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Research Paper
Investigate the Effect of a Comprehensive Warm-up 
Program on the Functional Movement Patterns and 
Landing Error of Young Male Wrestlers

Purpose: The current study aims to investigate the effect of a comprehensive warm-up program 
on functional movement (FM) patterns and landing errors of young male wrestlers.

Methods: For this purpose, 50 wrestlers from Karaj City, Iran were selected as available to 
participate in the research and then randomly divided into two equal experimental groups (25 
people) and a control group (25 people). Then, the landing error scoring system (LESS) test 
was used to evaluate the landing error, and deep squat, lunge, shoulder mobility, and rotational 
stability tests were used to measure the quality of movement patterns, and finally, the Nordic 
questionnaire was used to measure musculoskeletal pain. The experimental group performed 
special wrestling warm-up exercises for eight weeks and three sessions of 30 minutes per week.

Results: The results of the chi-square test showed that the musculoskeletal pain in the knee area 
of the subjects in the experimental group improved significantly after eight weeks of training 
(P=0.04), but the musculoskeletal pain in the shoulder and trunk of the wrestlers did not improve 
significantly (P>0.05). The results of the U-Man-Whitney U test showed that among the variables 
related to performance, no significant difference was observed in the post-test in the right and left 
shoulder mobility test (P<0.05) and in other research tests, a significant difference was observed 
between the two groups (P<0.05).

Conclusion: We conclude that trainers can use the training protocol of the present research to 
improve landing error and musculoskeletal pain in the knee joint, along with other common 
training protocols.
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Introduction

restling is one of the oldest Olympic 
sports with a large following. It is the 
national sport of Iran and one of the 
most successful sports in the coun-
try. However, it is also a physically 
demanding sport with a high risk of 

injury. Studies have shown that the most common inju-
ries among young wrestlers are shoulder injuries (8.2%), 
ankle injuries (6.4%), and knee injuries (5.3%) [1].

The rising popularity of competitive and recreational 
sports has led to a significant increase in the incidence of 
joint injuries, especially in the ankles and knees. This has 
resulted in significant psychological and financial losses 
for sports clubs and athletes. 

Epidemiological studies have indicated that wrestlers’ 
training injuries are associated with various risk factors. 
These include weight loss [2], low physical fitness [2], 
excessive fatigue, Previous injury, incorrect technique, 
non-sporting movements, inappropriate mental states 
[3], as well as the opponent’s errors and inadequate 
warm-up routines [4]. Therefore, based on previous re-
search, it has been established that one crucial aspect for 
athletes, coaches, and even individuals engaging in basic 
sports activities to maintain their well-being is how they 
commence their physical endeavors and the specific type 
of warm-up employed during training or competition. 
While it has been advised over the past few decades that 
athletes should incorporate preliminary exercises and 
warm-up routines before embarking on intense training 
sessions or participating in competitive events, the re-
sults of certain studies have given rise to some disagree-

ment among researchers regarding the required level of 
intensity and duration associated with these warm-up 
activities [5].

In today’s world, most athletes view warming up as 
an integral component of their expertise. They firmly 
believe that engaging in warm-up routines both during 
training sessions and actual competitions leads to en-
hanced physical and mental performance, while also ef-
fectively minimizing the risk of injuries during exercis-
es. From a physiological standpoint, scientific evidence 
has solidly established that elevating body temperature 
triggers the release of oxygen from both myoglobin 
and hemoglobin. Additionally, it promotes a heightened 
blood flow to the muscles, amplifies the receptiveness of 
nerve receptors, accelerates the speed of nerve impulses, 
diminishes the energy required for fuel reactions, and 
decreases muscle viscosity [6]. Researchers have also 
explored variables that influence heating effects, such as 
the duration of the warm-up program, the intensity of 
the warm-up, and the time interval between the warm-up 
and the main activity. The impact of these variables is 
contingent upon various factors, including the athlete’s 
characteristics, the type and nature of the sport, weather 
conditions, and the objective of the training session or 
competition.

Multiple studies have been conducted to examine the 
impact of specialized warm-up exercises in various 
sports, such as soccer, basketball, handball, and others 
[7-10]. However, the researcher’s findings indicate that 
very limited research has been conducted to understand 
the effects of specialized warm-up exercises in wrestling. 
For instance, Bayati et al. conducted a study to explore 
the influence of a 12-week wrestling + warm-up program 

W

Highlights 

• A comprehensive wrestling warm-up program can reduce musculoskeletal pain, improve functional movement 
(FM) patterns, and reduce landing errors in young male wrestlers.

Plain Language Summary 

Wrestling is one of the most popular Olympic sports that requires special physical fitness and also has a special injury 
pattern. Fifty wrestlers from Karaj City were selected as available to participate in the research. Then, the landing 
error scoring system test (LESS) test was used to evaluate the landing error, deep squat, lunge, shoulder mobility, and 
rotational stability tests were used to measure the quality of movement patterns, and finally, the Nordic questionnaire 
was used to measure musculoskeletal pain. The experimental group performed special wrestling warm-up exercises 
for eight weeks and three sessions of 30 minutes per week. The results showed comprehensive warm-up program 
improves landing error and musculoskeletal pain of the knee joint, and trainers can use the training protocol along with 
other common training protocols.
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on the dynamic balance of young wrestlers. The experi-
mental group followed the wrestling + warm-up program 
three times a week, over 12 weeks, while the control 
group adhered to their usual warm-up routine during the 
same duration. Ultimately, the researchers concluded that 
implementing a specific warm-up program for wrestling 
can enhance the balance of wrestlers [11]. 

Polat et al. [12] in their study, investigated how bal-
listic warm-up impacts various aspects of performance, 
including isokinetic strength, balance, agility, flexibil-
ity, and speed, in freestyle wrestlers who had a mean 
age of 20 years. The participants were divided into two 
groups, with one group performing 10 minutes of sub-
maximal running as part of their warm-up and the other 
group performing 10 minutes of ballistic exercises that 
engaged most of their muscle groups. The researchers 
found significant differences in flexibility, right-hand 
grip strength, dynamic balance, and the strength of 
the quadriceps and hamstring muscles in the right and 
left legs. Accordingly, the study concluded that ballis-
tic warm-up exercises are more beneficial than regular 
warm-up exercises for improving muscle strength and 
other variables [12].

As previously mentioned, multiple studies have looked 
into the impact of warm-up exercises on wrestlers’ per-
formance and have found conflicting results. However, 
there has been a lack of research on the effects of these 
exercises on injury prevention in wrestlers. Additionally, 
previous studies have shown that coaches and players 
are often reluctant to implement preventive programs 
unless there is a direct impact on performance [13]. As 
a result, this research aims to examine the effects of a 
comprehensive warm-up program specifically designed 
for young male wrestlers, including its impact on muscu-
loskeletal pain, landing error, and overall performance.

Materials and Methods

The research is designed as a field trial. The wrestlers 
were selected between the ages of 20 and 30 years with at 
least three years of experience in this field our statistical 
population. Using G*Power software and referring to previ-
ous studies [12, 14, 15], a statistical sample of 45 individu-
als has been obtained. The sample was chosen with a power 
of 0.95 to 0.05 and an impact factor of 0.50. Ultimately, 
50 individuals participated in the study, considering a 10% 
chance of dropouts. These individuals were selected based 
on specific entry and exit criteria and were randomly as-
signed to either an intervention group or a control group, 
with each group comprising 25 individuals. The test has a 
power of 0.80 and the selection of the effect size is based 

on previous research. The starting point for the effect size 
is 1.02. It is essential to mention that previous studies on 
LESS tests and functional movements (FMs) [11, 14, 16-
19] found effect sizes ranging from 0.69 to 2.5. The starting 
point for the effect size was determined to require a signifi-
cant sample size of 1.02, resulting in a calculated sample 
size of 50 people. To be eligible for this research, individu-
als must meet several criteria. Firstly, they must fall within 
the age range of 20-30 years. In addition, they must have 
a minimum of three years of sports experience in the field 
of wrestling. Furthermore, participants must provide volun-
tary consent to take part in the research. It is also required 
that they do not exhibit any pathological symptoms or have 
a history of surgical fracture or joint diseases in their lower 
limbs or spine within the past five years [20, 21]. Moreover, 
individuals should not have a history of knee and ankle liga-
ment damage within the past 18 months [22]. Lastly, they 
should not have any sensory or motor disorders as diag-
nosed by a specialist doctor [23]. On the other hand, certain 
exclusion criteria must be met. Participants must not miss 
more than three training and competition sessions during 
the research period. Additionally, they should not have a 
previous injury at the start of the research. Lastly, individu-
als who are older than 30 years or younger than 20 years are 
also not eligible for participation.

After selecting the subjects and their consent, the test 
was conducted on them. The individuals who took part 
in this study were duly informed about the purposes, 
methods, and advantages of their participation. They 
were assured that all of their personal information and 
data would be kept confidential, and they were also giv-
en the option to decline participation in the research at 
any given moment.

The research samples were instructed to go to the wres-
tling hall at the designated schedule to obtain measure-
ments for the pre-test. Once the subjects arrived, they 
were required to fill out a basic information form, and 
then each person underwent anthropometric measure-
ments. To assess landing error, the LESS was employed. 
Padua et al. reported that the intra-examiner reliability 
of this test was excellent, with an intraclass correlation 
coefficient (ICC) value of 0.91 [24]. Additionally, Han-
zlíková and Hébert-Losier (2011) reported moderate to 
excellent self-validity of this test [25]. During the test, 
the subject was instructed to stand on a 30 cm box. The 
target line was drawn on the surface, with a distance 
equal to half the person’s height. The subject was then 
instructed to jump forward from the box and land with 
both feet simultaneously on the surface, in front of the 
marked line, followed immediately by a maximum verti-
cal jump. 

Babaei Jafari M, et al. Effect of a Comprehensive Warm-up Program to Improve Landing Error in Wrestlers. PTJ. 2024; 14(3):201-216.



204

 July 2024. Volume 14. Number 3

The subject must maintain a continuous motion from 
landing on the ground to starting the vertical jump with-
out any pauses. After the examiner demonstrated the 
test, each subject was given two opportunities to prac-
tice. The examiner did not provide any instructions to the 
subject regarding proper landing mechanics. Overall, the 
subject made four attempts, and the examiner observed 
and evaluated the subject from both the front and side 
views. During the first and second attempts, the exam-
iner captured a picture of the subject from the front view, 
while during the third and fourth attempts, a picture was 
taken from the side view. Based on the existing errors, 
the subject’s landing error was graded, determining their 
score. The scoring method for the LESS test is explained 
below. It is important to note that the score increases 
with more mistakes, with the highest possible score be-
ing 17 and the lowest score being 5. 

Experts can successfully use the LESS as a systematic 
and easy-to-use format to evaluate specific movement 
patterns that typically occur during ACL and lower limb 
injuries, such as knee valgus, excessive leg rotation, and 
decreased knee flexion, which can be seen, for instance, 
in flat-footed landing [26]. They can then adopt a cor-
rective strategy for this movement disorder based on the 
information obtained from LESS.

The performance tests used to assess athletes included 
deep squats, lunges, shoulder mobility, and rotational 
stability tests. These tests, which are part of the FM 
screening tests [27, 28], are effective in identifying any 
restrictions or deviations from the usual movement pat-
terns. They are specifically designed to evaluate the cor-
relation between the mobility of the movement chain 
and the stability required for executing FM patterns [29].

Below, an explanation of the motor performance test 
can be observed, including instructions on how to car-
ry it out and how to score it. In this test, subjects are 
awarded two points if they perform the required move-
ments correctly and without any compensatory move-
ments. However, if subjects perform the movements 
with compensatory actions, they will not receive the full 
two points. Instead, they will earn one point for their 
inability to perform the movements without compensa-
tory actions. Furthermore, if a subject experiences pain 
while performing any of the movements, they will not be 
awarded any points at all [30].

To perform the lunge test, the participants were re-
quired to hold the balance stick against the back of their 
head, upper back, and hips. They were instructed to place 
their right hand behind their neck and their left hand be-

hind their waist while assuming this position. Then, they 
would take a step forward. This movement was repeated 
for both legs. If the stick remained in contact with the 
head, back vertebrae, and sacrum, there would be no 
observable movement in the trunk. In addition, the leg 
and the stick would remain in the sagittal plane. Finally, 
if the knee behind the front leg made contact with the 
board, the person would receive a score of three. On the 
other hand, if the stick was not in contact with the head, 
back vertebrae, and sacrum, there would be no observ-
able movement in the trunk. Moreover, the leg and the 
stick would deviate from the sagittal plane, and the knee 
behind the front leg would not touch the board. In this 
case, the person would receive a score of two. If the in-
dividual executed the motion while experiencing imbal-
ance, a score of one was assigned to them; ultimately, if 
they were unable to execute the motion altogether, they 
received a score of zero [30].

To conduct the shoulder range of motion test, an in-
dividual should stand with their legs together and their 
hands hanging by their sides. They should then wrap 
their fingers around their thumbs and form a fist. Then, 
the person should raise their right hand, with the fist still 
clenched, above their head and lower it as much as pos-
sible. Simultaneously, they should also move their left-
fisted hand from behind their back as far as they can. 
During this test, if the distance between the fists is 20 
cm or less, the person will receive three points. If the 
distance is between 20 and 30 cm, they will receive two 
points, and if the distance is >30 cm, they will be given 
one point. 

For the rotational stability test, the subject is posi-
tioned with the elbow underneath the shoulder and the 
knee underneath the pelvis. In this specific stance, the 
hands, knees, and toes on one side of the body are placed 
on the balance board. The individual then extends their 
right hand forward while simultaneously moving their 
right foot backward. Without touching the ground, they 
proceed to bring the elbow of their right hand in con-
tact with their right foot and return to the original posi-
tion. This sequence is also repeated for the opposite side. 
The correct execution of the movement occurs when the 
spine is parallel to the ground, the knees and elbows are 
in contact with each other, and there is no contact with 
the ground [30]. The person can earn a score of three 
by performing a one-sided repetition while keeping their 
spine parallel to the board. Additionally, they need to 
bring their knees and elbows together and have minimal 
rotation of the trunk. If they perform a two-way repeti-
tion while keeping their spine parallel to the board and 
also reaching their knees and elbows together, they will 
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receive a score of two. If they cannot perform a two-way 
repetition, they will receive a score of one. Finally, if the 
person is unable to perform the movement at all, they 
will receive a score of zero [30].

During the deep squat test, the individual positions 
themselves by standing with their feet placed shoulder-
width apart and toes pointing forward. Subsequently, 
while ensuring that the shoulders and elbows form a 
90-degree angle, the person grasps a horizontal balance 
stick with both hands and holds it above their head. Si-
multaneously, they maintain their heels firmly planted on 
the ground while descending as far as possible without 
compromising their balance. Once in this lowered posi-
tion, they maintain their stance until the examiner counts 
to one, after which they return to their initial standing 
position.

If the upper body is aligned with the tibia or is at a right 
angle to the ground, and the thigh is positioned lower 
than the horizontal level and aligned with the knee and 
foot, a score of three is given. If the individual meets 
all the requirements for grade three but is unable to ex-
ecute the movement on the ground or place the heels on 
the board, a score of two is given. However, if the upper 
body and tibia are not parallel, the thigh is not positioned 
lower than the horizontal level, the knee is not aligned 
with the leg, and there is flexion of the vertebral column, 
a score of one is given. In cases where the person is un-
able to perform the movement at all, a score of zero is 
assigned to them [30].

Researchers investigated the prevalence of muscu-
loskeletal disorders by utilizing the Nordic question-
naire, a self-report method consisting of two sections: 
Individual information and specific inquiries. This 
questionnaire was originally developed at the Institute 
of Professional Health in Scandinavian countries and its 
Persian version’s validity was deemed good (ICC=0.70) 
by Mokhtarinia et al. [31]. The questionnaire has a dual-
completion method, either through an interview or a self-
administered format. It consists of two parts, a general 
questionnaire and a specific questionnaire. The general 
questionnaire aims to assess and evaluate overall mus-
culoskeletal disorder symptoms in the entire body. The 
specific questionnaire, on the other hand, focuses on a 
detailed analysis of these symptoms in specific areas, 
such as the neck, shoulder, waist, wrist, and hand [32]. 
Only the results from the specific questionnaire were an-
alyzed for this research. The standard questionnaire cov-
ers nine body parts, including the neck, shoulder, upper 
back, elbow, wrist, lower back, thigh, knee, and ankle. 

Each section contains relevant questions related to the 
respective body parts.

1. Have you experienced any issues like pain, dis-
comfort, or numbness in these areas within the past 12 
months?

2. Have you encountered any problems in these areas 
over the past year that hindered your ability to carry out 
your daily activities, at work and at home?

3. Have you faced problems, such as pain, numbness, 
etc. in these specific body regions during the past week? 
The current study examined the musculoskeletal pain 
experienced by wrestlers last week.

Process of doing exercises

The participants in the experimental group began their 
exercises immediately after their initial measurement 
session. These exercises were conducted for 8 weeks, 
with three sessions taking place each week and every 
other day in Mehrshahr, Karaj Wrestling Club. In addi-
tion, all participants were instructed to refrain from en-
gaging in any form of exercise other than the designated 
exercise program during this period. However, they were 
permitted to carry out their normal daily activities. It was 
crucial for the participants to not miss three consecutive 
training sessions, as failure to adhere to this rule would 
result in their exclusion from the research process. Fur-
thermore, a qualified examiner was present at all train-
ing sessions, directly supervising the exercises. This 
decision was based on previous results indicating that 
exercising under the guidance of an expert yields better 
results compared to unsupervised workouts [33].

The researcher implemented a warm-up exercise rou-
tine for the participants in wrestling. The exercises had 
a duration of 23 minutes, with rest periods between sets 
lasting almost 30 minutes. The first part of the warm-up 
consisted of running exercises for seven minutes, aimed 
at increasing the athletes’ heart rate. The second part in-
cluded joint mobility and rotation exercises, focusing on 
the joints used in wrestling, for one minute. The third 
part involved stretching exercises to improve flexibility 
in the muscles used during the activity, lasting 2.5 min-
utes. In the fourth part, participants completed gymnastic 
exercises to simulate the target activity, lasting about one 
minute. The fifth section involved central stability exer-
cises for 2.5 minutes, followed by balance exercises in 
the sixth section for the same duration. The seventh sec-
tion included strength exercises for approximately 2.5 
minutes, while the eighth section focused on agility exer-
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Table 1. Comprehensive warm-up exercise protocol
Part 1: Running Exercise, 7 Minutes

Exercise No. Exercises Frequency (m)

1 Running forward and straight 2

2 External thigh internal rotation and rotation with running 1

3 Running both sides to the side and butterflying (foot boxing) 1

4 Running on the guard and forward 1

5 Running on the guard to the side 1

6 Back and forth with fast-running 1

Part 2: Joint rotation exercises, 1 minute 

Exercise No. Exercises Frequency (s)

7 Rotation of the ankle joint Each foot 10 repetitions (10)

8 Rotation of the knee joint in two directions 10

9 Back rotation 10

10 Rotation of the shoulder joint 10

11 Elbow rotation 10

12 Wrist rotation 10

Part 3: Stretching exercises, 2.5 minutes

Exercise No. Exercises Frequency (s)

13 Stretching the neck muscles (bending on all four sides with 
hands) 10

14 Stretching the hands above the head 10

15 Stretching the arms and bending to the sides on both sides 10

16 Stretching the arms towards the front of the bent upper 
body 10

17 Stretching the arms in front of the chest with the other 
hand 10

18 Stretching the fingers and forearm with the other hand up 
and down in an outstretched hand position 10

19 Stretching the sides (bending to the side) 10

20 Bending the upper body on the legs (do not bend the 
knees), stretching the gluteal muscles and hamstrings 10

21 Leg muscle stretching (pulling the tip of the foot with the 
hand in a straight knee position) 10

22 Stretching the inner leg muscles (bending one knee and 
leaning to the same side) 10

23 Giant swing 4×10

24 Stretching of the muscles of the forearm, shoulder and 
chest (kneeling position and hands on the sides) 10

Babaei Jafari M, et al. Effect of a Comprehensive Warm-up Program to Improve Landing Error in Wrestlers. PTJ. 2024; 14(3):201-216.



207

 July 2024. Volume 14. Number 3

Part 4: Gymnastics exercises, about 1 minute

Exercise No. Exercises Frequency (s)

25 Front leg roll together 5

26 Back leg roll together 5

27 Open front roll 5

28 Open leg back roll 5

29 Skip step 5

Part 5: Central stability exercises, 2.5 minutes

Exercise No. Exercises Frequency (s)

30 Plank movement (elbows and toes on the floor) 3×20

31 Bridging the back and reversing the movement (such as 
sitting and standing still) 3×20

32 Lateral bridge 2×15

Part 6: Balance exercises, 2.5 minutes

Exercise No. Exercises Frequency (s)

33 One foot on the balance 2×20 per foot

34 A balancing exercise, standing on one leg 2×20 per foot

35 Standing on the palms and ankles with the help of a wheel-
barrow (Fourgon) 2×25 

Part 7: Strength training, about 2.5 minutes

Exercise No. Exercises Frequency (s)

36 Squat 2×20

37 Lunge 2×20

38 Swedish swimming 2×20

39 Nordic hamstring outward contraction movement 2×10

Section 8: Agility exercises, about 1 minute

Exercise No. Exercises Frequency (s)

40 4×9 agility exercise 2 iterations

41 Passing between a friend or an obstacle to the left and right 
(foot box) 2×20

Part 9: Explosive power (plyometric), 1 minute

Exercise No. Exercises Frequency (s)

42 Jumping over players or obstacles 2×15

43 Jump over the side to the left and right 2×15
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cises for approximately one minute. The ninth part of the 
warm-up routine included plyometric exercises for one 
minute, and the tenth part ended with a two-minute slow-
running activity (Table 1). Throughout the warm-up, the 
researcher controlled the timing of exercise and rest pe-
riods using a stopwatch. After completing the training 
period, all subjects underwent post-test measurements. 
Figure 1 displays some exercises.

The researchers used the Shapiro-Wilk test to determine 
the normality of the data. Additionally, they employed 
the chi-square and Mann-Whitney U tests to compare 
the results between the different groups in the post-test. 
Moreover, they conducted a marginal mean test to assess 
and compare the impact of exercises.

Results

Table 2 presents the demographic characteristics of the 
subjects, illustrating the results.

Part 10: Running exercises, 2 minutes

Exercise No. Exercises Frequency (m)

44 Soft running 2

Figure 1. Some exercises

Standing on one leg Plank

Lunge Crossing the obstacle

Wheelbarrow
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The Shapiro-Wilk test results indicated that the data for 
all variables in the research did not follow a normal dis-
tribution (P<0.05). As a result, non-parametric statistical 
methods were used to analyze the research hypotheses. 
After conducting the chi-square test (Table 3), it was 
determined with 95% confidence that a significant dif-
ference is observed in musculoskeletal pain levels of 
wrestlers’ knee joints between the pre-test and post-test, 
specifically after eight weeks of engaging in dedicated 
wrestling warm-up exercises within the experimental 
group (P=0.001). Conversely, this difference was sta-
tistically insignificant in the control group (P=0.16). In 
addition, the subjects within the experimental group ex-
perienced significantly less knee pain than those in the 
control group during the post-test. Furthermore, the re-
sults demonstrated a significant difference between the 
two groups regarding the number of musculoskeletal 
pains experienced during both the post-test and the pe-

riod of eight weeks following the intervention (P=0.04). 
Conversely, no significant difference was observed in 
the occurrence of musculoskeletal pain in the shoulder 
joint of wrestlers in either the experimental group or the 
control group before or after the intervention involving 
specific warm-up exercises for eight weeks (P=0.16 in 
the experimental group and P=0.84 in the control group). 

Additionally, the results of the group comparisons re-
vealed no significant difference in musculoskeletal pain 
during the post-test and after eight weeks of interven-
tion between the two groups (P=0.39). It is noteworthy 
that neither the experimental group nor the control group 
exhibited any significant difference in musculoskeletal 
pain before the intervention, after the intervention, and 
after eight weeks of specific warm-up exercises for 
wrestling (P=0.84 in the experimental group and P=0.54 
in the control group, respectively). Moreover, the results 

Table 2. The anthropometric characteristics of the research subjects 

Group
Mean±SD

P
Experimental (n=25) Control (n=25)

Age (y) 24.24±2.94 25.36±2.92 0.18

Height (m) 1.71±0.06 1.71±0.07 0.75

Weight (kg) 68.20±7.74 70.76±9.18 0.29

BMI (kg/m2) 23.21±1.10 23.86±1.14 0.08

BMI: Body mass index.

Table 3. Chi-square test results to investigate the difference in musculoskeletal knee joint pain in two groups

Inter-
Group P

Intragroup 
P

Total 
Observed 
Frequency

Post-testPre-test

GroupsDesired 
Joint Expected FrequencyObserved FrequencyExpected FrequencyObserved Frequency

Non-
injuredInjuredNon-

injuredInjuredNon-
injuredInjuredNon-

injuredInjured

0.04

0.0012512.512.522312.512.51411Experimental 

Knee injury
0.16

2512.512.516912.512.5169Control

502525381225253020Total

0.39

0.162512.512.591612.512.51213Experimental 

Shoulder 
injury

0.84
2512.512.5121312.512.51114Control

502525212925252327Total

0.77

0.842512.512.5121312.512.51015Experimental 

Trunk 
injury

0.54
2512.512.5111412.512.51213Control

502525232725252228Total
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of the group comparisons demonstrated that no signifi-
cant difference was observed in musculoskeletal pain 
in the trunk region during the post-test and after eight 
weeks of intervention between the two groups (P=0.77).

Since the data related to rotational stability, lunge, deep 
squat, shoulder mobility, and landing error of wrestlers 
were not normally distributed, the Mann-Whitney U test 
was used to compare the differences between the two 
groups in the post-test. The results indicated significant 
differences in the variables of deep lunge squat, LESS, 
and right and left rotational stability after eight weeks 
of comprehensive exercises between the two groups 
(P=0.001 for all variables). However, no significant dif-
ference was observed in the variable of right and left 
shoulder mobility in the post-test (P=0.45 and P=0.07, 
respectively) (Table 4).

The estimated marginal mean revealed that compre-
hensive warm-up exercises have a greater impact on re-
ducing landing errors in the experimental group (37.3), 
enhancing lunge performance on a line (2.76), deep 

squat (2.66), as well as improving the right (26.2) and 
left (2.48) rotational stability compared to the control 
group. Furthermore, in terms of right and left shoulder 
mobility variables, although the differences between 
the groups were not significant, the experimental group 
demonstrated a performance increase of 15.2 and 22.2 
respectively, which was only marginally higher com-
pared to the control group (Table 5).

Discussion

The present study was conducted to examine how a 
comprehensive warm-up program impacts FM patterns 
and errors in young male landers. The results demon-
strated a significant improvement in musculoskeletal 
knee pain among the subjects in the experimental group 
after eight weeks of training. However, no substantial 
improvement was observed in musculoskeletal shoulder 
and trunk pain among the wrestlers following the same 
duration of training. The results of the Mann-Whitney 
U test revealed that among the FM pattern variables, 
no significant difference was observed in the post-test 

Table 4. Mann-Whitney U test results to compare injury risk variables between two groups in the post-test

PZ StatisticMann-Whitney U TestVariables

0.001-3.46165.00Right rotational stability

0.001-3.89133.00Left rotational stability

0.001-5.3143.00LESS

0.45-0.74279.50Right shoulder mobility

0.07-1.79243.50Left shoulder mobility

0.001-4.07129.50Lounge on a line

0.001-3.74142.50Deep squat

Table 5. Test results of the marginal mean of movement patterns and landing error score in the post-test

Standard ErrorControlExperimentalVariables

0.214.103.37LESS (number of errors)

0.081.962.76Lounge on a line

0.091.862.66Deep squat

0.071.782.26Right rotational stability

0.101.672.48Left rotational stability

0.102.132.15Right shoulder mobility

0.082.012.22Left shoulder mobility
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for the right and left shoulder mobility test. However, in 
the tests for rotatory stability of lunge and deep squat, 
a significant difference was observed between the two 
groups in the post-test, following eight weeks of specific 
warm-up exercises. Additionally, a significant decrease 
was observed in LESS after eight weeks of performing 
the exercises. These results are consistent with previous 
research conducted by Rahimi et al. [34], Bayati et al. 
[15], and Jahanshahi et al. [35].

In their research titled “comparing the effect of central 
and neuromuscular stability exercises on the functional 
screening test of 9-12-year-old boy wrestlers”, Rahimi 
et al. investigated 45 wrestlers in Esfrayen City. The 
wrestlers underwent the FM screen (FMS) test and were 
then randomly divided into three groups, control group, 
experimental group 1, and experimental group 2. The 
control group engaged in common wrestling exercises, 
while the experimental group 1 performed neuromus-
cular exercises and the experimental group 2 performed 
central stability exercises. These exercises were con-
ducted over six weeks. The overall results demonstrated 
the impact of central stability and neuromuscular stabil-
ity exercises on the FMS scores of the wrestlers [34]. 

One of the reasons why Rahimi’s research is consis-
tent with the current research is the inclusion of specific 
training protocols. In Rahimi’s study, the experimental 
group underwent a single neuromuscular exercise, while 
the control group engaged in two central stability exer-
cises. In the current research, participants were assigned 
to perform both central and neuromuscular stability ex-
ercises, which included activities focused on balance, 
agility, and plyometrics.

Bayati et.al examined how standard warm-up exercises 
in wrestling impact the scores of young wrestlers on the 
FMS test. The results of their research revealed a signifi-
cant improvement in scores for the deep squat test, step-
ping over the obstacle, and lunge test, both immediately 
after the test and after 12 weeks of performing the exer-
cises, when compared to the pre-test. However, no sig-
nificant difference was observed between the two groups 
in terms of shoulder flexibility, active lifting, Swedish 
foot swimming, and rotational stability tests [15]. These 
results were consistent with the results of the current re-
search, and one possible reason for this alignment could 
be the presence of similar exercises in both studies.

The shoulder mobility test assesses the range of motion 
of the shoulder joint by measuring both unilateral and 
reciprocal movements. It involves performing internal 
rotation and adduction in one shoulder, and external ro-

tation and abduction in the other shoulder. This test re-
quires proper mobility of the scapula bone and extension 
of the spine. Inadequate performance in this test can be 
attributed to various factors, one of which is an imbal-
ance in the range of motion between external and inter-
nal rotation in the shoulder joint [36].

Regarding the impact of the current exercise protocol 
on subjects’ performance, the results of this study indi-
cate that after 8 weeks of exercise, no significant differ-
ence was observed in shoulder flexibility between the 
two groups.

Since exercises 13 to 18 included stretching exercises 
for the upper limb in the injury prevention program of 
this research, it is essential to note that the number of 
sets and the duration of holding each stretch (10 s) were 
likely low. Moreover, it is crucial to highlight that the 
flexibility of the rotator cuff muscles in the shoulder is 
of great importance in the shoulder mobility test. None 
of the stretching exercises in the research specifically 
targeted these muscles. As a result, considering the prin-
ciple of exercise similarity, it can be concluded that the 
stretching exercises used in the program do not align 
with the measured test. 

During the rotational stability test, it is essential to as-
sess neuromuscular coordination and energy transfer 
throughout the entire body, specifically from the upper 
to lower limbs and vice versa. In addition, it is crucial 
to evaluate the stability of the trunk in multiple planes. 
Weakness in trunk stability, as well as difficulties in 
scapula and hip stability, and limitations in knee, thigh, 
and trunk mobility, are identified as factors contributing 
to weakness in this test [36]. It is plausible that incorpo-
rating central stability exercises into the training protocol 
addressed these issues and subsequently led to improved 
outcomes and higher scores during the post-test. 

The deep squat test requires coordination, mobility be-
tween organs and muscles, central stability, and general 
body mechanics to control neurovascular movement, as 
well as stability in the shoulders, shoulder area, and tho-
racic region of the spine [36]. A person who performs 
poorly in the deep squat can be attributed to three factors, 
limitations in upper limb mobility and weakness in the 
glenohumeral joint, and limitations in lower limb mobil-
ity and motor control in the central stability region [36]. 
In the single-line lunge test, restrictions in the thoracic 
spine area and reduced mobility in the hips, knees, and 
ankles can contribute to lower FMS scores. By incor-
porating exercises like squats and lunges (while main-
taining similar movement patterns), along with central 
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stability and balance exercises, improvements can likely 
be observed in the scores of these mentioned tests. 

As previously stated, in most aforementioned tests, the 
performance and timely activation of the central stabi-
lizing muscles hold significant importance. Confirming 
the first hypothesis of the research, which suggests that 
engaging in exercises results in enhanced endurance of 
the central stability muscles, it is plausible to consider 
that one of the contributing factors to the improvement 
in the quality of movement patterns observed in the men-
tioned tests is the enhanced performance of the central 
stability muscles. In addition, it is possible to refer to 
the mechanisms outlined in the closed movement chain 
when discussing the control of movement. Richardson et 
al. conducted a study on the sequence of muscle activity 
during lower limb movements, and their results revealed 
that before lower limb movements, several central stabi-
lizing muscles remain consistently contracted [37]. 

Central stability plays a crucial role in enhancing power 
generation in the thigh and trunk muscles across differ-
ent movement planes [38]. If the central muscle structure 
is weak, it can result in reduced effectiveness of accurate 
movement patterns and the development of compensa-
tory movement patterns [39]. Moreover, proper coor-
dination among these muscles is essential to generate, 
transfer, and control forces under body movements. 
Coordinated activation of the central muscles likely fa-
cilitates improved movement patterns, postural stabil-
ity, and enhanced functional efficiency [40]. Hence, the 
improvement in movement pattern quality observed in 
the post-test and after eight weeks of exercises can be 
justified. 

One reason why special warm-up exercises in wrestling 
affect reducing the landing error score of wrestlers be-
tween two groups is that the wrestling warm-up program 
includes exercises like lateral plank exercises, standing 
on one leg, squats, and jumping exercises. These exer-
cises can improve the activity of certain central stabiliz-
ing muscles and thighs, leading to increased neuromus-
cular control [41]. Another task of the central body area 
is to aid in preventing incorrect movement patterns and 
maintaining body alignment and dynamic postural bal-
ance during dynamic movements [42].

If the central region of the body functions optimally, 
the relationship between the length and tension of the 
agonist and antagonist muscles is maintained. This as-
pect serves as one of the reasons for enhancing the ki-
nematics of the joints in the lumbar-pelvic-thigh com-
plex and providing maximum stability for lower limb 

movements [43]. In this study, the lower limb muscles, 
particularly the external rotators and hip abductors, were 
not strengthened in isolation. However, the researcher 
emphasized to the subjects the importance of correct 
landing techniques during single-leg plyometric and 
balance exercises, as well as cutting movements. Ad-
ditionally, the focus was on maintaining proper move-
ment patterns and alignment of the lower limbs during 
all exercises. These measures may potentially improve 
abnormal movements of the hip joint, such as excessive 
approximation and internal rotation of the thigh [44], as 
well as knee valgus and external rotation of the subjects’ 
tibia [45]. If the exercise is performed incorrectly, the 
researcher will provide feedback to the wrestler to help 
them correct their technique. According to Dallinga et 
al., the use of training and feedback is crucial in accel-
erating the learning of new movement patterns, includ-
ing jumping and landing techniques [46]. The research 
conducted by Dallinga et al. concluded that feedback 
has a positive impact on modifying landing strategies in 
men [46]. The reduction in the number of landing errors 
in the post-test after eight weeks of warm-up exercises 
can be attributed to the inclusion of strengthening and 
endurance exercises for the central muscles, along with 
targeted training and necessary feedback to correct im-
proper movement patterns during the exercise. 

Conclusion

As a result, trainers are recommended to incorporate 
the training protocol from this study into their practice 
to enhance knee joint landing error and alleviate mus-
culoskeletal pain, in addition to other commonly used 
training protocols. However, the reduction of musculo-
skeletal pain in the shoulder and trunk joints of wrestlers 
is not significantly affected by it. There is a severe lack 
of research on the optimal and all-encompassing warm-
up training protocol specifically tailored for wrestling, 
indicating the need for additional investigation. 

One of the limitations of the research can be attributed 
to the lack of control and isolation of the control group 
while performing their exercises. Additionally, the re-
search process cannot account for the psychological and 
nutritional issues of the subjects, which potentially influ-
enced the results. Lastly, the research was constrained by 
the small number of subjects.
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