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Abstract

The aim of this study was to assess the effect of six-week sand surface training on the
biomechanical variables associated with an anterior cruciate ligament injury in female
adolescent futsal players during cutting. The data collected from 12 subjects were
recorded before and after 6 weeks of training on the sand surface during 45- and 90-
degree cuts by a force plate and cameras. Comparisons between variables in pre- and
post-tests were performed using mixed ANOVA. During the initial contact, knee flexion
was greater in the cut of 45° than 90° in post-test condition. The peak knee external
adduction moment and speed of movement in the anterior-posterior direction increased
after training on the sand surface during both 45- and 90-degree cuts. Based on the
results, training on the sand surface improved performance through increasing the speed
of movement, and on the other hand, increased the load on the knee joint, indicating the
need to provide solutions such as technique improvement training along with this
protocol.
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Introduction

The prevalence of futsal injuries is higher in women than men [1]. The lower
limb has the highest rate (60 to 85%) of total body injuries [2], of which the
knee joint (54%) has the highest percentage of injuries and anterior cruciate
ligament (ACL) rupture has the highest number among women futsal players
[3]. Cut movements, which are widely seen in futsal, are harmful movements for
this ligament [4]. Studies have suggested that performing exercises on the sand
surface improves the performance of the hamstring muscle group [5]. The nature
of the training level can affect the mechanism and prevalence of ACL injury by
affecting the biomechanical variables.

Considering the effect of the surface of training on the biomechanics of the
lower limb and the lack of research related to the sand surface training in the
prevention of ACL ligament injury as well as despite the biomechanical and
functional advantages of this type of training, its role in variables related to
injury in the cutting movement has not received much attention as a traumatic
movement. Therefore, the present study investigated the effect of six weeks [6]
of training on a sand surface on biomechanical variables associated with ACL
ligament injury, and the speed of movement in female adolescent futsal players
during 45- and 90-degree cutting.

Materials and Methods

Participants

Twelve healthy active girls (mass: 50.11 + 8.89 kg, height: 154.15+ 9.68 cm,
age: 13.25 = 1.63 years and BMI: 21.5 kg/m2) participated in this study and
written informed consent was obtained from all participants. All subjects were
free from injury or pain at the time of testing.

Experimental Protocol

Six video cameras (Basler, Germany; 200 Hz) were arranged along an arc on the
right side of a force plate (Kistler, Winterthur, Switzerland; 1000 Hz) which was
placed in the center of a 15 m runway. Retroreflective markers were placed on
specific anatomical landmarks to collect kinematic data and were divided into
tracking and static marker sets. Static markers were attached on the following
anatomical landmarks: right and left anterior—superior-iliac-spine (ASIS) of the
pelvis, abdomen, first sacral vertebra, medial and lateral condyle of the femur,
medial and lateral malleolus, center of the calcaneus and tip of the toe. Tracking
markers were placed at the center of the calcaneus, distal head of fifth and
second metatarsals, right and left ASIS of the pelvis, fisrt sacral vertebrae and
two clusters of three markers, each on the lateral aspect of the shank and thigh.
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Then the subjects completed, in block random order, three cutting trials
for each condition (pre- and post-tests). A trial was accepted when
subjects ran with no visible alteration in cutting mechanics. The training
protocol was performed on the sand surface for 6 weeks (2 60-minute
sessions per week) along with specific futsal exercises. Each session of
training included general warm-ups and specific exercises which were a
combination of speed, agility and running between obstacles in
accordance with the movement pattern of the futsal. According to the
principle of overload, the intensity of training increased every two weeks.
In the first, third and fifth weeks, the intensity of training was 70, 80 and
90% (the best record), respectively. Moreover, all trainings were designed
and controlled under the supervision of a professor of exercise science.
Kinematics and kinetics data were filtered using fourth-order low pass
Butterworth filter with a cutoff frequency of 10 and 50 Hz, respectively. The
dependent variables of the study including flexion and abduction angle of the
kneejoint at the initial contact, peak knee flexion and abduction angles as well as
external knee adduction moment were collected in the first 40% of the stance
phase. The speed of movement (average velocity of the center of gravity) was
also considered in the medio-lateral and anterior-posterior directions in the
stance phase of cutting. All calculations were performed in the 2018 MATLAB
software.

Statistical Analysis

Shapiro-Wilk test was used to investigate the normality of data and between-
condition comparisons were assessed by two-way ANOVA repeated measure
statistical test at the significance level of P<0.05.

Results

According to the statistical results, a significant difference was observed in the
knee flexion angle between the two cuts at the initial contact and first 40% of the
support phase during the pre-test (P = 0.008 and P = 0.001). There was a
difference between 45 and 90 degrees during the post-test at the initial contact
time (P = 0.021). In all three observed changes, the flexion angle was greater at
45° cutting than 90 °. Based on the results, six-week training on the sand surface
significantly increased knee abduction angle during 90 ° cutting at initial contact
(P = 0.031) and first 40% of the stance phase (P = 0.003). In addition, this
training protocol enhanced the external knee adduction moment in 45- (P =
0.008) and 90-degree (P = 0.005) cuts (Table 1).
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Moreover, the results demonstrated that after six weeks of training on the sand
surface, the speed of cutting in the medial-lateral direction significantly
increased during 90-degree cutting (P = 0.030). Further, training on the sand
surface enhanced the speed of cutting in an anterior-posterior direction in both
45 (P =0.001) and 90 degrees (P = 0.001).

Table 1- Pre- and post-test values for 45° and 90° cuts (angle in degree, knee
external adduction moment normalized to body weight and speed of cutting in m/s)

Variables Cuts Pre test Post test P value
Peak knee flexion angle at the initial 45° -20.68+6.84 -22.07+7.88 0.616
contact 90°° 16.6¢6.96  -18.15:8.61 0501
P value 0.008# 0.021#
Peak knee flexion angle during first 40 45 ° -46.53+8.74 -46.68+10.78 0.970
% of stance phase
© oT stance phas 90 ° 41824841  -4585:7.04  0.302
P value 0.001# 0.567
Peak knee abduction angle at the 45° -2.51+£3.97 -2.95+3.56 0.757
initial contact
90 ° -2.13+4.23 -4.85+3.95 0.031*
P value 0.600 0.081
Peak knee abduction angle during first  45° -3.62+4.26 -5.43+4.88 0.258
40 % of stance phase 90 ° -4.55+5.40 -8.6315.70 0.003*
P value 0.292 0.122
Peak external knee adduction moment 45 ° 0.95+0.33 1.90+0.92 0.008*
during first 40% of st h
uring Tirst 5% ot stance phase 90° 1284042 1854053 0.005%
P value 0.103 0.784
. . . 45° -0.25+0.34 -0.24+0.23 0.981
Anterior- posterior cutting speed
90 ° -0.20£0.21 -0.34+0.15 0.030*
P value 0.714 0.006#
. . 45° 3.46+0.34 3.92+0.27 0.001*
Medial- lateral cutt d
ecial- faterdl cUtting spee 90 ° 2824032  3.47+0.45 0.001*
P value 0.001# 0.001#

Discussion

The results of the present study showed that training on a sand surface increased
the knee abduction angle at 90 ° cut, external knee adduction moment at 45 and
90-degree cuts, the medial-lateral cutting speed at 90 °, and anterior-posterior
speed of movement at 45 and 90-degree cuts. Different cutting angles create
different mechanical demands on the body; sharper cutting angles increase the
risk of lower limb injuries, especially the knee joint. However, training on the
sand improves performance in skill by increasing the speed of movement. It




257 Sport Medicine Studies, Volume 13, No 29, 2021

should be noted that athletes do exercises on the surface of the sand to increase
performance, and on the other hand, the need for this performance improvement
is probably associated with the increased use of muscles and forces, resulting in
joint loads. Further research is needed on the extent to which this increase in
joint loads causes injury to athletes.

Keywords: Futsal, Sand Surface Training, Knee Flexion Angle, Knee
Abduction Angle, Knee External Adduction Moment
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