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Abstract

Purpose: to develop and experimentally test the biomechanical technology of injury prevention of future specialists in
physical education and sports in the process of professional training (rock climbing for example).

Material and Methods. The participants of this study were 84 male students engaged in amateur climbing aged 18-19
years. All athletes were also students of physical education faculties of Ukrainian universities; 40 athletes were in the
experimental group and 44 athletes were in the control group. The biomechanical technology for injury prevention in
the training of specialists in physical education and sports has been developed on rock climbing for example. Developed
biomechanical technology for injury prevention contains 3 areas: 1 - theoretical; 2 - analytical; 3 - practical. Injury risk
(incidence) was defined as the number of injuries to the total number of athletes in the analyzed group. Relative risk
(incidence rate ratio) was determined by the ratio of risk in the control group to the risk in the experimental group. The
chance of injury was defined as the ratio of the number of injuries to the number of uninjured athletes in the analyzed
group. The relative chance (Odds Ratio) was defined as the chances of injury in the control group to the chances of
injury in the experimental group. These indicators were determined separately for low, medium and severe finger
injuries.

Results. The applied technology of injury prevention significantly influences the reduction of the number of injuries of
athletes — future specialists on the physical education and sports (on rock climbing for example). It is established that
the application of the developed technology of injury prevention reduces the risk of finger injuries: low complexity —in
2.364 times (95% Cl =0.925-6.041, P> 0,05) times; medium complexity —in 3.333 times (95% Cl = 1.001-11.096, P (Fisher)
=0.030); high complexity — in 8.182 times (95% Cl = 1.084-61.749, P (Fisher) = 0.011).

Conclusions. The application of the developed biomechanical technology of injury prevention in the process of training
specialists in physical education and sports significantly reduces the risk of injury to students.

Key words: injury, prevention, students, rock climbing, education
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AHOTANIA

KosiH C.B. BiomexaHiuHa TexHonoria nNpo¢iNakTUKM TpaBMaTU3IMy NpM NigroTtosui cneuianictis 3 ¢ismuHoro
BUXOBaHHA i cnopTy

Merta: po3pobUTH | eKcnepMmeHTasbHO OBI'pyHTYBaTM 6GiomexaHiUHy TeXHO/OrI0 NPOodiNAKTUKM TpaBMaTUIMY
MalbyTHiX daxiBLiB 3 Pi3MUYHOT Ky/IbTYpU | CNOPTY B Npoueci npodeciiHoi NiAroToBKM (Ha NpUKNaai ckenenasiHHs).
Marepian i meTogu. YyacHMKaMn A0CAiAXKEHHs 6ynun 84 cTyAeHTa YO/I0BIYOi CTaTi, WO 3aliMatoTbCA CKenenasiHHAM Ha
amaTopcbKomy piBHi, y BiLj 18-19 pokiB. Bci cnopTcmeHn TakoK 6ynu cTyaeHTaMn GakybTeTiB GpisMYHOIo BUXOBaHHA
YKpaiHCbKMX By3iB. B ekcnepumeHTanbHy rpyny Beikwan 40 cnopTCMeHiB, @ B KOHTPO/IbHY - 44 cnopTtcmeHa. byna
po3pobneHa biomexaHiuHa TexHooriA NpodinakTMKM TpaBM Npu nigrotosLi GpaxiBLiB 3 Pi3MUHOro BUXOBaAHHA i CNOPTY
Ha NpuKnaai ckenenasiHHA. Po3pobneHa GiomexaHiyHa TexHonoria NPodiNakTUKKM TpaBM MICTUTb 3 HanpamKku: 1 -
TEOPETUYHE; 2 - aHaNiTUYHE; 3 - NpPaKTUMYHe. PU3KK (IHUMAEHTHICTb) OTPMMAHHA TPaBMKW BM3HAYaBCA AK BiAHOLWEHHA
KiIbKOCTi TpaBM BiA, 3arasibHOi Ki/fIbKOCTi CMOPTCMEHIB B aHafi3oBaHoi rpyni. BigHOCHWI pu3nK (KoediuieHT
iHLMAEHTHOCTI) BM3HAYaBCA CTaBAEHHAM PU3UKY B KOHTPO/bHIA rpyni 4O PU3MKY B eKCMepMMEHTaNbHin rpyni.
IMOBIpHICTb OTPMMaHHA TpaBMM BM3HAYANACA AK BiAHOLWEHHA KiNbKOCTI TpaBM 4O KiNbKOCTI HETpaBMOBaHMX
CNOPTCMEHIB B aHaNi30BaHoI rpyni. BiAHOLWEHHA WaHCciB BU3HAYanocaA AK WaHCU TPaBMM B KOHTPO/IbHIW rpyni A0 WaHCciB
TPaBMU B eKCNepUMEeHTaNbHiN rpyni. Lli NOKasHWKK BM3HaAYanMCA OKpemo ANA TpaBM MafbLiB /Ierkoi, cepeaHboi Ta
BAXXKOro CTyneHs.

Pesynbtatn. 3actocoByBaHa TEXHONOMA NPOQINAKTUKM TpaBM CYTTEBO BM/IMBAE HA 3HUMKEHHA TPaBMaTU3My
CNOPTCMEHIB - MalbyTHiX ¢daxiBuiB 3 $isMUHOro BUXOBAHHA i cnopTy (Ha NpuKNagi ckenenasiHHs). BctaHoBNEHO, WO
3aCTOCYBaHHA po3pobsieHoT TeXHOMOTiT NPOQINAKTUKN TPABM 3HUKYE PUIMK TPABM NabLiB PyK: HU3bKOI CKNaAHOCTI - B
2,364 pasu (95% Cl = 0,925-6,041); cepeaHboi cknagHocTi - B 3,333 pasu (95% Cl = 1,001-11,096, P (Fisher) = 0,030);
BMCOKOI CKagHocCTi - B 8,182 pasu (95% Cl = 1,084-61,749, P (diwep) = 0,011).

BUCHOBKM. 3acTOCYyBaHHA po3pobieHOT BiomexaHiyHOT TexHOMOrii NPOdINAKTUKM TpaBMaTU3My B NPOLLECI NiArOTOBKM
¢daxiBuiB 3 Gi3MYHOrO BUXOBAHHSA i CNOPTY 3HAYHO 3HUKYE PUSUK TPABMATU3MY CTYLEHTIB.

KntouoBi cnoBa: TpaBmu, NpodinakTmKa, CTyAEHTH, CKenenasiHHA, ocBiTa.

AHHOTALIUA

KosuH C.B. BMOomexaHUuYecKas TexXHONOrMa npodUNaKTUKU TpaBMaTU3Ma NpU NOATOTOBKE CNELUannCToB nNo
dusnyeckomy BocnuTaHUIO U CNOPTY

Llenb: paspaboTaTb M 3KCNepUMeHTaNbHO 060CHOBaTb BUOMEXAHNYECKYIO TEXHONIOTUIO NPOGUNAKTUKM TPaBMaTU3Ma
6yAyLLMX CNeunannucToB no GU3NUYeCcKon KybType 1 CnopTy B Npouecce npodeccuoHanbHOM NOAroToBKM (Ha npumepe
CKanonasaHwusa).

Matepuan u metoapl. YdacTHUKaMKM UcCCAefdoBaHUA 6biiv 84 cTyAeHTa MYMKCKOTO Moaa, 3aHMMaoLLMXCA
CKanonasaHvem Ha NbUTeNbCKOM ypoBHe, B Bo3pacTe 18-19 neT. Bce cnopTcmeHbl Tak:Ke 6bliv CTygeHTamwu
baKyAbTETOB PMU3NYECKOrO BOCNUTAHNA YKPAUHCKMX BY30B. B aKCnepmMmeHTanbHyto rpynny sowsm 40 cnopTCMeHOB, a B
KOHTPO/bHYIO - 44 cnopTcmeHa. bbina paspabotaHa 6uMomexaHMyeckas TexHONOrMAa MNPOUAAKTUKM TpasBm npw
NOAroTOBKE CMNELMannucTtoB no ¢GpuM3MYeCcKOMy BOCMUTAHWMIO M CMOPTY Ha NMpMMepe CKanonasaHua. PaspaboTaHHas
bMOMexaHMYecKaa TexHONOrnA NPOPUAAKTUKM TPaBM COAEPKUT 3 HanpasneHua: 1 - TeopeTuyeckoe; 2 -
aHanuMTUYeckoe; 3 - MpakTUYeckoe. PUCK (MHUMAEHTHOCTb) MOAYYEHWA TPaBMbl OMPEAENsANcA Kak OTHOLEeHue
KONMYecTBa TpPaBM OT OBLLEero KOAMYecTBa CMNOPTCMEHOB B aHanusupyemol rpynne. OTHOCUTENbHbIN PUCK
(ko3P OMUMEHT MHUMAEHTHOCTM) ONpeaensancA OTHOWEHMEM PUCKA B KOHTPOJIbHOM rpynne K PUCKY B
3KCMepMMeHTaNbHOM rpynne. BepoATHOCTb NoAyYeHUA TpaBMbl Onpeaensnach Kak OTHOLIEHME KOAMYeCcTBa TPaBM K
KO/IMYECTBY HETPAaBMMPOBAHHbIX CMOPTCMEHOB B aHanu3upyemoit rpynne. OTHOWEHWE LWaHCOB ONpPeaensanocb Kak
BEPOATHOCTb TPAaBMbl B KOHTPO/IbHOW rpynne K WaHCam TPaBMbl B 3KCMEPUMEHTaNbHOM rpynne. ITU noKasaTenu
onpeaenannucb oTAeNbHO ANA TPABM NabLEB NIETKON, CpeaHen U TAXEeNOoN cTeneHu.

Pe3ynbTatbl. MpuMeHseMan TeXHONOrUA NPOOUNAKTUKM TPaBM CYLLECTBEHHO BAWAET HA CHUMKEeHWe TpaBmaTu3ma
CMOPTCMEHOB - ByayLiMX CNeuManuctoB no ¢Gpu3MYecKoOMy BOCMMTAHUIO M CMOPTY (Ha NpuMmepe CKasnonasaHus).
YCTaHOB/IEHO, YTO NPUMEHEHME Pa3pPaboOTaHHOW TEXHONOTMKN NPODUNAKTUKMN TPABM CHUMKAET PUCK TPABM MNasibLEeB PyK:
HU3KOM CNIOXKHOCTK - B 2,364 pasa (95% Cl = 0,925-6,041); cpeaHeit cnoxHoctu - B 3,333 pasa (95% Cl = 1,001-11,096, P
(Fisher) = 0,030); BbicoKOI cnoXKHOCTU - B 8,182 pasa (95% Cl = 1,084-61,749, P (duwep) = 0,011).

BbiBogbl. MprmeHeHne pa3paboTaHHON BUOMEXaHMYECKON TexHOoMorMM NPodMAaKTMKM TpaBmaTM3ma B npouecce
NOArOTOBKM CMEuManucTos No ¢Gu3MYecKOMY BOCMWUTAHWIO W CMOPTY 3HAYUTENIbHO CHUMKAET PUCK TpaBmaTM3ma
CTYOEHTOB.

KnioueBble cnoBa: TpaBmbl, NPOOUNAKTUKA, CTYAEHTbI, CKaNoa3aHue, obpasoBaHue.
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Introduction

The process of training specialists in
physical education and sports is built in such a way
that students have a large number of practical
disciplines in various sports along with the chosen
[1]. In practical classes, students learn technical
skills, develop physical qualities, and learn to
conduct classes not only in the chosen sport, but
also in others. Therefore, the schedule of students -
future specialists in physical education and sports
is built in such a way that in one day there can be
2-3 pairs of practical classes in different sports, and
in the evening - training in the chosen sport. This
puts a heavy burden on the cardiovascular system,
which overtraining creates the conditions for
injury.

In addition, each sport has its own
characteristics [2, 3]. When mastering the basics of
a particular sport from childhood, the process of
learning motor skills is easier compared to
adulthood, when the sensitive periods of natural
learning are over. And so the nervous system and
musculoskeletal system of students with mastery of
skills in various sports receive a heavy load. It
should be noted that different movements in their
biomechanical structure require the formation of
different connections in the nervous system, and
this is quite a difficult task. And the constant
switching from one movement to another, which
occurs when changing the type of activity, chaotic
activity of the nervous system, and, accordingly,
the musculoskeletal system. This creates the
conditions for increased injuries. That is why the
guestion of developing such learning technologies
that will provide reliable prevention of injuries to
students - future professionals in physical
education and sports.

Currently, the role of physical culture and
sports as the most powerful means of physical
development, prevention of various diseases,
recovery from illness. Sports contribute to the
increase of motor intelligence, the development of
psychological qualities that are necessary for building
a career, the manifestation of individuality, success in
all spheres of activity. Of particular importance is the
importance of sports for students. However, sports
are also accompanied by injuries of varying severity.
This often leads to a large amount of time spent
recovering from injuries, skipping classes,
psychological problems [4-7].

In this regard, the problem of injuries to
students in sports is widely covered in modern
literature. The authors mainly pay attention to the
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registration of injuries of varying severity in different
sports under different circumstances [8-11].

To analyze the number of students' injuries
in the world, studies are carried out in various sports.
For example, Asperti, et al. [12] found that Brazilian
students engaged in amateur sports. traumatic impact
was defined as the participation of one amateur
student in one workout or game, and was expressed
as the impact on the athlete (A-E). Injury rates are
significantly higher in games (13.13 injuries per
1,000 student-athletes who participated in training or
games (AE), 95% confidence interval = 10.3-15) than
in training (4.47 injuries per 1,000 , 95% confidence
interval = 3.9-5.1). The mechanisms that accounted
for the most injuries in games and training were
contact (52.9%) and non-contact (54.5%). Ankle
sprains were the most common injury (18.2% of all
reported injuries). There was also a relatively high
incidence of anterior cruciate ligament injuries (0.16
injuries per 1,000 student-athletes who participated in
training or games (A-E)). Asperti, et al. [12]
concluded that Brazilian amateur students are at high
risk for non-contact injuries such as ankle sprains and
anterior cruciate ligament injuries. Also indicate the
highest prevalence of injuries of the distal parts of the
lower extremities (ankle joint and knee) during sports
[13]. Burchard, et.al. [13] found that most school-
related injuries occur in school sports, especially ball
sports. The distal extremities were mainly injured.

In a study by Clifton, et al. [14] describes
the epidemiology of injuries received in basketball
by high school girls in the period from 2005-2006
to 2013-2014 school years and student women's
basketball in the period from 2004-2005 to 2013-
2014 school years. Injuries were recorded through
an online sports surveillance program. The online
high school reporting system documented 2,930
injuries with loss of working time over 24 hours
during 1,609,733 workouts and games; The
National University Sports Association's Injury
Monitoring Program recorded 3,887 injuries with a
loss of time of more than 24 hours during 783,600
workouts and games. Injury rates were higher in
college than in high school (4.96 vs. 1.82 / 1000
training and games; injuries (IRR) = 2.73; 95%
confidence interval (Cl) = 2.60, 2.86) . The level of
injuries was higher in competitions than in training,
both for high school students (injury index (IRR) =
3.03; 95% confidence interval (CI) = 2.82, 3.26)
and for students (injury index) IRR) = 1.99; 95%
confidence interval (Cl) = 1.86, 2.12). The most
common injuries at both levels were sprains,
concussions, and sprains of muscles and tendons.
Most of the injuries affected the knees, head and
face. These injuries were often caused by contact
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with another player or a non-contact mechanism.
Clifton, D. R., et al. (2018) concluded that the level
of injuries was higher in students than in high
school students, higher in competitions than in
training.

In a study by Fraser, et al. [15] described
injuries from contact with the ball in 11 sports
(men's soccer, women's field hockey, women's
volleyball, men's baseball, women's softball, men's
and women's basketball, men's and women's
lacrosse, men's and women's football) National
Student Sports Association (NCAA) for the period
2009-2010 to 2014-2015 academic years. As a
result of the study, 1123 injuries from contact with
the ball were registered. The highest scores were
women's softball, women's field hockey (7.71 /
10,000 student-athletes who participated in
training or games (AE)) and men's baseball (7.20 /
10,000 student-athletes who participated in
training or games (AE)). The majority of ball-
related injuries occurred on the hand / wrist
(32.7%) and head / face (27.0%) and were
diagnosed as strokes (30.5%), sprains (23.1 %) and
concussion (16.1%). Among sexually comparable
sports (eg, baseball / softball, basketball, and
soccer), women had a higher rate of concussion
diagnosed as concussion than men (ratio of injuries
= 2.33; 95%). confidence interval (Cl) = 1.63,
3.33). More than half (51.0%) of injuries from
contact with the ball were associated with loss of
time (ie time of restriction of participation, 24
hours), and 6.6% were severe (ie time of restriction
of participation> = 21 days). The most frequent
severe injuries in contact with the ball were
concussions (n = 18) and fractures of the fingers (n
=10). Thus, the percentage of injuries from contact
with the ball was highest in women's softball,
women's field hockey and men's baseball.
Although more than half were injuries without loss
of time, serious injuries such as concussions and
fractures were reported.

To prevent injuries, it is necessary to form
rational movements in the most optimal way [16 —
18]. That is why the technology of preserving the
health of students - future specialists in physical
education and sports should contain universal
approaches to the process of learning technical
skills, which will ensure the prevention of injuries
and, consequently, the preservation of health. First,
it is necessary to form in students the concept of
biomechanically rational movements in general [19
—21]. Secondly, it is necessary to create conditions
for students to master modern means of self-
analysis of movement techniques [19, 21]. Third, it
is necessary to introduce into the learning process
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of students practical tools, exercises that will
promote the formation of biomechanically rational
movements in any sport, and thus prevent injuries
[8, 9].

These provisions determine the great
importance of research on the prevention of
injuries of students - future professionals in
physical education and sports, and based on these
provisions, we can conclude that this work is
timely and relevant.

Thus, in the analyzed works on traumatism
of students, team sports were mainly investigated
as the most susceptible to injuries. However, it is
now also important to analyze injuries in other
sports, which are increasing in popularity every
year. Rock climbing can be chosen as such a sport
for the following reasons: 1 — rock climbing is
included in the program of the Olympic Games, it
is becoming more and more popular among young
people [22]; 2 — a large number of injuries are
observed in rock climbing; 3 - there are currently
no specific injury prevention programs in rock
climbing [23-25].

The purpose: to develop and
experimentally test the biomechanical technology
of injury prevention of future specialists in physical
education and sports in the process of professional
training (rock climbing for example).

Material and Methods

Participants and randomization

The participants of this study were 84 male
students engaged in amateur climbing in the cities
of Ukraine (Kharkiv, Dnipropetrovsk, Lyuvov,
Vinnytsia, Kamyanets-Podilsk, Kyiv) aged 18-19
years. All athletes were also students of physical
education faculties of Ukrainian universities. All
athletes gave written consent to participate in the
experiment. The health of the athletes was checked
during the first 2 weeks of the study with the help
of regular medical examinations conducted by a
doctor. Athletes were also observed for 6 months
to assess baseline injury rates and baseline
techniques of one-arm hang on one arm.

An independent statistician performed a
parallel randomization of athletes into a control
group and an intervention group using a random
distribution method using an online random
number generator program. As a result of
randomization, 40 athletes were in the
experimental group and 44 - in the control.
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The groups were compared with indicators
of body length, body weight, experience of rock
climbing and the number of injuries during the
observed period of 6 months before the
experiment. For all these indicators, the groups did
not differ significantly from each other.

The body length of athletes in the control
group was 172.5 £ 8.5 cm, body weight - 65.2 + 6.5
kg; the body length of the athletes of the
experimental group was 173.4 + 8.7 cm, body
weight - 66.1 £ 6.6 kg (p> 0.05).. No significant
differences in the injury index in the control and
experimental groups were found (p = 0.385-0.729).

Both control and experimental groups
consisted of novice athletes (amateurs), aged 18-19
years, males; body length of athletes of the control
group was 172.5 + 8.5 cm, body weight - 65.2 + 6.5
kg; the body length of the athletes of the
experimental group was 173.4 + 8.7 cm, body
weight - 66.1 £ 6.6 kg (p> 0.05). The groups trained
according to the generally accepted plan 3-4 times
a week, the number of training hours was the same
in both groups. At the beginning and at the end of
the pedagogical experiment, an analysis of the
technique of performing the height on one arm was
performed by experts in both groups. The number
of injuries of the upper extremities in both groups
was also recorded.

At the fourth stage of the study (August
2020 - December 2020) the analysis of the
obtained data was carried out, the work was
formalized.

Injury registration method

Cases of injuries and diseases of the upper
extremities were registered during the year in the
control and experimental groups. The following
injuries were registered: injuries and diseases of the
fingers, injuries and diseases of the elbow joint,
injuries and diseases of the shoulder joint. Injuries
were also registered by severity: minor, moderate,
severe. Low complexity injuries include those that
heal in less than 1 month, Medium complexity
injuries that heal in 2-3 months, and High
complexity injuries include those that heal within
6-12 months and can last a lifetime. Cases of
injuries of the upper extremities were registered
during the year in the control and experimental
groups. Injuries of fingers were registered.

Method of determining the risk of injury

To determine the impact of the developed
technology on the risk of injury, the following
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indicators were determined: risk (incidence) of
injury, chance of injury, relative risk and odds
ratio. Injury risk (incidence) was defined as the
ratio of the number of injuries to the total number
of athletes in the analyzed group. The relative risk
(incidence rate ratio) was determined by the ratio
of risk in the control group to the risk in the
experimental group. The chance of injury was
defined as the ratio of the number of injuries to the
number of uninjured athletes in the analyzed group.
The odds ratio was defined as the ratio of the
chances of injury in the control group to the
chances of injury in the experimental group.

Intervention program

As a result of analytical and creative work,
a biomechanical technology for injury prevention
in the training of specialists in physical education
and sports was developed. The technology is
developed, which contains 3 directions: 1 -
theoretical and methodical (creation of bases for
understanding by students of mechanisms of
formation of movements without risk of injury,
formation at students of concept of
biomechanically rational movements in general); 2
- analytical (providing students with knowledge
about modern means of self-analysis of the level of
technical skills); 3 - practical (students' mastery of
practical means of injury prevention, ie, exercises
that will promote the formation of biomechanically
rational movements in any sport, and thus prevent
injuries).

Theoretical and methodological direction
involved mastering the basic knowledge of
dynamic anatomy, which is the basis of
biomechanics, the basic laws of motion control,
understanding the causes and means of injury
prevention in physical culture and sports.

In order to form a theoretical foundation
for students in the process of formation and
improvement of technical skills, an author's video
manual on the basics of biomechanics of the
musculoskeletal system was developed. The
author's video manual is an illustration with an
explanation of the biomechanical patterns of
proper motor skills and injury prevention.

The author's video manual is entitled:
"Biomechanics of the musculoskeletal system"
(A.C. NeNe 100612-100616 from 17.11.2020) and
consists of 5 parts:

Part 1. Biomechanics  of  the
musculoskeletal system. Basic concepts in
biomechanics (A.C. Ne 100612 from 17.11.2020)

(Fig. 1).
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Part 2. Biomechanics of the Part 4. Biomechanics of  the

musculoskeletal system. Upper limb (A.C. Ne
100613 dated 17.11.2020) (Fig. 2).

Part 3.  Biomechanics of  the
musculoskeletal system. Lower limb (A.C. Ne
100614 from 17.11.2020).

musculoskeletal system. Torso and pelvis (A.C. Ne
100615 from 17.11.2020).
Part 5.  Biomechanics of  the

musculoskeletal system. Head and neck (A.C. Ne
100616 from 17.11.2020).

Fig. 1. Example of a slide of the first part of the author's textbook with an illustration of the pattern as part of
the motor stereotype (source: the figure by the author)

Fig. 2. Example of a slide of the second part of the author's textbook with an illustration of manual therapy
techniques for injury prevention and recovery from injuries of the upper extremity belt (source: the figure by
the author)

Theoretical classes on sports and
pedagogical improvement explained to students the
main tasks of studying the biomechanical
foundations of the process of mastering technical
skills.

As a result, students were given the
opportunity to get a lot of interesting, relevant
information and applied techniques for work and
independent training.

The first part of "Biomechanics of the
musculoskeletal system. Basic concepts in
biomechanics "contains information about the
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authors, the tasks of the manual, which are as
follows:

* Study of basic and clinically significant
concepts of biomechanics [26, 27].

* Study of functional anatomy in motion
models.

* Mastering and practicing methods of
manual and functional therapy

Next, students are invited to determine
their goals in classes on sports and pedagogical
improvement. This is a necessary condition and the
first step to create a conscious attitude of students
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to their functional state and injury prevention in
both the chosen sport and other physical activities.

The next stage provides a definition of
biomechanics as a science of the laws of
mechanical motion in living systems, which studies
the features of movements in the process of motor
activity and exercise. The general task of
biomechanics is to find perfect ways of motor
actions and to teach / learn to perform them more
effectively. The following are partial problems of
biomechanics:

* Study and explanation of the human
movements in a particular area of his motor
activity.

* Study of the results of the motor task.

« Study of the conditions in which they are
carried out.

* Based on all this - the development of
effective movements, through learning and
training.

In the analytical direction the algorithm of
revealing of the basic kinematic parameters of
various models of technics characteristic of
students with various level of possession of
technics of sports movements is developed.

The analytical direction of biomechanical
technology of injury prevention provided for the
introduction of modern means of analysis of the
effectiveness of mastering motor skills in the initial
process of physical education and sports. In
particular, students were asked to learn a modern
tool for video analysis of movement techniques -
the Kinovea program [28, 29]. The Kinovea sports
video analysis program is now an effective,
informative, easy-to-learn tool for improving the
efficiency of students' acquisition of motor skills
and injury prevention.

In the analytical classes, students were
explained that for the prevention of injuries it is
necessary to have modern tools not only qualitative
but also quantitative analysis of movement
technique. There are many different computer
programs and video tools for this. One of the most
common features is the Kinovea program.

In the future, students were invited to
master working with this program.

In the practical direction the principles of
application of means for prevention of traumatism
are defined:

1 — strengthening of the muscles
participating in performance of the movement;

2 — the formation of functional movement,
coordinated work of the muscles of the torso, upper
and lower extremities.

In this directions, developed and
systematized tools to prevent injuries to students -
future professionals in physical education and

71

sports [30 -32].

All means are conditionally divided into
two groups: means from a sport and means specific
to physical therapy. Physical therapy is used in an
unconventional way: to improve movement
technique and to prevent injuries. We have applied
following means of practical exercises for injury
prevention in the process of training specialists in
physical education and sports on the example of
climbing.

The  exercises were based on
neuromuscular training [10, 19] with movements in
a closed kinematic chain and exercises in an
eccentric mode [33, 34].

Exercises specific to physical therapy were
aimed at the formation of functional movements.
The basis of physical therapy exercises was made
up of movements aimed at coordinated interaction
of the patterns of the shoulder, scapula, pelvis and
trunk.

Statistical analysis

The values of the measured angles at the
point of stable fixation of the height were
compared on the basis of 20 measurements for each
model of technology using the Student's method for
odd samples.

To determine the impact of the developed
technology on the risk of injury, the following
indicators were determined: risk (incidence) of
injury, chance of injury, relative risk and odds ratio
using the computer program SPSS-17, Crosstabs
option.

For the entire sample, we used the exact
Fisher test and the Pearson y-square test to compare
the injury rate between the intervention groups and
the control group. We calculated the number
needed for training to prevent 1 injury as the
inverse of the difference between the percentages
of injured players in the control and experimental
groups. We considered bilateral P <0.05
statistically significant.

We presented the Injury rate indicates as
the number of injuries per 1000 NPPs, and we
defined the AE as the number of athletes multiplied
by the number of all training sessions and
competitions in which they participated (AE =
athlete*exposure (training sessions,
competitions)). In our case, the number of trainings
and competitions was the same in the control and
experimental groups and was 75 before the
experiment and 150 during the experiment. The
number of students - climbers in our case was 40
for the experimental group and 44 - for the control).
The value of the Injury rate was defined as - the
number of injuries 1000 AEs.
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Significance of differences in the number
and risk of injuries between the control and
experimental groups was determined by the Fisher
exact test and using the Pearson y-square test.

Injury risk (incidence) was defined as the
ratio of the number of injuries to the total number
of athletes in the analyzed group. Relative risk
(incidence rate ratio) was determined by the ratio
of risk in the control group to the risk in the
experimental group. The chance of injury was
defined as the ratio of the number of injuries to the
number of uninjured athletes in the analyzed group
[35]. The relative chance (Odds Ratio) was defined
as the ratio of the chances of injury in the control
group to the chances of injury in the experimental
group [35]. These indicators were determined
separately for all analyzed types of finger injuries
(low, medium and severe).

Results

The total number of all registered finger
injuries during 1 year of the experiment was 33 in
the control group and 9 in the experimental group.
The number of AEs during 1 year of the experiment
was 6600 in the control and 6000 in the
experimental groups. Injury rate per 1000 AEs of
all registered finger injuries in the control group
during the 1 year of the experiment was 5.5 (95%
Ci, 1.061; 9.267), in the experimental group - 1.364
(95% Ci, 0.032; 2.375), P <0.001.

The injury rate of mild finger injuries per
1000 AEs during 1 year of the experiment in the
control group was 1.97 (95% Ci, 1.061; 2.303), in
the experimental group - 0.83 (95% Ci, 0.068;
0.978). The incidence rate ratio for cohort (injuries
= no) for mild shoulder injuries was 0.805 (0.643;
1.00). We also found that the Injury rate of
moderate finger injuries per 1000 AEs during 1
year of the experiment in the control group was
1.67 (95% Ci, 0.247; 1.783), in the experimental
group - 0.50 (95% Ci, 0.088; 1.182). The incidence
rate ratio for cohort (injuries = no) for moderate
finger injuries was 0.811 (0.669; 0.982; P = 0.030).
Our study also showed that the Injury rate of severe
finger injuries per thousand AEs during 1 year of
the experiment in the control group was 1.36 (95%
Cl, 0.134; 1.685), in the experimental group - 0.17
(95% Cl, 0.065; 1.225). The incidence rate ratio for
cohort (injuries = no) for severe finger injuries was
0.816 (0.697; 0.955; P = 0.011) (Table 1).

The incidence (risk) of finger injuries of
low complexity in the control group is 0.23, in the
experimental - 0.10; the chances of getting a finger
injury of low complexity in the control group is
0.419, in the experimental - 0.143. The relative risk
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(control group / experimental group) to get a injury
of fingers of low complexity in the control group is
higher in 2.364 (95% CI = 0.925-6.041, P> 0,05)
times in comparison with experimental (tab. 1, ).
Relative risk - the probability of injury
(experimental group / control group) is equal to
0.805 (95% CI = 0.643-1.008, P> 0.05). The
relative chance of getting a finger injury of low
complexity in the control group is 2.935 times
higher (95% CI = 0.940-9.170, P> 0.05) compared
with the experimental (Table 1).

The incidence (risk) of finger injuries of
medium complexity in the control group is 0.250,
in the experimental - 0.075; the chance of getting a
finger injury of medium complexity in the control
group is 0.333, in the experimental - 0.081. The
relative risk (control group / experimental group)
to get a finger injury of medium complexity in the
control group is higher by 3.333 times (95% CI =
1.001-11.096, P (Fisher) = 0.030) compared to the
experimental. Relative risk - the probability of
injury (experimental group / control group) is equal
to 0.811 (95% CI = 0.669-0.982, P (Fisher) =
0.030). The relative chance of getting a finger
injury of medium complexity in the control group
is 4,111 times higher (95% CI = 1.055-16.020, P
(x2) = 0.041) compared with the experimental
(Table 1).

The incidence (risk) of finger injuries of
high complexity in the control group is 0.205, in
the experimental - 0.025; the chances of getting a
finger injury of high complexity in the control
group is equal to 0.257, in the experimental - 0.026.
The relative risk (control group / experimental
group) to get a finger injury of high complexity in
the control group is 8,182 times higher (95% CI =
1.084-61.749, P (Fisher) = 0.011) compared to the
experimental. Relative risk - the probability of
injury (experimental group / control group) is
0.816 (95% CI = 0.697-0.955, P (Fisher) = 0.011).
The relative chance of getting a finger injury of
high complexity in the control group is 10,029
times higher (95% CI = 1.209-83.201, P (y2) =
0.016) compared with the experimental (Table 1).

Discussion

As the analysis of the literature has shown,
our study is one of the first to develop programs for
the prevention of injuries for students - future
specialists in the field of physical education and
sports. In addition, our study is one of the first on
injury prevention for climbers. Our technology for
the prevention of injuries of students studying in
the specialty "Physical Education and Sports"
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involves 3 directions:  theoretical  and
methodological, analytical and practical. As the
study showed, the application of the developed
technology is effective for the prevention of
injuries of students — rock climbers, future
specialists in physical education and sports. Thus,
the goal of the work was achieved: the technology
of prevention of injuries of students - future

specialists in physical education and sports - was
developed and experimentally substantiated. In our
study, we presented the results of the application of
the developed technology for the prevention of
finger injuries of rock climbers — students of the
faculties of physical education and sports.

Table 1
Indicators of finger injuries in the control (n = 44) and experimental (nh = 40) groups
Group Low complexity Medium complexity High complexity
Incidence Incidence Incidence
Yes* No* (risk) of Ch'ar'1ce 2l Yes (risk) of Ch.ar\ce Y Yes No (risk) of Ch'ar\ce
o injury S injury S of injury
injuries injuries injuries
C 13 31 0.23 0.419 11 0.250 0.333 9 35 0.205 0.257
E 5 35 0.10 0.143 3 0.075 0.081 1 39 0.025 0.026
IRR(CI) . 3.333 (1.001; 11.096) 8.182 (1,084; 61.749)
p2 2.364(0.925; 6.041) P(Fisher)=0.030 P (Fisher)=0.011
OR(Cl) , 4.111 (1.055; 16.020) 10.029 (1.209; 83.201)
s 2.935 (0.940; 9.170) P()0.041 > (¢)=0.016

Notes: C-control group; E - experimental group; * - Yes - the number of people injured; No - the number of people who
were not injured; IRR (incidence rate ratio) - the ratio of the value of the risk of injury in the control group to the value
of risk in the experimental group; OR (Odds Ratio) - the ratio of the chances of injury in the control group to the value
in the experimental group; Cl - confidence interval (lower limit. Upper limit); and - only reliable values of P are presented;
P (Fisher) - was determined by the exact Fisher test; P (x2) was determined by the Pearson x-square test

It should be noted that we have confirmed
our previous studies on injury prevention for
amateur climbers [32]. The work [32] showed that
the use of neuromuscular training is effective for
the prevention of finger injuries in climbers. The
study presented in this work has shown a higher
efficiency of the use of complex technology for the
prevention of finger injuries of rock climbers -
students. We believe that the great efficiency of the
developed technology is due to its complex nature:
it contains not only neuromuscular training, but
also theoretical, methodological and analytical
components. The educational component is very
important for the students - climbers' conscious use
of the proposed practical exercises [19]. In
addition, the analytical component is important for
the quantitative analysis of the technical features of
the main elements of the sport. It is the integrated
approach that determined the high efficiency of the
use of biomechanical technology for preventing
injuries of students - rock climbers, future
specialists in physical education and sports. In
addition, the study also confirmed our data
presented in previous works on the effectiveness of
the use of exercises in a closed kinematic chain and
eccentric exercises for the prevention of shoulder
injuries [30, 31]. In the study presented in this
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paper, technologies of a complex nature are shown.
The theoretical, methodological and analytical
aspects complement the practical, making up a
coherent whole of understanding, application and
ability to analyze. This, in our opinion, is especially
important for students - future specialists in
physical education and sports.

Our research has also confirmed the
findings of other scientists dealing with the
problem of student injuries. So, in many works it is
shown that injuries received as a result of students'
sports activities are a real problem. So, Jin [36]
found a high number of injuries in college football
students. Similar results were obtained by
Kahlenberg, et al. [37]. It was found that every
student is an athlete. on average engaged in 1.6
different sports. The average number of hours of
sports per year was 504.3 and 371.6 hours,
respectively. The average total number of sports
injuries received Dby athletes was 1.7 per
participant. 80.8% of respondents reported having
suffered at least one sports injury. Thus, the
number of injuries in students engaged in sports is
high.

Kerr, et al. [38] data on injuries and
impacts collected on 27 sports using the National
Network for Sports Treatment, Injuries and
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Outcomes (NATION). The results provided by
certified sports coaches (AT) for the collection of
data on injuries of athletes (AE) in training and
competitions in 27 sports in the period from
2011/2012 to 2013/2014 were analyzed. It was
found that most of the 47,014 injuries were injuries
of the ankle and knee joints (82.8%). Among boys
in sports, the injury rate was highest in football
(3.27 / 1000 AE) and wrestling (2.43 / 1000 AE);
The number of ankle and knee injuries was also
highest in football (15.29 / 1000 AE) and wrestling
(11.62 / 1000 AE). Among women's sports, the
injury rate was highest in football (1.97 / 1000AE)
and basketball (1.76 / 1000AE); The number of
ankle and knee injuries was highest in field and
lacrosse field hockey (both 11.32 / 1000 AE).

Our research has shown that rock climbing
is also a dangerous sport in terms of upper limb
injuries. Given its growing popularity among
young people, the development and substantiation
of a technology for the prevention of climbers'
injuries is timely. This is especially true for
students - future specialists in physical education
and sports, since their task is not only to learn how
to train without injuries, but also then to carry the
knowledge gained to their future students.

Conclusions

1. The biomechanical technology for
injury prevention in the training of specialists in
physical education and sports has been developed
on rock climbing for example. Developed
biomechanical technology for injury prevention
contains 3 areas: 1 - theoretical and methodological
(creating a basis for students to understand the
mechanisms of movement without risk of injury;
concept of biomechanically rational movements in
general); 2 - analytical (providing students with
knowledge about modern means of self-analysis of
the level of technical skills); 3 - practical (students'

mastery of practical means of injury prevention,
exercises that will promote the formation of
biomechanically rational movements in any sport,
and thus prevent injury).

2. The applied technology of injury
prevention significantly influences both the
reduction of the number of injuries of athletes —
future specialists on the physical education and
sports (on rock climbing for example). It is
established that the application of the developed
technology of injury prevention reduces the risk of
finger injuries: low complexity — in 2.364 times
(95% CI = 0.925-6.041, P> 0,05) times; medium
complexity — in 3.333 times (95% CI = 1.001-
11.096, P (Fisher) = 0.030); high complexity — in
8.182 times (95% CI = 1.084-61.749, P (Fisher) =
0.011).
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