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Purpose: Lateral ankle sprain (LAS) in childhood can result in lateral malleolus avulsion
fractures; additionally, bone nonunion may occur. Physical maturity relates to the develop-
ment of bone morphology and physical functionality. It is unknown how changes in physical
functionality attributable to physical maturity affect young soccer players with abnormal
lateral malleolus (ALM) morphology. Hence, the present study aimed to investigate the bone
morphology of the lateral malleolus in young soccer players and to examine its relationship
with physical functionality at different maturity levels.

Subjects and Methods: Two hundred and ninety young soccer players aged 6-15 years
were included. The presence of ALM was assessed using ultrasonography. The subjects were
allocated to three groups based on physical maturity (Pre-, Mid-, and Post-peak height
velocity age [PHVA]). The prevalence of ALM and the relationship between ALM and
physical maturity were examined for body composition, foot pressure distribution, foot
alignment, ankle mobility, and single-leg balance.

Results: The prevalence of ALM was 17.6%. For physical maturity, the post-PHVA group
showed a decrease in ankle dorsiflexion and eversion and an increase in one-leg hop distance
compared to the Pre-PHVA group (P < 0.05). In the ALM group, the center of pressure
during heel raising was distributed laterally in the Post-PHVA (P < 0.01), and the weight-
bearing dorsiflexion angle was decreased in the Mid- and Post-PHVA (P < 0.05).
Conclusion: In the Post-PHVA young soccer players, decreased ankle dorsiflexion and
eversion and increased one-leg hop distance were observed. The ALM group exhibited
lateral loading during heel raising in the Post-PHVA group and decreased weight-bearing
ankle dorsiflexion angle in the Mid- and Post-PHVA groups. The findings indicate the
importance of secondary prevention of LAS and ultrasonography. Prospective studies of
LAS in young athletes are required in the future.

Keywords: lateral ankle sprain, ultrasonography, physical maturity, physical function,
soccer

Introduction

The incidence and recurrence rates of lateral ankle sprains (LAS) have been
reported to be higher during sports activities.' As soccer involves repetitive turning,
stopping, and jumping motions, it is associated with a high incidence of LAS.”
Following LAS injuries, residual pain and ankle dysfunction may result in early
progression to osteoarthritis.* A previous study reported that 18-47% of children
with a history of LAS develop chronic ankle instability (CAI).” Patients with
mechanical instability and lateral malleolus (LM) avulsion have a higher rate of
LAS recurrence.”’ An association with functional instability scores for CAI has
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also been reported.® Structural changes at the ligament and
bone level due to childhood LAS may be associated with
progression to CAI secondary to LAS.

Both ligamentous injuries and LM avulsion fractures
can occur in childhood. The use of ultrasonography for
diagnosing LAS in childhood can reveal the presence or
absence of ligamentous injuries and avulsion fractures and
can quantify the degree of laxity in real-time. Previous
reports indicated that 34-80% and 35-62% of both pedia-
tric and adolescent patients presenting to the hospital with
ankle sprains had ligamentous injuries and LM avulsion
fractures, respectively.”” Additionally, LM avulsion frac-
tures often occur around 8§ years of age in first time LAS,
and the rate of ligament damage increases by 12—14 years
of age.””'® Only 17-35% of avulsion fractures healed,”'"
with the recurrence rate being higher in the avulsion frac-
ture group.’ Moreover, another previous study showed that
pediatric patients with CAI underwent surgery due to bone
fragments after an LM avulsion fracture.'® These reports
suggest that they may be associated with mechanical
instability due to avulsion fractures, functional instability
due to mechanoreceptor impairment, and recurrence of
LAS as shown in the CAI model."> To account for LM
avulsion fractures, studies investigating LAS in both
pediatric and adolescent patients must include imaging
findings.

Risk factors for LAS in adults have been reported to be
high body mass index (BMI) and a history of ankle

14,15 16,17

sprains, reduced ankle dorsiflexion, and decreased

Star Excursion Balance Test scores and single-leg hop

. 18-2
distance'®2°

on the basis of systematic reviews and meta-
analyses. A lateral shift in foot pressure distribution has
also been identified as a risk factor for the onset of LAS
based on kinetic and kinematics data.*' To our knowledge,
prospective research has yet to be conducted to evaluate
whether these risk factors also make the pediatric and
adolescent athlete more prone to LAS.

The level of physical maturity needs to be considered
when focusing on both pediatric and adolescent subjects.
Previous studies reported that physical functionality such
as muscle strength and balance differed depending on the
level of physical maturity.”>**> The peak height velocity
age (PHVA) is an indicator of physical maturity,** and the
use of the PHVA to examine physical function according
to physical maturity in both pediatric and adolescent sub-
jects may aid in clarifying the differences in physical
functionality between child and adult athletes. Taking
into account the differences in physical function based

on maturity, it is necessary to investigate whether the
impaired physical function caused by the presence of LM
avulsion fractures leads to the same impaired function in
childhood as in adults, in terms of diagnosis and treatment
after LAS in childhood.

LAS in both pediatric and adolescent athletes requires
appropriate diagnosis and treatment based on physical
maturity because of the risk of complications such as
cartilage fractures and the prevalence of permanent
sequelae.””'? To achieve this, it is necessary to under-
stand the physical characteristics of athletes with LAS,
taking into account individual differences in the level of
maturity among young athletes. Hence, the present study
aimed to investigate the prevalence of LM morphological
abnormalities among pediatric and adolescent soccer
players and examine physical function characteristics
based on physical maturity. The present study was
designed to reveal foot pressure distribution, foot/ankle
alignment and flexibility, and single-leg balance ability
among soccer players aged 6—15 years with LM morpho-
logical abnormalities. We hypothesized the following: (1)
the physical characteristics of players before and after
PHVA would differ, (2) after PHVA players would have
physical characteristics similar to those observed in adult-
hood, (3) players with LM morphological abnormalities
would have impaired physical function even before PHVA.
The findings from this study will potentially aid in sec-
ondary prevention of the development of functional/struc-
tural deficiencies and CAI after LAS by investigating the
history of LAS in both pediatric and adolescent players
and by determining the characteristics of their physical
functionalities.

Subjects and Methods

This study had a cross-sectional research design. The sub-
jects were recruited from youth soccer club teams located in
the area around Waseda University in Tokyo. The subjects
who (1) agreed on the purpose of the study and measurement
risks; (2) were 615 years of age; (3) obtained consent from
their parents; and (4) were able to participate in all measure-
ments were included in this study. However, players who
were not able to play soccer because of trauma or disability
at the time of investigation and who exhibited difficulty in
completing the measurements, for example, they could not
understand the methodology used for the measurements,
were excluded. This study was conducted in accordance
with the principles outlined in the Declaration of Helsinki
and the Ethical Guidelines for Medical and Health Research
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Figure | Measurement of the bone morphology of the anterior talofibular
ligament attachment. The examiner applied a manual anterior drawer stress.

Involving Human Subjects and was approved by the ethics
committee of Waseda University (#2018-086). All subjects
and their parents provided informed consent in writing.

The subjects responded to a questionnaire about their
past history of injuries and soccer activities before the mea-
surements were conducted. All examiners obtained the mea-
surements with the results of the questionnaire blinded. The
PHVA was calculated using the AUXAL software version
2.0.1 (Scientific Software International Inc., Skokie, IL,
USA). The subjects were classified into three groups based
on the PHVA: —1.0 year > PHVA (Pre-PHVA), —1.0 year <
PHVA < +1.0 year (Mid-PHVA), and +1.0 year < PHVA
(Post-PHVA). The outcome parameters of interest in this
study were the bone morphology of the anterior talofibular
ligament (ATFL) attachment to the LM, age, height, weight,
BMI, foot pressure distribution, foot alignment, ankle range
of motion (ROM), and single-leg balance.

The bone morphology of the ATFL attachment to the LM
was observed. The subjects placed their heels on the

examination table with their ankles in the slightly plantar
flexion position. The examiner applied extension stress to the
ATFL using a manual anterior drawer stress procedure
(Figure 1). From the bone morphology of LM, we classified
the subjects into the abnormal LM (ALM) and the normal
(N) groups. Based on the findings from a previous study, we
defined ALM as the state in which the ATFL attachment is
separated from the LM during a manual anterior drawer
stress procedure, and Normal LM as the state in which
bone continuity is maintained (Figure 2).° One examiner
performed ultrasonography using an ultrasound system
(LOGIQ ¢; GE Healthcare, Tokyo, Japan) and a linear ultra-
5-13 MHz; GE
Healthcare, Tokyo, Japan), and the results were blinded to

sound transducer probe (12L-RS,

the other examiners. The sensitivity and specificity of the test

were reported to be 81-100% and 85-100%,

respectively.' %=
Plantar pressure distribution was measured for 10 s in the
After re-

synthesizing the data, the center of pressure (COP) for the

static standing and heel-raising positions.
left and right feet was shown in the coordinates of the poster-
ior-anterior (P-A) and medial-lateral (M-L) components
(Figure 3). We used a plate-type Twin Gravicorder GP-6000
and an MD-1000 device (Anima Co., Ltd., Tokyo, Japan).?’
A previous study reported intraclass coefficients (ICCs) of
0.73 and 0.84 for P-A and M-L while standing and 0.69 and
0.82 for P-A and M-L during the heel raise, respectively.*’
As for foot alignment, the leg—heel angle, defined as the
angle between the lower leg axis and the calcaneal axis, was
measured in weight-bearing and non-weight-bearing posi-
tions (Figure 4A and B). In the weight-bearing position,
subjects were in the static standing position with the center
of the calcaneus and the second metatarsal axis aligned with
two parallel lines set up on a platform. The examiner marked
the center of the proximal and distal calcaneus and recorded
the images at a fixation point placed one meter behind the

1 Abnormal lateral malleolus

N Fiou |

Talus

Figure 2 Lateral malleolus morphology and anterior talofibular ligament; (A) An abnormal lateral malleolus, white arrow: the separation of the anterior talofibular ligament
attachment from the base bed, (B) A normal lateral malleolus and anterior talofibular ligament.
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Figure 3 Distribution of plantar pressure and the center of pressure. Plantar
pressure distribution for the right foot in the (A) standing position and (B) heel
raising position.

Abbreviations: P-A, posterior-anterior; M-L, medial-lateral.

subjects. In the non-weight-bearing position, the subjects
were in the prone position on the examination table with
the distal lower leg extended from the table. The examiner
placed the subjects in the neutral position of internal and
external rotation of the lower legs and then recorded the

inversion(+)

inversion(+) | eversion(-)

images from a distance of 1 m above the subjects. The leg—
heel angle was analyzed from the image data using Imagel
(US National Institutes of Health, Bethesda, MD, USA). The
direction of inversion (+) and eversion (—) was defined in
relation to the lower leg axis. The inter-rater ICCs were
reported to be 0.90 and 0.97 in the weight-bearing and non-
weight-bearing positions, respectively.?’

The forefoot angle was measured as the angle between
the line connecting the plantar surfaces of the thenar and
hypothenar eminences and the line perpendicular to the
calcaneal axis in the non-weight-bearing position (Figure
4C). Image data were used for the non-weight-bearing
position of the leg-heel angle measurements and were
analyzed using ImageJ] (US National Institutes of Health,
Bethesda, MD, USA). The direction of inversion (+) and
eversion (—) was defined in relation to the line perpendi-
cular to the calcaneal axis. The inter-rater ICC was
reported to be 0.93.%

With respect to the ankle ROM, the dorsiflexion and
plantar flexion angles were measured in the knee extension
position. The ROM was measured as the angle between the
fibular axis and the fifth metatarsal axis. The weight-bearing
dorsiflexion ROM was measured in the lunge position with
the measured side forward. With the knee joint and toes

eversion(-)

inversion(+)

Figure 4 Foot alignment. (A) leg-heel angle (weight-bearing position), (B) leg-heel angle (non-weight-bearing position), (C) forefoot angle to the hindfoot axis. Red line, axis

of reference; Blue line, axis of movement.
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Figure 5 Weight-bearing dorsiflexion angle. The lower leg was tilted forward, and
maximum dorsiflexion was performed with the sole placed flat on the floor.

aligned, the lower leg was tilted forward, and maximum
dorsiflexion was performed with the sole placed flat on the
floor (Figure 5). For the weight-bearing dorsiflexion ROM
measurement, a digital inclinometer (DWL-80E; JSB Tech
Japan Co., Ltd. and Digi-Pas Japan, Tokyo, Japan) was
placed at the center of the tibia and the angle between the
tibia and vertical axis from the floor was determined. The
intra-rater ICC (1,1) and inter-rater ICC (2,2) were reported
to be 0.99 and 0.98, respectively.'’

A B
Ant.

A
|
|
|
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|
|
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|
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Distance

Regarding single-leg balance ability, the Y-balance test
was employed to measure the distance reached by the
lower limb in three directions (anterior, posterolateral,
and posteromedial) from the single-leg standing position
with the subject’s hand placed on the hip (Figure 6A). The
values obtained were analyzed as standardized values with
the spine—malleolar distance. The intra-rater ICC (1,2) and
inter-rater ICC (2,1) were reported to be 0.85-0.96 and
0.67-0.93, respectively.”® In the one-leg hop test, the sub-
jects were instructed to hop anteriorly and laterally from
a single-leg standing position, and the distance reached by
their foot after landing was measured, respectively (Figure
6B and C). The distance was analyzed as standardized
values with height. The intra-rater ICC (1,2) was reported
to be 0.97.%

Statistical Analysis

As the main outcome measure, the prevalence of ALM in
young soccer players was calculated from ultrasonography
results. A two-way analysis of variance was performed to
compare the continuous variables of foot COP values, foot
alignment, ankle ROM, and single-foot balance between
the three groups (Pre-, Mid-, and Post-PHVA) and also to
compare the ALM and N groups within each PHVA
groups. The Tukey method was used as a post hoc test.
Statistical analyses were performed using IBM SPSS
Statistics version 25 (IBM Corp., Armonk, NY, USA).

Results

In total, 290 young soccer players (mean + standard devia-
tion [SD]: age, 11.9 £ 2.0 years; height, 147.6 + 14.0 cm;
weight, 38.7 + 10.3 kg; BMI, 17.4 = 2.2 kg/m?) were
included as subjects in this study. Of these subjects, 239
and 51 were allocated to the N and ALM groups,

C

Distance

Figure 6 Dynamic single-leg stability. (A) Y-balance test. (B) One-leg hop test (forward). (C) One-leg hop test (lateral).

Abbreviations: Rt, right foot; Ant., anterior; PM, posteromedial; PL, posterolateral.
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Table | Characteristics of the N and ALM Groups

Variables N Group ALM Group P value
(n =239) (n=51)

Age (years) 119 £20 12.0 £ 2.0 0.55
Height (cm) 147.4 + 13.8 148.6 £ 13.1 0.57
Weight (kg) 386 + 104 39.2 + 10.1 0.73
BMI (kg/m?) 174 £22 175 +24 0.88
Competition history | 68.7 + 27.1 69.4 + 30.0 0.87
(months)

Notes: All results are shown as means * standard deviation. None of the variables
significantly differed.

Abbreviations: N, normal; ALM, abnormal lateral malleolus; BMI, body mass
index.

respectively (Table 1). The overall prevalence of ALM
was 17.6%.

The values for variables measured in the N and ALM
groups during the PHVA phase are summarized in Table 2,
and significant differences between the three groups are
presented in Figure 7. The COP for M-L during the heel
raise indicated significantly higher lateral loading in the
ALM group for subjects with post-PHVA (N group: 48.4 +
4.5%; ALM group: 55.1 + 3.8%; F = 11.395, P = 0.002).
Moreover, the weight-bearing ankle dorsiflexion angle was
significantly decreased in the ALM group for subjects with
mid-PHVA (N group: 42.9 + 6.8°; ALM group: 37.4 +

7.7°; F =9.799, P = 0.002) and post-PHVA (N group: 43.0
+ 7.0°, ALM group: 36.0 + 5.5°; F = 5.300, P = 0.027).

Discussion

The primary purpose of this study was to determine the
prevalence of ALM among young soccer players. The
secondary aim was to investigate the characteristics of
players with ALM in terms of body composition, foot
morphology, joint mobility, balance ability, and maturity
stage. Our study findings consequently indicated that
17.6% of subjects had ALM. In the PHVA phase, ankle
dorsiflexion was decreased post-PHVA compared to pre-
PHVA. Additionally, leg-heel angle on weight-bearing
showed a gradual decrease in the eversion angle from
that pre-PHVA. Moreover, one-leg hop distance was
increased mid-, and post-PHVA compared with that pre-
PHVA. The subjects with ALM exhibited lateral loading
during the heel raise in the post-PHVA group and
a decreased weight-bearing ankle dorsiflexion angle in
the mid- and post-PHVA groups.

The prevalence of ALM in young soccer players
(17.6%) reported in this study, was lower than that deter-
mined by previous studies (26-30% in both adolescent
patients with LAS).”!'" The differences in the severity

Table 2 Clinical and Demographic Characteristics for the N and ALM Groups Based on the PHVA Phase

Variables Pre-PHVA Mid-PHVA Post-PHVA

N group ALM group P value | N group ALM group P value | N group ALM group P value

(n=131) (n=28) (n=177) (n=17) (n=31) (n=6)
BMI (kg/m?)? 16.6 £ 1.9 16.6 + 2.3 0.96 18.1 £ 1.9 185 + 2.4 0.44 194 £ 1.9 18.8 £ 0.6 0.50
Standing COP M-L (%) 46.5 £ 3.5 470 £ 3.4 0.52 46.4 £ 3.1 472 £ 3.1 0.28 46.3 £ 3.1 473 £32 0.48
Standing COP A-P (%) 463 £52 444 £ 5.1 0.07 468 £ 5.6 478 £ 4.6 0.47 47.6 £59 468 £ 58 0.77
Heel-raising COP M-L (%) 494 £ 43 50.0 + 42 0.49 489 + 42 49.6 £ 54 0.54 484 + 45 55.1 £ 3.8 <0.01°¢
Heel-raising COP A-P (%) 714 + 38 709 + 32 0.46 716 +28 723 39 0.37 729 + 3.0 70.6 2.6 0.09
Ankle dorsiflexion (°)¢ 169 +53 164 £ 6.0 0.67 154 + 6.0 141 £53 0.38 138+ 6.5 133 +47 0.88
Ankle plantar flexion (°)* 550+ 6.6 565+72 0.25 498 +7.0 534+84 0.05 524 %50 535+40 0.60
WB ankle dorsiflexion (°)* | 44.9 + 7.0 460+ 73 0.45 429 £ 68 37477 <0.01° 43.0+70 36.0 £ 55 0.03'
LHA WB (°)* 7456 —6.8 5.1 0.58 -3966 —6.0 £ 43 0.17 5.1 £ 45 -33 6.l 0.39
LHA NWB (°) 54+84 73£69 0.23 55+98 78 £9.1 0.34 6.0 +7.1 58+ 138 0.96
Forefoot angle (°) 7.1 £10.2 6.6 £ 8.6 0.80 6.7 £9.1 9.0 £ 6.6 0.30 6.7 £9.4 1.l £58 0.28
Y-balance ant. (%) 760+ 11.2 775+ 107 0.49 750 £ 7.1 719 £ 6.4 0.07 746 + 738 742+ 5.0 091
Y-balance med. (%) 1124 174 | 1128 £ 104 0.90 1135117 | 113.8+92 0.91 1154+ 11.7 | 1099 + 132 0.32
Y-balance lat. (%) 109.6 £ 16.7 | 1105+ 156 0.80 1130+ 114 | 1087 +9.8 0.12 1120+ 133 | 1086 + |14 0.57
OLHT ant. (%)* 949 + 149 958 £ 139 0.74 103.3 £ 150 | 1046 £ 103 0.71 1038 £ 123 | 103.0 £ 185 0.89
OLHT lat. (%)™ 735+ 119 743+ 112 0.73 78.1 £ 10.8 785+ 10.2 0.86 795+ 10.0 776 £ 11.5 0.66

Notes: All results are shown as means # standard deviation. *P < 0.01 between Pre-PHVA and Mid-PHVA group; °P < 0.01 between Mid-PHVA and Post-PHVA group; P <
0.01 between Pre-PHVA and Post-PHVA group; %P < 0.05 between Pre-PHVA and Post-PHVA group; °P < 0.01 between N and ALM group; P < 0.05 between N and ALM

group.

Abbreviations: N, normal; ALM, abnormal lateral malleolus; PHVA, peak height velocity age; Pre-PHVA, —1.0 year > PHVA; Mid-PHVA, —1.0 year < PHVA < +1.0 year;
Post-PHVA, +1.0 year < PHVA; BMI, body mass index; COP, center of pressure; M-L, medial-lateral; A-P, anterior-posterior; WB, weight-bearing; LHA, leg-heel angle; NWB,

non-weight-bearing; ant., anterior; med., medial; lat., lateral; OLHT, one-leg hop test.
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Figure 7 Comparison of the ALM and N groups during the PHVA phase. *P < 0.05; **P < 0.01.
Abbreviations: ALM, abnormal lateral malleolus; N, normal; PHVA, peak height velocity age; Pre-PHVA, —1.0 year > PHVA; Mid-PHVA, —1.0 year < PHVA < +1.0 year;
Post-PHVA, +1.0 year < PHVA; BMI, body mass index; WB, weight-bearing; COP, center of pressure; M-L, medial-lateral; LHA, leg-heel angle; OLHT, one-leg hop test.

among the subjects included in each study might be the
reason for this discrepancy. The present study included
young soccer players who were considered healthy,
whereas the previous studies only included patients who
required medical attention. Furthermore, we should
remember that 64% of patients with ALM in a previous
study could not fully recover from fractures,'' and the
presence of LM avulsion fractures is a possible risk factor
for conservative treatment failure in adult patients with
acute ankle sprains.’® Thus, identifying whether players
have ALM by using noninvasive procedures such as ultra-
sonography is vital to mitigate recurrent ankle sprains.
Concerning the effect of physical maturity, the
decreased ankle dorsiflexion and eversion and the
increased one-leg hop distance were observed in the post-
PHVA when compared with the pre-PHVA group. In
a previous study of college athletes, weight-bearing ankle
dorsiflexion and leg-heel angle were reported to be
approximately 42° and 3°, respectively, as was similar to
the mid- and post-PHVA group in this study.'’?’
Moreover, in the one-leg hop test, it was reported that
the jumping ability was greater in the mid-PHVA
phase.?? Our results regarding mid- and post-PHVA were
similar to those from a previous study which included
university students.”’ These results suggest that the foot

morphology for weight-bearing, ankle joint mobility, and
one-leg hopping function among the pre-PHVA phase
players differed from those among the mid- and post-
PHVA phase players. Of note, the post-PHVA players
had measurements similar to those of adult players.

The ALM group with post-PHVA exhibited more lat-
eral loading during the heel raise than the N group.
Additionally, the ALM group with mid- and post-PHVA
showed a decrease in the weight-bearing ankle dorsiflex-
ion angle compared to the N group. These findings suggest
the composite influence of changes in foot morphology
with physical maturity and the characteristics of LAS
observed only in the ALM group. In this study, we could
not pinpoint the exact reason for these findings. We spec-
ulate that lateral loading during the heel raise in the ALM
group with post-PHVA might have been influenced by the
changes in foot morphology throughout growth. The foot
arch rapidly develops from 7 to 10 years of age and
matures at approximately 13 years of age.*'** The phy-
siological flat foot is eliminated by morphological changes
during development. Theoretically, the plantar pressure
thus tends to be distributed from the medial to the lateral
side during growth. In the present study, the value of the
leg—heel angle increased after the PHVA, indicating that
the foot was close to inversion.
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Previous studies showed that patients with CAI are
more laterally loaded than healthy subjects’’ and that
they exhibit reduced lateral support alignment.>*** In the
present study, leg—heel angle on weight-bearing during the
PHVA phase showed a similar eversion angle to that of
adults in the post-PHVA phase. These results suggest that
the post-PHVA group exhibited a foot alignment similar to
that of adults. Moreover, the ALM group was suspected to
have decreased bony and ligamentous stability. Therefore,
the post-PHVA group exhibited lateral loading during the
heel raise as was shown in previous studies.

With respect to the decrease in the weight-bearing
ankle dorsiflexion angle in the ALM group after the
PHVA phase, several previous studies on LAS in adults
reported a reduction in weight-bearing ankle dorsiflexion
and ankle dorsiflexion angles.'”*> A decrease in soft tissue
flexibility occurs in pediatric and adolescent children due
to the rapid bone growth during the PHVA phase.”
Moreover, the ossification of the talus, medial malleolus,
and LM occurs simultaneously with the development of
arch function,*® and the talocrural joint axis is similar to
that in adults. The findings of this study also indicate that
ankle dorsiflexion and weight-bearing ankle dorsiflexion
angles are reduced in each PHVA group. Additionally,
patients with CAI have been reported to have an increased
anteromedial contact area of the talus upon ankle dorsi-
flexion—internal rotation during loading and an increased

talocrural joint inversion,’’

which may be related to
a decreased dorsiflexion during loading. Therefore, the
decrease in the weight-bearing ankle dorsiflexion angle
occurred in the ALM group members with mid- and post-
PHVA, which is in support of the findings from previous
studies.

The subjects included in the current study were
young footballers aged 6—15 years of age, whereas
those in previous studies were individuals above the
high school age. Hence, physical characteristics at dif-
ferent growth stages should be considered. In this study,
we investigated factors associated with ALM in players
with and without LAS, including differences in physical
characteristics based on the PHVA. As only soccer
players were included in this study, it is necessary to
examine whether similar results can be obtained in
basketball and volleyball players, who also have a high
LAS incidence.'?> As for the measurement method, we
did not quantify ligament laxity because we only eval-
uated the presence or absence of ALM using ultrasono-
graphy. The ICC for the inter-rater reliability of ATFL

quantification using ultrasonography was reported to be
0.811 for those with more than 10 years of experience
and skill but 0.390-0.524 for the other medical staff.”®
Furthermore, the sensitivity, specificity, intra-rater relia-
bility, and inter-rater reliability for ATFL injury diagno-
sis were 98.5-100%, 95%, 0.858-0.907, and 0.878,
respectively.’® While the intra-rater reliability of ultra-
sonography was considered to be good, the inter-rater
reliability is likely to vary depending on years of experi-
ence and skill of the ultrasound examiner. In the present
study, one examiner performed the ultrasonographic
measurements; hence, they were considered to be
reliable.

This study was subject to several limitations. First, the
number of subjects included was limited; thus, it is neces-
sary to consider whether similar results can be obtained in
different subjects. Second, this study employed a cross-
sectional design; therefore, the exact time of LAS onset
and the residual duration of ALM were unknown. Third,
ligament laxity and bone strength were not measured; it is
unclear whether these results indicate structural instability
associated with ALM. Hence, quantitative laxity and bone
strength should be measured in future studies.

Conclusions

The prevalence of ALM detected amongst the pediatric
and adolescent soccer players was 17.6%. Decreased
ankle mobility and increased leg-heel angle and one-leg
hop test were observed after mid-PHVA when compared
with pre-PHVA. Moreover, the ALM group exhibited
lateral loading during the heel raising among those in
the post-PHVA phase and a decreased weight-bearing
ankle dorsiflexion angle in the mid- and post-PHVA
phase. This study was novel in that, to our knowledge, it
was the first to investigate the prevalence of ALM in
pediatric and adolescent soccer players, including healthy
individuals. It has been suggested that pediatric and ado-
lescent soccer players are more likely to develop severe
LAS because they are of a mature age and they have
fragile osteochondral structures. The findings indicate
the importance of recognizing LAS in pediatric and ado-
lescent patients, as well as early treatment for the second-
ary prevention of LAS. The use of ultrasonography was
shown to be effective for this purpose. More prospective
studies investigating the incidence of LAS and its risk
factors in pediatric and adolescent players are required
in the future.
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