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Abstract
Purpose Paediatric long-bone fractures are commonly seen in the emergency department, and diagnosis is usually confirmed by
conventional radiographs. This entails exposure to ionizing radiation with its attendant possible carcinogenic and teratogenic
effects. Ultrasonography provides a potentially safer diagnostic alternative and may be cheaper, more readily available, and user-
friendly. This study aimed to establish the applicability of ultrasound scanning compared with plain radiography in fracture
diagnosis.
Methods This prospective observational study documented fracture characteristics using plain radiographs and compared these
with findings on ultrasound assessment of same fractures at the time of injury. Scans were repeated at week three and week six to
monitor treatment in those whom the mode of treatment did not preclude scanning. Outcome measures were compared for
relationships including sensitivity and specificity as well as overall predictive values.
Results The age range of the 62 subjects enrolled was one to 15 years and the male to female ratio was 1.8:1. Plain radiographs
diagnosed 52 fractures and 50 of these were recognized on ultrasound. The two false-negative ultrasound scans were noted in
metaphyseal humeral fractures. Overall sensitivity, specificity, and positive and negative predictive values for ultrasonography
were 96.2%, 100%, 100%, and 83.3% respectively. Ultrasound scans were also noted to identify callus formation significantly
earlier than plain radiographs.
Conclusion Ultrasound shows potential as a tool in diagnosis of paediatric fractures but may be limited in fractures around
metaphyseal bone. Due to the ability to detect callus formation much earlier, ultrasonographymay be very useful in monitoring of
fracture healing.
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Introduction

Paediatric fractures are a common presentation in the
Orthopaedic Emergency Department [1]. Indeed, trauma is
the commonest cause of injury and disability in children and
young adults worldwide [2, 3]. Diagnosis is typically based on
conventional orthogonal radiographs. The World Health
Organization estimates that over 75% of the global population
have no access to diagnostic imaging services [4]. Plain

radiography entails exposure to ionizing radiation which has
been proven to be carcinogenic and teratogenic [5] especially
in children’s rapidly dividing cells which may be more sensi-
tive to such deleterious effects [6].

Alzen et al. [7] retrospectively studied 2006 radiographs of
1386 children with suspected fractures and found fractures in
only 354 of them (17.4%). A review by Bentohami et al. [8]
showed that only 50% of injured upper limbs subjected to radio-
graphs had actual fractures. And of the lower limbs, Heyworth
et al. [9] showed that radiographs of the ankle were negative for
fractures 75% of the time. This high rate of needless exposure to
ionizing radiation may be stemmed by the use of ultrasonogra-
phy in the diagnosis of paediatric fractures. It has also led to the
design of several so called Bclinical decision rules^ (CDRs) [10]
which were made to avoid unnecessary radiographs. These
CDRs have found application in the ankle as the Ottawa ankle
rules and the knee as the Ottawa knee rules [9, 11].
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The foregoing has led several investigators to study the
applicability of diagnostic ultrasound in the detection of frac-
tures [12, 13]. The reflective acoustic properties of bone im-
prove cortical visualization and make ultrasound imaging
highly specific for identifying fractures as small as 1 mm
[14]. Ultrasound scanning gives off high-frequency sound
waves which have not been found to have deleterious effects
to the patient [6]. It is cheaper, portable, less time consuming,
and more readily available. Multiple views of the fracture can
be derived without additional risk. Point of care scanning can
also be made available by a clinician with basic experience in
musculoskeletal ultrasound scanning [15] thus eliminating the
need for patient transportation to the radiology department.
Indeed, there is increasing use and proficiency of ultrasonog-
raphy in multiple specialties outside radiology [16]. This
study aimed to assess the applicability and accuracy of ultra-
sound scanning in detection of fractures in comparison with
plain radiographs.

Materials and methods

This was a prospective observational study conducted be-
tween September 2016 and June 2017. Ethical approval was
obtained from the Ethics and Research Committee of the
institution.

Paediatric subjects aged 16 years and below presenting
with acute extremity injuries were recruited and the study
population was derived from a convenience sample of sub-
jects. Those who had open or life/limb-threatening injuries
were excluded.

Following routine rapid assessment of subjects with
suspected fractures using standard algorithms including histo-
ry, examination, and provisional splintage, those meeting the
selection criteria had written informed consent taken from
their caregivers. An emergency scan was then carried out on
the subject by the radiologist using a standard ultrasound scan
machine (TOSHIBA Real-time scanner Model TUS-F30)
equipped with a 5-MHz linear probe and with the aid of a
water-based, hypoallergenic ultrasound gel. The region of
the limb with a suspected fracture was examined longitudinal-
ly looking out for the primary outcome measures including,
the presence of a fracture seen as soft tissue changes,
haematoma collections, periosteal lesions, or break in bone
continuity; location of fracture and mal-alignment as well as
need for reduction. Findings were documented in a proforma
and if multiple bones belonging to the same subject were
examined, each bone was considered individually and record-
ed on a separate form.

The subject thereafter underwent standard radiographic im-
aging to check for fracture lines, displacement, and angulation
if present. A radiologist who was blinded to the ultrasound
findings studied the radiographs and recorded the findings.

The subjects’ pain scores were assessed and recorded during
both procedures using the Wong-Baker FACES pain scale
[17]. The duration of both studies was also recorded.
Clinical decisions taken thereafter were based on the diagnosis
derived from the radiographic assessment. Ultrasound find-
ings were then compared with radiographic images obtained
afterwards to determine the sensitivity, specificity, and false-
positive and false-negative rates. Subjects thereafter had stan-
dard treatment as appropriate for the detected injury. Repeat
scans were carried out at three weeks and at six weeks post
injury. The data obtained from the study was subjected to
statistical analysis using the Statistical Package for Social
Sciences (SPSS) software for windows version 21 (SPSS
Inc., Chicago, IL, USA).

Results

A total of 62 subjects were recruited for this study with a mean
age of 5.62 ± 1.61 years and a male to female ratio of 1.8:1.
Only 52 fractures were diagnosed on plain radiographs, giving
a fracture prevalence of 83.9%. The most frequently injured
bone was the humerus in 19 (30.6%) cases; however, the most
injured limb segment was the forearmwith both the radius and
ulna contributing 20 (32.3%) cases. Majority of the injuries
were as a result of falls during play activities 28 (45%), while
the sporting injuries accounted for the least number of limb
injuries with seven (11%) cases.

Of the 52 fractures seen on plain radiography, 50 were
diagnosed on ultrasound. Both missed fractures were in the
humerus. Identification of fracture location was equal in the
other bones for both imaging modalities. Mean fracture dis-
placement, angulation, investigation duration, and pain scores
for both imaging modalities are shown in Table 1. There is
significant agreement between plain radiographs and ultra-
sound in detecting the location of fractures as either diaphy-
seal or metaphyseal using the Fischer’s exact test (p = 0.001).
There were however false-negative ultrasound results for two
metaphyseal humeral fractures. Of the 62 bones imaged, plain
radiographs identified 14 fractures requiring reduction while
ultrasound identified 23 of such fractures (p = 0.000).

This study found an overall sensitivity of 96.2% and a
specificity of 100% for ultrasonography in fracture diagnosis.
The overall positive and negative predictive values were
100% and 83.3% respectively. Values for individual bones
were also tested and are displayed in Table 2. Sensitivity
was lower in the diagnosis of metaphyseal humeral fractures
(85%) and the negative predictive value was 75%.

Follow-up imaging at week three, demonstrated ultrasound
superiority in early detection of callus with visible callus in 30
out of 31 scanned bones, while plain radiography was only
able to detect callus in 13 of 31 bones. Other characteristics
are displayed in Table 3.
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Figure 1a, b depicts the lateral and antero-posterior plain
radiographic images of a 7-year-old boy with a supracondylar
humeral fracture seen as an oblique cortical discontinuity (sol-
id arrow) with displacement on the day of injury. Figure 1c
shows the ultrasonographic image of the fracture seen as a
cortical disruption (solid arrow) with displacement. Also seen
is a peri-articular hypoechoic collection suggestive of a
lipohaemarthrosis (line arrow) with elevation of the posterior
fat pad. Figure 1d is the follow-up plain radiograph of the
same fracture done at three weeks in a splint, while
Figure 1e is the corresponding ultrasonographic image.
Gradual obliteration of the fracture line is seen in both images
(arrows). Figure 1f, g is the follow-up radiographs done fol-
lowing splint removal at six weeks. Fracture is seen to have
united with sclerosis at previous fracture site and no visible
fracture line. Figure 1h demonstrates the ultrasound findings
at week six with bridging callus demonstrated as cortical ex-
pansion across fracture site (line arrow). The growth plate is
now visible (solid arrow) following resolution of the sur-
rounding lipohaemarthrosis.

Figure 2a shows the plain radiographic image of a radius
and ulnar fracture in a nine year-old boy taken on the day of

injury. Fracture appears as a cortical discontinuity (arrow)
with antero-medial angulation. Figure 2b shows the ultraso-
nographic image of the same fracture taken on the day of
injury. Fracture depicted as a cortical disruption with axial
deviation (arrow). Figure 2c is the plain radiograph of the
same fracture taken at three weeks in a splint. It shows a
reduced fracture with a hazy residual fracture line (arrow)
representative of progressive healing. Figure 2d shows the
ultrasonographic image derived at week three with callus for-
mation seen as area of cortical expansion across the fracture
site (solid arrow). Residual fracture line also noted (line ar-
row). Figure 2e, f is plain radiographs of the forearm fracture
at six weeks with the splint still in place. Callus formation is
noted (opacity depicted by arrow) around the hazy fracture
line. Figure 2g demonstrates the ultrasound image of the same
fracture at six weeks with clear bridging callus (arrow) and no
residual fracture line.

Figure 3a shows a distal tibia fracture on lateral and antero-
posterior plain radiographs taken for an 11-year-old girl on the
day of her injury. Cortical discontinuity is depicted by an
arrow. Figure 3b shows the ultrasound image of the fracture
on the same day, seen as a cortical breach with mal-alignment

Table 1 Comparison between
plain radiograph and ultrasound
findings

Outcome measures Radiograph
findings n (%)

Ultrasound
findings n (%)

p value

Fracture present Yes 52 (83.9) 50 (80.6)

No 10 (16.1) 12 (19.4)

Total 62 (100.0) 62 (100.0)

Requires reduction Yes 14 (26.9) 23 (46.0)

No 38 (73.1) 27 (54.0)

Total 52 (100.0) 50 (100.0) 0.000*

Displacement (mm) Mean ± SD 2.48 ± 4.67 4.94 ± 9.63 0.031*

Angulation (degrees) Mean ± SD 5.68 ± 7.69 5.84 ± 10.05 0.228

Duration of investigation (minutes) Mean ± SD 8.10 ± 2.46 8.66 ± 2.50 0.390

Pain score Mean ± SD 3.32 ± 1.02 3.85 ± 4.93 0.228

*Statistically significant

Table 2 Accuracy of ultrasonography in diagnosis of fractures

Injured bone Frequency of
injuries n (%)

Radiograph
fracture rate n (%)

Ultrasound
fracture rate n (%)

Ultrasound
sensitivity (%)

Ultrasound
specificity (%)

Ultrasound
PPV (%)

Ultrasound NPV (%)

Humerus 19 (36.5) 13 (25) 11 (22.0) 85 100 100 75

Radius 13 (20.9) 13 (25) 13 (26.0) 100 100 100 100

Ulna 7 (11.3) 7 (13.5) 7 (14.0) 100 100 100 100

Fibula 6 (9.8) 3 (5.8) 3 (6.0) 100 100 100 100

Tibia 11 (17.7) 10 (19.2) 10 (20.0) 100 100 100 100

Femur 6 (9.8) 6 (11.5) 6 (12.0) 100 100 100 100

Overall 62 (100) 52 (100) 50 (100) 96.2 100 100 83.3

PPV. positive predictive value; NPV, negative predictive value

Confidence interval 95%
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Table 3 Follow-up findings in 31
patients At 3 weeks

Image mode Callus present Fracture line visible Residual deformity

Yes No Yes No Yes No

Plain radiograph 13 18 24 7 4 27

Ultrasound 30 1 29 2 6 25

At 6 weeks

Image mode Callus present Fracture line visible Residual deformity

Yes No Yes No Yes No

Plain radiograph 28 3 8 23 4 27

Ultrasound 31 0 4 28 6 25

a

c

b

Fig. 1 a, b Lateral and antero-
posterior plain radiographic im-
ages with a supracondylar hu-
meral fracture seen as an oblique
cortical discontinuity (solid ar-
row). c Same fracture seen as a
cortical disruption (solid
arrow) on ultrasound. d Follow-
up plain radiograph at 3 weeks. e
Corresponding ultrasonographic
image. f, g Follow-up radiographs
done following splint removal at
6 weeks. h Ultrasound findings at
week 6 with bridging callus dem-
onstrated as cortical expansion
across fracture site (line arrow);
growth plate (solid arrow)
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(arrow). Figure 3c shows the follow-up radiographic image of
the same fracture taken in a splint after six weeks. Attempt at
healing as evidenced by blunting of the fracture line and rel-
ative sclerosis (arrow) is seen. However, fracture line still
persists. Figure 3d on the other hand shows bridging of the
fracture by callus after six weeks of injury on the ultrasono-
graphic image.

Clinical and radiographic outcomes assessed using indices
of healing noted during follow-up including absence of pain,
full weight bearing, range of motion, callus formation, and

restoration of alignment demonstrated satisfactory healing in
all the subjects admitted into this study.

Discussion

Childhood trauma remains a global challenge estimated
by the World Health Organization to be the commonest
cause of injury and disability in children and young adults
worldwide [2, 3]. Rapid and safe diagnosis allows for

d

e

Fig. 1 (continued)
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early institution of management to prevent untoward life
or limb-threatening complications especially in the paedi-
atric age group with their known peculiarities. Findings
from this study suggest that ultrasound scans may provide
such an option in fracture diagnosis. Comparison between
ultrasound scans and conventional radiographs as a refer-
ence also shows significant agreement between both
modes of imaging.

Injuries in the humerus, fibula, and tibia accounted for all
the negative radiographs in this study. Injuries around the
elbow and ankle present a diagnostic challenge during assess-
ment and imaging. Mechanism of injury as well as clinical
findings of pain and swelling may strongly suggest a fracture
even in the absence of a fracture [8, 9]. This may result in
higher negative radiographs being ordered as demonstrated
by this study. The need to avoid unnecessary radiographs
and ensure uniformity of treatment has led to the development

of several workable evidence-based clinical decision rules
(CDRs) and appropriate use criteria (AUCs) [18].

Humeral metaphyseal fractures accounted for the two false-
negative ultrasound scans. Sinikumpu et al. [19] noted diffi-
culties in the diagnosis of distal humeral fractures, particularly
lateral condylar fractures using plain radiographs. This was
attributed to the largely cartilaginous nature of the region
and the postero-lateral orientation of the fracture line.
Metaphyseal fractures are known to be difficult to diagnose
on ultrasound because the curved and irregular contour at the
bone ends as well as the presence of growth plates may distort
the acoustic waves and generate a blurred reflected signal
[20]. False negatives may also occur when interpreting corti-
cal irregularities at places with tuberosities, bends, or reactive
degenerative changes [21]. All these may obscure the image
produced. Rabiner et al. [22] utilized the elevation of the pos-
terior fat pad or lipohaemarthrosis as demonstrated on

f

g

h

Fig. 1 (continued)
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ultrasonography as a pointer to distal humeral fracture diag-
nosis. They recorded a sensitivity and specificity of 98% and
70%, respectively, for ultrasound diagnosis of fractures. Fat
pad elevation is better seen on ultrasound than in plain radio-
graphs where it can be observed in two regions: (i) posterior or
olecranon and (ii) anterior, formed by the coronoid and the
supinating pad [23] (Fig. 1c). It can be looked out for during
scans of the distal humerus as a pointer to fractures. Shaft
fractures appear easier to diagnose as evidenced by the excel-
lent agreement recorded between ultrasound and plain radio-
graphs in diagnosis of diaphyseal fractures [24]. Fractures
appear as steps, cortical gaps or interruptions, axial deviations,
periosteal lesions or irregularities, haematomas, and soft tissue

changes. Ultrasonography can also be useful in the identifica-
tion of persistently entrapped intra-articular fragments within
the elbow joint which may induce articular surface damage,
and tend to be associated with poorer clinical and functional
outcomes as noted by Canavese et al. [25]. The use of ultra-
sound scans has also been applied to relatively rare fractures
such as those affecting the sternum. Schulzdorst et al. [26]
noted that the mechanism of such fractures should prompt
immediate examination of the mediastinal structures for asso-
ciated injuries. Some of these potentially life-threatening as-
sociated injuries may be detected on ultrasound.

There was some discordance between values obtained in
measurement of fracture displacement and angulation.

a

c
d

b

Fig. 2 a Forearm fracture on the
day of injury; cortical
discontinuity (arrow) with antero-
medial angulation. b
Corresponding ultrasound
image. Cortical disruption with
axial deviation (arrow). c Plain
radiograph of the same fracture
taken at 3 weeks in a splint. d
Ultrasonographic image derived
at week 3 with callus formation
seen as area of cortical expansion
across the fracture site (solid ar-
row); residual fracture line also
noted (line arrow). e, f Forearm
fracture at 6 weeks with the splint
still in place. g At 6 weeks with
clear bridging callus (arrow) and
no residual fracture line
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Williamson et al. [13] suggested that the degree of cortical
disruption was more apparent on ultrasound than on plain
radiographs. This agrees with what was noted in this study
with displacement by ultrasound being almost twice that mea-
sured by plain radiographs. Reasons for this may include the
fact that conventional plain radiographs are two-dimensional
studies which are prone to errors resulting from bone overlap
in the frontal plane. The ultrasound scans are able to see bone
fragments as distinct from each other with the mobility of the
probe giving a more representative view in different planes.
However, ultrasound may overestimate fracture displacement
and angulation due to the limited view of the entire length of
the bone during scanning. On the other hand, plain radio-
graphs give access to the entire length of the bone and thus a

more objective assessment of these variables. Accurate assess-
ment of displacement is especially important in areas where
prognosis is directly affected, as noted in recent studies on
treatment outcomes of pediatric femoral neck fractures [27,
28] which observed an increased risk of developing avascular
necrosis of the femoral head with increasing degrees of dis-
placement. Ultimately, a clearer view of displacement will aid
satisfactory fracture.

Inter-observer accuracy between experienced and novice
sonologists may also be responsible for discrepancies. In this
study, all the scans were performed by trained sonologists.
Several studies have compared variations in reports by differ-
ent cadres of sonologists and found no significant difference in
their output [21, 29]. Waterbrook et al. [21] used sonologists

e

g

f

Fig. 2 (continued)
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ranging from a fourth-year medical student to an attending
physician during their study. All the sonologists received a
15-minute in-service briefing on point of care ultrasound scans.
The inter-observer accuracy at the end of the study was 96.4%.
This suggests that the experience of the sonologist is not an
overwhelmingly important factor in identification of fractures.

Several studies have noted that ultrasonography is well
tolerated in children [6, 30]. Marin et al. [30] noted that ultra-
sound is the Bideal diagnostic tool in children^. Anxiety of
both the patient and the caregiver is an issue in management of
childhood injuries. In this study, the application of the gel and
the visual distraction provided by the images on the monitor
seemed to calm the children down.

The interpretation of the finding in this study of an overall
sensitivity of 96.2% and a specificity of 100% as well as an
overall positive and negative predictive values were 100% and
83.3%, respectively; in fracture, diagnosis could be that ultra-
sound scans are better to rule out fractures rather than to Brule
in^ fractures. This was corroborated by Rabiner et al. [22] in
their study of accuracy of point of care ultrasonography in the
diagnosis of elbow fractures in children where they found a

sensitivity of 70% and a specificity of 93%. Ability to detect
the presence of fractures is reduced at the metaphyseal ends of
bones. This is clearly demonstrated in this study by the fact that
both false-negative ultrasound scans occurred with elbow in-
juries. Curved and irregular bones give off distorted reflected
echoes and confusing images which may lead to low sensitiv-
ity in those areas. However, in studies that focused mainly on
diaphyseal fracture diagnosis, much higher specificities were
noted.Waterbrook et al. [21] noted a sensitivity of 90.2% and a
specificity of 96.1% while Williamson [13] in his study had a
100% agreement between plain radiographs and ultrasound. A
systemic review by Joshi et al. [31] concluded that compared
with radiography, ultrasound is an accurate diagnostic test to
rule in or rule out extremity fractures while conceding that the
anatomical location of the injury affects the accuracy of the
operating characteristics of ultrasound.

Thirty-one patients were found to be suitable for week
three and week six follow-up imaging. Ultrasonography was
noted to identify the presence of callus earlier than plain ra-
diographs. A significant number of patients at three weeks had
no visible callus on plain radiographs with clear fracture lines

a

c d

b
Fig. 3 a Distal tibia fracture on
lateral and antero-posterior plain
radiographs on the day of her in-
jury. b Cortical breach with mal-
alignment (arrow). c Follow-up
radiographic image of the same
fracture taken in a splint after
6 weeks. d Bridging of the frac-
ture by callus after 6 weeks of in-
jury on the ultrasonographic
image
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when compared with ultrasound where attempts at healing
were noted earlier. This adds to the possible applications of
ultrasonography in fracture monitoring. This property has al-
ready been described in the study by Moed et al. [32] which
was done in adults. As such, ultrasonography can be
employed even in monitoring of adult fractures to determine
the need for early intervention in terms of dynamization, au-
togenous bone grafting, or exchange nailing. It can also assist
in decision making regarding early weight bearing and pro-
gression to graded activities. Ultrasonography will be used as
a screening tool in the emergency room as well as during
follow-up without the use of radiographs.

Conclusion

Overall, ultrasound shows promise as a useful, cheap, porta-
ble, and versatile alternative to plain radiography in the diag-
nosis of paediatric long-bone fractures. Ultrasonography will
be used as a screening tool in the emergency room as well as
during follow-up without the use of radiographs. Protocols
will also be developed to incorporate ultrasonography in the
initial assessment of childhood trauma. This will lead to a
drastic reduction of unnecessary plain radiograph requests.
The value of ultrasonography in the diagnosis and monitoring
of fracture treatment should be studied further.
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