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Abstract

Purpose To diagnose chronic anterior talofibular ligament (ATFL) injury, three different physical examinations were
compared: the anterior drawer test (ADT), the anterolateral drawer test (ALDT), and the reverse anterolateral drawer test
(RALDT).

Methods A total of 72 ankles from potential ATFL-injured patients and the normal population were included and examined
using the ADT, ALDT, and RALDT by two examiners without knowing the injury histories of any of the participants. Ultra-
sound examination was then applied as the gold standard to divide the ankles into the ATFL-injured group and the control
group. The sensitivity (Se), specificity (Sp), false negative rate (FNR), false positive rate (FPR), accuracy, « value, and p
value of the two examiners’ diagnoses were calculated to assess the diagnostic ability of each examination.

Results There were 38 ankles in the injured group and 34 ankles in the control group. No significant difference was found
between the two groups in terms of gender, age, body mass index (BMI), and included ankles. In the ADT and ALDT groups,
the specificity reached one, while the sensitivity was relatively low (0.053 and 0.477 for the junior examiner and 0.395 and
0.500 for the senior examiner). In the RALDT, both the sensitivity and specificity were greater than 85% (0.868 and 0.912
for the senior examiner and 0.921 and 0.882 for the junior examiner). The x value of the RALDT (0.639) was higher than
that of the ALDT (0.528) and the ADT (0.196), whereas all the p values were less than 0.05.

Conclusion The ADT and ALDT are valuable physical tests to assess ATFL injuries. Compared with the traditional ADT
and ALDT, however, the RALDT is more sensitive and accurate in diagnosing chronic ATFL injuries.

Level of evidence II (diagnostic).

Keywords Ankle sprains - Anterior talofibular ligament - Anterior drawer test - Anterolateral drawer test - Reverse
anterolateral drawer test

Introduction

Lateral ankle sprain (LAS) is one of the most common
musculoskeletal injuries, with a high prevalence among the
general population and particularly among individuals who
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population indicate having incurred an ankle injury dur-
ing their lifetime [16]. The long-term prognosis of acute
ankle sprain is still not optimistic, since a high proportion
of patients (up to 70%) report having persistent residual
symptoms, including pain, persistent swelling, feelings of
ankle joint instability or ‘giving-way’ [1, 15]. ‘Chronic ankle
instability (CAI)’ is the term used to describe these chronic
symptoms, which have been shown to persist for more than
12 months and, in turn, may cause an inability to participate
in work and sports and incur a high economic burden [30].
The anterior talofibular ligament (ATFL) is most likely
involved in ankle sprains with an 80% prevalence [3]. There-
fore, it is important to accurately and efficiently diagnose
ATFL injuries. The traditional physical examination test
is the anterior drawer test (ADT), which provides an ante-
rior—posterior vector that exerts stress to both the lateral
and medial ligaments [31]. In the ADT, when the ATFL is
injured, the medial deltoid ligament can remain intact, which
can lead to false negative results. Lahde et al. reported that
28% of ATFL tears and 38% of combined ATFL and calca-
neofibular ligament (CFL) tears were not detected by the
ADT [18]. Since 2006, the anterolateral drawer test (ALDT),
a new physical examination with higher accuracy, has been
modified and applied to diagnose ATFL injuries with or
without CFL injuries [23]. However, the differences between
the traditional ADT and ALDT were only 10°-15° of plantar
flexion (which puts the ATFL in a tightened state) and pal-
pation at the surface of the lateral ligament (which makes it
easy to feel the displacement of the talus). Some techniques,
such as unconstrained internal rotation of the forefoot (which
puts the ATFL in a tightened state and relaxes the medial
ligaments at the same time), could be applied for diagnosing
ATFL injuries to maximize the accuracy of the ALDT [22].
Nevertheless, during the examination, the two hands
manipulating the ankle, whether stabilizing the distal tibia
or measuring the displacement of the talus, are unfixed. This
means that the sensation of relative hand movements on the
ankle generated during the examination is inevitable. Both
the ADT and ALDT are based on the perception of the talus
displacement, which is likely to be disturbed when the sen-
sation of relative hand movements and the displacement of
the talus (the positive result of the examination) occur simul-
taneously. Given the psychological fact that the perception
of a stimulus is strongly influenced by the context in which
the stimulus appears, i.e., the contextual effect [21], a new
method that significantly decreases the sensation of relative
hand movements is expected to be designed for diagnos-
ing ATFL injuries. Thus, supplemented with more techni-
cal requirements, the ALDT was modified and named the
‘Reverse Anterolateral Drawer Test (RALDT)’ to optimize
the examination, avoid the contextual effects introduced by
the clinician’s hands, and provide a more sensitive and accu-
rate measurement for diagnosing chronic ATFL injuries.
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Hence, the goal of the current study was to prospectively
determine the diagnostic abilities of the ADT, ALDT, and
RALDT and compare them with each other.

The hypothesis of this study is that the RALDT has bet-
ter diagnostic ability than the ADT and ALDT in indicating
chronic ATFL injuries.

Materials and methods

This was a prospective and double-blind diagnostic trial.
Patients who sought care at the Sports Medicine outpatient
clinic of our hospital during the period of January 2018—June
2018 were assessed in terms of the inclusion and exclusion
criteria for this study. After the assessment, 36 participants
who were suspected of having ATFL injury were included
in this study. The inclusion criteria were: (1) participants
who were younger than 60 years; (2) participants who were
conscious and willing to cooperate with the physical exami-
nation; (3) participants who had a history of inversion ankle
sprains in one or both feet; (4) participants whose ATFL
injuries had occurred at least 1 week prior to the study—pain
and swelling in the acute phase could decrease the accuracy
of the physical examinations, and a delayed physical exami-
nation could help to improve the sensitivity and specific-
ity of the test [29]; and (5) participants were conscious and
willing to take part in the trail. Patients were excluded if
they had a history of distal tibiofibular syndesmosis inju-
ries, deltoid ligament injuries, lower limb fractures, previous
ATFL surgeries, Achilles tendon injuries or had broken skin
around the ankle region that could limit the accuracy of the
ultrasound examination.

After signing the consent form to accept both the physi-
cal and ultrasound examinations at the outpatient clinic of
the corresponding author, the participants were randomly
brought to the physical examination room by the first author.
Then, a junior and a senior examiner came into the room
to examine the two ankles of the included participants and
recorded the outcomes of the ADT, ALDT, and RALDT
one after another. The two examiners were blinded to any
information about the participants. Next, the participants
were brought to the ultrasound examination room to receive
ultrasonography. The sonographer had no knowledge of the
participants’ clinical history or the results of the physical
examinations. The procedure is shown in Fig. 1.

Anterior drawer test

The test was performed in a seated position with the calf
hanging over the edge of the examination bed. The examiner
stabilized the distal tibia of the participant with one hand
and applied an anteriorly orientated force to the calcaneus
with the other hand (Fig. 2a), which is consistent with the
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Patients who sought care at the
Sports Medicine outpatient clinic
of our hospital from January 2018
to June 2018

ﬁclusion criteria

* Younger than 60 years old

» Conscious and willing to
cooperate with the physical
examination

* Had inversion ankle sprain
history in one foot or two feet

* The injury occurred at least 1
month ago

Exclusion criteria

» Tibiofibular syndesmosis
injuries

* Deltoid ligament injuries

* Lower limb fractures

* Previous ATFL surgeries

* Achilles tendon injuries

+ Broken skin around the ankle
K region
. 4

Patients with potential
ATFL injuries

Ultrasound examination

Physical examination

! !

[ Normal group] [ATFL injury group ]

Examiner 1

[ Examiner 2 ]

Data analysis

Fig. 1 Flow chart of the inclusion and examination. ATFL anterior
talofibular ligament

technique as described by van Dijk et al. [28]. The examiner
graded the amount of talus anterior—posterior displacement
according to a 0-to-4 ordinal scale, with a grade of O as
hypomobile, 1 as normal, 2 as mildly increased laxity, 3
as moderately increased laxity, and 4 as severely increased
laxity. Grades 3 and above were considered ‘positive’ for
excessive laxity, whereas grades 0, 1, and 2 were considered
‘negative’ or normal [7].

Anterolateral drawer test

The test was performed in a seated position with the calf
hanging over the edge of the examination bed. The exam-
iner stabilized the distal tibia with one hand and provided
a combination of an anteriorly orientated force, measure-
ment of talus displacement, and control of ankle plantar-
flexion simultaneously with the other hand, as described by
Phisitkul et al. [23]. More specifically, the index and middle

Fig.2 Three physical examinations were shown in the figure. The
ADT was demonstrated in (a) and the ALDT and RALDT were
demonstrated in (b) and (c), respectively. The red arrows showed the
directions of the forces exerted by hands. ADT anterior drawer test,
ALDT anterolateral drawer test, RALDT reverse anterolateral drawer
test

fingers pressed firmly against the posterior aspect of the heel
to provide the anteriorly directed force. The palm supported
the sole of the foot to maintain a 10°-15° plantar flexion and
tighten the lateral ligaments. The thumb was placed along
the relatively smooth plane of the lateral aspect of the ante-
rior talar dome and the anterior aspect of the lateral malleo-
lus 1 cm proximal to its tip. The grading standard was the
same as that of the ADT (Fig. 2b).

Reverse anterolateral drawer test
The examination was performed, while the patient was

lying in the bed with the knee flexed and the angle of the
knee adjusted to facilitate plantar flexion. The heel was
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completely pressed on the bed by the examiner with one
hand after adjusting the ankle to a 10°-15° degree plan-
tar flexion and unconstrained internal rotation. The index
and middle fingers were placed along the relatively smooth
plane of the lateral aspect of the anterior talar dome and the
anterior aspect of the lateral malleolus 1 cm proximal to its
tip. The other hand held the distal tibia, and the base of the
palm pushed against the tibia to induce a posteriorly oriented
displacement of the tibia with a force parallel with that of
the articular surface arch of the talus. The grading standard
was similar to that of the ADT (Fig. 1c).

Ultrasound examination

The outcomes of the ultrasound examination were regarded
as the reference standards due to its high sensitivity and
specificity (0.99 [0.96, 1.00] and 0.91 [0.82, 0.97], respec-
tively) [5]. All ultrasound examinations were performed
by a senior sonographer who had 33 years of experience
in musculoskeletal ultrasound. An ALT HDI 5000 US unit
(Philips Medical Systems, Bothell, WA, USA) was used to
perform these examinations. Patients were in a supine posi-
tion with the ankle passively placed in a maximal inversion
and plantar flexion position. A wide frequency linear array
transducer with centre frequencies from 5 to 17 MHz was
applied. The transducer was placed over the lateral side of
the ankle with coupling gel and moved carefully around the
tip of the lateral malleolus to locate the ATFL. The trans-
ducer was placed along the long axis of the ATFL to exam-
ine the whole ligament and then rotated 90° to show the
short axis of the ATFL. The criteria for ATFL injury were
as follows: (1) ligament tear: a partial or total interruption
of the ligament fibres at the fibular side, talus side or in
the middle; (2) lax ligament: the ligament remained curved
when the ankle was in the maximum inversion and plantar
flexion position; (3) thickened ligament: the width of the
ligament was larger than 2.4 mm or exceeded 20% of the
normal ligament width; (4) ligament absorbed: no ligament
fibres were observed; and (5) non-union of the avulsion frac-
ture of the lateral malleolus [17] (Fig. 3).

This study was approved by the institutional review board
of Huashan Hospital (Reference Number: KY2106-314).

Statistical analysis

The sample size was calculated with a desired type I error of
0.05 and a power of 0.9: and the minimal sample size was 28
[6]. Data analysis was performed using SPSS 24.0 software
(IBM Corp, Armonk, New York, USA). Age and body mass
index (BMI) were expressed as the mean + SD, because they
were found to be normally distributed via the Lilliefors test
and were assessed with a ¢ test. The gender and number of
included ankles were assessed with Fisher’s exact test. The
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sensitivity (Se), specificity (Sp), false negative rate (FNR),
false positive rate (FPR), accuracy, positive likelihood ratio
(LR+), and negative likelihood ratio (LR—) of each exami-
nation collected by the two examiners were calculated. The
k values and their p values, indicating the consistency of the
two examiners, were also calculated to reflect the diagnostic
ability of each examination.

Results
Patient demographics

The groups were divided according to the results of the
ultrasound examination. There were 38 ankles (20 left and
18 right) from 31 participants (18 male and 13 female) with
a median age of 30.4 +8.9 years and a BMI of 22.6 +3.7 kg/
m? in the injured group and 34 ankles (15 left and 19 right)
from 29 participants (15 male and 14 female) with a median
age of 29.1+ 8.9 years and BMI of 22.5 +3.7 kg/m? in the
control group (Table 1). Thus, the sample size in the current
study was larger than 28 and verifiable for the subsequent
statistical test. There was no significant difference between
the two groups in terms of gender, age, BMI, and included
ankles.

Comparisons of the diagnostic ability for the three
examinations

The results of the three examinations collected from all par-
ticipants are shown in Table 2. The specificities of the ADT
and ALDT were high, while the sensitivities were relatively
low (respectively, 0.053 and 0.447 for the junior examiner
and 0.395 and 0.500 for the senior examiner). Both the sen-
sitivity and specificity of the RALDT were higher than 85%
(respectively, 0.868 and 0.912 for the junior examiner and
0.921 and 0.882 for the senior examiner). The « value of the
RALDT (0.639) was higher than that of the ALDT (0.528)
and ADT (0.196); meanwhile, the p values reflecting the
consistencies of the two examiners were all less than 0.05.

Discussion

The most important finding of this study is that the sensitiv-
ity and accuracy of the RALDT calculated based on the two
examiners’ physical examination results were higher than
those of the ALDT and ADT. Although the specificity in
the ADT and ALDT were higher than those in the RALDT,
rationally, the specificity is supposed to be chosen to balance
a relatively high sensitivity. Thus, the RALDT, with both a
relatively high specificity and sensitivity, showed a greater
ability to diagnose chronic ATFL injuries. Meanwhile, the
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Fig.3 Examples of the normal and injured ATFL. a Sonogram
showed a normal longitudinal ATFL of the left foot. b Sonogram
showed a normal longitudinal ATFL of the right foot. ¢ Sonogram
showed a normal transversal ATFL of the left foot and the cross
indicated the edge of the ATFL. d Sonogram showed a total tear of

Table 1 Demographics of participants

Variable Injured group Control group p value
Gender (male/female) 18/13 15/14 n.s.
Age (years) 30.4+8.9 29.1+8.9 n.s.
BMI (kg/m?) 22.6+3.7 22.5+3.7 n.s.
Included ankle (left/right) 20/18 15/19 n.s.

BMI body mass index. n.s. non-significant

RALDT had the highest « value of the three examinations,
revealing that the RALDT was most consistent with the
results of the ultrasound or, in other words, the real out-
comes. As a traditional physical examination, the ADT has
been applied to diagnose CAI for decades [12, 24, 26]; how-
ever, its reliability and validity have often been doubted.
During the traditional ADT process, the foot is placed in

the ATFL at the fibula side and the white arrow indicated the fluid.
e Sonogram showed a hyperechoic shadow (surrounded by the white
cross) in the remanent ligament at the fibular side. F fibula, 7 talus,
ATFL anterior talofibular ligament, AB avulsion bone

a neutral position, which is likely to cause a false negative
result if the deltoid ligament is intact [23]. Phisitkul et al.
found that after adding 10°-15°0f plantar flexion and pal-
pation at the surface of the lateral ligament to the ADT, the
resulting examination, the ALDT, showed higher accuracy.
Gomes et al. also verified that palpation of the anterolateral
talus increases sensitivity [9], which allows the detection of
more subtle degrees of ankle instability. The findings in this
study also showed that the ALDT was more sensitive and
accurate than the traditional ADT.

Nevertheless, as mentioned above, the additional tech-
niques described for the ADT and the ALDT focus on how
to control subjective elements that may interfere with the
accuracy of the examination. However, the drawer test is
ultimately a relatively objective examination. Therefore, psy-
chological factors should also be taken into consideration.
When context effects occur, the perception of a stimulus is
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Table2 Diagnostic Se Sp FNR  FPR  Accuracy LR+ LR—  « p
performance of the anterior
drawer test, anterolateral drawer ADT
test, and reverse anterolateral 10053 1 0947 0 0.5 - 095  0.196 0.041
drawer test
2 0.395 1 0.605 0 0.681 - 0.61
ALDT
1 0.447 1 0.553 0 0.708 - 0.55 0.528 <0.000
2 0.5 0.971 0.5 0.029 0.722 17.2 0.51
RALDT
1 0.868 0912 0.132 0.088 0.889 9.9 0.14 0.639 <0.000
2 0.921 0.882 0.079 0.118 0.903 7.8 0.09

Se sensitivity, Sp specificity, FNR false negative rate, FPR false positive rate, LR+ positive likelihood rate,
LR— negative likelihood rate, ADT anterior drawer test, ALDT anterolateral drawer test, RALDT reverse
anterolateral drawer test, / junior doctor, 2 senior doctor

compared with that of a reference stimulus when they occur
simultaneously [4]. This means that the examiners use envi-
ronmental cues (the sensation of relative hand movements
generated during the examination) perceived while feeling
the stimuli (the displacement of the talus) to help with ana-
lysing the outcomes [13, 19]. If the stimulus is perceived
to have a high intensity, the actual strength of the stimulus
is underestimated and vice versa [11]. That is, in both the
ADT and ALDT, the sensation of relative hand movements
would inevitably decrease the perception of positive signs
and cause false negative results, which may explain the low
sensitivities of the ADT and ALDT. In addition, kinesthe-
sis had a close relationship with visual sensations [8, 27],
which means that the sensation of relative hand movements
caused by unfixed hands would influence judgement of the
tactile sensations. Even if the ankle is stabilized and both
the medial and lateral ligaments are intact, the relative hand
movements could still make the eyes ‘see’ a positive sign.
This might be an underlying cause of the low accuracy of
the ADT and ALDT. Fortunately, these biases were avoided
in the RALDT, with the heel of the foot being fixed on the
bed with one hand. In this situation, the examiner’s hand is
fixed to the foot and to the bed, largely decreasing sensa-
tions of relative hand movements as well as biases caused
by incorrect perception due to visualizing the relative hand
movements. The existence of psychological factors in the
drawer tests might be proven in this study. The main dif-
ference between the RALDT and the ADT ALDT was the
movement range of hand. When the RALDT was applied,
the examiner was less likely to perceive and see inaccurate
information.

The unconstrained internal rotation state of the foot
puts the ATFL in a tightened state, and the deltoid liga-
ment relaxes at the same time [2, 20, 25]. Moreover, Miller
et al. stated that unconstrained internal rotation of the foot
could provoke almost twice as much lateral talus displace-
ment using a measuring instrument [22]. This step was
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also added to the RALDT, which might also explain why
the RALDT was the most sensitive and accurate test of the
three physical examinations.

Keeping the ankle in a plantar flexion of 10°~15°and
putting the thumb on the ATFL could have improved the
sensitivity and accuracy of the ALDT and RALDT over
those of the ADT. Furthermore, adding another essen-
tial technique (the internal rotation of the forefoot) and
reducing the psychological bias could have also improved
the sensitivity of the RALDT over those of the ADT and
ALDT. Both the accuracies and the x values of the three
examinations from the two examiners also indicated this
tendency.

Another important finding of this study was that the sensi-
tivity of the first examiner, the junior doctor, was lower than
that of the second examiner, the senior doctor. Meanwhile,
the accuracy of the junior examiner was higher than that of
the senior examiner. The results were consistent with those
of Fujii, who found that the determination of ankle instabil-
ity from physical examinations lacked sensitivity and would
be difficult in less experienced hands [10]. It is possible that
the junior doctor tended to diagnose more conservatively,
especially as he was oblivious of any information about the
history of the participants. With the accumulation of work-
ing experience, the examiner will eventually become more
decisive and accurate.

There were several limitations to this study. First, the
results of only two examiners were analysed. Given that
the judgements for physical examinations vary from person
to person, more examiners should be employed in further
studies. Second, the ultrasonography was used as the ‘gold
standard’ instead of operative findings, because ultrasound
examination is inexpensive, requiring only operator time
and no radiation, while performing arthroscopic surgery
on every included participant would have been unethi-
cal, since nearly half of the ankles were clinically intact.
Finally, although the sample size in this study met statistical
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standards, it was still not large enough for stable outcomes
in the whole population.

The study compared three similar manual examinations
in diagnosing chronic ATFL injury and provided a more
objective reference for clinical workers when choosing ankle
examinations. The results suggest applying RALDT as a first
option or as an important supplement in the clinicians’ daily
duties. More high-quality studies are required to verify these
results.

Conclusion

The ADT and ALDT are valuable means to assess ATFL
injuries and have been in use for decades. The accuracy of
these two tests can be improved by amending the main parts
of the technique, resulting in the RALDT. Compared with
the traditional ADT and the modified ALDT, the RALDT
showed greater ability to diagnose chronic ATFL injuries.
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