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with eccentric and strength exercises
for the shoulder injuries prevention in student rock climbers:
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Purpose: The aim of this work to determine the influence of a program containing exercises in a closed kinematic chain, eccentric
and strength exercises on injuries of students — rock climbers. Methods: Participants in this study were 84 male amateur climbing stu-
dents, aged 18-19, 40 athletes were in the intervention group and 44 in the control group. In the intervention group, the program for the
injuries prevention has been stalled. The program included exercises that are performed in a closed kinematic chain in combination with
exercises that are performed in eccentric mode and strength exercises. We determined the Incidence rate ratio and confidence intervals.
The Incidence rate ratio was determined by the by Fisher exact test. Results: The significant influence of the developed program on the
reduction of injuries among the athletes of the intervention group was revealed. Injury rate per 1000 AEs recorded of all shoulder injuries
in the control group was 3.182, in the intervention group was 0.5, P < 0.001. The incidence rate ratio for mild shoulder injuries was 0.861
(0.737; 1.007). The incidence rate ratio for moderate shoulder injuries was 0.862 (0.751; 0.990; P = 0.039). The incidence rate ratio for
severe shoulder injuries was 0.864 (0.768; 0.971; P =0.017). Conclusions: The use of exercises in a closed kinematic chain and exercises
in an eccentric mode reduces the Incidence rate ratio of shoulders among students — amateur climbers. The incidence rate ratio decreases
in the intervention group for mild, moderate, and severe shoulder injuries.
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field of physical culture, as one of the main sports.

Rock climbing has now become an Olympic sport [18].
This leads to an increase in the volume and intensity

1. Introduction

Currently, rock climbing is becoming an increasingly
popular sport among young people [13], [14], [18].
Therefore, rock climbing is introduced into many higher
educational institutions that train specialists in the

of stress and the number of injuries. Hochholzer et al.
[7], Schoffl et al. [25], [26] revealed a tendency to-
wards a significant increase in the injuries of the up-
per limb girdle in rock climbing. The most commonly

* Corresponding author: Zhanneta Kozina, Department of Olympic and Professional Sport, Sport Games and Tourism, H.S. Skovo-
roda Kharkiv National Pedagogical University, Alchevskykh str. 29, 61002, Kharkiv, Ukraine. E-mail: zhanneta.kozina@gmail.com

Received: February 18th, 2021
Accepted for publication: April 17th, 2021



160 S. KozIN et al.

injured areas are fingers, shoulder and forearm [8]-[10],
[28].

Backe S., Ericson L., Janson S., Timpka T. in [3] re-
corded 4.2 injuries per 1000 hours of climbing training,
with overload injuries of the upper limbs accounting for
93% of all injuries. Inflammatory lesions of the tissues
of the fingers and wrists were the most common types of
injury. Multivariate analysis has shown that being over-
weight and bouldering increases the risk of primary
injury. The risk of re-injury was higher among male
climbers and lower among older climbers. The authors
concluded that a high percentage of injuries originate
from excessive training loads. This indicates that the
climbing time and the intensity of the load should be
increased gradually and systematically. Climbers should
be monitored regularly for signs and symptoms of over-
exertion. The authors concluded that it necessary to de-
velop the injury prevention program in climbing.

Jones G., Asghar A., Llewellyn D.J. [8] found that
about 50% of climbers suffered more or less 1 injury
in the past 12 months, resulting in 275 different ana-
tomical injuries. Twenty-one climbers (10%) sustained
acute climbing injuries from falls, 67 (33%) chronic
overstrain injuries, and 57 (28%) acute injuries caused
by strenuous climbing movements. Climbers involved
in various types of climbing are more susceptible to
finger and shoulder injuries. The authors concluded
too about the necessarian the injury prevention pro-
gram in climbing.

Durand-Bechu M., Chaminade B., Belleudy P.,
Gasq D. [6] described climbing injuries in France be-
tween 2004 and 2011. There were 1.49 injuries per
1000 hours of practice. Female climbers accounted for
0.35% of injuries per year, while the percentage was
lower among men (0.27%). Climbers between the ages
of 19 and 30 suffered the highest injury rate — 0.37%
per year. The most common injuries were fractures and
dislocations (39% and 25% for men and 30% and 34%
for women, respectively). The authors concluded that
increased prevention is needed to reduce the number
of serious accidental injuries.

Jones G. and M.I. Johnson [10] showed that previous
trauma is a significant risk factor for re-trauma. Insuffi-
cient technical readiness in bouldering and sport climb-
ing was largely associated with repeated injuries. As the
number of competitors in competition increases, the
likelihood increases that more climbers will sustain an
upper limb injury. The authors of papers [19], [23], [25],
who studied injuries in rock climbing, came to the con-
clusion that the upper limbs are most often injured.
Shoulder injuries are common injuries in rock climbers.
Therefore, the development of programs for the preven-
tion of injuries in rock climbing is necessary.

Climbing injury prevention programs are just be-
ginning to be developed [14]. Therefore, there is not
enough literary data at the moment regarding the pre-
vention of injuries in rock climbing. There are indirect
assumptions about the positive effect of strength exer-
cises on reducing the level of injuries in rock climbing,
but special studies have not been carried out. Aras D.,
Giil S., Akea F., Giili M., Giiler Ozkan, Bildircin C.,
Arslan E., Etinkaya G. [2] investigated the effective-
ness of using electrical muscle stimulation in combi-
nation with training on a fingerboard. The authors
concluded that the use of electrical stimulation in com-
bination with exercises on a fingerboard significantly
increases arm muscle strength. Based on the results ob-
tained, the authors conclude that the use of this method
can not only increase the strength of the hands, but
also prevent injuries. This is because of the fact that
muscle strength is one of the factors in the prevention
of injury [21], [22], [28].

Currently, there is also some controversy in the use
of various means to improve the quality of climbing and
the possible prevention of injury. Cetinkaya G. et al. [4]
found that modern tools used to improve the grip of
fingers to rocks in rock climbing on natural terrain
(Chalk) degrade the condition of rocks. The authors
recommended talking with climbers and motivating
them to use other means. But other remedies are not
popular with climbers, and their effectiveness has not yet
been proven. Therefore, the development of a special
injuries prevention program in rock climbing is of par-
ticular importance.

Thus, the literature data indicate a high suscepti-
bility to injuries of the upper limbs in rock climbing.
This indicates the need to develop injuries preven-
tion program in rock climbing. However, at the mo-
ment, we have not found research on injury prevention
programs in rock climbing. At the same time, there is
a large amount of research on injury prevention pro-
grams in other sports that are popular among students
[20], [21], [22].

In works [17], [21], [22] it was shown that the most
effective programs for injury prevention are complex
programs that include neuromuscular training. The
authors noted the need to combine comprehensive pro-
grams with various educational programs for informing
about the causes of injuries and means of preventing
injuries. One of the important components of neuro-
muscular training injury prevention programs are exer-
cises in a closed kinematic chain and exercises in an
eccentric mode [5], [21].

Thus, Coppack et al. [5] showed the effectiveness
of an injury prevention program for girls serving in
the army, one of the components of which was exer-
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cises in a closed kinematic chain for the quadriceps
muscle. The exercises were also aimed at strengthen-
ing the gluteal muscles. A 75% reduction in injury
risk was found (unadjusted hazard ratio = 0.25; 95%
CI, 0.13-0.52; P < 0.001), and it was concluded that
an injury prevention program that includes closed-
loop exercise chain is effective. Augustsson et al. [24]
showed a higher efficiency of exercises in a closed
kinematic chain compared to exercises in an open
kinematic chain for gaining muscle mass and in-
creasing the jump upward.

Currently, there is also a large number of tech-
niques aimed at improving the coordination abilities
of athletes in various sports [1], [11], [16]. Coordina-
tion abilities are a necessary component of the techni-
cal training of athletes and injury prevention [14], and
therefore their development will be effective for these
purposes. One of the components of coordination is
also the development of strength [2], [21] and the
development of conscious self-control over the tech-
nique of performing various movements [15]. Thus,
among the programs aimed at preventing injuries in
various sports, exercises in a closed kinematic chain,
exercises performed in eccentric mode and strength
exercises are often found. In our opinion, combining
these exercises to prevent shoulder injuries in climb-
ing will be effective.

In this regard, a hypothesis that the use of exer-
cises in a closed kinematic chain, exercises in an ec-
centric mode and strength exercises can be effective
for the prevention of shoulder injuries in student
climbers was formulated.

The purpose of the work was to determine the in-
fluence of a program containing exercises in a closed
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kinematic chain, eccentric and strength exercises on
injuries of students-rock climbers.

2. Materials and methods

2.1. Participants and randomization

The participants in this study were 84 male stu-
dents engaged in rock climbing at an amateur level in
the cities of Ukraine (Kharkiv, Dnipro, Lyuviv, Vin-
nitsa, Kamenets-Podolsky, Kiev), aged 18-19. All par-
ticipants agreed to participate in the study.

All athletes were also students of physical educa-
tion faculties of Ukrainian universities. All athletes
gave written consent to participate in the experiment.
The health status of the athletes was monitored during
the first 2 weeks of the study using routine medical
examinations conducted by a physician. Athletes were
also followed for 6 months to assess baseline injury
rates.

An independent statistician randomized the athletes
into a control group and an intervention group using
a random distribution method with a random num-
ber generator program. As a result of randomiza-
tion, 40 athletes were in the intervention group and
44 athletes were in the control group.

The groups were compared in terms of body length,
body weight, climbing experience and the number of
injuries during the period of 6 months observed before
the start of the experiment. For all these indicators, the
groups did not differ significantly among themselves.

Table 1. Comparison of injuries of Shoulders of rock-climbers between the Control (n = 44)
and the Intervention Groups (n = 40) within six months before the experiment

) Control Group Intervention Group b
Injury . L : IRR (95% CI) ™ P-value®
severity Injuries, No. AEs, In]urzi Injuries, AEs, No. Injury OR (95% CI)*
No. Rate No. Rate
1.039 (0.894; 1.207)*
Easy 4 3300 | 1.21 5 3000 | 1.67 0.727 (0.21; 2.521)° 0.439¢
0.7 (0.174; 2.813)°
0.981 (0.881; 1.092)*
Average 3 3300 0.91 2 3000 0.67 1.364 (0.240; 7.747)b 0.546¢
1.390 (0.220; 8.778)°
1.002 (0.937; 1.072)*
Heavy 1 3300 0.61 1 3000 1.00 0.909 (0.059; 14.058)b 0.729¢
0.907 (0.055: 14.997)°

AEs — athlete * exposure (training sessions, competitions), Injury rate indicates the number of injuries per 1000; IRR — inci-
dence rate ratio: * Incidence rate ratio for cohort (injuries = no), ® Incidence rate ratio for cohort (injuries = yes), *OR — Odds
Ratio for group (control/intervention); CI — confidence interval (Lower bound; Upper bound); ¢ By Fisher exact test.
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Before the experiment, groups were distinguished
not significantly in terms of body length, body
weight, climbing experience and the number of inju-
ries (p > 0.05). The control group had the following
indicators: the height of athletes of 172.5 = 8.5 cm, body
weight of 65.2 = 6.5 kg, climbing experience of
2.4 £ 1.2 years. The intervention group had the fol-
lowing indicators: the height of 173.4 + 8.7 cm, body
weight of 66.1 £ 6.6 kg (p > 0.05), climbing experi-
ence of 2.2 + 1.4 years. The number of shoulder inju-
ries of varying severity recorded during the 6 months
prior to the experiment is presented in Table 1. The in-
cidence rate ratio for cohort for minor shoulder inju-
ries was 1.039 (95% CI, 0.894; 1.207) (Table 1). The
incidence rate ratio for cohort for moderate shoulder
injuries was 0.981 (95% CI, 0.881; 1.092) (Table 1).
The incidence rate ratio for cohort for severe shoulder
injuries was 1,002 (95% CI, 0.937; 1.072) (Table 1).
The incidence rate ratio for all studied injuries is not
reliable (p = 0.385-0.729) (Table 1).

2.2. Experimental protocol

Initially, shoulder injuries were recorded in both
groups for 6 months to determine the initial level of
injury. Then, an experiment was started, which lasted
for 1 year. The groups trained according to the gener-
ally accepted plan 3—4 times a week, the number of
training sessions was the same in both groups during
the year and was 150. In the experimental group the
developed program of injury prevention was applied.

The basic program, according to which the control
and experimental groups were trained, was the same
for both groups. In the intervention group (experi-
mental), athletes performed additionally the exercises
we proposed. The exercises were performed on each
training session (3—4 times a week). The intervention
program was allocated 15 minutes for each training
session. Athletes and coaches recorded in their diaries
the fact of the application of the intervention program.

2.3. Injury registration method

Cases of injuries and diseases of the upper extremi-
ties were recorded first for 6 months to determine the
initial level of injury in both groups, and then — for
a year in both groups. The following injuries were reg-
istered: shoulder injuries in severity: minor, moderate,
severe. Minor injuries included those that healed in
less than 1 month, medium injuries to those that
healed in 2-3 months, and complex injuries to those

that healed within 612 months. Injuries were recorded
independently by athletes, coaches and teachers. The
severity of injuries was determined by the time re-
quired for complete recovery.

2.4. Intervention program

The basic program, according to which the con-
trol and experimental groups were trained, was the
same for both groups. In the intervention group (ex-
perimental), athletes performed additionally the ex-
ercises we proposed. The exercises were performed
on each training session (3—4 times a week). The
intervention program was allocated 15 minutes for
each training session. Athletes and coaches recorded
in their diaries the fact of the application of the in-
tervention program.

Based on our biomechanical analysis of climbing
techniques in previous studies [13], [14], exercises
were selected and systematized to prevent injuries of
the upper extremities. Biomechanical analysis [13],
[14] allowed to determine that for injury prevention it
is necessary to form the correct technique of per-
forming the basic elements in climbing and to deter-
mine the tasks for the use of means for injury preven-
tion in climbing: 1 — strengthening the muscles
involved in performing proper movement; 2 — forma-
tion of functional movement to develop exercises for
coordinated work of the muscles of the torso, upper
and lower extremities.

As shown by our previous studies [13], [14], the
correct technique of hang on one arm in climbing in-
volves the inclusion of muscles not only of the upper
extremities, but also the muscles of the torso and legs
(Fig. 1b). In the case of incorrect hang on one arm
technique, mainly the muscles of the upper limb are
involved (Fig. 1a). Therefore, with the right technique
of the hang on one arm, the inclusion of the muscles of
the torso and legs creates additional links in the kine-
matic chain. As a result, the upper limb has less load
than with the wrong technique of hanging. This ensures
the achievement of sports results and prevents injuries.
Our injury prevention program involved a conscious
focus on proper climbing techniques.

Based on our findings and on the results of research
[5], [24], we included exercises performed in a closed
kinematic chain in the program of injury prevention
(Fig. 2) because a closed kinematic chain involves all
the muscles that make up this kinematic chain. We
used exercises in closed kinematic chain, with an em-
phasis on shoulder retraction to improve muscle coor-
dination.
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(a) (b)
Fig. 1. (a) The incorrect technique of hanging on one arm in climbing (source: photo by author — Serhii Kozin] [13], [14].
The photo shows Serhii Kozin, who gave written consent to the use of his photo in this article. A stamped document
is attached. (b) Correct technique of hanging on one arm in climbing (source: photo by the author — Serhii Kozin] [13], [14].
The photo shows Serhii Kozin, who gave written consent to the use of his photo in this article. A stamped document is attached

(b) [ s R L (o

Fig. 2. Example of an exercise in a closed kinematic chain: (a) push-ups on the rings; (b) Leg-supported pull-ups;
(c) illustration of a closed kinematic chain in climbing. (source: photos by the author — Serhii Kozin).
The photos show Serhii Kozin, who gave written consent to the use of his photo in this article



164 S. KozIN et al.

Examples of exercises in closed kinematic chain:

1. Push ups on the rings (Fig. 2a). Starting position:
support with two straight hands on gymnastic rings,
feet rest on toes, back is straight. Flexion and exten-
sion of the arms in focus on the rings; keep the back
straight, do not take feet off the floor. Number of
repetitions — 10-20 times depending on the level
of preparedness of students.

2. Pulling up in an emphasis (Fig. 2b). Starting posi-
tion: hold the crossbar with hands straight with
feet on the floor. The back is straight. Flexion and
extension of the arms. Keep the back straight, do
not take feet off the floor. Number of repetitions
— 1020 times depending on the level of prepared-
ness of students.

3. Illustration of a closed kinematic chain in rock
climbing. Climbing on a climbing stand with sup-
port on 3 points (2 arms and 1 leg or 2 legs and
1 arm) (Fig. 2¢). When climbing, athletes must con-
sciously control the involvement of muscles not
only in the arms, but also in the torso and legs.
Exercises in closed kinematic chain act on the entire

kinematic circuit completely, more evenly distribute the

load on all links of the chain. The program also in-
volved a conscious concentration on the inclusion of all
the muscles of the closed kinematic chain in the proc-
ess of performing each movement. Autogenic training
was used to improve the ability to concentrate [15].

(2)

Also, exercises that are performed in an eccentric
mode were included in the training process (Fig. 3).

Example of an exercise in eccentric mode (Fig. 3):
Starting position: sitting on a chair, back is straight, one
arm resting on a support; hold a dumbbell weighing
4 kg vertically in this hand (Fig. 3a). Slowly perform
pronation of the hand (eccentric mode) (Fig. 3b). Re-
turn to starting position, supporting the dumbbell with
the other hand. Number of repetitions — 5-10 times
depending on the level of preparedness of students.

The program involved conscious concentration
on the slow execution of pronation-supination and on
the smoothest inclusion of muscles in the eccentric
mode.

We used exercises to strengthen the muscles that
provide proper climbing techniques.

Example of strength exercise:

Pull-ups on the crossbar (Fig. 4): keep the back
straight, when pulling the chin should reach above the
crossbar; Number of repetitions — 5-20 depending on
the level of preparedness of students.

We held a seminar “Therapeutic biomechanics in
climbing” for athletes, coaches and rock climbing
teachers at universities 2 weeks before the experiment.
Athletes, coaches and university climbing instructors
who agreed to participate in the study in the interven-
tion group were participants in the workshop. At the
seminar, we gave theoretical information on the causes

(b)

Fig 3. Exercises in eccentric mode: Initial position (a) and final position (b). (source: photos by the author — Serhii Kozin).
The photos show Serhii Kozin, who gave written consent to the use of his photo in this article
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of injuries in rock climbing, as well as information on
the correct technique of hang on one hand in rock
climbing. We also trained participants in the interven-
tion program in closed-chain exercises and exercises
that are performed in eccentric mode.

Fig. 4. An example of an exercise to strengthen the muscles
that ensure the climbing technique
(source: photo by the author — Serhii Kozin)

2.5. Statistical analysis

We presented the injury rate as the number of inju-
ries per 1000 AEs, and we defined AE as the number
of athletes in a group multiplied by the number of all
training sessions and competitions in which they par-
ticipated (AE = athlete * exposure (training sessions,
competitions)) [12], [27]. The number of trainings and
competitions was the same in the control and experi-
mental groups (75 before the experiment and 150 during
the experiment). The number of students — climbers was
40 for the experimental group and 44 for the control).

We also determined the following indicators: IRR
— incidence rate ratio for cohort (injuries = no), Inci-
dence rate ratio for cohort (injuries = yes); OR — odds
ratio for group (control/intervention); CI — confidence
interval (lower bound; upper bound). We used Fisher’s
exact test to compare injury rates between intervention
and control groups. We considered P < 0.05 to be statis-
tically significant. The reliability of the incidence rate
ratio and odds ratio was determined by the by Fisher’s
exact test too. We determined the significance of the
differences in terms of body length, body weight and
experience in rock climbing before the start of the

experiment using the Student’s ¢z and Mann—Withey
U-test methods. We used SPSS 17.0 for Windows
software (SPSS Inc., Chicago, IL, USA), option Cross-
tabs, Risk) for statistical analysis.

3. Results

We found that the baseline rate of all shoulder in-
juries recorded within 6 months prior to the experi-
ment was 9 injuries in the control group and 10 in the
experimental group. The number of AEs in the 6 months
before the start of the experiment was 3300 in the control
and 3000 in the intervention group. Injury rate per
1000 AEs in the control group was 2.727 (95% CI,
0.89; 4.564), it was in the intervention group 3.333
(95% CI, 1.567; 5.099), P > 0.05 (Table 1).

The total number of all recorded shoulder injuries
during 1 year of the experiment was 21 in the control
group and 3 in the experimental group. The number of
AEs during 1 year of the experiment was 6600 in the
control group and 6000 in the intervention group.
Injury rate per 1000 AEs of all recorded shoulder
injuries in the control group during 1 year of the
experiment was 3.182 (95% CI, 1.061; 5.367), it was
in the intervention group 0.5 (95% CI, 0.068; 1.375),
P <0.001.

Injury rate of mild shoulder injuries per 1000 AEs
during 1 year of the experiment in the control group
was 3.182 (95% CI, 1.061; 5.303), it was in the inter-
vention group 0.5 (95% CI, 0.068; 0.968). Incidence
rate ratio for cohort (injuries = no) for mild shoulder
injuries was 0.861 (0.737; 1.007) (Table 2). We also
found that the injury rate of moderate shoulder inju-
ries per 1000 AEs during 1 year of the experiment in
the control group was 1.06 (95% CI, 0.347; 1.773), it
was in the intervention group 0.17 (95% CI, 0.098;
1.172). The incidence rate ratio for cohort (injuries
=no) for moderate shoulder injuries was 0.862 (0.751;
0.990; P = 0.039) (Table 2). Our study also showed
that the injury rate of severe shoulder injuries per
1000 AEs during 1 year of the experiment in the con-
trol group was 0.91 (95% CI, 0.124; 1.695), it was in
the intervention group 0 (there were no severe injuries
in the experimental group). revealed). The incidence
rate ratio for cohort (injuries = no) for severe shoulder
injuries was 0.864 (0.768; 0.971; P =0.017) (Table 2).
The incidence rate ratio for cohort (injuries = yes)
shows that the use of the developed program reduces
the risk of mild shoulder injuries by 3.636 times, and
the risk of moderate shoulder injuries by 6.364 times.
This value for severe shoulder injuries was not deter-
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Table 2. Comparison of injuries of Shoulders of rock-climbers between the control (n = 44)
and the intervention groups (n = 40) during the year of the experiment

Injury Control Group Intervention Group IRR (95% CI)**; Povaluc®
severity |Injuries, No.| AEs, No. | Injury Rate | Injuries, No. | AEs, No. [Injury Rate OR (95% CI) ¢
0.861 (0.737; 1.007)*
Easy 8 6600 1.20 2 6000 0.33 3.636 (0.820; 16.121)° 0.061¢
4.222 (0.840; 21.232)°
0.862 (0.751; 0.990)
Average 7 6600 1.06 1 6000 0.17 6.364 (1.818; 19.485)° 0.039¢
7.378 (2.865; 12.902)°
0.864 (0.768; 0.971)
Heavy 6 6600 0.91 0 6000 0.00 — 0.017¢

AEs — athlete * exposure (training sessions, competitions); Injury rate indicates the number of injuries per 1000 AEs; IRR — inci-
dence rate ratio: * Incidence rate ratio for cohort (injuries = no), ® Incidence rate ratio for cohort (injuries = yes), “OR — odds ratio for
group (control/intervention); CI — confidence interval (Lower bound; Upper bound); ¢ By Fisher exact test.

mined, since no severe shoulder injuries were re-
corded in the intervention group (Table 2). We also
found a significant decrease in odds ratio for group
(control/intervention) under the influence of our injury
prevention program (Table 2).

Thus, our study showed that the use of exercises in
a closed kinematic chain and exercises in an eccentric
mode with strength exercises reduces the incidence
rate ratio of the shoulders in students — amateur
climbers. The incidence rate ratio decreases for mild,
moderate, and severe shoulder injuries, but a signifi-
cant decrease was found for moderate and severe inju-
ries. Severe shoulder injuries were not detected in the
experimental group during the course of the experi-
ment.

4. Discussion

To our knowledge, this is one of the first random-
ized trials to prevent shoulder injury in rock climbing.
The hypothesis about the effectiveness of the use of
exercises in a closed kinematic chain with eccentric
and strength exercises for the prevention of injuries in
rock climbing was confirmed. We obtained a signifi-
cant reduction in injury rate in terms of incidence rate
ratio and Odds Ratio for moderate shoulder injuries
and in terms of incidence rate ratio for severe injuries.
It should be noted that no severe shoulder injuries
were found in the intervention group.

The statement about the effectiveness of the use of
exercises in a closed kinematic chain for the preven-
tion of injuries was based on the literature data [5],
[17], [24] and on the results of our previous studies
[13], [14]. A closed kinematic chain involves the in-

clusion of all the muscles that form this kinematic
chain. Copack et al. [S] also recommend to prevent
injuries to perform exercises in a closed kinetic chain
for the quadriceps muscle and gluteal eccentric, as well
as static stretching of the quadriceps muscle, ham-
string, gastrocnemius muscle and iliotibial ligament.
The odds ratio of injury without application and with
the use of this program is 0.26 (0.13-0.53).

Our program is based on the position formulated
in our previous works [13]. For qualified climbers, the
total force to provide the suspension position is sig-
nificantly greater than that of non-qualified climbers.
This is due to the fact that in qualified athletes not only
the muscles of the upper limb (as in unskilled athletes),
but also the muscles of the trunk and legs, are involved
in supporting the suspension position on one arm dur-
ing climbing, creating another link in the kinematic
chain. Accordingly, the upper limb has a lower load
compared to the technique of unskilled athletes. This
provided a theoretical basis for the formation of the most
effective climbing technique, ensuring the achievement
of a sports result and preventing injury. Effective climb-
ing technique activate not only the muscles of the
arms, but also the muscles of the legs and trunk, there-
fore it is advisable to use exercises in a closed kine-
matic chain.

Exercising in a closed kinematic chain contributes
to the inclusion of all the muscles that form this kine-
matic chain. This forms the skill of using not only the
muscles of the arms, but also the muscles of the trunk
and legs when performing hang on one hand in rock
climbing [13]. Exercises performed in eccentric mode
promote smooth activation of the antagonist muscles.
This contributes to their strengthening during move-
ments aimed at maintaining the position of the body
when performing interceptions while climbing. There-
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fore, we can conclude that the combination of these
exercises with each other and with strength exercises
has a theoretical basis, and in our study it was experi-
mentally confirmed.

Another feature of our climbing injury prevention
program is that the program includes exercises specific
to climbing. In the analyzed literature on injury preven-
tion in various sports, all proposed programs included
general exercises to strengthen the muscles of the
core, develop balance, and strengthen the muscles of
the legs. In our study, injury prevention exercises spe-
cific to rock climbing were used. It should be noted that
the evidence for the effectiveness of climbing-specific
exercises, including closed-chain exercises with ec-
centric and strength exercises, is relatively new.

5. Conclusions

The total number of all recorded shoulder injuries
during 1 year of the experiment was 21 in the control
group and 3 in the experimental group. Injury rate per
1000 AEs of all recorded shoulder injuries in the con-
trol group during 1 year of the experiment was 3.182
(95% CI, 1.061; 5.367), it was in the intervention
group 0.5 (95% CI, 0.068; 1.375), P <0.001.

Injury rate of mild shoulder injuries per 1000 AEs
during 1 year of the experiment in the control group
was 3.182 (95% CI, 1.061; 5.303), it was in the inter-
vention group 0.5 (95% CI, 0.068; 0.968). Injury rate
of moderate shoulder injuries per 1000 AEs during 1
year of the experiment in the control group was 1.06
(95% CI, 0.347; 1.773), it was in the intervention
group 0.17 (95% CI, 0.098; 1.172). Injury rate of se-
vere shoulder injuries per 1000 AEs during 1 year of
the experiment in control in the first group it was 0.91
(95% CI, 0.124; 1.695), it was in the intervention
group 0 (no severe injuries were detected in the ex-
perimental group).

Incidence rate ratio for cohort (injuries = no) for mild
shoulder injuries during 1 year of the experiment was
0.861 (0.737; 1.007). The incidence rate ratio for cohort
(injuries = no) for moderate shoulder injuries during
1 year of the experiment was 0.862 (0.751; 0.990;
P = 0.039). Incidence rate ratio for cohort (injuries
= no) for severe shoulder injuries during 1 year of the
experiment was 0.864 (0.768; 0.971; P=0.017).

The use of exercises in a closed kinematic chain
with exercises in an eccentric mode and strength exer-
cises reduces the incidence rate ratio of shoulders
among students — amateur climbers. The incidence rate
ratio decreases for mild, moderate, and severe shoul-

der injuries, but a significant decrease was found for
moderate and severe injuries. Application of the de-
veloped program reduces the risk of mild shoulder inju-
ries by 3.636 times, and the risk of moderate shoulder
injuries — by 6.364 times. This value for severe shoulder
injuries was not determined as no severe shoulder inju-
ries were recorded in the intervention group.
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