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ABSTRACT

Objective: The objective of this study was to determine the diagnostic performance of the
Shetty test (ST) in predicting fractures in pediatric ankle trauma and to prevent unnecessary
radiation exposure in these cases.

Materials and Methods: The ST was administered to all the patients included in the study,
and the cases were categorized as ST-positive and ST-negative. The sensitivity and specifici-
ty of the test were determined based on radiographic findings.

Results: The distribution of trauma mechanisms of pediatric patients was as follows: sprain (65%,
n=78), fall from height (20%, n=24), direct trauma (10%, n=12), and accidental hit (10%, n=12).
Radiographically, 3 (2.5%) cases showed displaced fractures, 12 (10%) showed non-displaced
fractures, 1 (0.8%) showed incomplete fractures, and 104 (86.7%) showed no fractures. The sen-
sitivity of the Shetty Test was 75%, specificity was 59.6%, positive predictive value (PPV) was
22.2%, and negative predictive value (NPV) was 93.9% in predicting the need for radiography.

Conclusion: The sensitivity and specificity of the ST in predicting fractures in pediatric pa-
tients with ankle trauma within the limits of radiographic indication were found to be lower
than those for adults. However, due to limited information in the literature, further studies
with larger cohorts are needed.

Keywords: Ankle, foot, fracture, shetty, trauma.

INTRODUCTION

Foot and ankle traumas are the most common extremity injuries, representing a significant portion
of Emergency Department (ED) presentations.’? In the majority of these cases, the trauma affects
the ligaments, ankle joint capsule, or results in soft tissue contusion.? Despite this, diagnostic radio-
graphs are often requested for these patients, regardless of clinical indications. It has been reported
that only 13-30% of this patient group actually have fractures, yet radiographic imaging of ankle
trauma in EDs is performed at rates of 80%-100%.'** This practice unnecessarily prolongs the time
spent in the ED and exposes the majority of patients to unnecessary radiation.’

In an effort to reduce unnecessary radiography evaluations, screening tests have been proposed in
the literature.®® One such test is the Shetty test (ST), which has been suggested as an alternative to
the widely used Ottowa Ankle Rules (OAR) die to its ease of application.’”-'° There is no studies in
the literature that has examined the diagnostic performance and effectiveness of the ST in deter-
mining the need for radiographic imaging in pediatric cases.
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Fractures associated with ankle trauma constitute 7% of phy-
seal fractures and 5-14% of all fractures in pediatric cases.
In younger age groups, the increased cartilage component
provides resistance to fractures.""-'* However, it is also known
that children are 10-15 times more sensitive to radiation than
adults.” In other words, ankle fractures are less common in
children, but screening tests are more important in pediatric
cases due to the high sensitivity to ionizing radiation.

The aim of this study was to determine the diagnostic per-
formance of the Shetty test in predicting ankle fractures in
pediatric cases and thereby prevent unnecessary radiation
exposure.

MATERIALS AND METHODS

After obtaining ethical approval from Hitit University Non-In-
terventional Research Ethics Committee (decision no: 2022-23,
date 04/11/2022), we conducted an observational, cross-sec-
tional study involving 120 consecutive pediatric patients with
ankle injuries admitted to the ED. All procedures were con-
ducted in accordance with the ethical guidelines and the prin-
ciples of the Declaration of Helsinki.

The study included 120 consecutive pediatric patients who
presented at the ED with an ankle injury. The inclusion cri-
teria were patients aged <18 years, who presented within
24 hours of the trauma with an isolated, non-penetrating
ankle trauma, and whose parents provided informed con-
sent for participation. The study exclusion criteria were
defined as follows: multiple trauma, presence of crepita-
tion in physical examination, findings indicating luxation
or severe and definitive fractures such as open fractures,
neuropathic or paraplegic patients, or a history of foot or
ankle surgery. Additionally, patients were excluded if they
had mental development retardation that would hinder
sufficient cooperation, motor function retardation affect-
ing walking abilities, or if they had not yet achieved full
independent walking. The medical history of the patients
was obtained from their parents.

For each patient, a record was made of their age, gender,
mechanism of trauma, physical examination findings, and
pain localization as the basic variables. The ST was then admin-
istered to the patients in the trauma unit of the ED by resident
physicians with at least six months of experience in the ED
trauma unit. These physicians had received training in the ap-
plication of the ST on at least 20 patients from the same ED fac-
ulty member. The patients were then classified as ST-positive
or ST-negative, and two-directinal radiographs were obtained
in the anteroposterior and lateral positions in the ED imaging
unit. The radiographs were evaluated for fractures in the hos-
pital’s digital imaging archive system by a second emergency
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Figure 1. Shetty test technique demonstration: The physi-
cian supports the entire foot while instructing the patient
to push the foot downwards simulating “weight-bearing”

medicine faculty member. This evaluator was blinded to the
patient’s medical history and physical examination findings.

Shetty Test: The patient was seated on the examination table
with the legs side by side and hanging freely. The patient was
instructed to place the affected foot in the palm of the ex-
amining physician’s hand. While the physician supported the
entire foot, the patient was instructed to push the foot down-
wards, simulating “weight-bearing” as described in the litera-
ture (Fig.1).”” If the patient was unable to perform the down-
ward pushing movement due to pain, they were classified as
ST-positive. If the patient could perform the movement, they
were classified as ST-negative. A positive test result indicates
a potential fracture, while a negative result suggests the ab-
sence of a potential fracture.

Statistical Analysis

The data were analyzed using SPSS software (Version 22, SPSS
Inc., Chicago, IL, USA, Licence: Hitit University). Descriptive sta-
tistics were used to present categorical data as numbers (n)
and percentages (%). For numerical data with a normal distri-
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Table 1. Comparison of sociodemographic and clinical characteristics among the research groups formed based on the ST

results
Positive (n=54) Negative (n=66) P
n % n %
Age 11.07+£3.32 11.38+3.83
Gender 0.604°
Female 22 423 30 57.7
Male 32 47.1 36 529
Pain site 0.528°
Foot 21 48.8 22 51.2
Ankle 33 42.9 44 57.1
Mechanism of trauma 0.459¢
Fall 8 333 16 66.7
Sprain 37 47.4 41 52.6
Blow 4 66.7 2 333
Bump 41.7 7 58.3
Physical examination <0.001°
No 2 83 22 91.7
Yes 52 54.2 44 45.8
Radiographic finding 0.010°
No 42 404 62 59.6
Yes 12 75 4 25

a: Student’s t-test; b: Chi-square test; c: Fisher’s exact test.

bution, descriptive statistics were presented as meanzstan-
dard deviation (SD). The conformity of numerical data to a nor-
mal distribution was assessed using the Kolmogorov-Smirnov
test. Student’s t-test was employed for comparing means
between two independent groups when the assumptions of
parametric tests were met. Chi-square test or Fisher’s exact
test, depending on sample sizes in the cross-tabulation cells,
was used for ratio comparisons and correlation investigations
involving categorical data. Sensitivity, specificity, positive pre-
dictive value (PPV), and negative predictive value (NPV) were
calculated to assess the prediction success of the Shetty test in
determining the need for radiography. A p<0.05 was consid-
ered statistically significant.

RESULTS

A total of 120 children were included in this study for statis-
tical analysis. Among the patients, 43.3% (n=52) were female
and 56.7% (n=68) were male. The mean age of the patients
was 11.24+3.6 (min-max: 4-17). Foor pain was reported by
35.8% (n=43) of the patients, while 64.2% (n=77) reported
ankle pain. The distribution of trauma mechanisms was as fol-

lows: fall from height (20%, n=24), sprain (65%, n=78), direct
trauma (10%, n=12), and accidental hit (10%, n=12). Physical
examination findings were as follows: tenderness in 61 (50.8%)
patients, swelling in 7 (5.8%) patients, and no findings in 20%
of the patients. Radiographs revealed fractures in 16 (15.3%)
patients, while 104 (86.7%) patients had no fractures.

When the ST was performed, it was positive (+) in 54 patients
(45%) and negative (-) in 66 patients (55%). The sociodemo-
graphic and clinical characteristics of the groups formed based
on the ST results are presented in Table 1. The groups were
statistically similar in terms of age, gender, pain location, and
trauma mechanism (p=0.646, p=0.604, p=0.528, p=0.459, re-
spectively, Table 1). However, there was a significant difference
between the groups in terms of physical examination findings
(p<0.001, Table 1). Additionally, a significant difference was
found between the groups in terms of radiography findings
(p=0.010, Table 1). Among the patients with radiographic find-
ings, the ST was positive (+) in 12 patients (75%), while among
the patients without radiographic findings, the ST was nega-
tive (-) in 42 patients (40.4%).
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Table 2. Distribution of ST results according to physical examination findings and statistical results
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Shetty test Total p*
Positive Negative
n % n %
Physical examination <0.001
Tenderness 30 49.2 31 50.8 61
Swelling 2 28.6 5 714 7
Ecchymosis 1 50 1 50
Temperature change 0 0 0 0
Tenderness and swelling 12 75 4 25 16
Tenderness and ecchymosis 2 50 2 50
Swelling and ecchymosis 1 100 0 0 1
Tenderness, swelling and ecchymosis 4 80 1 20 5
No 8.3 22 91.7 24
Radiography 0.024
Displaced fracture 100 0
Nondisplaced fracture 8 66.7 4 333 12
Incompetent fracture 1 100 0 1
No fracture 42 404 62 59.6 104
Total 54 66 120

*: Fisher's exact test.

Table 3. Sensitivity, specificity, PPV, and NPV values indicating the success of the ST in predicting the need for radiography

Radiography Total Sensitivity Specificity PPV NPV
(95% ClI) (95% CI) (95% ClI) (95% ClI)
No Yes
Shetty test 75% (47.4-91.7) 59.6% (49.5-68.9) 22.2% (12.5-35.9) 93.9% (84.4-98.0)
Negative 62 4 66
Positive 42 12 54
Total 104 16 120

PPV: Positive predictive value; NPV: Negative predictive value; ST: Shetty test; Cl: Confidence interval.

Table 2 presents the comparison of ST results with physical
examination findings and radiography findings. There was a
statistically significant difference between the ST groups in
terms of physical examination findings (p<0.001, Table 2).
Similarly, the distribution of radiography findings differed
significantly between the groups (p=0.024, Tablo 2). The ST
was positive (+) in all patients with a radiographic finding
of displaced fracture or incomplete fracture. Among the pa-
tients with non-displaced fracture on radiography, 8 (66.7%)
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had a positive (+) ST, while 42 (40.4%) of the patients with-
out a fracture had a positive (+) ST (Table 2).

InTable 3, a cross-designed table, the relationship between
the ST and radiography indication is presented. Addition-
ally, the sensitivity, specifity, PPV and NPV values of the ST
for predicting radiography indication are provided. The ST
demonstrated a sensitivity of 75%, specificity of 59.6%, PPV
of 22.2%, and NPV of 93.9% for successfully predicting radi-
ography indication.
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DISCUSSION

In the general approach to ankle trauma in EDs, radiolog-
ical examinations are typically performed following phys-
ical examination.” The reasons for requesting radiologic
tests have been reported to include medicolegal factors,
functional requirements such as defensive medicine ap-
plications due to legal responsibilities, patient requests,
and extended waiting times in crowded EDs.'®* Howev-
er, careful consideration should be given to determine
appropriate radiographic indications due to escalating
healthcare costs, prolonged ED stays, and, most impor-
tantly, the risk of unnecessary exposure to ionizing radia-
tion, which has been reported to be 0.6 mSv per diagnos-
tic radiograph in the ED."”

Pediatric patients are known to exhibit 10-15 times more sen-
sitivity to radiation than adults and have an approximately 5%
per Sv risk of developing fatal cancer. Therefore, it is crucial to
minimize unnecessary radiological examinations in this vul-
nerable population.'* This highlights the importance of clinical
screening tests in the pediatric population, as they are even
more crucial than in adults. In order for reliable and easily ap-
plicable tests to be widely adopted, their diagnostic contribu-
tions need to be objectively demonstrated.

Previous studies on pediatric trauma epidemiology have con-
sistently reported a male gender predominance ranging from
65% to 68%.'* % In our study, 56.7% of the cases were male,
which, although lower than the reported rates, aligns with
the understanding that male children are more vulnerable to
trauma. The most common cause of ankle trauma in our study
was determined to be sprain (65%), which is consistent with
findings from similar studies that also identified sprains as the
leading cause of injury.??’

It has been reported that in many healthcare institutions,
ankle trauma patients are often sent directly to the radiog-
raphy unit before undergoing a physical examination.>'62'22
The aim of this study was to evaluate the diagnostic success
of the ST in predicting fractures in pediatric cases. However,
the significant difference in the distribution of physical ex-
amination findings between the groups formed based on the
ST results suggests the importance of physical examination
alone in limiting the need for radiography. The impact of dif-
ferent physical examination findings on the ST results could
be a topic for future studies. Furthermore, previous studies
related to the ST have primarily focused on the presence of
fractures.”*” Therefore, the significant difference in the distri-
bution of radiography findings observed in the current study
could encourage the development of new scoring systems
that incorporate both physical examination findings and the
ST to determine fracture subtypes.
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To date, no previous study has examined the success of the ST
in predicting fractures with the aim of reducing radiography in-
dications specifically for pediatric cases of ankle trauma. While
the majority of studies have focused on adult patients, there are
also studies that have included patients from the lower age limit
of the pediatric population.?3?' In a study evaluating 50 patients
with isolated ankle trauma, where the ST was introduced for the
first time, the reported sensitivity, specificity, PPV, and NPV were
100%, 91%, 43%, and 100%, respectively.” Another study report-
ed values of sensitivity 95.5%, specificity 100%, PPV 71.40%,
and NPV 100% for the ST, and highlighted that the ST reduced
radiography indications at similar rates to the OAR, which were
evaluated in the same population.?’ In a study of 150 patients,
the ST and OAR were compared in terms of predicting fractures
in ankle trauma, and the sensitivity, specificity, PPV, and NPV
were reported as 82.6%, 77.39%, 52.73%, and 93.68%, respec-
tively." In the current study, which evaluated the success of the
ST in predicting the need for radiography, the sensitivity was
75%, specificity was 59.6%, PPV was 22.2%, and NPV was 93.9%.
These values were lower than the high sensitivity and specificity
rates reported in most of the limited available literature on the
ST. However, another study comparing the ST and OAR in 207
patients reported lower sensitivity and specificity values than
those observed in the current study and in the literature (sensi-
tivity 51.39%, specificity 85.93%, PPV 66.07%, NPV 76.82%).3

Weight is, of course, a subjective symptom that exhibits signif-
icant variability among patients. The ST is designed to assess
the presence of pain during weight-bearing simulation. There-
fore, the ST is fundamentally a patient-centered subjective
test. However, it is known that clinical evaluation of pediatric
patients is not always reliable and may not always provide suf-
ficient information.?®* The factor likely contributed to the lower
sensitivity and specificity values obtained in this study com-
pared to studies conducted with adult patient groups. Addi-
tionally, it is challenging to thoroughly discuss these results
since there are no other studies that have investigates the suc-
cess of the ST specifically in pediatric patients.

There were limitations to this study, primarily related to the
subjective nature of the ST. Due to the difficulty in obtaining
reliable clinical findings in pediatric patients, there might have
been insufficient objective evaluation. In other words, pediat-
ric patients express their response to pain in diverse ways and
at different levels, and the practitioner’s judgment may influ-
ence the decision regarding the ST result. This aspect could be
more robustly analyzed through studies that examine differ-
ent age groups separately. A second limitation was that the ST
in this study was performed by different physicians. However,
since previous studies have been limited to adult patients and
there is no existing research on pediatric patients, it was not
possible to compare the differences between physicians. Fu-
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ture studies will undoubtedly include subsections that quan-
titatively demonstrate the practitioners’ decision-making pro-
cess regarding the ST results.

CONCLUSION

In conclusion, the findings of this study revealed that the sen-
sitivity and specificity of the ST in predicting fractures and re-
ducing the need for radiography were lower in pediatric ankle
trauma patients compared to adults. Nevertheless, the ST pro-
vides pediatric patients with potential protection against the
adverse effects of ionizing radiation. Therefore, further studies
with larger cohorts that compare multiple variables are war-
ranted to gain a deeper understanding of its effectiveness.
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