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Abstract

Purpose: The number of damages and severity of the injury has increased
in recent years in handball. Recent studies have reported that functional
testing before the season is associated with future injuries of athletes.
However, the findings related to these studies are inconsistent. The current
study aims to examine the accuracy of functional testing to predict the
amount and severity of lower limb injuries of handball athletes in Tehran.
Method: 80 people of handball players (men) of league clubs of Tehran in
the age range of 20-30 years were purposefully selected. Next, functional
testing, including the Y balance, single-leg jump, and Functional
Movement Screen (FMS) was taken from them. The hours of exercise and
competition for teams, along with the number of players' injuries, were
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recorded during the half-season of competitions. To predict the severity
and incidence rate of the injury, the univariate curve estimation regression
test was used. Results: The results of this test showed that among
functional testing, only single-leg jump (p= 0.035) could predict the
severity of the injury incidence, and none of the tests the incidence rate of
the injury (p> 0.05). Conclusions: It can be said that only single-leg jump
can predict the severity of weak injuries (less than 10 lost days), and
screening tests of functional activities have a very limited application to
identify the handball athletes at risk of the injury.
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Introduction

Handball is one of the most popular sports fields worldwide, and it
was entered from the 1972 Olympics in Munich into Olympic sports
(Junge et al., 2004; Junge et al., 2006). Today, handball is played in
199 countries, and there are about 19 million players in 800000 teams
around the world (Laver, 2015). It is a sport with high severity that is
along with physical collisions among players. In Europe, after
football, basketball, is one of the most popular sports (Myklebust et
al., 1997; Piri et al., 2011). This sport is developing continuously in
terms of the power, speed, and technique of players, and changes in
rules and tactics are also observable. Since handball, in contrast to
other sports such as basketball, does not have only limitations in terms
of errors, but also the error has a component of the team tactic that
causes the attack of the opposing team to be disrupted and is
considered as a good defense, this, in itself, causes the severe fights
among the players who want to stop the opposing players and prevent
them from reaching the goal. In this sport, the professional players do
about 70-100 plays per annum, due to participating in the league,
world, continental, and Olympic games that this factor can cause high
injury of players in this sports field (Langevoort et al., 2007; Laver et
al., 2015).

In the past three Olympic games, handball has always been one of the
superior sports fields in terms of injury rate. In the 2004 Olympics in
Athens, handball with 114 injuries per 1000 hours, in 2008, after
football, taekwondo, and hockey, and in 2012, after taekwondo,
football, and BMX cycling has had the highest injuries; and in 2016
has been one of the 8 fields with the highest injury (Engebretsen et al.
2013; Junge et al., 2009; Junge et al., 2006; Soligard et al.. 2017).
Most of the injured handball players have to distance themselves from
the competition or exercise for more than a week (Nilson, 1988; Piri et
al., 2011), and even in some cases, the injured one must leave the
sports fields due to the injury. According to all these cases, it appears
that handball injuries are a serious problem for players of this field
(Langevoort et al., 2007; Piri et al., 2011). In professional sports
teams, general medical evaluations and functional testing are used to
identify athletes who are at risk before the season. In this regard,
gathering the information resulting from the medical and physical
examination of current and retired professional players of the
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Netherlands football who had done the tests of circulatory,
cardiovascular, musculoskeletal, and mental systems, Akturk et al.
(2014) concluded that it must be added more and better tests to them
to prevent from long-term diseases and injuries of tests (Akturk et al.
2014). Considering the costs and also the negative consequences
related to sports injuries, most of the research is focused on injury
prevention. One of the ways to prevent injury in the lower limb is to
perform a screening assessment of lower limb injuries to identify
people who may be at risk of injury. Several injury screening tests,
which consist of one or more practical functions, Specifically, it was
done to identify associations with the occurrence of lower limb injury
(Gabriel et al. 2020).

Functional tests such as the Y balance test of lower limbs, FMS test of
functional movements, and single-leg jump test have been examined
for the prediction of the injury in different sports fields and on the
various subjects (Azzam et al., 2015; Brumitt et al., 2013; Brumitt et
al., 2015; Butler et al., 2013, Doosav et al., 2014; Gonell et al., 2015;
Kiesel et al., 2007; Manske et al., 2013; Plisky et al., 2006; Smith et
al., 2015). In most of the studies, lower limb injuries have been
reported as the most common injury site in professional athletes
(Morgan, 2001). A balance disorder is one of the risky factors for the
increase in the incidence rate of injury in the lower limbs. Gonell et al.
(2015) have reported that the Y balance test can be included in the
form of physical tests prior to the season to recognize the athletes who
are at risk of the injury (Gonell et al., 2015). Smith et al. (2015) found
that asymmetry in anterior access more than 4 cm in both limbs is
associated with increased risk of the injury, but they did not find a
relation between the total score of this test and the injury (Smith et al.,
2015).

Also, in the case of the pre-season FMS test, the reports indicate that a
point less than 14 is associated with the increased risk of injuries
which leads to time loss and absence from the exercise and next
competition (Kiesel et al., 2007). Marques has also reported that
young athletes of 14-20 years have a very important defect in
overhead squat and trunk stability tests as well as the high prevalence
of asymmetry between the right and left side of their body (Marques et
al., 2017). Dok et al. (2017) used the FMS to predict the time loss due
to injuring in the professional rugby athletes and concluded that the
FMS could be considered as a suitable predictor of the time loss due
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to injuring (Dok et al., 2017). But on the other hand, Moran, in his
review, reported that there is not a relationship between the test score
of FMS and prediction of the injury (Moran et al., 2017).

There are also inconsistent studies related to the predictor of the
vulnerability of this test regarding the single-leg jump test. For
example, Brumitt et al. have reported that athletic women with more
than 10% asymmetry between two limbs in the single-leg jump score
have four times more likely to face the risk of an ankle injury, but this
test cannot predict the injuries of the back and lower limbs in
university women athletes (Brumitt et al., 2013).

Asymmetry between limbs in the exercise, i.e., the difference between
the limbs in terms of their functional ability (e.g., flexibility, the range
of the motion power, and the control of the motion motor), is
prevalent especially in athletes involved in one- as well as two-sided
sports activities due to the dominant use of one limb over another.
Such asymmetry, as noted by sports instructors and physicians, is
associated with a decrease in sports function and an increase in the
risk of non-contact injuries. In the field of prevention from injury
without contact, injuries such as Anterior Cruciate Ligament (ACL)
rupture, anterior knee pain (patellofemoral joint pain), and ankle
sprains, the disorder in the function of nearby lower extremity joints
such as the hip joint may be necessary. Compensation of a farther
joint that is associated with the same motion chain in series
compromises the entire function of lower limbs (loannis
Konstantopoulos et al., 2021).

The descriptions above show that the mentioned tests enable to
identification the of athletes who are prone to be injured. However,
the opposing findings associated with these studies have led the
instructors and physicians to hesitate about these tests or their
composition for the athletes at risk of the injury. According to the
pervasiveness of the handball and high severity and incidence rate of
the injury, as well as the high treatment cost of injuries induced by
handball and their impact on the decline of the players' athletic course
and economical loss of athletic teams, it is necessary to be performed
a perfect evaluation in order to investigate the musculoskeletal system
aimed to predict the possibility of injury incidence. According to what
was expressed, this research aimed to examine the accuracy of
functional testing to predict the incidence rate and injury intensity of
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handball players of Tehran league in the half-season of the first year
of 2020-2021.

Method

The current research is a correlation study in terms of the method and
a perspective and a longitudinal one in terms of the type of
information collection. The statistical population of this research was
all male handball players of Tehran clubs in the age group of 20 to 30
years. Among them, 80 people declared their readiness to participate
in the research as a sample and available. 5 of them were removed
from the research by the team doctor due to the failure to record the
injury record, and finally 75 subjects participated in this research. The
anthropometric characteristics of subjects consisted of the mean
weight of 76.15+7.52, mean height of 180.18+5, mean age of
26.32+4.28, and mean BMI of 45.55+22.1. The total hours of the
exercise and players' competition were registered on the specific hour
registration form, and the injuries occurred during the season at the
specific injury registration one by the physician of each team. These
forms were collected weekly by the examiner. In this study, the injury
was registered, which 1. have been occurred during the time of
participation in the exercise or competition, and 2. required medical
help (the medical team must examine the athlete's condition). Entry
criteria include the age range of 20 to 30 years, membership in
university teams, having regular handball training (at least three
sessions per week), absence of injury and surgery in the lower limbs,
and exclusion criteria during the research including the lack of consent
of the athlete to continue cooperation, the lack of cooperation was
appropriate for the athlete.

FMS testing

The FMS tests include 7 motion tests which enable to identify
limitations and changes of normal movement patterns. These tests
have been designed for interaction between the motion chain
movement and necessary stability to perform the functional and
essential motion patterns. In FMS testing, the person was gaining 3
points if he/she could do it correctly without compensated motions
desired, 2 points if could do it with compensated motions, and one
point if could not enable to do it without compensated motions. This
collection includes overhead squat, hurdle step, in-line lunge, shoulder
mobility, active straight leg raise (ASLR), trunk stability push-up, and
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rotary stability tests (Budnar et al., 2013). This study aims to assess
the functionality of training with FMS. The assessment of the closed
kinetic chain (CKC) has been used for the patients' test (GALI et al.,
2021).

Figure 1: FMS testing

Single-leg jump testing

This test is used to evaluate the function, especially in persons who
are in the rehabilitation stages of the ACL, in such a way that this test
assesses the rate of a person's progress. This is a suitable test to predict
the power and strength of the athletes' lower limbs (Hamilton et al.,
2008). Also, Reid et al. consider this test as a test having high validity
and reliability of 0.82-0.93 in the period of rehabilitation after the
athletes' ACL surgery and, for this reason, know it as a suitable test
for pre-season evaluations (Reid et al., 2007).

The jump is an inseparable component in many sports (e.g.,
basketball, handball, and volleyball), and due to the presence of
gravitational acceleration, it is associated with landing. To prevent the
motion, the athlete should change the motion of CoM to a motion
perfectly or performance of the next work (for example, jumping,
changing orientation). The landing sequence is associated with
increased injury risk to the skeletal muscles, which support from the
knee joint, particularly ACL. The ACL rupture occurs in non-contact
conditions till 70-80% and sometimes is not directly applied by force



8| New Approaches in Exercise Physiology (NAEP) | Vol 5| No9 | June 2023

of the opponent player, including speed decrease, sudden change of
orientation, and landing.

Figure 2: Single-leg jump test.

The Y balance test

This test is performed in three directions anterior, posterior-internal,
and posterior-external; the single-leg subject is placed in the Y center
and tried to reach it with another leg when keeping the balance on the
support leg. The subject touches the farthest possible point with the
help of toes in every determined direction without any error. The
distance from the contact location to the center is the achievable
distance measured in a centimeter. Since this test has a meaningful
relationship with leg length, in order to perform this test and
normalize the information, before starting the measurement process,
the real length of the leg is measured from anterior superior iliac spine
to medial malleolus using a tape measure in the supine position while
lying on the ground (Moradi et al., 2015).
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Figure 3: The Y balance test.

Results

The results of K-S testing showed that the variables were not normal,
so the nonparametric test was used when predicting the variables.
Therefore, univariate nonlinear regression analysis was used to predict
the time loss and injury rate using the predictor variables. The results
of descriptive statistics of the incidence rate and injury intensity have
been reported in Table 1.

Table 1: The results of descriptive statistics of the incidence rate and
injury intensity.

The indicator of descriptive statistics
Variables The The most Mean SD
least
Time loss (the right
side of the body) | 5days | MO | 501 (3-10days) | 72.1 (3-10 days)
90 days
(day)
Time loss (the left
side of the body) 0 45 days 7.2 (10-120 days) | 51.0 (0-3 days)
(day)

The results of the univariate curve estimation regression test showed
that among the predictor variables, only the single jump of the right
leg (p=0.035) could predict injury intensity (Table 2).
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Table 2. The results of the univariate curve estimation regression test
for the prediction of injury intensity (time loss (day)).

Variable Coefflc_lent_ of F D | Df P Constant bl
determination fi| 2
FMS (loss time) 0.001 900 | 1 | 63 | 34.0 191.2 -05.0
Balance 0.10 950 | 1| 63 | 33.0 350.3 -02.0
Single-leg jump 0.049 59.4 | 1|63 03.0 296.1 01.0

The results of the univariate curve estimation test showed that none of the
variables could predict the injury rate of players (p=0.010) (Table 2).

Table 3. The results of the univariate curve estimation regression test
for the prediction of the injury rate.

. Coefficient of
Variable determination F Df1 Df; P Constant bl
FMS 0.001 0.004 | 1 63 0.95 0.34 0.001
Y balance test 0.004 03 | 1 63 | 053 | 072 | -0.003
(right leg)
Single-leg 0.001 0.05 1 63 0.80 0.44 -0.001
jump
Discussion

This research aimed to review the accuracy of functional testing to
predict the rate and intensity of handball athletes' injuries. The results
of the current study showed that only a single jump of the right leg
could predict injury intensity.

This study is in line with some of the past research (Chalmers et al.,
2017; Karlsson et al., 2019; Moran et al., 2017; Smith et al., 2015) and
not in line with some of the research (Butler et al., 2013; Duk et al.;
Keisel et al., 2007; Plisky et al., 2006). From the reasons that this
research is not in line with the research by Butler and Keisel, it can be
mentioned this point that Keisel's research was a retrospective that
maybe not all injuries have been registered in this research as well as a
few numbers of samples of this research have been other causes of the
inconsistency. Also, they reported that their findings could not be used
for establishing the relations between cause and effect (Keisel et a.,
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2007). Another reason for contradiction among the studies is that the
Y balance testing assesses flexibility, power, and coordination of the
lower limb muscles, but Bakken et al. (2018), in their review article,
have reported that the muscular power of muscles surrounding the
knee joint is of the weak screening tools for the prediction of lower
limb injuries in athletes (Bakken et al., 2018). But the quadriceps
muscular strength relative to that of Hamstring as well as the hip
adductor (HAD) muscular strength relative to the hip abductor (HAB)
muscular strength ratio can predict the injury of Hamstring's muscle,
quadriceps muscle, and HAD muscle (Dallinga et al., 2012). Butler et
al. (2013) used the Y balance testing for predicting the American
unprofessional football players' injury at the university level; and
since the competition level of athletes is also one of the dangerous
factors of the injury and amateur players relative to professional ones
suffer from injuries with time loss (van Beijsterveldt et al., 2014),
therefore, from the predictive reasons for the injury in this research
can obtain the low point in this test and high injury rate in American
football. Also, it should be noted that authors of both studies have
contributed to the sales profit of Y Balance Test Kit TM Co. as
inventors of Y balance testing. That this can affect the research results
of these two researchers as well. Although the Y balance test, in
contrast to the past findings, may still be suitable for the use of the
rehabilitation program and identification of the failure in the dynamic
postural control following the injury, our findings do not support this
case that this test can be used as a screening tool to predict the risk of
the injury in the athletes.

In the present study, the FMS could not predict the severity of the
injury. Duk et al. (2017), in their research, used the FMS for the
prediction of injuries leading to time loss in rugby athletes and
achieved the opposing results compared to the current study (Duk et
al., 2017). Also, Chelmerz concluded that asymmetry in doing FMS
tests causes the players to be prone to injury during the season, but it
was not found any relation between the FMS point lower than 14 and
the injury (Chelmerz et al., 2017). Although the researchers have
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recorded strong reliability for the screening test of functional
movements but reported many contradictions in relation to the validity
of this test (Bonazza et al., 2017; Dorrel et al., 2015). To predict the
rate and intensity of the injury from one sport to another and
according to the existing differences in its sample volume, statistical
methods, and various definitions, the FMS use has given the opposing
results. So, it must be done more research on the various sports fields
to be confirmed the prediction of the FMS injury.

In the current study, the single-leg test of the right leg could predict
injury intensity. As the mean injury intensity of the right side was
between 3 and 10, this test has been able to predict only the injuries
with low intensity, such as the first-degree complexity of the ankle.
From inconsistent research, it can be mentioned to Brumitt's research
which was reported that pre-season evaluations of vertical jJump and
single-leg jump in basketball men players of the university could not
predict injury intensity (time loss) in the non-contact injuries of lower
limbs (such as the ACL injury and ankle sprains), but these functional
tests can help the sports medicine specialists return the injured players
to the sport (Brumitt et al., 2016). Of course, Brumitt, in his research,
assessed the single-leg jump compared to the people's height and
another leg jump distance that in this research, this work was not
performed. Also, Brumitt, in his research has only reported the non-
contact injuries and time loss is more than 10 days due to the non-
contact injuries, but in this research, both contact and non-contact
ones have been recorded that it appears only contact injuries with low
intensity have been predicted. From the limitations of Brumitt's
research, it can be mentioned to lack of homogenization of sports
fields of subjects that the athletes from 10 different sports fields were
selected (tennis, football, wrestling, etc.) and therefore, the rate and
intensity of the injury in these fields are different from and not
compared with each other.

The human characteristic is two-sided symmetry which divides the
body into the right and left along the longitudinal axis of the body
with a moving airplane. The right upper limb is dominant in terms of
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function. In most of the human, it is evaluated that the frequency of
left-handed is 13%. This research has shown that left-handed athletes
overinvolved in the exercise (in the professional level of contact
sports) while such a dependent is not seen in the non-contact sport.
This phenomenon can be described with the reality that this function
which is preferred for the left upper limbs, provides an advantage in
the one-on-one battle because it leads to behaviors whose prediction is
so hard that it can improve the results directly. The adverse behaviors
of the humans show themselves as the oriented asymmetry. In the
morphological characteristics, the asymmetry rate is determined in the
mechanical actions due to difference, which leads to the deviation
from complete symmetry. In the human, the functional preference for
the right upper limbs causes it to dominate, specifically the left upper
limbs, in terms of morphological characteristics. Regular exercise can
cause the bones and muscles of dominant limbs to grow
asymmetrically as well. Some research has been done by the dual-
energy X-ray absorptiometry (DXA) method and has shown that even
12-week exercise can affect the volume of muscles and bones. The
examination of university athletes has also allowed the researchers to
examine the impact of two-sided difference degree of the body mass
without any fat in the lower limbs on strength asymmetry and the
strength when jumping. As it has been shown in the research review
presented here, various competitors of sports fields have some
differences in the asymmetry rate of the body created on one side
(Marcin Lijewski et al., 2021). One of the limitations of the current
research is that it is unisex, which cannot be generalized to the general
population of handballs. It is also possible to point out the lack of
control of people's mental and emotional state and the lack of
checking their familiarity with the performed functional tests.

Conclusions

In general, the results of this research show that the single-leg jump
could predict the injury. However, in the current study, the screening
tools of functional activities have very limited application to identify
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the incidence rate and intensity of the handball athletes injury who are
at risk of the injury. Due to the multiple nature of injuries and various
risk factors such as the prior injury, the researchers must use the tests
as far as possible, which have been paid attention to many risky
factors of the injury and had the highest simulation based on the injury
conditions in the exercise or competition.
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