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Abstract

Background: Fractured bones are frequent injuries. When the continuity of the bone is broken, a surgical condition called a bone
fracture results. When the bone breaks due to a significant force, they happen. Injuries are a leading source of mortality and
disability around the globe.

Purpose: To compare the accuracy of ultrasonography and conventional radiography in detecting fractures in individuals who have
a clinical suspicion of having them.

Methodology: The study was conducted in Central Park Hospital Lahore. Following a conventional radiograph (CR) examination
of the patients, real-time ultrasonography was performed utilizing a high-frequency linear transducer in both the longitudinal and
transverse planes. To examine the relative effectiveness of radiography and ultrasonography in identifying fractures, the findings
from both techniques were compared. Settings and research design: Fifty patients with clinically suspected fractures from any age
group and sex who visited our institution's emergency wing, orthopedic outdoor or indoor, and other departments were included in
the study.

Results: The research shows that for the identification of long bone fractures, the accuracy, positive predictive value (PPV),
negative predictive value (NPV), sensitivity, specificity, and accuracy of the CR versus USG are all 100%. Additionally, the
accuracy, NPV, PPV, specificity, and sensitivity of the CR versus USG in the situation of a short bone fracture diagnosis are
66.67%, 33.3%, 100%, 100%, and 60%, respectively. Therefore, in this investigation, the overall accuracy, NPV, PPV, specificity,
and sensitivity of CR against USG were 88%, 72.73%, 100%, 100%, and 82.35%, respectively. The accuracy, NPV, PPV,
specificity, and sensitivity of the CR versus USG were, however, 60%, 33.3%, 100%, 100%, and 50%, respectively, in the case of
flat bones.

Conclusions: It is discovered to be more sensitive than CR in detecting fractures of short and flat bones and comparable in
sensitivity to fractures of long bones. USG is a radiation-free, readily accessible, portable, and cost-effective imaging approach for
locating fractures that are only superficially placed.
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INTRODUCTION:

Injuries are a leading source of mortality and disability around the globe. According to form, there are four main
categories of bones: sesamoid, sesamoid, flat, and long [1]. First, radiographs were used to identify every fracture [2].
Because of this, complementary imaging would be preferred to rule out or confirm the occurrence of a fracture in
order to prevent both short and long-term consequences [3]. On standard radiographs, the fractures could sometimes
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be invisible, however, if they are too small or occult, covered by other structures, or not perpendicular to the X-ray
beam. Particularly in skeletally immature youngsters, a fracture may potentially involve cartilage and be invisible [4,
5]. Among them, fractured bones are frequent injuries. When the continuity of the bone is broken, a surgical condition
called a bone fracture results. When the bone breaks due to a significant force, they happen. Traumatic causes of bone
fractures include falls, jolting impacts, and strong strikes. Pathological bone fractures may also be caused by diseases
that weaken the bones and overuse [6].

The most frequent kind of carpal fracture, which may have long-term effects, is the scaphoid fracture. However, up to
65% of scaphoid fractures are radiographically invisible straight soon after injury. Therefore, in patients who have
suspected sesamoid bone fractures (also called as covert scaphoid fractures), the wrist must be immobilized in a
scaphoid cast for at least 10 days, or until follow-up radiographs demonstrate that the scaphoid fracture is unrelated.
However, this technique requires some patients to have their wrists immobilized for a number of days even when they
don't have a fracture, which is inappropriate and raises both the expense of healthcare and the patient's quality of life
[7]. Magnetic resonance imaging (MR imaging), which has been recommended as the preferred imaging modality for
these patients due to its outstanding sensitivity (95-100%) and specificity (100%), is pricy and not generally used in
poor nations.

However, patients with undetected scaphoid fractures may benefit from high-resolution ultrasonography (USG) as a
different imaging technique. Because of technological advances in sonography that have increased the spatial
resolution of this diagnostic tool, high-spatial-resolution US may reveal subtle post-traumatic changes of the cortex
and/or periosteum that were present immediately following the injury but were not visible on conventional
radiographs. High-resolution US is also simpler to get, takes less time, and costs significantly less than MR imaging
[8].

In patients with blunt thoracic trauma admitted to outpatient clinics and emergency rooms, fractured ribs are the most
common injury. When utilizing just direct radiography for diagnosis, non-displaced rib fractures may commonly go
undetected. The literature has several studies that demonstrate improved sensitivity of ultrasonography (USG) in rib
fractures [9]. Because bone naturally prevents the transmission of sound at high frequencies and because there is a
significant difference in the acoustic impedance between the soft tissue and bone, USG has shown excellent results in
the diagnosis of sternal, facial, nasal and diaphyseal fractures. [11-14] As a result, USG offers the best possible
environment for imaging the bone contour. This means that any flaws (such as steps, breaks, or periosteal responses)
should be clearly obvious [15].

METHODS

The study was conducted in Central Park Hospital Lahore. Open, suspicious complex fractures, erratic individuals
with abnormal vital signs, and pregnant women. Each patient had a thorough history review, a physical examination
on the spot, and conventional radiography using the appropriate perspectives. The next stage was an ultrasound, which
used a high-frequency linear transducer with a real-time scanner in both the longitudinal and transverse planes. To
examine the relative effectiveness of ultrasonography and radiography in identifying fractures, the findings from both
techniques were compared. The research comprised 50 patients from any age group and sex who presented to our
institution's emergency wing, orthopedic outdoor or indoor, and other departments with clinically suspected fractures.
With a 5-12 MHz Broad Band linear array probe and a musculoskeletal setup, ultrasounds were performed using a
real-time scanner (Philips Envisor C and Esaote). The patient examination was given to the suspected region in both
the transverse and longitudinal axes. The site was carefully scanned with a very delicate touch. Rupture in the integrity
of the bone's cortex was adopted as the USG criteria to imply a fracture since it is the most conclusive and reliable
way to make the diagnosis of a fracture. One to two millimeters of cortical bone were clearly disrupted. The USG
probe also detected movement of the fractured ends as step-off deformities or luxation of a bone segment. A threshold
of about 2 mm was used as the criteria for determining whether displacement was there or not.

RESULTS: 50 patients from any age group and gender who visited our hospital's emergency wing, orthopedic indoor
or outdoor, and included fractures from these and other departments that had a clinical suspicion for fractures. Pregnant
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ladies, unpredictable people with aberrant vital signs, and open, suspected complicated fractures. Each patient had a
full assessment of their medical history, an immediate physical examination, and standard radiography performed
from the right angles. The next step used ultrasonography employing a real-time scanner and a high-frequency linear
transducer in both the transverse and longitudinal planes (Philips Envisor C and Esaote). The results from both
procedures were compared in order to assess the relative efficacy of ultrasonography and radiography in detecting
fractures.

Real-time scanners (Philips Envisor C and Esaote) were used to conduct the ultrasounds, and a 5-12 MHz Broad Band
interferometric probe with a neuromuscular preset was used. Both the transverse and longitudinal axes of the
suspicious area were subjected to patient examination. With great care and delicacy, the site was scanned. The most
reliable and definitive technique to diagnose a fracture is via a rupture in the integrity of the bone's cortex, which was
approved as the USG criterion to infer a fracture. There was a one- to two-millimeter disruption of the cortical bone.
The USG probe also identified luxation of a bone segment or step-off abnormalities in the movement of the fractured
ends. The criterion for judging whether or not there was displacement involved a 2 mm threshold.

While USG was positive in 5 (83.55%) instances and verified no fracture in 1 (16.45%) case, CR detected small bone
fractures in 3 (50%) individuals while being negative in the other 3 (50%) participants (Table 1).

Table 1: The connection between radiographic and USG findings in various bone types.

Bone Type Short Bone Flat Bone Long Bone
Positive 2 3 5 4 4 8 0 21 21
Negative 1 0 1 2 0 2 13 0 13
Radiography Result Negative Positive | Total | Negative Positive Total | Negative Positive Total
Total 3 3 6 6 4 10 13 21 34
The results of the current investigation show that, for the purpose of detecting long bone fractures, the sensitivity,
specificity, positive predictive value (PPV), negative predictive value (NPV), and accuracy values of the CR versus
USG were all 100%. The accuracy = 60%, NPV = 33.33, PPV = 100%, specificity = 100%, and sensitivity = 50% of
the CR versus USG, in the case of flat bones. Additionally, the accuracy = 66.67%, NPV = 33.33%, PPV = 100%,
specificity = 100%, and sensitivity = 60% of the CR versus USG in the situation of a short bone fracture diagnosis.
Therefore, in this investigation, the overall accuracy = 88%, NPV = 72.73%, PPV = 100%, specificity = 100%, and
sensitivity = 82.35% of CR against USG (Table 3).
Table 2: Comparing radiography's sensitivity, specificity, PPV, NPV, and accuracy to USG in various bone
types.
False - | True- | False | True Total | NPV PPV Specificity | Sensitivity | Accuracy
ve ve +ve +ve
Short 2 1 0 3 6 33.33% 100% 100% 60% 66.67%
Bone
Flat 4 2 0 4 10 33.33% 100% 100% 50% 60%
Bone
Long 0 13 0 21 34 100% 100% 100% 100% 100%
bone

Table 3: Radiography's overall accuracy, NPV, PPV, specificity, and sensitivity when compared to USG.

Accuracy 88%
NPV 72.73%
PPV 100%
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Specificity 100%
Sensitivity 82.35%

DISCUSSIONS: Traditionally, radiographic imaging and clinical examination have been used to examine injuries.
However, there are several circumstances, such as with pregnant women, when radiography may be contraindicated
[16]. Due to the limited sensitivity of conventional radiography for certain kinds of fractures as well as improper
indications for bone X-rays, there are a large number of negative conventional radiography findings. It results in
missed diagnoses, inadequate treatment, financial burden, and unwarranted exposure of the patients to dangerous
ionizing radiation [17]. This shows the necessity for other techniques that accurately diagnose fractures without
radiation exposure danger. This job could be filled by ultrasound [18]. A promising diagnostic method for identifying
fractures is ultrasound. Therefore, the development of handheld ultrasound equipment may make it possible to
diagnose clinically significant fractures more rapidly via faster picture gathering and concurrent analysis at the
bedside. These are practical in places where standard radiography and knowledgeable doctors are unavailable because
of their compact size [19].

Figure 1: X- ray forearm showing comminuted and displaced fracture of
the ulna.

Conventional radiography and ultrasonography both identified long bone fractures in 21 instances and excluded them
in 13 cases, indicating that both modalities had comparable accuracy, NPV, PPV, specificity, and sensitivity in those
cases (Figure 1). In comparison to conventional radiography and CT, research indicated that the USG had greater
specificity and sensitivity for the diagnosis of long bone fractures [20]. In a previous study, emergency USG
demonstrated 100% sensitivity for the identification of pediatric long-bone fractures [21]. According to research, USG
may play a larger part in situations involving large numbers of infants, children, and pregnant people [22].
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Figure 2: X-ray nasal bones-unremarkable USG image shows breech in the
continuity of the left nasal bone.

Three individuals with possible nasal bone damage participated in the current investigation. Out of them, one instance
tested positive on CR while the other two tested negative. Two instances tested positive for fracture while on USG,
whereas one case tested negative. Conventional radiography is insufficient for diagnosing facial bone fractures due to
the complexity of the facial bones and the density of the cranial base. Nasal bone radiographs often have a poor
accuracy rate since there are so many false-positive and false-negative outcomes (Figure 2). According to another
study, the diagnosis of nasal bone fractures by ultrasonography was 100% accurate, sensitive, specific, NPV, and PPV
[23].

Figure 3: X-ray chest-no abnormality detected.

USG Image shows a clear break in the continuity of the fifth rib on the
right side at the site of maximum pain with enhanced posterior acoustic
shadowing at the fractured site.

Four individuals with chest injuries and possible rib fractures were included. RTA was the mode of injury. One
instance was found to be negative in both investigations, whereas two cases were found to be positive in both
modalities. Although a chest X-ray was inconclusive in one instance, USG detected the breach in the cortex at the

- Journal of Pharmaceutical Negative Results | Volume 14 | Issue 04 | 2023 l




location of the greatest discomfort, which was later confirmed by a CT scan. One instance of rib fracture with USG
also revealed minimal pleural effusion in addition to the breach in the cortex. A third finding that encouraged the
search for the concealed fracture was pleural effusion. Furthermore, unless the fracture affects heavily calcified
cartilage, chondral rib fractures are virtually undetectable on chest x-rays. According to prior research, sonography
detects 10 times as many fractures as radiography (Figure 3). In terms of identifying rib fracture, PPV, NPV, the
specificity, and sensitivity of CR were 100%, 20%, 100%, and 15%, compared to 100%, 69%, 100%, and 90% with
USG [24]. In two instances where radiography was negative in the current investigation, high-resolution
ultrasonography was able to detect the discontinuity of the frontal bone's cortex [25]. In comparison to USG, this
research showed that CR is less sensitive and has a lower negative predictive value when it comes to showing cortical
discontinuity in minor bone fractures. Another research found that high-resolution sonography had a global sensitivity
of 100% and a specificity of 79% for detecting occult scaphoid fractures [26]. (Figure 4). The sample size was modest,
and there were relatively few fractures at joints (ankles, knees, and elbows) in this research [27].

Figure 4: X-ray four views for scaphoid bone-unremarkable USG image
shows the fracture of the scaphoid bone with minimal periosteal reaction.

CONCLUSIONS: In order to prevent the patient from being exposed to radiation, the ultrasonographic examination
may serve as a replacement for radiography in the identification of bone fractures. The regular use of ultrasonography
in the identification of fractures should be the subject of further investigation.
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