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Abstract
Introduction Functional instability is deWned as a
repeated ankle inversion sprain and a giving way sensation.
Previous studies have described the damage of sensori-
motor control in ankle sprain as being a possible cause of
functional instability. The aim of this study was to evaluate
the inversion angle replication errors in patients with func-
tional instability after ankle sprain.
Materials and methods The diVerence between the index
angle and replication angle was measured in 12 subjects
with functional instability, with the aim of evaluating the
replication error. As a control group, the replication errors
of 17 healthy volunteers were investigated. The side-to-side
diVerences of the replication errors were compared between
both the groups, and the relationship between the side-to-
side diVerences of the replication errors and the mechanical
instability were statistically analyzed in the unstable group.
Results The side-to-side diVerence of the replication
errors was 1.0 § 0.7° in the unstable group and 0.2 § 0.7°
in the control group. There was a statistically signiWcant
diVerence between both the groups. The side-to-side diVer-
ences of the replication errors in the unstable group did not
statistically correlate to the anterior talar translation and
talar tilt.

Conclusion The patients with functional instability had
the deWcit of joint position sense in comparison with
healthy volunteers. The replication error did not correlate to
the mechanical instability. The patients with functional
instability should be treated appropriately in spite of having
less mechanical instability.

Keywords Functional instability · Mechanical instability · 
Ankle sprain · Inversion · Joint position sense

Introduction

Ankle sprain is the most common injury in sporting activi-
ties with the rupture of the lateral ankle ligaments [8].
Functional instability has been well discussed in previous
reports as the result of ankle sprain [6, 7]. Functional insta-
bility is deWned objectively as a repeated ankle inversion
sprain and subjectively as a “giving way sensation” at the
ankle, which might be present in up to 15–60% of patients
after ankle sprain [15]. Previous studies have described the
damage of sensori-motor control in ankle sprain as being a
possible cause of functional instability. The methods,
which used to demonstrate this, have included the postural
balance test, peroneal muscle reaction time to sudden ankle
inversion, peroneal nerve conduction velocity, and joint
position sense of the ankle [1–5, 9–14, 16–21, 26, 29].
However, this variety of methods used to evaluate func-
tional instability resulted in a disparity in their results.
Moreover, it is unclear that these methods could be always
used clinically. It is very important to evaluate the proprio-
ception in patients with functional instability as well as the
eVect of rehabilitation and orthosis on the unstable ankle.
Several studies have shown joint position sense disorder to
be caused by a signiWcant diVerence between the stable
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ankle and unstable ankle in the inversion angle replication
error [9, 14, 19]. The aim of this study was to evaluate the
inversion angle replication error in patients with functional
instability after ankle sprain using our new methods.

Materials and methods

Participants

Twelve patients with a history of repeated unilateral ankle
sprain participated in this study (unstable group). The
patients consisted of six men and six women with an aver-
age age of 30.2 years (range 16–35 years). All patients had
chronic lateral instability with symptoms of pain, a giving
way sensation and some functional disability of the ankle.
All patients were diagnosed clinically as having a lateral
ankle ligament injury according to the preoperative assess-
ment such as stress radiography, MRI, and subsequently
underwent the anatomic repair of the ATFL using the Bro-
ström technique or reconstruction using a free gracilis ten-
don graft. ESSKA CONSENSUS 1990 activity score was
used as the evaluation activity level during the period from
injury to the surgical treatment (Table 1) [26].

Seventeen healthy individuals (12 males, 5 females) who
did not have a history of ankle sprain or any ankle pain,
participated in this study as the control group. Their median
age was 28.1 years (range 22–34 years).

Mechanical instability

Stress radiography for anterior talar translation and talar tilt
was performed with manual max force. The same physician
performed all stress radiographies. The distance from the
joint surface of the talus to the posterior articular tip of the
tibia was measured as the distance of anterior talar transla-
tion. The talar tilt was measured as the angle between the
horizontal skeletal joint surfaces of the talus and the tibia.

Measurements of ankle joint position sense

The subjects were placed in a sitting position with the knee
Xexed at 70°. Each subject took oV shoes and socks, and
placed the foot on a goniometer footplate (Nakamura brace
Co., Shimane, Japan) with the ankle at 20° planter Xexion
(Fig. 1). The goniometer footplate can rotate internally, which
indicates that the pivot of foot movement is aligned approxi-
mately with the axis of inversion movement. The center of
rotation of the goniometer footplate is just below the tuberos-
ity of the calcaneus. Subjects were blindfolded to eliminate
visual input and to facilitate concentration during testing, and
they were asked to relax their leg muscles. The foot was
passively rotated internally at random to one of six positions
(5°, 10°, 15°, 20°, 25°, and 30°), always starting from 0°. The
footplate was rotated manually to the index angle in approxi-
mately 1 s, and held in position for 5 s. Then the ankle was
returned to the 0° position. After that, the subjects moved their
ankle to match the previous test angle actively. The diVerence
between the index angle and replication angle was recorded as
the replication error. Each angle was repeated twice and the
replication errors were measured in both the ankles.

Table 1 Case summary

Activity level during the period from injury to surgical treatment was
evaluated by ESSKA CONSENSUS 1990
a Activity score according to ESSKA CONSENSUS 1990. Level I:
activities of daily life. Level II: manual labor involving lifting, straight
running and sports that do not involve lower limb agility activities.
Level III: sports involving lower limb agility activities but not involv-
ing jumping, hard cutting or pivoting. Level IV: sports involving jump-
ing, hard cutting or pivoting

Patients Age Sex Activity 
levela

Episodes of 
ankle sprains 
(times)

The history 
of ankle 
instability (yrs)

1 34 F I 4 4

2 35 M III >10 10

3 33 M II >10 3

4 33 M II 7 2

5 32 F I 8 2

6 32 F II 5 5

7 27 F IV >10 8

8 31 F II >10 6

9 25 M III >10 3

10 16 F IV 6 2

11 35 M III 5 6

12 29 M II >10 2

Fig. 1 Measurement of the replication errors. The foot without shoes
and socks was placed on a goniometer footplate with the ankle at 20°
planter Xexion. The goniometer footplate can rotate internally, which
indicates that the pivot of foot movement was aligned approximately
with the axis of inversion movement
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Evaluation

Comparison of the side-to-side diVerences 
of the replication errors between both groups

The side-to-side diVerences of the replication errors in the
unstable group were compared with that in the control
group.

The relationship between the mechanical instability 
and replication errors in the unstable group

The relationship between the side-to-side diVerences of the
replication errors and the anterior talar translation and talar
tilt were statistically analyzed, respectively.

Statistical analysis

DiVerences between the two groups were calculated using
Student’s t test for dependent variables. A P-value of less
than 0.05 was considered signiWcant. Pearson’s correlation
coeYcients test was used to calculate the relationship
between the side-to-side diVerences of the replication errors
and the anterior talar translation and talar tilt.

Results

Comparison of the side- to-side diVerences between 
both the groups

The replication error of the unstable ankle was 3.4 § 1.0°
and that of the stable ankle was 2.3 § 0.9° in the unstable
group. There was a statistically signiWcant diVerence between
the unstable and stable ankles in the unstable group
(Table 2). The replication error of the right ankle was
2.3 § 0.8° and that of the left ankle was 2.1 § 0.6° in the
control group. There was no signiWcant diVerence between
both the ankles. The side-to-side diVerence of the replication
errors in the unstable group was 1.0 § 0.7° and was
0.2 § 0.7° in the control group. There was also a statistically
signiWcant diVerence between both the groups (Fig. 2).

The relationship between the mechanical instability 
and proprioceptive diVerences in the unstable group

The mean side-to-side diVerences of the anterior talar trans-
lation and talar tilt between the unstable and stable ankles
were 3.2 § 2.1 mm and 7.3 § 4.0°, respectively (Table 2).
The side-to-side diVerences of the replication errors in the
unstable group did not statistically correlate to the anterior
talar translation (r = ¡0.509, P = 0.09) and talar tilt
(r = ¡0.11, P = 0.73) (Figs. 3, 4).

Discussion

The residual chronic ankle instability after ankle sprain is
frequently seen in clinical [15]. The cause of chronic ankle
instability is not only mechanical instability, which is deW-
ned as over movement beyond the physiological ankle
range of motion, but also as functional instability, which is
due to a deWcit of sensori-motor control. Freeman et al.
[6, 7] described that the functional instability arose from
the sensori-motor control deWcits. Mechanoreceptors are
present in the structures of the lateral aspect of the ankle
including the lateral ligaments, capsule, and retinaculum,
and the damage of that structure by inversion ankle sprain
might result in functional instability [25, 28]. In previous

Table 2 Results of the replication error and the side-to-side diVer-
ences of talar tilt and anterior talar translation in the unstable group

Patients Replication error (°) Mechanical 
instability

Unstable 
ankle

Stable 
ankle

Side-to-side 
diVerences

Anterior talar 
translation (mm)

Talar 
tilt (°)

1 4.9 3.4 1.5 1 8

2 2.9 2.6 0.3 7 17

3 4.9 3.7 1.2 4 3

4 4 1.7 2.3 1 5

5 3.4 3.3 0.1 1 3

6 2.5 1.1 1.4 2 12

7 1.2 1.1 0.1 7 7

8 2.9 1.1 1.8 3 4

9 3.7 2.1 1.6 3 7

10 3.2 1.9 1.3 3 11

11 2.7 2.6 0.1 3 5

12 3.8 2.8 1 3 5

Fig. 2 Comparison of the side-to-side diVerences of the replication er-
rors between both the groups. The side-to-side diVerence of the repli-
cation errors in the unstable group was 1.0 § 0.7° and was 0.2 § 0.7°
in the control group. There was a statistically signiWcant diVerence be-
tween both the groups
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studies, the joint angle replication error has been measured
to evaluate the sensori-motor ability of the ankle in patients
with functional instability, and a signiWcant diVerence in
inversion replication errors between functionally stable and
unstable subjects has been reported [9, 14, 19]. Jerosch
et al. [14] described that the mean replication error values
for the unstable ankle was 2.52°. Konradsen et al. [19]
reported that the replication error value for the unstable
ankles was 2.5° and the healthy contralateral side was 2.0°
in 23 unilaterally and functionally unstable subjects, and
there was a signiWcant diVerence between the unstable and
stable ankle. In the present study, the replication error for
the unstable ankle was 3.4 § 1.0° and was 2.3 § 0.8° for
the stable ankle, which was similar to those of previous
reports. The replication errors for the healthy subjects have
been reported as being between 1° and 3°, and our result
was 2.2°, which is in agreement with the previous reports
[9, 14, 19].

In the present study, the replication error in the unstable
group did not statistically correlate to the stress radio-
graphs. Several studies have shown a distinct relationship
between mechanical instability and functional instability.
Lentell et al. [23] reported that the values of the passive
movement sense into the inversion and talar tilt for the
unstable ankle were signiWcantly greater than that for the
stable ankle. However, Konradsen et al. [20] demonstrated
that there was no signiWcant diVerence between the
mechanically stable ankle and unstable ankle for values of
position sense. Lephart et al. [24] described that the propri-
oceptive function to prevent a sprain in the mechanically
unstable ankle might deviate with abnormal ankle move-
ment beyond the physiological limitation. In our series,
some patients with less mechanical instability had a greater
degree of replication error. It should be noted that patients
without remarkable mechanical instability have functional
instability and should be treated appropriately. Halasi et al.
[11] reported that surgical treatment could improve the
joint position sense of the unstable ankle. The decision to
proceed with the surgical treatment should be made accord-
ing to the evaluation of not only mechanical instability but
also the functional instability. The limitation of our study
about the relationship between the mechanical instability
and functional instability is that the number of patients is
small and the measurement of the mechanical instability
was not performed using the quantitative measurement
device. Further investigation with more numbers of patients
using the quantitative measurement device would be
required.

In previous studies, functional instability after ankle
sprain was evaluated using several methods including the
postural sway, joint position sense, peroneal muscle reac-
tion time, and eversion strength [1–5, 9–14, 16–21, 27, 29].
It is documented that postural sway has a strong correlation
to functional instability, however, it is unspeciWc for the
unstable ankle with the functional instability [5, 27].
Konradsen et al. [20] investigated ankle eversion strength,
joint position sense and peroneal reaction time to sudden
inversion after ankle inversion injury. According to their
results, the change in joint position sense was the most
prominent. Joint position sense was an easy and convenient
way to objectively evaluate functional instability. There-
fore, we chose to use joint position sense for our evaluation.

A criticism of our study is that, our method does not cor-
rectly reproduce the inversion movement. Konradsen et al.
[19–21] described the mechanism of repeated ankle sprain
as follows. In a normal stride, the foot is brought forward to
10° of inversion and the lateral border of the foot passes
just 5 mm above the ground in the late swing phase [30].
A deWcit in the ankle joint position sense might increase the
inversion angle, which would cause a collision between the
lateral border of the foot and the ground surface during this

Fig. 3 The relationship between the side-to-side diVerences of the
replication errors and that of anterior talar translation in the unstable
group. The side-to-side diVerences of the replication errors in the
unstable group did not statistically correlate to the anterior talar trans-
lation (r = ¡0.509, P = 0.09)

Fig. 4 The relationship between the side-to-side diVerences of the
replication error and that of the talar tilt in the unstable group. The side-
to-side diVerences of the replication errors in the unstable group also
did not statistically correlate to the talar tilt (r = ¡0.11, P = 0.73)
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phase, and a small amount of the side-to-side diVerence of
replication error might cause ankle sprain. In our method, it
is reasonable to measure the replication error in internal
rotation with planter Xexion assuming misjudgment of the
inversion angle when the foot catches the ground during the
late swing phase. The greater degree of the replication error
in our method might indicate an increased risk of a collision
of the lateral border of the foot with the ground. Addition-
ally, our method is easy and does not require a special
device such as a computer or some electronic device. It was
very practical to assess the proprioceptive function of the
patients with functional instability by our method in the
outpatient clinic, rehabilitation room, and so on. Harasi and
Kynsburg et al. [11, 22] demonstrated that joint position
sense in chronic unstable ankle improved after surgical
treatment or proprioceptive training using the slope box
test. Further evaluation of the inversion angle replication
error after surgical treatment or conservative treatment with
proprioceptive training program was needed.

In conclusion, an unstable ankle has the deWcit of joint
position sense in comparison with a healthy contralateral
side in patients with functional instability. The joint posi-
tion sense in the unstable ankle does not statistically corre-
late to the mechanical instability, although the number of
the present study is small. The measurement of the inver-
sion angle replication error using our method might become
the useful tool to assess the functional instability and fur-
ther studies should be conducted to evaluate the eVect of
surgical training or of proprioceptive training using our
method.
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