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Abstract

Background To assess the effectiveness of the Wrestling +injury prevention program on incidence of injuries,
neuromuscular mechanisms and dynamic balance of freestyle (FS) wrestler.

Methods The participants of this study consisted of FS wrestling players in Qom province (Iran). A total of 80
participants were assigned to this study and using simple and random method with computer divided into
experimental (EXP, n=40) and control (CON, n=40) groups. The groups were blinded against each other. The
follow-up period was one season (6 months). EXP replaced their warm-up by Wrestling + program. CON performed a
standard warm-up program. The primary outcome was the injury incidence density (injuries per 1000 h of wrestling
exposure), compared between groups by incidence rate ratios (RR). Also, the secondary outcome was neuromuscular
mechanisms and dynamic balance.

Results The per-protocol analysis showed a reduction of the overall injury incidence density in the EXP group

by 58% compared to the CON group. Additionally, within-group analyses revealed significant improvements in
neuromuscular mechanisms and dynamic balance for both the EXP and CON groups following 24 weeks of warm-up
programs (p < 0.05). Furthermore, between-group comparisons indicated significant differences favoring the EXP
group relative to the CON group (p < 0.05).

Conclusion The Wrestling + program is effective in reducing injuries among FS wrestlers with overall injuries
reduced by 58%. Moreover, the results indicate that the Wrestling + program is more effective than traditional
warm-up routines in improving neuromuscular mechanisms and dynamic balance among FS wrestlers. Therefore, it is
recommended that coaches use a Wrestling + program to reduce the incidence of injury in FS wrestlers.
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Introduction

Wrestling stands out as one of the most physically
demanding sports in high school and college athlet-
ics [1]. It involves a series of rapid, repetitive offensive
and defensive maneuvers [2, 3]. Currently, two primary
styles—Greco-Roman (GR) and freestyle (FS)—are fea-
tured in the modern Olympics [4, 5]. FS wrestling has its
roots in catch-as-catch-can wrestling, where the main
objective is for the wrestler to secure victory by throwing
or pinning their opponent to the mat [6].

In FS wrestling, the execution of various functional
movements relies heavily on key factors such as muscu-
lar strength, flexibility, neuromuscular coordination, and
both static and dynamic balance [7, 8]. Achieving opti-
mal performance in FS wrestling competitions hinges
on the development of proper muscular capabilities in
both the upper and lower body [9]. Wrestlers must pro-
duce significant levels of anaerobic and aerobic energy to
generate the muscle power and force necessary for com-
petition, which places considerable stress on both their
skeletal and muscular systems [10]. Additionally, maxi-
mal dynamic strength is crucial for executing effective
offensive and defensive techniques, including lifting and
throwing opponents while countering their attacks [11].
However, as is common in contact sports, these athletes
are at risk for occasional injuries.

Wrestling injuries rank as the second most common
type of sports injuries, following football [12]. The inju-
ries typically encountered in wrestling are closely linked
to factors such as musculoskeletal strength, flexibility,
and the athlete’s skill level [13, 14]. A study [15] analyzed
data from the National Collegiate Athletic Association
Injury Surveillance System over a 16-year span, revealing
an injury rate of 9.6 per 1,000 athlete exposures in col-
legiate wrestling. Notably, the injury rate during com-
petitions was significantly higher than during practice;
however, the injury profiles in both settings were found to
be equally critical [15]. According to additional research
on injury prevalence in wrestling, the data reveals a con-
cerning trend. Head, spine, and trunk injuries account
for 24.5-48% of all wrestling-related injuries. Upper limb
injuries range from 9.3 to 42%, while lower limb injuries
fall between 7.5% and 15% [16]. Furthermore, injuries
specifically affecting the skull make up 5-21.6% of the
total injuries sustained by these athletes [17]. These sta-
tistics clearly demonstrate the high incidence of injuries
in the sport of wrestling, which can result in significant
financial burdens for both teams and individual athletes
[18]. Therefore, it is imperative that scientific studies
be conducted to identify the key factors contributing to
these injuries and develop effective prevention strategies.

In 2015, the researchers of the World Wrestling Fed-
eration (UWW) developed a specialized program called
Wrestling + with the aim of addressing the issue of injury
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prevention in the sport [19]. To design an effective injury
prevention program, it is crucial to carefully analyze
various parameters, including the characteristics of inju-
ries, the mechanisms underlying these injuries, and the
specific physical demands of the sport [19]. The Wres-
tling + program is a targeted warm-up regimen consisting
of three distinct parts, encompassing a total of 14 exer-
cises to be performed in a designated sequence. A key
emphasis of this program is on using proper technique
throughout all the exercises, as well as maintaining cor-
rect posture and body control [19].

Despite previous research has indicated that the Wres-
tling + program can enhance various physical attributes
among participants, such as dynamic balance [20], static
balance, lower limb strength [21], and functional move-
ment screening (FMS) test scores [22], significant gaps
remain in the literature. Notably, there is a lack of stud-
ies specifically examining the program’s impact on injury
incidence among wrestlers, which is crucial for assessing
its effectiveness in promoting athlete safety. Additionally,
while improvements in lower limb strength have been
documented, there is insufficient evidence regarding
the program’s influence on overall upper and lower limb
function, including coordination and flexibility, which are
vital for wrestling performance and injury prevention.
Furthermore, the neuromuscular mechanisms under-
lying the benefits of the Wrestling+program have not
been thoroughly explored, leaving a gap in understand-
ing how it affects muscle activation patterns and motor
control. The term “neuromuscular mechanisms” encom-
passes various physiological and biomechanical factors
that contribute to muscle performance and coordination,
making it essential to define this concept in the context
of our study. By testing maximal isometric strength,
power, force sense, range of motion (ROM) of ankle plan-
tarflexion and shoulder flexion, as well as proprioception
of the ankle and shoulder, we aim to gain a comprehen-
sive understanding of how these variables interact to
influence overall neuromuscular function. These assess-
ments provide insights into the participants’ muscular
capabilities, joint mobility, and sensory feedback mech-
anisms, which are critical for effective movement and
injury prevention. Understanding these relationships is
vital for evaluating the effectiveness of the intervention
being studied, as improvements in these neuromuscular
parameters may correlate with enhanced athletic per-
formance and reduced injury risk. Therefore, the pres-
ent study seeks to address these gaps by examining the
effects of the Wrestling+injury prevention program
on injury incidence, neuromuscular mechanisms, and
dynamic balance specifically in FS wrestler.
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Methods

Participants

The participants of this study consisted of FS wres-
tling players in Qom province (Iran). The participants
were selected according to the available samples from a
province. Participants were required to complete all the
training sessions and attend all assessment sessions. As
a result of these requirements, a total of 80 participants
were assigned to this study and using simple and ran-
dom method with computer-generated random num-
bers divided into experimental (EXP, n=40) and control
(CON, n=40) groups. (see Fig. 1). A power analysis was
conducted to determine the sufficient sample size of each
group. The sample size was calculated based on a previ-
ous study by Tatlici, Lima [23] with an alpha level of 0.05,
effect size of 0.5 and an actual power (1-beta) of 0.80. The
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analysis (G x Power, Version 3.1.9.2, University of Kiel,
Germany) revealed that a sample size of n=35 would
be sufficient for each group to find significant effects
between variables. With the possibility of participants
dropping out, the number of participants was considered
10% more for each group.

The inclusion criteria for the study included: 1) partici-
pant’ gender: male [20]; 2) sports field: wrestling [20]; 3)
participants: cadet FS wrestlers [20]; 4) cadet wrestler:
according to the definition of the UWW, the age range
is (16—17) years for a cadet wrestler [20]; 5) the training
experience of the subjects is at least 2 years (According to
the McKay, Stellingwerff [24] McKaya qualification cri-
teria, the subjects of our study were classified in Tier 3,
which includes individuals categorized as Highly Trained
or at the National Level); 6) all subjects will be healthy

[ Enrollment ]

Assessed for eligibility (n= 115)

Excluded (n=35)
Not meeting inclusion criteria (n=22)
Declined to participate (n=8)
Other reasons (n=15)

A 4

Randomized (n=80)

[ Allocation ]

Allocated to intervention group (EXP) (n=40)
Received allocated intervention (n=40)

Did not receive allocated intervention (n= 0)

‘|

Analysed (n=40)

Follow-Up ]

- Excluded from analysis (n= 0)

-Lost to follow-up (n=0)

Fig. 1 Flowchart of eligibility, inclusion and exclusion criteria, and analysis

[ Allocation ]

Allocated to control group (CON) (n=40)
Received allocated intervention (n=40)

Did not receive allocated intervention (n=0)

[ Follow-Up ] .

Analysed (n=40)
-Excluded from analysis (n=0)

-Lost to follow-up (n=0)
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and without any injuries [20]. The exclusion criteria for
the study were as follows: (1) use of neurological drugs
that influence function [4]; (2) History of lower or upper
extremity injuries within the last 6 months [4]; (3) history
of muscular or neural ailments, such as myopathy, myo-
sitis, peripheral neuropathy, or muscular dystrophy [25];
(4) surgery or fracture within a year before the study;
(5) insulin-dependent diabetes [25]; (6) joint rheuma-
toid arthritis [25]; (7) diagnosed cerebrovascular disease
or any other disease that interferes with sensory input
[25]; (8) lower extremity rotational deformities, such as
increased anteversion or tibial torsion, or pes planoval-
gus [26]. Before the initiation of the study, the partici-
pants (cadet individuals) and their parents were informed
about the research procedures, and their written consent
was obtained (Fig. 1).

Study design

The start and end of the recruitment period for this
study was 2/7/2024 and 2/2/2025 respectively. This study
employed a two-armed cluster-randomized controlled
trial design with convenience sampling. The study fol-
lowed the CONSORT 2010 guidelines for reporting ran-
domized trials [27]. The participants were pair-matched
based on their sports experience and then randomly
divided into two groups: an experimental group and a
control group. The randomization was performed using
a computer-generated block randomization table, with
a blinded member of the study team responsible for the
allocation. The experimental group replaced their warm-
up by Wrestling+program. The experimental group
participated in the Wrestling + program, which involved
20-minute sessions, 3 days per week, for a duration of
6 months. The control group performed their regular
season training programs, which involved 20-minute
sessions, 3 days per week, for a duration of 6 months.
The study period spanned 27 weeks, with the following
timeline: Week 1 - Familiarization period; Week 2 - Pre-
test period; Weeks 3 to 26 - Training period; Week 27 -
Post-test period. Two weeks before the training period,
a researcher communicated with the participants and
standardized the training procedures. The weekly train-
ing sessions were co-created between the trainer and the
participants, who were instructed to properly execute the
prescribed exercises.

The study was registered and allocated by the Clinical
Trials (IRCT20241123063808N1) 29/11/2024, and was
approved by the University of Guilan (Iran) IR.GUILAN.
REC.1403.138. All experiments were conducted in accor-
dance with the relevant guidelines and regulations.

Procedures
The participants underwent a total of 2 weeks of test-
ing, which included both pre-tests and post-tests. To
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minimize the potential impact of circadian variations on
the test results, the participants were tested at the exact
same time of day (between 2 PM and 5 PM) and on the
same day of the week as the pre-test session. Additionally,
the testing was conducted during the same training hour
as the pre-test, ensuring consistency in the testing condi-
tions at the gym.

Measurements

The participants’ height was measured using a wall-
mounted stadiometer (Seca 222, Terre Haute, IN) and
recorded to the nearest 0.5 cm. Their body mass was
measured to the nearest 0.1 kg using a digital scale
(Tanita, BC-418MA, Tokyo, Japan) [28]. To measure
the actual leg length, the distance between the anterior
superior iliac spine (ASIS) and the medial malleolus was
recorded using a strip meter in centimeters [29]. Partici-
pants were instructed to remove their shoes and maintain
identical lower limb positions with their pelvis aligned
squarely while in a supine position. Similarly, to measure
the actual hand length, the participants were instructed
to stand with their arms flexed at 90 degrees [30]. The
distance between the acromion process and the middle
fingertip was then measured using a strip meter in cen-
timeters. The lever arm lengths of the ankle and shoulder
were also determined using a strip meter in centimeters,
following the methods described in detail by Casadei and
Kiel [31]. To determine the participants’ dominant hand
and leg, they were asked to perform tasks such as throw-
ing and hitting a ball.

To assess lower body balance performance, the Y-Bal-
ance Test (YBT) was administered, following the detailed
methodology described by Ko, Wikstrom [32]. To nor-
malize the YBT scores, the distance reached was divided
by the participant’s leg length and then multiplied by 100.
Leg length was quantified as the distance (in centimeters)
from the anterior superior iliac spine to the center of the
ipsilateral medial malleolus, with the participants in a
supine position (Fig. 2). In addition, upper body balance
performance was measured using Upper Quarter YBT
(YBT-UQ) according to described method in details by
Schwiertz, Beurskens and Muehlbauer [33] (Fig. 3).

Maximal isometric strength of the ankle plantar flexors
and shoulder flexors was assessed using a manual dyna-
mometer (Mechanical dynamometer, 8983, Hausmann,
NJ, USA), following the guidelines presented by Leijen-
dekkers, Hinte [34]. To assess power force sense, a target
force reproduction test was used, as described in detail
by Bock and Thomas [35].

To measure the range of motion in ankle plantar flex-
ion and shoulder flexion, an goniometer (Biometrics Ltd,
VA, USA) was utilized, based on the methods described
by Norkin and White [36]. For the ankle plantar flex-
ion range of motion, the participant was seated with the



Bayati et al. Journal of Orthopaedic Surgery and Research

(2025) 20:486

Page 5 of 12

Fig. 2 Performance of the Y Balance Test with a dominant leg stance reaching into (a) anterior, (b) posteromedial, and (c) posterolateral direction

knee flexed to 90 degrees. The foot was positioned in 0
degrees of inversion and eversion. The fulcrum of the
goniometer was centered over the lateral aspect of the
lateral malleolus. The proximal arm was aligned with the
lateral midline of the fibula, using the head of the fibula
as a reference. The distal arm was aligned parallel to the
lateral aspect of the fifth metatarsal. At the end of the
plantar flexion range of motion, the examiner used one
hand to maintain the plantar flexion and align the dis-
tal goniometer arm, while the other hand stabilized the
tibia and aligned the proximal arm of the goniometer.
For the shoulder flexion range of motion, the participant
was placed in a supine position with the knees flexed to
flatten the lumbar spine. The shoulder was positioned
in 0 degrees of abduction, adduction, and rotation, with
the elbow in extension. The forearm was in 0 degrees of
supination and pronation, with the palm facing the body.
The fulcrum of the goniometer was centered over the
lateral aspect of the greater tubercle. The proximal arm
was aligned parallel to the midaxillary line of the thorax,
and the distal arm was aligned with the lateral midline of
the humerus. Ankle and shoulder proprioception were
assessed using the ankle angle-reproduction test [37] and
the shoulder flexion reproduction test [38], respectively.

Intervention

The Wrestling+ Warm-up Program consists of 3 parts
and 14 exercises that must be performed in a specific
order. The key to this program is to use the correct tech-
nique throughout all exercises and maintain proper

posture and optimal body control. Part 1 involves slow-
moving exercises with active shoulder stretches, grips,
and bridges. Part 2 includes 5 exercises focused on core
muscle strength, shoulder and leg strength, and balance.
These exercises have 3 levels of increasing difficulty. Part
3 consists of wrestling-simulated exercises. Wrestlers
begin with Level 1 exercises and progress to the next level
based on their performance in the previous stage. The
duration and number of repetitions are specified for each
level [19].

In this research, the wrestlers performed the first, sec-
ond, and third levels of exercises for 8 weeks each, total-
ing 24 weeks and 72 sessions, with 3 sessions per week.
Given the importance of proper exercise execution and
correcting any technique issues, the presence and super-
vision of an instructor were essential during the training
sessions. For more details, see Fig. 4.

Statistical analysis

All values are presented as meantstandard deviation
(SD). The pre- and post-values for the dependent vari-
ables were analyzed to determine if the distributions
were normal using the Shapiro-Wilk Normality test. Dif-
ferences in all variables were analyzed using a 2 (group)
x 2 (time) repeated measures ANOVA. When a signifi-
cant F-value was achieved across time or groups, Bonfer-
roni post-hoc procedures were performed to identify the
specific pairwise differences. Additionally, the effects of
training (effect size [ESs]) were calculated using Cohen’s
d [39].
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Fig. 3 Performance of the YBT-UQ Test with a dominant hand stance (a) Start position, (b) medial YBT-UQ reach, (c) Inferolateral YBT-UQ reach, and (d)
Superolateral YBT-UQ reach

Injury incidence densities were calculated as the num-
ber of injuries per 1,000 h of exposure. The injury char-
acteristics were described descriptively, reporting the
absolute numbers and percentages for overall, match,
and training injuries, as well as for specific body regions
(knee, ankle, shoulder, and spine). Severe injuries, defined
as those leading to an absence longer than 28 days, were
also reported separately [40]. The injury incidence densi-
ties, expressed as the number of injuries per 1,000 h of
wrestling exposure, were presented with 95% confidence
intervals. To compare the injury incidence densities
between groups, rate ratios (RRs) were calculated using
Comprehensive Meta-Analysis (CMA) software.

Results

There were no significant differences in participant char-
acteristics (age, height, weight, body mass index and
training experience) between the EXP and CON groups
(p>0.05). Further baseline data are presented in Table 1
(p<0.05).

There was no significant difference between groups at
baseline in all measures (p>0.05). The EXP and CON
groups showed a significant change in YBT, YBT-UQ,
muscular strength of ankle plantar flexor, muscular
strength of shoulder flexors, error sense of force in ankle
plantar flexors, error sense of force in shoulder flexors,
range of motion in ankle plantar flexion, range of motion
in shoulder flexion, error joint reposition of ankle plan-
tar flexion, and error joint reposition of shoulder flexion,
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WRESTLING PLUS Warm Up Program .
2 or more times per week AA ERISTUNG

Part 1: Running, Grips, and Bridges (8 minutes)
1. Shoulder Rotations 3. Pull each other ‘f'b:‘:tg‘ e
Jog in place while rotating th The athletes stand facing each e s on. oL
525::1:!5:::'313 ::d : other. They grasp their hands parter and forces the neck in

backward.
45 zec total
2. Grips
The athletes stand facing
each other. They pull their
pariner’s hands up the down.
45 zec each

and attempt to pull each other.
45 szec esach hand

4. Shoving Handz Alternately
The athlstes stand facing sach
other. Press against each other
having one elbow flexed and the
other extended. 1 min total

7. Shoving Hands in Squatting

Position

The athletes try to shove the hands

of the other while both bend kmees
" and extend shoulders.

2 zets -1 min each

8. Pulling Alternately

Grasp their hands. Both

alternately extended and flex

the albow.

2 zets -1 min each

9. One Leg-Side Rotation
Rotate the standing leg to the
side. Try to kaep both legs
straight while turning the body
laterally. 30 zec each leg

10. Combat with Raised Legs
Alternately

7. Shoving Hands
The athletes grasp their hands with
anms bent. Both try to shove the
hands extending their wrists over
| their heads.
82 sets -1 min each
5. Pulling
Grasp their hands with arms
Extended and kmees flexed 90
degrees. Try to flex their kmees more
L, and retum to originzl position.
2 sats -1 min each
9. One Leg Stance
Hold one of vour partner’s legs
straight while he tries to squat
and straighten the other.
30 sec each leg

10. Combat with Raized Legz
The athletes =it with legs

different directions, down & up and
side to side.

20 sec each movement

6. Bridge
The athletes stand facing each
other. One athlete drops back to
bridge pozition with his
partner’s support. 43 sec each

7. Shoving Fit-Ball
Using a fit-ball, both try to
shove the fit-ball extending
their wrists over their head.
" 2 sets -1 min each
8. Pulling in Bozu
The athletes stand on Bosu.
Grasp their hands with arms
extendad and knees flexed 90
degrees. 2 sets -1 min each

9. One Leg-Side Rotation on Bosu
Rotate the standing leg to the side.
Try to keep both legs straight while
turning the body laterally.

30 sec each lez

10. Combat with Raized Legs on
Bosu
The athletes sit on Bosu. Their legs

slightly bent, soles touching.
| Puch the partner.
2 sets -30 sec each

11. Push Ups

The athlete does push-ups
while his partner hold his feet
in the air.

45 zec each

Push the partner and altamately

2 zets -30 zec 2ach

11. Puzh Ups-Supine

The athlste does push-upz on

supine position while his

partner hold his feet in the air.
L 45 sec each

A

12. One Leg Extension

One leg stance, and the soles
of their fzet togather and try to
extend the leg up-wards.

30 sec each leg

13. Standing Wrestling

The athletes stand facing each other
and make wrastling movements (ie:
pummel, fzkes, hand fighting, etc ...

Fig. 4 Wrestling+warm-up program

after 24 weeks Wrestling+injury prevention program
(p<0.05). Furthermore, the EXP group indicated sig-
nificant differences in comparison to CON (p<0.05)
(Table 2).

The per-protocol analysis showed a reduction of the
overall injury incidence density in the EXP group by
58% compared to the CON group (Table 3). The total

group compared

try to extend and flex the knees. |

should be zlightly bent, soles
touching. Push the partmer.

2 sets -30 sec each

11. Push Up:z on Bozu
The athlete does push-ups

on Bozu while his partner
hold his feet in the air.
45 sec each

14, Puzhing Wrestling
The athlete stands behind his
partner and puszhes him while he
works to maintain position

" (stance) 30 sec each athlete

number of days lost due to injury was lower in the EXP
group compared to the CON group (Table 1). Injury bur-
den (lay-off days per 1000 h) was 63% lower in the EXP

to the CON group (RR 0.71 95%-CI

0.21, 1.28). Overall (66% reduction), Knee (60% reduc-
tion), Ankle (71% reduction), Spine (71% reduction), and
shoulder (63% reduction) were reduced in the EXP group
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Table 1 Participants and injury characteristics (Mean +SD)
Variables EXP (n=40) CON (n=40) p-value
Age (year) 17.1+1.1 173+09 0.23
Height (cm) 171.1£10.2 170282 0.46
Weight (kg) 56.7+73 57.1+6.86 046
Body mass index (kg / m?) 221421 232424 0.86
Training experience (year) 43+£12 46+16 0.96
Total exposure (h) 10,053 9963
Match exposure (h) ) 96
Training exposure (h) 9957 9867
Number of injuries during the study period by time loss

Total number of injuries (N) (%) 20 30

>28d (N) (%) 4(20) 10 (33.33)

Sum of days lost to injury (d) 236 369

Injury burden (d/1000 h) (95%-Cl) 15.52 (12.36-18.69) 2552 (22.36-28.69)
Types of injuries

Bursitis (N) 3 4

Sprains (N) 1 5

Strains (N) 5 8

Dislocation (N) 2 3

Contusions (N) 3 6

Tendinitis (N) 6 4

EXP: Experimental group; CON: Control group; h=hour; d=days; 95%-Cl=95% confidence interval

compared to the CON group. The according point esti-
mates of the rate ratios do indicate a beneficial effect of
the Wrestling+injury prevention program. However,
the respective confidence intervals were too large to
draw firm conclusions for the latter injury subcategories
(Table 3).

Dissection

The aim of the present study was the effects of Wres-
tling + injury prevention program on incidence of inju-
ries, neuromuscular mechanisms and dynamic balance
of the FS wrestler. The findings indicated that a 24-week
Wrestling + injury prevention program was more effec-
tive than traditional routine warm-up in enhancing the
neuromuscular mechanisms and dynamic balance of
ES wrestlers. Also, the per-protocol analysis showed a
reduction of the overall injury incidence density in the
Wrestling + injury prevention program group by 58%
compared to the traditional routine warm-up group.
Moreover, the according point estimates of the rate ratios
do indicate a beneficial effect of the Wrestling + injury
prevention program.

The reductions in overall injuries observed in this
study align with findings from other researches [41-43].
Furthermore, a recent literature review on injury pre-
vention strategies indicated that sport-related injuries
can be reduced by engaging in dynamic warm-up pro-
grams that incorporate preventive exercises, as well as
strength, balance, and mobility exercises during training
sessions [44]. The Wrestling + program is a comprehen-
sive training approach that addresses strength, balance,

neuromuscular function, and core stability, making it an
effective dynamic warm-up program for reducing inju-
ries among wrestlers.

Studies have emphasized that injury prevention efforts
should particularly target severe injuries [45, 46]. While
this study was not specifically designed to investigate
severe injuries, the point estimates suggest a notable
reduction in their occurrence. Depending on the inju-
ry’s severity, players may need to decrease their training
intensity or rest completely until they have adequately
recovered [47]. Additionally, injuries are a significant
factor contributing to dropout from sports participa-
tion [48]. Reducing dropout rates from sports can also
decrease societal costs by promoting higher long-term
physical activity levels. When cadet stay active, they are
more likely to become active adults, which in turn lowers
their risk of lifestyle-related diseases [49].

The observed reduction in injuries is significant from
both health and performance perspectives. The Wres-
tling + program group experienced a reduction of more
than half in the number of days lost to injury, resulting in
fewer interruptions to training and match participation.
While reduced training load can negatively impact player
performance, time-loss injuries inherently decrease par-
ticipation in training and competition, which can further
diminish performance [50]. Exercise-based injury pre-
vention programs, such as the Wrestling + program, have
been shown to directly enhance athletes’ performance
compared to traditional warm-up routines [51-53]. Thus,
these injury prevention programs may effectively meet
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Table 2 Changes in neuromuscular mechanisms and dynamic balance performance (mean+SD)
EXP (n=40) CON (n=40)
Mean+SD Mean +SD
YBT (cm) Pre. test 82.15+8.19 82.78+7.11
Post. test 86.23+9.32 * X 84.28+9.19
Effect size 0.81(-0.13,1.22) 0.53 (-0.42,0.98)
YBT-UQ (cm) Pre. test 76.23+8.36 75.96+8.29
Post. test 81.26+9.16 *xx 77.69+7.86
Effect size 1.26 (041,1.92) 064 (-1.08,0.18)
Muscular strength of ankle plantar flexor (n) Pre. test 2.89+0.39 * *X 3.03+0.71
Post. test 4.26.16+0.59 4.13+0.64
Effect size 1.26 (-0.36, 1.6) 0.71(-0.12,0.1.25)
Muscular strength of shoulder flexors (n) Pre. test 3.76+0.76 i 3.26+0.71
Post. test 5.16x0.79 4.76+£0.54
Effect size 1.56 (-0.91, 2.16) 0.89(-1.08,0.23)
Error sense of force in ankle plantar flexors (n) Pre. test 423+0.98 i 463+0.79
Post. test 2.1+056 3.01£046
Effect size 12(-091,212) 0.67 (-1.08,0.98)
Error sense of force in shoulder flexors (n) Pre. test 493+0.79 * X 446+0.49
Post. test 1.98+0.38 3.01+0.76
Effect size 146 (-0.91, 2.46) 0.86 (-1.08,0.98)
Range of motion in ankle plantar flexion (%) Pre. test 36.19+549 * 35.16+5.16
Post. test 39.16+6.26 36.94+6.54
Effect size 1.2(-0.91, 1.85) 0.64 (-1.08,0.97)
Range of motion in shoulder flexion (%) Pre. test 17349+10.16 * 174.49+10.49
Post. test 1771941155 17594+9.51
Effect size 1.6 (-0.91,249) 0.76 (-1.08,0.89)
Error joint reposition of ankle plantar flexion © Pre. test 511+0.98 * w% 5.49+0.71
Post. test 251+067 3.86+0.76
Effect size 1.6 (-091,2.96) 0.66 (-1.08,0.96)
Error joint reposition of shoulder flexion © Pre. test 5124098 *E% 5.76+0.49
Post. test 246+1.1 346+0.67
Effect size 1.2(-091,2.15) 0.67 (-1.08,0.89)

*Significant differences compared with pre-training value (p < 0.05); **Significant differences compared with control group (p < 0.05); EXP: Experimental group; CON:

Control group; YBT: Y-Balance Test; YBT-UQ: Upper Quarter YBT

Table 3 Number and percentage of injuries, injury incidence density (IID), and rate ratio (RR) between EXP and CON groups

Injury EXP (N=20 injuries) CON (N=30injuries) RR (95%-Cl)
N % 1ID (95%-Cl) N % 11D (95%-Cl)

Overall 20 100 0.81(1.23;2.69) 30 100 1.92 (0.66; 2.34) 0.58 (0.16;0.81)
Match 14 70 12.36 (5.79; 16.49) 19 63 16.79 (1.49;17.27) 0.36 (0.16; 0.94)
Training 6 30 2.89(0.23;1.94) Il 37 4.79 (0.26; 2.39) 046 (0.19;0.92)
Knee 3 15 0.66 (0.25; 0.84) 5 17 1.26 (0.39; 1.89) 0.59 (0.46;0.97)
Ankle 5 25 0.54(0.29;0.93) 7 23 1.11(0.37;1.49) 0.58 (0.05; 1.68)
Spine 5 25 0.61(0.49;1.12) 7 23 36 (0.47;1.89) 0.57(0.08; 0.86)
Shoulder 7 35 049 (0.24;0.97) 1M 37 1.11(0.39;1.79) 0.75 (0.09; 0.87)
Severe 1 5 0.17(0.09;0.21) 4 13 0.89(0.02;0.89) 0.68 (0.49; 0.96)

1ID: Injury incidence density; 95%-Cl=95%: Confidence interval; RR=Rate ratio; EXP: Experimental group; CON: Control group

the demands of high-level sports, where the primary
focus is on maximizing performance.

Exercises are proved to change cellular capacity and
structure and improve neuromuscular compatibility of
athletes and influence their reflective as well as voluntary
activities. In this regard, it seems that specific exercises

have a greater impact on neuromuscular mechanisms
than other exercises. In the present study, it was found
that Wrestling + injury prevention program had a greater
impact on neuromuscular mechanisms and dynamic
balance of FS wrestlers. The results of the present study
are consistent with the results of studies Bayati, Shamsi
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Majelan and Mirzaei (20), Bayati, Shamsi Majelan (22),
and Barbas, Gioftsidou (21). These researches have indi-
cated that the Wrestling + program can enhance various
physical attributes among participants, such as dynamic
balance, static balance, lower limb strength, and FMS test
scores [20-22].

One reason the Wrestling + program positively affects
neuromuscular mechanisms and dynamic balance is its
comprehensive nature, incorporating strength, neuro-
muscular, and stretching exercises. Activities such as
squats, grappling, and balancing on one leg on a Bosu
ball effectively enhance strength, provide stable sup-
port for peripheral movements, and improve reach in
the YBT and YBT-UQ tests. Consequently, the observed
improvements in the YBT and YBT-UQ tests for both
lower and upper limbs can be attributed to increased
muscle strength. Additionally, a gradual increase in
exercise intensity, difficulty, and repetitions contributes
to enhanced neuromuscular control and stability dur-
ing dynamic balance assessments. However, Thorpe and
Ebersole [54] suggested that improvements in dynamic
balance may be more closely linked to enhanced neu-
romuscular control rather than solely muscle strength.
Overall, the findings of this study indicate that the Wres-
tling + program effectively improves both muscle strength
and neuromuscular mechanisms, making it a compre-
hensive training approach that significantly benefits the
performance of FS wrestlers.

Furthermore, core strength is a vital component of
the Wrestling + program. This program includes seated
endurance exercises on a Bosu ball to target the anterior
abdominal muscles, as well as lateral abdominal strength-
ening exercises performed during single-leg stands on
the Bosu ball, complemented by lateral trunk flexion.
These exercises aim to enhance wrestlers’ core stabil-
ity. Research by Tsukagoshi, Shima [55] indicates that
the endurance of core stability muscles is significantly
correlated with dynamic balance, as measured by the
Y-balance test. Therefore, the improvement in dynamic
balance observed in participants can be attributed to
increased core muscle endurance.

Additionally, neuromuscular training is a key com-
ponent of the Wrestling+program. These exercises,
performed within a closed kinetic chain and involving
simultaneous muscle contractions, enhance the function-
ing and organization of mechanoreceptors in the skin,
joints, and capsules, thereby improving the efficiency of
proprioceptive receptors [56]. Neuromuscular exercises
contribute to faster nerve conduction, better coordina-
tion between opposing muscle groups, and adaptations in
both extraspinal and intraspinal fibers, while also reduc-
ing Golgi tendon organ activity [57]. In addition to, these
exercises can activate neural pathways, increase the num-
ber of synapses, and expand the relevant sensory areas,
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demonstrating neural plasticity [58]. Research has shown
that training can lead to increased output from muscle
spindles, which may enhance the accuracy of movements
by modifying muscle tone [59]. Adaptations in these
areas can improve joint position sense, force perception,
and range of motion, as evidenced in the current study.

Limitations and future scope

This study was not adequately powered to analyze the
impact of compliance, which is a crucial factor in the
effectiveness of an injury prevention program. Future
research should explore the intrinsic motivation of
coaches to implement these programs and the factors
that contribute to compliance. Also, while this study did
not specifically investigate severe injuries, future stud-
ies should include a detailed analysis of severe injuries.
Subsequent research could also assess the effectiveness
of the Wrestling+ program in real-world settings and
examine its long-term effects on injury risk and perfor-
mance. Additionally, this study focused solely on cadet
ES wrestlers aged 16 to 17. Therefore, the effects of this
program should be evaluated in GR wrestlers and across
different age groups. It is also important to compare the
Wrestling + program with other injury prevention pro-
grams to determine which dynamic warm-up approach
is most effective. Furthermore, future studies should
consider gender differences and individual training lev-
els, as the program’s effectiveness may vary based on age,
skill level, and specific physical characteristics. In addi-
tion, the incorporation of advanced biomechanical con-
trol tools into the analysis is recommended to facilitate a
more nuanced assessment of the program’s impact.

Conclusion

The Wrestling +injury prevention program is effective
in reducing injuries among FS wrestlers aged 16 to 17,
with overall injuries reduced by 58%. In addition to its
positive impact on players’ health, the Wrestling + pro-
gram enables athletes to train and compete more fre-
quently, as it significantly decreases the number of days
lost to injury. This can enhance individual performance,
potentially supporting long-term athlete development.
These findings underscore the importance and neces-
sity of injury prevention for cadet athletes. Moreover,
the results indicate that the Wrestling + program is more
effective than traditional warm-up routines in improving
neuromuscular mechanisms and dynamic balance among
ES wrestlers. Therefore, it is recommended that coaches
use a Wrestling+program to reduce the incidence of
injury in FS wrestlers.
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