaches harder to detect.

These findings underscore the importance of considering anatomical and demographic
factors when utilizing POCUS for fracture diagnosis.

Limitations and Study Design Considerations

Several limitations should be considered when interpreting these results:

e Single-Center Study: The study was conducted at a single institution, which may limit the
generalizability of the findings.

o Sample Size Variations: The sample sizes for certain subgroups, particularly femur (n=8) and
humerus (n=7) fractures, were small, which may affect the reliability of the calculated
accuracy for these bones.

o Reference Standard: Radiography was used as the gold standard, which itself has limitations
and can miss occult fractures. Comparison with more sensitive modalities like computed
tomography (CT) or magnetic resonance imaging (MRI) was not feasible but is a recognized
limitation.

Addressing these limitations in future research could provide more robust data on the
diagnostic accuracy of POCUS in long bone fractures.

Clinical Implications and Future Directions

Despite its limitations, this study provides valuable insights for emergency physicians:

e Forearm Fractures: POCUS is an excellent tool for rapidly confirming suspected fractures of
the forearm, facilitating prompt treatment.

o Tibia/Fibula Fractures: While POCUS is reliable for ruling in fractures, its lower sensitivity
suggests that negative results should be corroborated with radiographic imaging.

e Humerus/Femur Fractures: POCUS should be used with caution for deep bones like the
humerus and femur, as its sensitivity is significantly reduced.

o Pediatric Patients: POCUS demonstrates high accuracy in pediatric patients, making it a
valuable tool in this population.

Future Research should FOCUS on

1. Larger, Multi-Center Trials: To establish more precise accuracy metrics, especially for less
common fracture types.

2. Operator Training: Investigating the impact of standardized training protocols on diagnostic
accuracy, particularly for more challenging examinations like the humerus and femur.

3. Advanced Techniques: Exploring the use of different transducers or techniques (e.g.,
panoramic imaging) to improve visualization of deeper bones.

With appropriate training and consideration of anatomical and demographic factors,
POCUS can substantially enhance trauma care, ensuring timely, accurate, and patient-centered
management of musculoskeletal injuries.

CONCLUSION
Point-of-care ultrasound (POCUS) has emerged as a rapid, safe, and accurate diagnostic tool for
evaluating long bone fractures in the emergency department. Our study reaffirms its high
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sensitivity and specificity, particularly for superficial bones such as the forearm and in pediatric
patients where cortical visualization is optimal. The advantages of POCUS extend beyond
fracture detection, offering benefits such as portability, lack of ionizing radiation, cost-
effectiveness, and the ability to perform bedside imaging that expedites decision-making and
reduces treatment delays.

Nevertheless, diagnostic caution is warranted for deeper fractures, especially involving
the femur, where sensitivity may be reduced. In such cases, POCUS should complement rather
than replace radiographs. Importantly, the diagnostic performance of POCUS is closely linked
to operator skill, emphasizing the need for structured training, standardized protocols, and
continuous quality assurance. With appropriate training, emergency physicians can achieve
diagnostic accuracy comparable to radiologists, thereby expanding its utility in frontline care.

Furthermore, POCUS can provide additional value by assessing joint effusions, soft
tissue injuries, and other musculoskeletal conditions, broadening its role in emergency practice.
Its integration into clinical pathways not only optimizes emergency department workflow but
also reduces reliance on radiography, thereby minimizing radiation exposure, particularly in
vulnerable populations such as children and pregnant women.

Future research should explore its role in rural and resource-limited settings, where
radiography access is restricted, and evaluate inter-operator variability through standardized
training curricula. With judicious use, POCUS can substantially enhance trauma care, ensuring
timely, accurate, and patient-centered management of musculoskeletal injuries.
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