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Abstract

Purpose This 3-year prospective study assessed risk factors for noncontact anterior cruciate ligament (ACL) injuries in
female Japanese high school basketball players. Players suffering noncontact ACL injuries were assumed to demonstrate
poorer hip abductor, knee flexor, and knee extensor muscle strength, as well as static balance, than those without injuries.
Methods One hundred and ninety-five new female high school basketball players underwent baseline examinations for
various parameters during their first year of high school. After the baseline data were collected, all ACL injuries occurring
over the subsequent 3 years were recorded. The assessment parameters between the noncontact ACL injury group and the
control group were compared.

Results Of the 195 players, 24 were excluded due to pre-existing injuries present during the initial examination, quitting the
basketball club during the follow-up period, or missing data. The remaining 171 players were observed for 3 years; unilateral
noncontact ACL injuries were occurred in 12 players. Significantly lower general joint laxity and greater hip abductor strength
were observed in the ACL injury group than in the control group. Body mass index (BMI) and hip abductor strength were
significantly greater in the ACL injury group than in the control group, based on logistic regression analysis.

Conclusions Greater BMI and hip abductor muscle strength were independent risk factors for noncontact ACL injuries in
female Japanese high school basketball players. Although performing complete screens may be difficult, attention should be
given to ACL injuries, particularly in highly competitive players with strong muscles.

Level of evidence III.

Keywords Noncontact - Anterior cruciate ligament injury - Female - Japanese high school basketball players - Body mass
index - Hip abduction muscle

Abbreviations Introduction

ACL Anterior cruciate ligament

BMI Body mass index Noncontact anterior cruciate ligament (ACL) injuries are
CI Confidence interval prevalent among female high school athletes who play pivot
GJL  General joint laxity sports that require rapid direction changes. Female athletes’
H/Q Hamstring/quadriceps risk of ACL injuries is higher than that of male athletes [9,

28, 41]. Although surgical treatment for ACL injuries has
improved and good clinical outcomes have been reported
D4 Junsuke Nakase [25], this sports injury is still serious and its treatment

nakasel1007 @yahoo.co.jp poses some problems (e.g., long recovery time and asso-
ciation with meniscal tears and chondral injuries) [5, 17].
In addition, ACL injuries not only cause loss of time from

Department of Orthopaedic Surgery, Graduate School
of Medical Sciences, Kanazawa University, 13-1

Takara-machi, Kanazawa, Ishikawa 920-8641, Japan sports, but also have long-term health consequences, such as
2 Department of Orthopedic Surgery, KKR Hokuriku Hospital, a sequentlfll.ly increased r.15k for early .development of knee
2-13-43 Izumigaoka, Kanazawa, Ishikawa 921-8035, Japan osteoarthritis and lower limb dysfunction [1, 26, 29]. Thus,

Department of Orthopedic Surgery, Kijima Hospital, 41-1 the prevention of ACL injuries is important.

Matsutera-machi, Kanazawa, Ishikawa 920-0011, Japan

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00167-018-4888-4&domain=pdf

Knee Surgery, Sports Traumatology, Arthroscopy (2018) 26:3004-3011

3005

Identifying and understanding the risk factors for ACL inju-
ries are important components of the development of an effec-
tive prevention program. Thus, many studies examining the
risk factors for and prevention of ACL injuries have been con-
ducted [3, 21, 37]. These studies found that noncontact ACL
injuries are likely multifactorial and are related to a combina-
tion of neuromuscular, biomechanical, anatomical, hormonal,
and psychological factors [12, 18, 32]. In particular, motion
patterns related to core balance, muscle strength, and body
mass index (BMI), which are modifiable factors, as well as
anatomical characteristics, such as general joint laxity (GJL),
intercondylar notch, slope of the tibial plateaus, and femoral
anteversion, which are not modifiable, play important roles in
the aetiology of ACL injuries [6, 11, 24, 33].

Several studies have reported evidence that poor trunk and
hip motion patterns and knee valgus are related to an increased
incidence of ACL injuries [8, 42, 43]. Furthermore, disorders
of these motion patterns may also be influenced by diminished
lower limb muscle strength, such as of the hamstring, quadri-
ceps, and hip abductor muscles; thus, muscle strength may be
related to the incidence of ACL injuries [13, 27]. Moreover,
poor static balance was reported to be associated with non-
contact ACL injuries [7]. On one hand, GJL in females (5 of
9 subjects) resulted in a 2.8 times greater risk of ACL inju-
ries in a prospective cohort study [39], and BMI was reported
to be associated with decreased intercondylar notches and
ACL injuries [6]. Furthermore, greater femoral anteversion
and navicular drop predicted greater hip internal rotation and
knee external rotation and valgus, which are associated with
noncontact ACL injuries [24]. However, most studies on the
risk factors for ACL injuries have been performed in Western
countries. Nevertheless, there are marked skeletal, muscular
strength, and cultural differences between Western and Asian
individuals, and the same risk factors are unlikely to similarly
apply to individuals from the different cultures. Therefore,
there is a need to identify the relevant risk factors and to pre-
pare effective prevention programs for Asian individuals.

To our knowledge, there have not been any cohort studies
evaluating the risk factors for noncontact ACL injuries in
female Japanese high school basketball players. The pur-
pose of this prospective study was to assess the risk factors
for noncontact ACL injuries in this population. The main
hypothesis of the study was that female high school basket-
ball players suffering noncontact ACL injuries have worse
hip abductor, knee flexor, and knee extensor muscle strength,
as well as static balance, compared with uninjured players.

Materials and methods

This 3-year prospective study was designed to assess the risk
factors for noncontact ACL injuries in female Japanese high
school athletes. Between 2009 and 2011, 195 15-year-old

female participants were included in this study. They
belonged to high school basketball clubs that were ranked
among the top 4 in each prefecture. Athletes who had sus-
tained any lower extremity injuries in the past or had any his-
tory of knee surgery were excluded from study participation.
Baseline detailed examinations for various parameters were
documented during each athlete’s first year of high school.

The players were followed for 3 seasons, from high school
entrance to graduation. All participants underwent baseline
examinations in April of 2009, 2010, or 2011. After the
baseline data had been collected, all ACL injuries occur-
ring over the subsequent 3 years were recorded. None of
the teams or participants took part in any special prevention
programs during this prospective study. To record all ACL
injuries, as well as to understand their playing activities, we
contacted the injured players and/or their coaches by directly
going to the schools, placing phone calls, and/or e-mailing at
least once a month. All ACL injuries were verified at a medi-
cal institution by physical examination, magnetic resonance
imaging, and arthroscopy.

Baseline examination

A comprehensive test was performed to assess anatomical,
neuromuscular, and static balance. All assessment param-
eters were measured at the Kanazawa University Hospital.
The anatomical assessment parameters included height,
body weight, BMI, anterior knee laxity, GJL, femoral ante-
version, and navicular drop. The muscle strength assessment
parameters were knee flexion and extension, hip abduction
muscle strength, and the hamstring to quadriceps (H/Q)
ratio. Balance assessment parameters were locus length per
time and the environmental area that indicates static balance
ability.

Both the left and right sides were assessed for each
parameter, except for height, body weight, BMI, and bal-
ance. Anatomical assessment parameters were measured
by experienced orthopedic surgeons. Muscle strength
and balance parameters were measured by experienced
physical therapists. All anterior knee laxity assessments
were performed by one orthopedic surgeon (JN) using a
KT-1000 (MED Metric, San Diego, CA, USA) at a pull-
out force of 67 N; the differences between the left and
right sides were determined. GJL was assessed using
the method reported by Beighton et al. [2]. Participants
were scored on a numeric (0-9) scale, with 1 point being
allocated for the ability to perform each of 5 joint laxity
tests. The evaluated joints included the trunk, both little
fingers, thumbs, elbows, and knees, for a total of 9 joints.
A larger number indicated a higher GJL. Femoral antever-
sion was assessed using Craig’s test [30]: the patient was
placed in the prone position with the knee at 90° flexion.
The patient’s hip joint was passively rotated medially and
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laterally, while palpating the greater trochanter promi-
nence until the outward most point was identified on the
lateral aspect of the hip. Furthermore, the angle of the
hip was measured, using a goniometer, to determine the
amount of anteversion, using the long axis of the tibia.
It was measured by 2 orthopedic surgeons: 1 rotated the
subject’s hip and the other performed the goniometer
measurements. To evaluate the navicular drop, the most
protuberant part of the navicular bone was marked, and the
difference between the sitting and standing positions was
measured [31]. The maximal knee flexion and extension
muscle strength were tested using a MYORET (Kawasaki
Heavy Industries, Tokyo, Japan), with an angular velocity
of 60°/s. Participants warmed up for 10 min on a bicycle
ergometer before undergoing the measurements. Subse-
quently, each participant sat in a chair with 90° hip flexion,
while the trunk, pelvis, and lower unmeasured leg were
immobilized with a belt. The movement center of the lever
arm was matched, as accurately as possible, to the lateral
joint line of the knee, and an arm’s-length reach was kept
between the center of motion and the middle of the lower
leg. Resistance pads were fixed to the proximal and distal
tibiae, such that they were equidistant from the arm tip.
The range of motion of the knee was set as the maximum
extension angle from the maximum flexion angle in a
chair-seated position, and extension/flexion movement of
the knee was performed thrice, within the set range, after
an initial practice round. During the measurement, each
participant placed her hands across her chest to avoid pro-
viding support from the arms or torso. Assessment values
from each measurement round were averaged to generate
a final maximum muscle strength value. To standardise
maximal muscle strength, the measured values were nor-
malized to the subject’s body weight.

The maximal isometric hip abductor strength was meas-
ured using a handheld dynamometer (uUTAS F-1°: ANIMA,
Tokyo, Japan). Each participant was placed in a supine posi-
tion on the examination table, the leg was extended, and the
hip was maintained in the neutral position in the coronal
and sagittal planes. In addition, the contralateral thigh was
fixed to the table with a strap, which served as the measure-
ment start position. While assessing the hip abductor, each
participant placed her hands across her chest to avoid provid-
ing support from the arms or torso. The dynamometer was
placed 2 cm proximal to the lateral malleolus and resistance
was applied in a fixed position for at least 2 s, until maximal
contraction had been measured. Another examiner held the
shoulder and pelvis, contralateral to the measurement limb.
The measurement was performed twice on each side after an
initial practice round, with the peak force taken as the final
value. A 2-min break was provided between each measure-
ment. Finally, peak force measurements were normalized to
the subject’s body weight and lower limb length.
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Static balance was measured with a Gravicorder
(ANIMA, Tokyo, Japan). Postural sway was measured for
30 s, using a 20-Hz sampling frequency, during two-leg
standing, with the subject’s eyes open. During the meas-
urement, participants stood barefoot, with their feet placed
on the centre of measurement at a reference point on the
examination platform. With their eyes open, participants
fixed their gaze on a visual point placed 1 m in front of
them, at eye level, such that no moving objects could enter
their visual field. The locus length per time, which indicated
attitude control ability, and the environmental area that indi-
cated equilibrium ability were measured. The measurements
were carried out twice with a 1-min rest between measure-
ments. Because the second measurement has been reported
to be more accurate than the first measurement, using this
procedure [4, 16], data from the second measurement were
used for analysis, in this study.

This study was approved by the Ethical Committee of the
Graduate School of Medical Sciences, Kanazawa University
(approval # 1050). Participants and their parents and coaches
were given a thorough explanation of the study design and
voluntarily provided written informed consent.

Statistical analyses

The data were analysed using the Statistical Package for the
Social Sciences for Windows, (version 23.0; IBM, Armonk,
NY, USA). The muscle assessment parameters were meas-
ured on the affected side in the ACL injury group, and ran-
domly on the left side or right side in the control group. The
assessment parameters between the ACL injury group and
the control group were first compared using Student’s ¢ test,
and the muscle strength parameters were measured from the
injured side in the ACL injury group and randomly from the
left side or right side in the control group; parameters with P
values less than 0.2 were considered independent variables
using logistic regression analysis (simultaneous). The level
of significance for all statistical analyses was set at a=0.05
(values of P <0.05 were considered statistically significant).
A prior power analysis for sample size was performed; for
an effect size of 0.76, power of 0.8, and an a level of 0.05; a
total of 154 individuals were required.

Results
ACL injury incidence

Of the 195 players, 24 were excluded, because 5 had pre-
existing injuries present at the initial examination (2 ankle
sprains, 2 low back pain, and 1 muscle injury), 15 quit
the basketball club during the follow-up period, and 4
had missing data. Two contact ACL injuries and 1 player
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with bilateral injuries were also excluded from the study.
Hence, this prospective cohort study included 168 play-
ers, with 12 injuries (12 players) in the noncontact ACL
injury group and 156 players in the control (no ACL inju-
ries) group (Fig. 1). The participants’ mean age (months)
at baseline is shown in Table 1. The mean age (months)
at the time of injury was 194.5 + 6.0, and the average
time between the baseline measurement and injury was
14.5 + 6.0 months. All noncontact ACL injuries occurred
in regular players who were typically in the starting line-
up during competitions. The cohort’s annual incident ratio
for noncontact ACL injuries was 2.4%.

Assessment parameters

Upon anatomical assessment, only GJL was significantly
lower in the ACL injury group than in the control group,
according to Student’s ¢ test (Table 1; P=0.04). In terms
of muscle strength and balance assessment, only the hip
abductor strength was significantly greater in the ACL injury
group than in the control group, according to Student’s ¢
test (Table 2; P=0.04). In the assessments, the P values for
BMI, GIL, knee flexor and extensor strength, hip abductor
strength, and locus length per time were less than 0.2; thus,
these were considered independent variables in the logistic
regression analysis.

The odds ratio, representing the possibility of noncon-
tact ACL injury, 95% confidence interval (CI), and the P
value for the 6 assessment parameters were calculated using

Fig. 1 Flow chart showing the
flow of initial participants to

195 players

Excluded: 24 players

final follow-up, divided into a
noncontact anterior cruciate
ligament (ACL)-injured group

v a

e 5 players: having pre-existing injuries during the initial
examination (2 ankle sprains, 2 low back pain, 1 muscle injury)
e 15 players: quit the basketball team

(n=12) and an uninjured con-
trol group (n=156)

171 players

e 4 players: data lost

16 New ACL injuries (15 players)
1 player had bilateral ACL injury

Excluded: 4 injuries (3 players)

> |+ Contact injuries
* Bilateral injuries
v v
156 uninjured

12 noncontact ACL
injured group

control group

Noncontact ACL injury

* 10 occurred during cutting and other 2 occurred during landing.

* 6 occurred during game and other 6 occurred during practices.

* 9 were on the left side, 3 were on the right side.

* 3involved the dominant side and 9 involved the non-dominant side.

Table 1 Anatomical assessment

ACL injured (n=12) Control (n=156) P value
results
Age (months) 185.2+3.8 185.5+3.5 n.s
Height (cm) 161.4+6.9 162.0+5.7 n.s
Body weight (kg) 57.8+8.0 55.4+6.2 n.s
BMI (kg/m?) 222+1.9 21.0+2.7 n.s
General joint laxity (points) 1.8+1.3 2.7+22 0.04
Navicular drop (mm) 8.7+6.4 8.0+3.3 n.s
Anterior knee laxity (mm) 41+£1.0 3.8+1.1 n.s
Femoral anteversion (degree) 16.5+3.6 16.7+3.3 n.s

ACL anterior cruciate ligament, BMI body mass index

Results are presented as mean + SD and P value of student’s 7 test
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Table 2 Muscle strength and balance assessment results

ACL Control (n=156) P value

injured

(n=12)
Knee flexor (Nm/kg) 09+03 09+0.2 n.s
Knee extensor (Nm/kg) 1.7404 1.6+03 n.s
H/Q ratio (%) 0.6+0.1 0.6+0.1 n.s
Hip abductor (Nm/kg) 14+03 12+0.2 0.04
Locus length per time (cm/s) 1.4+04  1.2+0.3 n.s
Environmental area (cm?) 27+16 22+1.2 n.s

ACL anterior cruciate ligament, H/Q hamstrings/quadriceps

Results are presented as mean + SD and P value of student’s ¢ test

logistic regression analysis. The results showed that BMI
and hip abductor strength were significantly greater in the
ACL injury group than in the control group (Table 3; BMI:
P=0.009, 95% CI 1.101-1.952; hip abductor strength:
P=0.03,95% CI 1.35-320.35).

Discussion

The main findings of this 3-year prospective cohort study of
female Japanese high school basketball players were that,
contrary to our hypothesis, greater BMI and hip abductor
strength were independent risk factors for noncontact ACL
injuries.

Of the anatomical parameters assessed in our study,
greater BMI was detected as an independent risk factor for
noncontact ACL injuries in the logistic regression analysis,
similar to the findings of the previous reports [6, 40]. In a
case—control study assessing the risk factors for ACL injury,
Vacek et al. [40] reported that a higher BMI and increased
anterior—posterior knee laxity were predictive of ACL inju-
ries in female athletes. A greater BMI may be related to
increased knee joint compression forces, which may lead to
ACL injuries during sporting activities [10, 20].

In terms of knee flexor and extensor muscle strength, it
has been reported that the relative level of specific muscle
activation patterns of the hamstring and quadriceps mus-
cles is important for sagittal and coronal plane joint stability
[19]. Although hamstring muscle weakness and a lower H/Q
ratio may be considered to lead to ACL injuries [22], a low
H/Q ratio is not directly related to ACL injuries [35, 39];
thus, there is no consensus on the matter. In our study, knee
flexor and extensor muscle strengths were not significantly
different between the 2 groups. Furthermore, contrary to past
reports, knee flexor and extensor muscle strength tended to
be greater in the ACL injury group.

As for the hip abductor, reduced hip abductor and exter-
nal rotation strengths were shown to be independent risk fac-
tors for ACL injuries in a previous prospective study [15], in
contrast to the present findings. The mechanism underlying
ACL injuries due to weak hip abductors may be that weak-
ness in the hip abductor predisposes the individual to greater
hip adduction and internal rotation, causing increased knee
valgus motion and knee abduction movements [8, 38]. On
the other hand, a large cohort study that included a large
number (n=_867) of elite handball and football players was
recently reported by Steffen et al. [35]. No statistically sig-
nificant association between hip abduction strength and
increased ACL injury risk was found in their study. As a
potential mechanism, greater hip abductor muscle strength
was considered to lead to ACL injury, as stated in the litera-
ture. During sporting activities, athletes who have greater
hip abductor strength may counterbalance this greater mus-
cle strength and be predisposed to hip adduction; further-
more, knee valgus motion may occur. The relationship of
lower limb muscle strength with noncontact ACL injuries
and their prevention is difficult to conclude from the findings
of the present and previous studies.

Based on the results of our own and previous studies on
the relationship between lower limb muscle strength and
ACL injuries, strengthening lower limb muscles may not be
essential for preventing ACL injuries [35, 39]. Moreover,
attention should also be given to other body parts, e.g., the
inferior foot muscles. The whole body motion pattern and

Table 3 Independent variables

for anterior cruciate ligament Standar.d partial . SE Odds ratio 95% CI P value

. S regression coefficient

injury based on logistic

regression analysis BMI 0.382 0.146 1.466 1.101-1.952 0.009
General joint laxity -0.286 0.185 0.751 0.522-1.081 n.s
Knee flexor 0.684 2.254 1.982 0.024-164.405 n.s
Knee extensor 0.390 1.341 1.476 0.107-20.453 n.s
Hip abductor 3.035 1.395 20.797 1.35-320.354 0.03
Locus length 1.739 0.877 5.694 1.021-31.739 n.s

BMI body mass index

Binary logistic regression analysis P < 0.05 was considered to be significant
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the dynamic valgus of the knee are influenced by the lower
limb muscles, as Hewett et al. [11] stated. In our prevention
training study, using positron emission tomography [23],
inferior foot muscle motion was increased. Strengthening
this muscle is considered to improve dynamic valgus motion
and prevent noncontact ACL injuries.

Regarding the association between noncontact ACL
injuries and static balance, although static balance was not
significantly different between the 2 groups in our study,
the locus length per time tended to be worse in the ACL
injury group. Steffen et al. [36] reported results similar
to ours, using postural control. The reproducibility of the
selected variables was reportedly poor and, therefore, could
not detect an association between postural control and ACL
injuries. Previously, poor balancing ability has been reported
to be a risk factor for ACL injuries, and balance training is
considered to be necessary for young athletes [14].

In female athletes, greater GJL has been reported to be a
risk factor for noncontact ACL injury [40]. In our study, GJL
was significantly lower in the noncontact ACL injury group
than in the control group. However, it was not an independ-
ent risk factor according to the logistic regression analysis.
GJL was somewhat related to noncontact ACL injuries, but
it was not a significant independent factor, and was also
affected by other factors.

The competitive ability of each athlete, and whether or
not they were regular players, was considered to have sig-
nificantly influenced our findings relative to BMI and hip
abductor strength being significant independent risk factors
for noncontact ACL injuries. In addition, since the number
of games played is greater for regular players than for those
who play less regularly, the playing time, including games
and practices, was also longer. Thus, the chance of encoun-
tering situations that may result in ACL injuries, such as
cutting and landing motions, may be increased. In support
of this speculation, the previous studies have reported that
competitive athletes with longer playing times were exposed
to more situations that tend to cause ACL injuries [34].

In our study as well as in the previous reports, ACL inju-
ries were shown to be caused by many factors. Thus, it has
been considered that ACL injuries cannot be prevented by
muscular strength and balance training, alone. Hence, to pro-
duce effective ACL prevention programs, it will be neces-
sary to conduct comprehensive studies evaluating multiple
factors among highly competitive athletes.

One of the strengths of our study is its prospective design.
In addition, the risk factors for noncontact ACL injuries have
not been previously investigated in a Japanese cohort. The
high incidence of ACL injuries, large sample size, high fol-
low-up rate, and direct arthroscopic confirmation of com-
plete ACL tears were other advantages of this study.

There are some limitations to this study. First, the baseline
examinations were only performed at the time of high school

admission. Assessments of changes in anatomical parameters,
as well as changes in lower limb muscle strength and balance,
were not performed during the 3-year period after admission.
The parameters were also not assessed when noncontact ACL
injuries occurred, and the assessment test was only performed
once per participant; therefore, the reliability of the test could
not be evaluated. In addition, the playing time, including prac-
tice vs. game times, was not recorded; therefore, exposure data
were not included in our risk factor analysis. Finally, although
the anatomical parameters of lower limb muscle strength and
static balance were assessed, the influence of many other fac-
tors related to ACL injuries, such as knee kinematics, hormo-
nal balance, and psychology, were not included.

Although greater BMI and hip abductor strength are
independent risk factors for noncontact ACL injuries in our
results, a completely targeted screening was difficult to per-
form, because noncontact ACL injuries are influenced by
various factors. Therefore, prevention of these injuries, for all
athletes, is considered to be important at the moment. Nev-
ertheless, this study suggests that highly competitive athletes
with strong muscles and high BMIs require increased attention
due to the possibility of developing noncontact ACL injuries.
Future studies that focus on highly competitive athletes and
involve the evaluations of multiple factors, at least annually,
are required.

Conclusions

Greater BMI and hip abduction muscle strength were detected
as independent risk factors for noncontact ACL injuries in
female Japanese high school basketball players. Although
complete screens may be difficult, attention should be given
to ACL injuries, particularly in highly competitive players with
strong muscles.
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