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Purpose: Anterior cruciate ligament injury is one of the most severe knee injuries that often has
a non-contact mechanism and follows an incorrect knee joint alignment. The present study aimed
to compare the effect of predictable and unpredictable cutting direction on knee joint kinematics
in ball and racket athletes.
Methods: The present study was quasi-experimental, and the subjects included 48 female
adolescent athletes from badminton (n=12), table tennis (n=12), basketball (n=12), and handball
(n=12). After the initial evaluations, the cutting maneuver was performed in predictable and
unpredictable ways and recorded by a three-dimension motion analysis. Also, 1-way ANOVA
and post hoc tests were used to compare the kinematic parameters of the knee between the ball
and racket athletes.

Keywords:

Results: The results of the statistical test showed a significant difference in the kinematic parameters
of knee flexion (P=0.003), knee valgus (P=0.001), and tibia rotation (P=0.001) between the ball
(basketball and handball) and racket athletes (badminton and table tennis) in the predictable
cutting. But in the unpredictable cutting, there were no significant differences in the kinematic
parameters of the knee flexion (P=0.86), knee valgus (P=0.56), and tibia rotation (P=0.18).

Knee flexion, Knee
valgus, Knee injury, SideStep cutting

Conclusion: The results indicated that ball athletes showed an increased kinematic risk factor
such as decreased knee flexion, increased knee valgus, and tibia rotation more than rocket
athletes. Therefore, injury prevention programs are more critical in ball athletes.
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Highlights
● There are more dangerous kinematic parameters in the group of ball sports such as basketball or handball.
● The response will significantly effect on the athlete's performance

Plain Language Summary
Athletes in unpredictability sport environments need to quickly choose movement strategies in response to changes
of those around them. This response will significantly effect on the athlete's performance and the joint position among
sport maneuvers. The cutting side maneuver performs suddenly and frequently in ball and rocket sports and these
factors can increase the risk of injury especially non-contact injury in knee joint. because performing cutting side
maneuvers in sports conditions with unpredictable factors such as the direction of the ball or pass or even the presence
of the opponents or spectators can lead to technical errors and injury. Adolescent girls are more exposed to the risk of
injury, and this injury can have devastating effects on a persons life. So, it's suggested that to prevent sports injuries and
psychological and physical consequences resulting from it, and to promote the level of competition, the issue of predictability and correct training of techniques in designing exercise for this age group, especially in ball fields, receive
more attention. additionally we can reduced the prevalence of non-contact injuries especially in knee joint injuries, by
increased athletes awareness and correct performance.

P

1. Introduction

redictability in difficult sports conditions, especially at high-speed competitions, is essential for preparing appropriate movement responses to opponent
behaviors so that the professional athlete could correctly guess the opponent’s movement behaviors in the same initial phase of
the movement and show a proper reaction. In general,
predictability is a strategy to reduce processing stages
time naturally used in response to an unpredictable stimulus [1]. Athletes in unpredictable sport environments
need to quickly choose movement strategies in response
to changes of those around them. This response will significantly affect the athlete’s performance and the joint
position among sports maneuvers [2]. In other words, in
unpredictable conditions, people with less predictability
cannot correct joint position, such as maximum joint
angles and joint displacement in the initial contact. Consequently, unpredictable landing and cutting maneuvers
can increase the risk of non-contact knee injuries [3].
Cutting side maneuver is a movement in the closed
chain used by athletes of various sports fields to change
the direction of movement [4]. The Anterior Cruciate
Ligament (ACL) is often injured when the lower limb
acceleration decreases in dynamic movements, and these
movements usually include cutting side maneuvers. It
should be mentioned that the cutting side maneuver performs suddenly and frequently in ball and racket sports
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and increase the risk of injury by placing a significant eccentric force on the lower limb [5]. The cutting side maneuvers performing by a high-speed and sudden change
of direction can be a risk factor for ACL injury [6].
According to the literature, the cutting maneuver performed in sports fields is entirely different from that performed in laboratory conditions. Because performing
cutting side maneuvers in sports conditions with unpredictable factors such as the direction of the ball or pass
or the presence of the opponents and spectators can lead
to technical errors and more changes in the kinematic parameters [7]. The cutting side maneuver has been identified as an essential risk factor concerning non-contact
ACL injury, especially in female athletes. It has also been
reported that women are 2 to 10 times more vulnerable
to knee injuries than men [4]. ACL rupture is one of the
most severe injuries of the knee joint. According to literature, the mechanism of this injury is often non-contact
type, so biomechanical risk factors play an essential role
in its occurrence [8].
In this regard, Yum et al. have shown that during an
unpredicted cutting side concurrent changing of the
kinematic parameters of the knee joint, the imposed
loads are greater than those applied during the predictable maneuver. This condition can lead to ACL injury
[2], even though Nouri et al. argued that professional
athletes could better control the correct movement and
appropriate position of the joints in unpredictable conditions and perform safe sports maneuvers such as cutting
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and reducing acceleration [1]. But Patrick et al. reported
that the athletes of racket fields have better perceptual
abilities such as reaction time and predictability than the
athletes of ball fields [9]. These results could be a reason
for the increased rate of ACL injury in ball fields such
as basketball and handball [8]. In addition, several studies have compared athletes in different fields in terms
of predictability; these studies have shown that regular
exercise improves the ability to predict, and athletes in
the different fields differ significantly in the amount of
predictability [10-13]. Also, Omar et al. investigated
the visual anticipation time differences between athletes
in open and closed skills sports. They showed that participation in open skills sports such as badminton, tennis, basketball, and handball could improve an athlete’s
ability to predict [14]. Despite these research studies, no
study has been found on the effects of cognitive abilities
on kinematic parameters joint during sports maneuver
between ball and racket sports.
Generally, the prevention of knee injuries, especially
ACL injury in various sports, depends on recognizing
possible risk factors and specifying prevention methods. In this regard, many studies have examined the potential risk factors for ACL injury. However, there is a
scientific gap regarding the risk factors for ACL injury.
Because the risk factors for ACL injury are multifactor,
most studies have examined only one risk factor separately, and similar conditions of the sports environment
have less been investigated [15, 16]. As stated, predictability and decision-making are effective in improving
kinematic indicators and preventing athletes’ injury [17,
18]. Regarding the lack of studies in the field of different
sports fields and the rate of predictability in athletes of
various sports fields [14], the present study investigated
the effect of prediction ability on the knee kinematic parameters during cutting side movement between the ball
and racket athletes.

2. Materials and Methods
The present research of quasi-experimental type was
performed in the laboratory of the Faculty of Sports Sciences of Shahid Bahonar University of Kerman Province, Iran. The statistical population consisted of all
female adolescent ball and racket athletes in Kerman
City, Iran. The sample size was determined 49 athletes
using the GPower program and considering the statistical power of 0.9 and a significance level of 0.05. The
effect size of each variable was tested using partial eta
squared (η) (0.01=small effect, 0.06=medium effect,
and 0.14=large effect) [19]. For this purpose, 48 female
adolescent athletes in Kerman were selected randomly

and participated in the present research in two groups
of ball sports=24 athletes (including handball=12 athletes, basketball=12 athletes) and racket sports=24 athletes (including badminton=12 athletes, table tennis=12
athletes). The inclusion criteria were having at least 3
years of experience in regular sports exercises (at least 3
sessions per week), being between 13 and 16 years old,
having normal body mass index (BMI), and lacking any
injury and lower limb surgery in the past 6 months [4].
Also, people who had a history of lower limb injury and
surgery in the past 6 months, had severe physical activity 24 hours before the test, or participated in ACL injury
prevention programs were excluded from the research
[6]. It should be mentioned that the present research was
approved by the Ethics Committee in Research of Shahid Bahonar University of Kerman (Code: IR.UK.VETMED.RED.1398.022).
Before the test, the subjects were informed about the
importance and purpose of the research, the procedure,
and the test implementation. Then, the subjects gave
their consent to participate in the research project and
the athletes’ health questionnaire. According to the researcher’s timing, subjects in each group attended the
laboratory on two different days that at least 24 hours
had passed from their strenuous physical activity. During the testing sessions, clinical examinations (weight
and height measurement), marking and warm-up protocol (10 minutes of soft running, stretching, and strength
movements specific to the lower limb), tests for determining the dominance leg, a sprint of 10 m, the agility t-test
[18] and cutting side protocol and kinematic sampling
were performed. It should be mentioned that during the
testing stages, we tried that all controllable conditions,
including brightness, temperature, noise, and testing
stages were the same for all subjects to measure as far
as possible the effect of the independent variable. According to the findings of previous research, while doing the cutting side movement and in the progress stage
in the change of direction movement, the body accelerates in the opposite direction of movement, and the
non-dominant leg encounters a decrease in flexion rate
and an increase in valgus rate and tibia rotation [20, 21].
Therefore, the probability of injury in the non-dominant
leg is higher, and for this reason, in the present research,
the kinematic data of the non-dominant leg (support leg)
were examined.
Afterward, the subjects were asked to perform the
test with minimal clothing to prevent the movement of
markers and to evaluate the kinematic parameters of
the knee accurately. Marking was done manually and
on both limbs in a three-dimensional manner, so that on
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each shin and hip limbs, three markers by cluster method
(6 per leg), and two markers on both sides of the knee
joint line (16 markers in total) were installed parallel to
the external plane of the leg [22, 23]. It should be mentioned that the markers were fixed on the subjects’ bodies
with double-sided adhesive to prevent the markers’ displacement. After performing clinical examinations and
functional tests, the subjects ran in the determined path
with their maximum speed and then performed cutting
maneuvers in specified angles in predictable (dominant
leg side) and unpredictable ways (determining the direction of movement with the lightening of white and blue
colors), three times in each movement and a random order (so that several subjects first performed predictable
maneuvers and some others first performed unpredictable maneuvers). Their movements were recorded and
analyzed. The method of performing the cutting maneuver was that the person ran the distance of 10 m with
ultimate speed and, after performing a pair jump to the
adjusted ball (based on the amount of vertical jump of
each person), she landed and by restarting towards the
determined place to perform the cutting side moved and
performed the maneuver at the specified angle (35- to
55-degree deviation from the main path) [24]. According to Figure 1, in a predictable cutting, the person goes
towards the dominant leg. But according to Figure 2, in
unpredictable cutting, by touching the range of 80% to
100% of the length of a step, before reaching the place of
cutting, she decided the direction of movement through
the lightened color. Thus, when the white color was on,
the person performed the cutting side maneuver to the
left side, and when the blue color was on, she performed
the cutting side maneuver to the right side [7, 25, 26].
Six rapture-H infrared cameras and the three-dimensional optoelectronic system of Motion Analysis (Motion
Analysis Company, made in the USA) were used for the
three-dimensional record of the subjects’ performing cutting maneuvers. Depending on the type of skill, sampling
was performed at a frequency of 200 Hz. Also, the cameras were arranged so that on each plate, two cameras
were placed at an angle of 45 to 60 degrees to each other
so that at any moment, the information of each marker
was recorded by at least two cameras. Finally, the obtained kinematic data were processed in MATLAB software, and then, using SPSS v. 22, the statistical analysis
of the obtained data was performed. To compare the ratio
of changes in the kinematic parameters of the knee during the predicted and unpredictable cutting side maneuver, we selected the mixed repeated measure ANOVA
statistical method. But because of the unconformities of
the homogeneity of covariance and Boxes test, the 1-way
ANOVA test was used according to the literature [19],
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eliminating the possible disturbing effect of speed and
agility between the subjects (P<0.05). It should be mentioned that before performing the mentioned test, the
presuppositions of normality and randomness of data
and the homogeneity of variance were confirmed by
Shapiro-Wilk, Runs, and Levene’s tests (P<0.05).

3. Results
In the present research, female adolescent athletes
with a Mean±SD weight of 48.03±1.22 kg, a height of
1.61±0.08 m, and an age of 14.5±0.12 y participated
(Table 1). The Shapiro-Wilk and Runs tests showed that
the parameters of flexion, valgus, and rotation of the leg
in all four groups have a normal and random distribution
(P<0.05); Levene’s test results showed that the variance
homogeneity presupposition was confirmed for all data.
Therefore, a 1-way ANOVA test was used to compare the
kinematic parameters in two predictable and unpredictable states between the ball and racket athletes (P<0.05).
Also, to eliminate disturbing factors such as speed and
agility, the results of the ANOVA test showed no significant difference between athletes in various fields regarding the ratio of speed (P=0.07) and agility (P=0.06).
In Table 1, the results of the statistical test indicate that
the kinematic parameters of knee flexion (P=0.86), knee
valgus (P=0.56), and tibia rotation (P=0.18), during the
predicted cutting between the ball and racket athletes are
not significant (P>0.05). But Table 2 shows that during
unpredictable cutting side in the kinematic parameters
of knee flexion (P=0.003), knee valgus (P=0.001), and
tibia rotation (P=0.001), a significant difference was observed between the ball and racket athletes (P<0.05). In
addition, the results of post hoc tests showed that these
differences as intragroup are not significant in basketball, handball, badminton, and table tennis fields (P=1),
but these values are significant between ball and racket
sports fields (P=0.003). In Figure 3, the mean changes
of the mentioned parameters have also been shown in
different conditions and groups.

4. Discussion
Since exercise has always been associated with the risk
of injury, researchers have always try to identify, modify,
and eliminate dangerous movement patterns. Cutting side
movement is a risk factor for ACL injury, which is frequently performed by athletes in numerous sports fields
such as basketball, volleyball, handball, football, tennis,
squash, badminton, and so on [4]. Therefore, numerous
studies examined the mentioned movement from various
aspects and in different groups. Despite the multiple ar-
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Figure 1. Predictable cutting side

ticles in identifying risk factors and preventing ACL injury, the authors did not find a study that examined the effect of predictability on cutting side movement patterns
and changes in knee joint kinematic parameters between
athletes in the ball and racket sports fields. Also, in the
present research, we tried to test as close as possible to
sports conditions; so that the person performed sprint,
jumping, and landing before performing the cutting side
of 10 m because most sports fields are performed in an
open and unpredictable environment, and players may
need to change direction and perform cutting movement
after landing immediately. According to previous studies, the prevalence of knee injuries, especially ACL injury, is higher in women than men, and also adolescents
are more exposed to injury than adults [26]. Therefore,
considering the importance of injury prevention in this
high-risk group, the present research investigated the effect of predictability on the knee kinematic parameters
during the cutting side between the ball and racket athletes in Kerman Province, Iran.
The mechanism of ACL injury is often non-contact
and is created following the load on the knee. If a person
cannot control the musculoskeletal structure and correct
the joint position for various reasons, the probability of
injury increases by placing the knee joint in a position

Figure 2. Unpredictable cutting side

of decreasing flexion and increasing valgus, and rotating
the tibia. The mentioned kinematic parameters are performed in combination, and it is practically impossible
to investigate one of them [15]. As it was observed in
the results, the knee flexion parameter while performing
unpredictable cutting side was significantly lower in ball
athletes than in racket athletes, and also the knee valgus
and tibia rotation parameters were significantly higher in
ball athletes than in racket athletes.
According to literature, the anterior cruciate ligament is
under high tension with less knee flexion during cutting
movements. Thus, when the knee approaches the extension pattern, the pressure exerted on the ACL increases
by the quadriceps muscles [27]. In this regard, Weir et al.
showed that women have less knee flexion in cutting side
movement than men, exposing them to ACL injury [28].
Yom et al. and Qu et al. also reported that during unpredictable cutting side, people showed less hip, trunk, and
knee flexion, as well as more tibia rotation and valgus
[2, 23]. These results are consistent with the present research, but the rate of changes of these parameters was
different, and this difference may be due to different-testing conditions and subjects. However, Kim et al. showed
that unpredictable cutting maneuver leads to a significant

Table 1. The demographic characteristic of the study participants
Groups

Mean±SD
Weight (kg)

Height (m)

Age (y)

Body Mass Index, kg/m2

Badminton

43.73±2.21

1.58±1.99

14.92±0.22

17.02±0.56

Table tennis

49.13±2.46

1.59±0.93

14.69±0.286

19.44±0.33

Basketball

51.65±2.03

1.66±1.35

14.50±0.314

18.56±0.65

Handball

51.70±2.59

1.63±1.74

14.50±0.31

19.23±0.44
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Table 2. Kinematic parameters in predictable conditions
Kinematic Parameters

Knee flexion

Knee valgus

Tibia rotation

Sports

Mean±SD

Badminton

51.32±3.41

Table tennis

50.98±3.21

Basketball

50.93±2.88

Handball

50.34±3.18

Badminton

15.75±0.75

Table tennis

16.12±0.58

Basketball

15.86±0.93

Handball

16.23±1.12

Badminton

6.68±1.14

Table tennis

6.98±1.05

Basketball

7.01±1.29

Handball

7.12±1.11

increase in knee flexion [29]. This research result is not
consistent with the available results, and this difference
can be due to the gender difference of the subjects.
Studies state that the valgus angle of the knee is one of
the strongest predictors of ACL injury and has a direct

F

P

0.24

0.86

0.59

0.56

0.96

0.18

correlation with the amount of abductor torque rate imposed on this joint. In this regard, Weir et al. examined
the cutting maneuver in unpredictable conditions and
stated that in these conditions, the valgus and varus knee
torques are twice larger than performing the maneuver in
the predicted conditions [30]. Despite the lack of studies

Table 3. Kinematic parameters in unpredictable conditions
Kinematic Parameters

Knee flexion

Knee valgus

Tibia rotation
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Sports

Mean±SD

Badminton

49.42±3.17

Table tennis

48.98±3.40

Basketball

45.44±2.43

Handball

44.89±3.33

Badminton

16.13±1.19

Table tennis

15.99±1.15

Basketball

17.78±1.22

Handball

18.53±1.71

Badminton

6.90±1.42

Table tennis

7.06±1.16

Basketball

9.75±1.21

Handball

9.65±1.34

F

P

5.53

0.003

9.05

0.001

19.22

0.001
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Figure 3. Mean changes of the knee kinematic parameters in difference between ball and racket sports

Figure 3. Mean Changes of the Knee Kinematic Parameters in Different [14]Between Ball and Racket Sports
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resulting from it, and to promote the level of competitions, the issue of predictability and correct training of
techniques in designing exercises for this age group, especially in ball fields, receive more attention. Accordingly, the prevalence of non-contact injuries is reduced by
increased athletes’ awareness and correct performance.
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