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Background/objective: For early return to sports after a lateral ankle sprain (LAS) and recurrence pre-
vention, effective rehabilitation and gradual return to sports should be initiated while predicting the
return time based on the appropriate severity evaluation immediately after injury. However, since
severity evaluations performed in previous studies required large space and stairs and involved high-
revel activity, their use as a test and index to evaluate severity after LAS was not appropriate consid-
ering convenience and risk of re-injury. Therefore, a quick and simple test was developed to evaluate the
severity of acute LAS. This study aimed to verify the association between ankle function for severity
evaluation and anterior talofibular ligament (ATFL) injury type by ultrasonography and to clarify the
usefulness for acute LAS severity evaluation of the single-leg loading (SLL) test.
Methods: In total, 50 patients (34 men, 16 women) out of 58 patients who visited our sports clinic within
3 days after acute LAS and who conformed to the study criteria were included in this study. During the
first visit, SLL test and objective/subjective ankle joint evaluationwere performed. The SLL test consists of
single-leg standing, single-leg heel raising and single-leg hopping, and patients were classified into four
levels from 1 to 4 according to results. In addition, ultrasonographic evaluation was performed within 1
week after the first visit to evaluate the type of ATFL injury. Type I was defined as intact ATFL, Type II as
swollen ATFL with an almost intact fibrillar pattern and Type III as ATFL appearing swollen with a dis-
rupted fibrillar pattern. The relationship between the SLL test and each evaluation item was investigated
using Spearman's correlation coefficient.
Results: As a result of the SLL test, 15 patients had Level 1 (30%), 19 Level 2 (38%), 5 Level 3 (10%) and 11
Level 4 (22%). With regard to correlation coefficients of the SLL test, Japanese Society for Surgery of the
Foot ankle/hindfoot scale and sports activity were rs ¼ 0.71 (p < 0.001) and rs ¼ 0.66 (p < 0.001),
respectively, showing a significant positive correlation. SLL test and the type of ATFL injury also showed a
significant negative correlation (rs ¼ �0.58, p < 0.001).
Conclusions: The SLL test was a simple and useful test that can be used as an index to evaluate the
severity of acute LAS.
© 2021 Asia Pacific Knee, Arthroscopy and Sports Medicine Society. Published by Elsevier (Singapore) Pte
Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/

by-nc-nd/4.0/).
Introduction

According to a survey conducted in the United States,1 approx-
imately half of ankle sprains occur during sports activities and can
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be said as one of the most frequent musculoskeletal disorders in
sports.2 However, more than half of patients who injured their
ankle joint do not take a medical treatment,3 accurate diagnosis
and appropriate severity evaluation have not been made, and a
previous study reported that approximately 90% of patients with
lateral ankle sprain (LAS) have returned within 1 week.4 Another
report also showed that many athletes still had symptoms such as
pain and joint instability 1 year after the injury,5 and >70% of
athletes were re-injured in basketball as a result of inadequate
treatment and premature return to sports.6
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To prevent re-injury and achieve the earliest possible return to
sports, effective rehabilitation and gradual return to sports should
be initiated, while predicting the return time based on an appro-
priate severityevaluation immediatelyafter the injury. Somestudies
have investigated the relationship between the prognosis after LAS
and physical status, such as load capacity, self-reported motor
function and injured ligament evaluation, using ultrasonography at
the first visit.7,8,10 Wilson et al.8 reported a significant correlation
between the scores of six functional evaluations performed on pa-
tients after LAS and residual dysfunction duration. Docherty et al.9

performed four hopping tests and reported a significant correla-
tion between the score of ankle function and some hopping test.
Cross et al.10 demonstrated a significant correlation between the
time to return to sports and subjective functional evaluation in
collegiate athletes with LAS. However, many issues have been
encountered when using the functional evaluation of previous
studies as a test and index to evaluate severityafter LAS. In fact, these
functional evaluations needed a large space or stairs and involved
high-level activity if performed immediately after injury, without
considering the severity of the injured ligament. Therefore, a test for
evaluating the severityof acute LAS that can beperformed easilyand
anywhere, such as in clinical or sports settings, is required.

A single-leg loading (SLL) test was developed as a screening test
and used as an index of severity for acute LAS. This study aimed to
examine the relationship between SLL test and ankle functional
evaluation and anterior talofibular ligament (ATFL) injury type
using an ultrasonography examination.

Materials and methods

Participants

A total of 58 patients who visited our sports clinic within 3 days
after acute LAS from October 2018 to March 2019 and were diag-
nosed with lateral ligament injury. Radiographic assessment was
performed at the first visit to determine the presence of fractures.

We defined our criteria as the following: (1) cases wherein ATFL
damage was the main injury and (2) cases with grade I or II lateral
ligament injury were included; (3) cases with a history of LAS
within 3 months of injury and (4) cases with fractures (including
avulsion fractures) were excluded. Of the 58 patients, 8 patients
were not analysed because they did not meet the inclusion criteria:
1 patient had grade III lateral ligament injury, 1 had avulsion frac-
ture, 2 had other complex ligament injuries, 2 had a history of LAS
within 3 months of injury and 2 were excluded due to a mistake in
filling out the questionnaire. Finally, 50 patients (34 men, 16
women) were included in this study. The average age of the 50
patients was 15.6 ± 3.0 years, ranging from 9 to 28 years, and the
average number of days from injury to the first visit was 1.5 ± 1.0
days. The injury was right-sided in 30 ankles and left-sided in 20
ankles.

For these cases, SLL test was performed and an objective and
subjective evaluation questionnaire was administered at the first
visit; ATFL ultrasonography was performed within 1 week after the
first visit. All ultrasound examinations were performed by one
physical therapist using SONIMAGE HS1 (KONICA MINORUTA,
Japan) with linear-array probes at 18e4 MHz in B-mode. Physio-
therapy was started at the first visit, and most patients were given
taping or ankle brace.

This study was a case-series study approved by the institutional
ethics review board of Graduate School of Comprehensive Reha-
bilitation, Osaka Prefecture University (approval number: 2019-
110). All patients provided written informed consent after receiving
an explanation of the study protocol, and the study was conducted
according to the principles of the Declaration of Helsinki.
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SLL test

SLL test was conducted in four steps with two fingers on the
evaluator’s hand to control posture (Fig. 1). First, patients were
instructed to stand on a single leg. If they could not stand for 3 s, the
test was terminated. Otherwise, i.e. if they could stand for 3 s, they
proceeded to the next step. Then the patients were instructed to
raise their heel while standing on a single leg while keeping a
distance of >3 cm between the floor and heel. If they could perform
this three times, they proceeded to the next step. Finally, patients
were instructed to hop on a single leg such that their toes were off
the floor. If they could perform this activity three times, the test was
complete. The test was considered successful when the patient
could complete the task with or without pain. The test was
terminated if the patients were not able to continue the test owing
to pain or fear. Based on the results of this test, patients were
classified into four levels as follows: Level 1, difficulty in single-leg
standing; Level 2, single-leg standing; Level 3, single-leg heel
raising and Level 4, single-leg hopping.

Objective/subjective ankle joint evaluation

As an objective functional evaluation, Japanese Society for Sur-
gery of the Foot (JSSF) ankle/hindfoot scale11,12 was used, which
consists of three items: ‘pain’, ‘function’ and ‘alignment’, and has a
maximum score of 100 points. As a subjective evaluation, a self-
administered foot evaluation questionnaire (SAFE-Q) created by
the Japanese Orthopaedic Association and Japanese Society for
Surgery of the Foot13 was used. SAFE-Q includes six subscales: pain
and pain related, physical functioning and daily living, social
functioning, shoe related, general health and well-being and sports
activity subscales. Each subscale has a maximum score of 100
points.

Ultrasonographic evaluation of ATFL injury

Ultrasonographic evaluation of the ATFL injury was performed
within 1 week after the first visit. The severity of the ATFL injury
was classified using themethod reported by Kemmochi et al.14 Type
I is defined as intact ATFL, Type II as swollen ATFL but almost intact
fibrillar pattern and Type III as ATFL that appears to be swollen and
disrupted fibrillar pattern. Type IV is defined as a completely torn
ATFL, and Type V is defined as an avulsion fracture of the talar end
or with distal lateral malleolus of the ankle. In this study, Types I to
III injuries were included. During the examination, the patient was
seated on the treatment bed with the heel of the affected ankle on
the edge of the chair. The ankle joint was held in the neutral po-
sition and instructed to relax. The probe was placed at the lower
end of the lateral malleolus in order to be parallel to the sole of the
foot, and from that state, the ATFL was visualised by slowly rotating
the probe toward the sole of the foot by 45�. ATFL was evaluated
with or without anterior drawer force to the ankle joint. The
anterior drawer test was performed by placing the heel to a chair as
it took anterior drawer force by the weight of the lower leg (Fig. 2-
a). The evaluation without anterior drawer force was performed by
grasping the distal lower leg with the hand opposite to the one
holding the probe and lifting the heel from the chair (Fig. 2-b).

Statistical analysis

The normality of each SLL test subscale, JSSF ankle/hindfoot
scale, SAFE-Q and ATFL injury type was confirmed using the
ShapiroeWilk test. The association between SLL test and JSSF ankle/
hindfoot scale, SAFE-Q subscales and ATFL injury type was exam-
ined using Spearman's correlation coefficient. All statistical



Fig. 1. Flow chart indicating the method of classification using the SLL test.
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analyses were performed with EZR (Saitama Medical Center, Jichi
Medical University, Saitama, Japan),15 a graphical user interface for
R (the R Foundation for Statistical Computing, Vienna, Austria).
More precisely, a modified version of R commander was designed
to add statistical functions frequently used in biostatistics. p-values
of �0.05 were considered statistically significant. For the inter-
examiner reliability of SLL test, the k coefficient of Cohen was
calculated in 31 patients who can successfully perform SLL test with
two examiners. The k coefficient of the SLL test was 0.78, and the
inter-examiner reliability was substantial according to the Landis
et al.’s criteria.16
Table 1
Scores of the JSSF ankle/hindfoot scale and SAFE-Q subscales.

Evaluation items Median Quartile

JSSF ankle/hindfoot scale 36.5 27.5e54.8

SAFE-Q
Pain and Pain Related 45.8 32.3e60.0
Physical Functioning and Daily Living 52.3 39.2e67.6
Social Functioning 50.0 20.8e75.0
Shoe Related 75.0 52.1e91.7
General Health and Well Being 65.0 46.3e85.0
Sports Activity 14.3 3.0e33.8

All values are presented as the median and range. JSSF ankle/hindfoot scale, Japa-
nese Society for Surgery of the foot ankle/hindfoot scale; SAFE-Q, self-administered
foot evaluation questionnaire.
Results

Based on the SLL test,15 patients were classified as Level 1 (30%),
19 as Level 2 (38%), 5 as Level 3 (10%) and 11 as Level 4 (22%). In
addition, based on the ultrasonographic classification of the ATFL
injury, 1 patient was classified as Type I (2%), 16 as Type II (32%) and
33 as Type III (66%). The JSSF ankle/hind foot scale and SAFE-Q
subscale scores are shown in Table 1. A highly significant positive
correlation was observed between the SLL test and the JSSF ankle/
hindfoot scale (rs ¼ 0.71, p < 0.001). In addition, a significant pos-
itive correlation was found between the SLL test and all SAFE-Q
subscales, especially the correlation of sports activity was high
(rs ¼ 0.66, p < 0.001) (Table 2). A statistically significant negative
correlation was also observed between the SLL test and ultraso-
nographic classification of ATFL injury (rs ¼ �0.58, p < 0.001).
Fig. 2. Patient's ankle position
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Discussion

This study aimed to clarify the relationship between the SLL test
and objective/subjective ankle evaluation and the severity of the
injured ligament and to show the usefulness of SLL test as an
evaluation index for acute LAS. In this study, SLL test showed a
significantly high positive correlation with the JSSF ankle/hindfoot
scale. In addition, SLL test showed a significant positive correlation
with all SAFE-Q subscales, especially the correlation coefficient of
sports activity was higher than that of other subscales. Further-
more, a significant negative correlation was observed between the
SLL test and the severity of the ATFL injury using ultrasonography.
during ultrasonography.



Table 2
Correlations between the SLL test and evaluation items.

Evaluation items r 95%CI p value

lower upper

JSSF ankle/hindfoot scale 0.71 0.54 0.83 <0.001

SAFE-Q
Pain and Pain Related 0.51 0.27 0.69 <0.001
Physical Functioning and Daily Living 0.67 0.48 0.80 <0.001
Social Functioning 0.44 0.19 0.64 0.001
Shoe Related 0.56 0.34 0.73 <0.001
General Health and Well Being 0.41 0.15 0.62 0.003
Sports Activity 0.66 0.47 0.79 <0.001

Ultrasonographic classification of ATFL injury �0.58 �0.74 �0.36 <0.001

SLL test, single-leg loading test; 95%CI, 95% confidence interval; JSSF ankle/hindfoot
scale, Japanese Society for Surgery of the foot ankle/hindfoot scale; SAFE-Q, self-
administered foot evaluation questionnaire, ATFL, anterior talofibular ligament. P-
values were determined using the Spearman's correlation coefficient.
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Therefore, the SLL test was confirmed to be associated with the
objective/subjective evaluation of acute LAS and also with the
severity of ligament injury.

Wilson et al.8 conducted a functional test consisting of various
items, such as figure- 8 hop and cross-over hop in the acute lateral
ankle ligament I and II injuries. A significant correlation between
the test and the subjective motor ability assessment was reported.
Functional evaluation for chronic ankle instability requires physical
examinations, including varus/valgus and internal/external rota-
tional motion examinations.9 However, these examinations may be
difficult to perform because of the risk of re-injury or aggravation in
cases with acute LAS. Conversely, SLL test comprises four levels,
difficulty in standing, standing, heel raising and hopping, and can
be evaluated in a step-by-stepmanner depending on the severity of
the ATFL injury. Therefore, SLL test can be safely used as a test for
examining acute LAS. In addition, as SLL test takes only approxi-
mately 1 min to be performed, it can be performed easily, with
minimal discomfort to the patient. Furthermore, this study
demonstrated that SLL test was significantly correlated with the
JSSF ankle/hindfoot scale and sports activity. Hence, SLL test was
considered useful in terms of safety and convenience for evaluating
the severity of acute LAS.

Several studies have reported the usefulness of ultrasonography
for lateral ankle ligament injuries.17e19 Ultrasonography for ATFL
injury has been found to be equally sensitive and specific as MRI20

and had a good correlation with intraoperative findings.21 In
addition, Kemmoch et al.14 reported a positive outcome of ATFL
injury using only ultrasonography and by deciding the treatment
method based on these results. These results indicate that ultra-
sonographic evaluation of ATFL injury may be useful as an index of
severity. In this study, a significant negative correlation was found
between the SLL test and the severity classification of the ATFL
injury, using ultrasonography. So, SLL test is useful for severity
assessment of acute LAS because the severity level of the SLL test
reflected the severity of the ATFL injury. Therefore, the SLL test can
be an alternative in clinical and sports settings, where expensive
procedures such as ultrasonography cannot be performed. How-
ever, since the correlation coefficient between the SLL test and
ligament evaluation by ultrasonography was moderate (r ¼ �058),
using the SLL test in combinationwith ultrasonography, rather than
using the SLL test alone, may provide a more accurate evaluation.

To predict the prognosis of ankle sprains, it is important to
determine the exact time of return to sports. Previous studies have
suggested that prognosis can be predicted more accurately by
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assessing not only objective evaluation but also subjective evalua-
tion, such as walking and athletic abilities.8,10,22,23 Choi et al. eval-
uated the severity of lateral ankle ligament injury using
ultrasonography after LAS and then examined the relationship
between the severity and foot and ankle outcome score at 12
months after the injury. They concluded that the severity imme-
diately after injury might predict the long-term results.24 In this
study, we used the JSSF ankle/hindfoot scale for objective evalua-
tion, SAFE-Q for subjective evaluation and ultrasonography for
ligament injury classification. Questionnaires, such as the JSSF
ankle/hindfoot scale and SAFE-Q are cost-effective, but are time-
consuming and require approximately �20 min to complete (for
each). Ultrasonography accurately evaluates injured ligaments, but
this procedure is expensive and can be used in only few clinical or
sports settings. On the contrary, the SLL test can be used easily,
requires �1 min for completion and does not require any special
techniques or equipments. Furthermore, a significant positive cor-
relationwas found between the SLL test and the JSSF ankle/hindfoot
scale and SAFE-Q. Also, a significant negative correlationwas found
between the SLL test and the severity of ATFL injury evaluated using
ultrasonography. Therefore, performing the SLL test in cases of
acute LAS and observing the subsequent course might clarify the
most adequate time of return to sports.

Limitations

This study has some limitations. First, this study only targeted
ATFL grade I and grade II injuries and did not included grade III
injuries. In fact, SLL test results may differ depending on the
severity of ligament injury. However, SLL test for patients with
grade III injury may pose a high risk of re-injury. Therefore, a
screening method should be used to determine whether the test
can be safely performed in such cases. Second, in this study only
ATFL, not calcaneofibular ligament (CFL), was evaluated. As lateral
ankle instability and subtalar joint instability involve CFL injury,25

the presence or absence of CFL injury may affect load capacity
and long-term performance after an injury. However, as re-
searchers have varied opinions regarding the measurement posi-
tion of the ankle during an ultrasonographic examination for
CFL,26,27 the examination method has not been established yet.
Therefore, this study only focused on ATFL, which has an estab-
lished test method and can be easily visualised and examined using
the SLL test.

Conclusion

In this study, we devised a simple SLL test as a screening test for
acute LAS. The SLL test was thought to be a useful test of the
severity evaluation of acute LAS because a significant correlation
was found between the objective and subjective ankle joint eval-
uation and the severity classification of the ATFL injury using
ultrasonography.
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