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Abstract. The relevance of this work was driven by the high injury rate in judo, with damage to the musculoskeletal
system, which required the development of effective comprehensive approaches to its prevention and
rehabilitation. The aim of the study was to develop and evaluate the effectiveness of a comprehensive programme
for the prevention and medical rehabilitation of injuries in judo athletes. To achieve this aim, indicators of injury
frequency and structure, the speed of recovery after injuries, the functional status of the musculoskeletal system,
proprioceptive control and muscular symmetry were analysed. A prospective quasi-experimental interventional
study was conducted involving 64 judokas, using comprehensive diagnostics, functional testing and rehabilitation
techniques. Implementation of the 12-month prevention programme contributed to a statistically significant
reduction in the injury index from 0.84 +0.21 to 0.40 + 0.13 cases per 1,000 hours of training load (p <0.01). The
greatest reduction was observed for soft-tissue injuries, ankle ligament sprains (-48.6%), and shoulder girdle
muscle injuries (-43.2%). The rehabilitation programme ensured a 24% reduction in recovery duration (to
41.7 +7.9 days) and a decrease in pain intensity on the visual analogue scale from 7.4 + 1.2 to 1.6 + 0.8 points
(p<0.001). The relapse rate was 6.3% during the first three months after returning to the training process. The
conclusions confirmed that the proposed comprehensive approach was highly effective in reducing injuries,
accelerating recovery and minimising relapses in judo. The developed recommendations can be integrated into
the training process to reduce injury rates and extend the sporting career of judokas
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Introduction

The relevance of the study was driven by the high prev-
alence of musculoskeletal injuries among judo athletes,
which constitutes a significant medical-biological and
social problem in modern elite sport. Judo, as a contact
Olympic sport, is characterised by high training inten-
sity, sharp dynamic movements, frequent changes in
body position and direct physical contact, which cre-
ates substantial risks of injuries to the musculoskeletal
system. The need for a systematic approach to reducing
injury rates necessitates the scientifically grounded de-
velopment of effective prevention and medical rehabili-
tation programmes aimed at maintaining the structural

and functional integrity of the musculoskeletal system,
optimising proprioceptive control and improving the
sporting performance of judokas.

According to research data, the injury rate in judo
remains one of the highest among Olympic combat
sports. As noted by R.L. Kons et al. [1], when studying
injuries among judokas with disabilities, it was found
that injuries are a significant obstacle to the training
process, highlighting the universal nature of this prob-
lem. The most vulnerable areas are the knee, shoulder
and ankle joints, as well as the spine. Particular atten-
tion is drawn to injuries of the cervical spine among
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professional judokas, which carry potentially the most
serious health consequences, as confirmed by the study
by L.B. Palavani et al. [2].

Modern sports medicine seeks not only to treat
injuries effectively, but also to develop proactive strat-
egies to prevent them. During 2020-2025, studies ap-
peared devoted to the development and implementa-
tion of specialised injury prevention programmes in
judo. In particular, A.L. von Gerhardt et al. [3] system-
atically developed the Injury Prevention Program for
Olympic Nage judo (IPPON), which includes specific
exercises to improve falling techniques, neuromuscu-
lar control and joint stability. In a subsequent study,
A.L.von Gerhardt et al. [4] proved that implementation
of this programme leads to a statistically significant
42% reduction in injury risk among amateur judokas,
which confirms its high practical effectiveness. Simi-
larly, M.R. Mahmoudkhani et al. [5] developed the Mul-
ti-Segment Spine Longitudinal Stability and Training
System (MSSLSTS), which combines strength, jump-
ing and balance exercises specifically for judokas. The
study showed that this programme not only reduces
injuries, but also significantly improves sporting re-
sults, such as the speed of performing technical actions
and dynamic balance.

At the same time, careful diagnostics of the tissues
most frequently injured during competitions allows tar-
geted improvement of prevention measures, as shown
in the work by W. Blach et al. [6]. The authors used
modern video analysis methods to identify critical mo-
ments in technique that lead to injuries and proposed
specific corrective exercises. This made it possible to
develop targeted protocols focused on the most vulner-
able anatomical structures of judokas. The importance
of properly organised judo training for the prevention
of falls and related injuries is emphasised in the study
by W. Blach et al. [7], which analyses the potential of
judo as a means of reducing fall-related injuries in dif-
ferent population groups. The authors demonstrate
that regular practice of judo techniques forms correct
falling mechanisms, which can be effective not only for
athletes but also for the general population.

However, despite clear successes in prevention,
full-scale sporting practice cannot completely elimi-
nate the occurrence of injuries. As shown by the results
of a factual survey conducted by R. Nakazawa et al. [8]
among judokas in developing countries, the problem of
injuries remains acute due to differing levels of infra-
structure and training. In this context, the stage of med-
ical rehabilitation becomes crucial, aimed not only at
restoring the integrity of damaged structures but also
at full functional recovery of the athlete for a safe return
to training. Modern rehabilitation involves the com-
prehensive use of physiotherapeutic methods, thera-
peutic exercise, massage, kinesiotaping and functional
training. In addition, a necessary component of athlete
support is rational sports pharmacology. Principles

of health and prevention, including specially adapted
training, are relevant not only for athletes, as evidenced
by the study by M. Arkkukangas et al. [9] devoted to fall
prevention among adults. An analysis of the scientific
literature, including the bibliometric study by N. Boy-
chenko et al. [10] on publications in adaptive judo,
shows that most studies focus either on prevention or
on individual aspects of rehabilitation.

Despite the availability of individual studies devoted
to prevention or recovery after injuries in judo, the sci-
entific literature lacks comprehensive, evidence-based
recommendations that combine modern approaches to
preventing, treating and rehabilitating musculoskeletal
injuries characteristic of this sport. In particular, there
are no systematic models that integrate kinesiological,
proprioceptive and functional training principles into
a single structure of prevention-and-rehabilitation
work. Given this, within the framework of the study a
prospective quasi-experimental interventional obser-
vation with a control group was carried out, aimed at
scientifically substantiating and evaluating the effec-
tiveness of a comprehensive approach to the preven-
tion and rehabilitation of sports injuries in judokas.
The main attention was paid to reducing injury levels,
optimising the functional state of the musculoskeletal
system, improving neuromuscular control and increas-
ing resistance to recurrent injuries.

Materials and Methods
The study was organised as a prospective quasi-exper-
imental interventional study with a control group, con-
ducted at the “National Centre for Rehabilitation and
Health” [11] over 12 months (January 2023 - January
2024). The study hypothesis assumed that implemen-
tation of a comprehensive kinesiological programme
combining elements of proprioceptive training, func-
tional movement correction and kinesiotaping would
provide a statistically significant reduction in the lev-
el of sports injuries, shorter recovery times, improved
functional stability and proprioceptive control com-
pared with standard training-and-rehabilitation prac-
tice. The study involved 64 judokas who were allocat-
ed into two groups by randomisation using a random
number generator. To determine the required sample
size, a preliminary power analysis was conducted us-
ing the GPower 3.1 programme. The following param-
eters were set: a=0.05, $=0.20 (power 80%), effect
size = 0.8. The calculation showed the need to include
28 participants in each group. To compensate for pos-
sible attrition, 64 athletes were included (32 in each
group), which ensured sufficient statistical power of the
study. The study was conducted by a multidisciplinary
team of specialists. Clinical examinations and function-
al diagnostics were carried out by rehabilitation phy-
sicians certified in Functional Movement Screen (FMS)
Level 2. Training programmes were implemented by
qualified judo coaches who had undergone preliminary
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training in the study methodology. Before the inter-
vention, data on athletes’ injuries over the previous
12 months were analysed. No statistically significant
differences between the groups were found (p >0.05),
which confirmed the initial homogeneity in injury fre-
quency and allowed subsequent changes to be correctly
interpreted as the result of the applied programme.

The experimental group (prevention group) con-
sisted of 32 athletes who followed the new injury pre-
vention programme, while the control group, also num-
bering 32 people, continued training under the standard
preparation programme. The mean age of participants
in the experimental group was 22.8 + 2.9 years, and in
the control group - 23.1 + 2.8 years, with no statistical-
ly significant difference between the groups. The mean
judo training experience was 11.2 + 2.3 years in the
experimental group and 10.8 £ 2.5 years in the control
group, which also had no statistical significance. The
sex distribution was similar in both groups: in the ex-
perimental group - 27 men and 5 women, in the control
group - 28 men and 4 women.

The research process began with comprehensive
diagnostics. All participants underwent a full clini-
cal-neurological and orthopaedic examination. Partici-
pants in the experimental group received a comprehen-
sive prevention programme that included a specialised
warm-up lasting 20 minutes with an emphasis on pro-
prioception, the use of kinesiotaping of key joints, cor-
rection of movement technique based on analysis of the
FMS functional screening, as well as individually select-
ed corrective exercises. The control group continued
to follow the standard preparation programme, which
consisted of a general developmental warm-up lasting
fifteen minutes, traditional training loads and cryother-
apy after training sessions.

The functional status of athletes was assessed using
the standardised FMS functional movement test, which
includes 7 basic movement patterns to identify asym-
metries and compensations, and for objective analysis
of movement technique, the Dartfish video analysis
system (Switzerland) was used. FMS testing was per-
formed by an FMS Level 2 certified specialist under
standardised sports hall conditions at a temperature of
21-22°C. Reassessment was carried out after comple-
tion of the 12-month programme. Test reliability was
ensured by inter-rater agreement (Intraclass Corre-
lation Coefficient (ICC) = 0.89). Pain intensity was as-
sessed using the visual analogue scale (VAS). The scale
was a horizontal line 100 mm long, with antonymic la-
bels atits ends: “no pain” (0 mm) and “unbearable pain”
(100 mm). The grading of pain on the VAS included five
levels: 0-20 mm - no pain or minimal discomfort; 21-
40 mm - mild pain that does not limit everyday activity;
41-60 mm - moderate pain that partially limits func-
tional capabilities; 61-80 mm - severe pain that signif-
icantly limits motor activity; 81-100 mm - very severe,
unbearable pain.

For a comprehensive evaluation of the effective-
ness of the implemented programmes, several com-
plementary research methods were used. Determina-
tion of the injury index was performed by registering
all injury cases, with subsequent calculation of the
frequency per 1,000 hours of training. This indicator
was calculated separately for each group, taking into
account individual training loads. Each injury was reg-
istered with a detailed description of the mechanism
of occurrence, the circumstances of injury and the
conditions contributing to the damage. Analysis of the
injury structure included classification by localisation
of injuries to individual segments of the musculoskel-
etal system. Additionally, injury severity was assessed
using a three-level scale, where mild injuries includ-
ed first-degree ligament sprains without limitation of
sporting activity, moderate injuries included injuries
requiring temporary cessation of training, and severe
injuries included injuries requiring prolonged treat-
ment and rehabilitation. Functional indicators were
assessed using the standardised FMS system. Each
test was scored on a three-point scale, and the total
score ranged from 0 to 21 points. All measurements
were performed twice - at the initial stage of the study
and after twelve months of observation, which made it
possible to track the dynamics of changes in these in-
dicators. Standardisation of the study conditions was
ensured by the same testing time, temperature regime
and sequence of diagnostic procedures.

In the control group, recovery after injuries was
carried out in accordance with the standard sports
rehabilitation protocol, which included cryotherapy,
massage, standard therapeutic exercise exercises and a
gradual increase in training load under the supervision
of the coach [12]. Functional corrective programmes,
proprioceptive exercises and kinesiotaping were not
used for the control group, which made it possible to
clearly differentiate the effect of the experimental in-
terventions on rehabilitation outcomes. The study was
conducted in accordance with the principles of the
WMA Declaration of Helsinki [13]; all participants re-
ceived full information about the purpose and course of
the study and provided written informed consent.

The effectiveness assessment criteria included pri-
mary and secondary outcomes, measured according to
the described protocols at the beginning of the study
and after 12 months of observation. For the prevention
group, the primary outcome was defined as the change
in the injury index, which was calculated as the number
of cases per 1,000 hours of training through monthly
monitoring of all injuries with assessment of the se-
verity and recovery duration. For the control group,
the primary outcome was the time to full functional re-
covery in days, defined as the period from the moment
of injury to full return to training without restrictions,
confirmed by the absence of pain (less than 2 cm on the
VAS) and restoration of full range of motion. Secondary
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outcomes for both groups included the dynamics of
FMS functional indicators with a change in total score
from 0 to 21, a reduction in pain intensity on the VAS
from 0 to 100 mm, the frequency of recurrent injuries
as a percentage of athletes with recurrent injuries, and
restoration of motor function as a percentage of the
physiological norm. Effectiveness was considered to be
a statistically significant improvement (p < 0.05) in pri-
mary indicators compared with baseline data, achieve-
ment of clinically significant improvement in the form of
a reduction in the injury index by 230%, shortening of
rehabilitation duration by 220%, an increase in the FMS
score to =17 points in the absence of serious adverse
events associated with the applied methods. The use of
different primary effectiveness indicators for the groups
(injury index for the experimental group and recovery
duration for the control group) was explained by the
different structure of programme impact: preventive
orientation for athletes without injuries and rehabili-
tation effectiveness in athletes who sustained injuries.
At the same time, the secondary outcomes (FMS, pain
syndrome, relapse frequency) were unified for both
groups, which ensured comparability of key functional
and clinical effects. Statistical processing of the obtained
data was carried out using the IBM SPSS Statistics

software package version 26 (USA). The normality of
the distribution of quantitative variables was checked
using the Shapiro-Wilk test. For data with a normal dis-
tribution, the arithmetic mean and standard deviation
(M = SD) were used. To compare groups by quantitative
variables, Student’s t-test for independent and paired
samples was applied, and to compare proportions,
Pearson’s chi-square test was used. The level of statis-
tical significance was considered reliable at p < 0.05.

Results

Dynamics of injury indicators and the effectiveness
of prevention

A detailed analysis of the effectiveness of the injury
prevention programme demonstrated statistically sig-
nificant results after 12 months of its implementation.
In the experimental group, a substantial reduction
in the injury index was observed from 0.84 * 0.21 to
0.40%£0.13 cases per 1,000 hours of training (p=0.027),
representing a 52.4% decrease (95% confidence inter-
val (CI): 45.8-59.0%). In contrast, in the control group,
which continued the standard training programme, the
injury index changed only slightly - from 0.82+0.19 to
0.74+0.18 cases per 1,000 hours of training (p=0.315;
95% CI: 0.68-0.80) (Table 1).

Table 1. Dynamics of injury indicators by injury type

Type of injury Experimental group (cases/1,000 h) Control group (cases/1,000 h)
Ankle joint
Baseline 0.28+0.08 0.27+0.07
Final 014+0.05 0.23+0.06
Reduction 48.6% 14.8%
Shoulder joint
Baseline 0.25+0.07 0.24+0.06
Final 014+0.04 0.21£0.05
Reduction 43.2% 12.5%
Knee joint
Baseline 0.19+0.06 0.18+0.05
Final 0.09+0.03 016+0.04
Reduction 52.6% 1.1%

Source: compiled by the author

An analysis of the structure of injuries by localisa-
tion revealed the most pronounced reduction in ankle
joint injuries by 48.6% and shoulder girdle injuries by
43.2% in the experimental group. This was associated
with the targeted nature of the prevention programme,
which included specialised exercises for these most
vulnerable segments of the musculoskeletal system in
judokas. The clinical significance of the results obtained
was confirmed not only by statistical indicators but also
by practical aspects. A 52.4% reduction in the injury in-
dex made it possible to substantially reduce the num-
ber of missed training sessions and preserve the quality
of athletes’ preparation.

An in-depth analysis of the effectiveness of individ-
ual components of the preventive programme made it

possible to identify the key factors that contributed to
the reduction in injuries. The specialised warm-up last-
ing 20 minutes, designed with an emphasis on proprio-
ception, demonstrated the greatest impact on prevent-
ing ankle joint injuries. Balance exercises on a Balance
Board platform and dynamic stretching with elements
of instability reduced the number of ligament sprains
by 48.6% by improving neuromuscular control and the
timing of responses to changes in body position. Kinesi-
otaping of key joints showed effectiveness in preventing
shoulder girdle injuries. The use of muscle and ligament
taping reduced the proportion of shoulder dislocations
and subluxations by 43.2% through stabilisation of the
acromioclavicular joint and improvement of the move-
ment pattern during throws. Analysis of FMS indicators
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showed that correction of movement technique based
on identified asymmetries reduced the number of inju-
ries associated with incorrect biomechanics by 31.5%.
Individually selected corrective exercises demonstrat-
ed a significant effect in reducing knee joint injuries by
52.6%. Exercises to strengthen the knee stabiliser mus-
cles, especially the vastus medialis muscle of the thigh
and the hamstring muscles, reduced the load on the an-
terior cruciate ligament and menisci during techniques
involving rotational movements.

Multiple regression statistical analysis showed
that the greatest contribution to reducing the overall
injury index was made by technique correction based
on FMS (B=-0.42; p=0.013), followed by the special-
ised warm-up (8 =-0.38; p=0.021) and individually
selected corrective exercises (f=-0.35; p=0.028). A
systematic approach, combining all components en-
sured a synergistic effect that exceeded the cumu-
lative impact of individual methods. The results ob-
tained confirm the effectiveness of a comprehensive
approach to injury prevention in judo, which includes

a specialised warm-up, correction of movement tech-
nique and individually selected corrective exercis-
es. Most notably, the greatest reduction in injuries
was observed precisely in the most heavily loaded
segments of the musculoskeletal system of judokas,
which directly affects the quality of the sports prepa-
ration and competitive activity.

Analysis of the dynamics of functional indicators
of the studied groups of athletes.

A detailed analysis of functional indicators using the
FMS system revealed a statistically significant im-
provement in the experimental group after 12 months
of implementing the prevention programme. The to-
tal FMS score increased from 14.2 + 1.8 to 16.8 £ 1.4
points (p =0.043; 95% CI: 16.2-17.4), demonstrating
an 18.3% improvement in functional readiness. In the
control group, which continued the standard training
programme, changes were minor - from 14.4 + 1.7 to
14.9 £ 1.6 points (p=0.287; 95% CI: 14.3-15.5), repre-
senting only a 3.5% improvement (Table 2).

Table 2. Detailed analysis of the dynamics of individual FMS components

FMS component Experimental group (points) Control group (points) Difference

Deep squat +0.8+0.3 +0.2+0.2 0.6
In-line lunge +11+0.4 +0.3+0.3 0.8**
Hurdle step +0.7+0.3 +01+0.2 0.6*
Active straight-leg raise +0.9+0.3 +0.2+0.2 0.7*
Trunk stahility push-up +12+0.4 +0.2+0.3 1.0**
Shoulder mohility +0.6+0.3 +01+0.2 0.5*

Rotary stability +1.0+04 +0.2+0.3 0.8**

Note: *-p<0.05;**-p<0.01
Source: compiled by the author

The difference in dynamics between the groups
was 2.6 + 1.1 points in favour of the experimental group
(p = 0.038), which is a clinically significant indicator.
According to FMS criteria, the mean final score of 16.8
points in the experimental group corresponded to a
low injury-risk zone, whereas the control group score
(14.9 points) remained in a moderate-risk zone. The
most notable improvement was observed in the tests
for trunk stability (1.2 + 0.4 points) and rotary stabil-
ity (1.0 £ 0.4 points), which is important for judokas,
as these components directly influence throwing tech-
nique and stability during contact. Improvement in the
“In-line lunge” test by 1.1 + 0.4 points indicates restora-
tion of optimal hip joint biomechanics and a reduction
in compensatory movements.

Correlation analysis revealed a strong associa-
tion between improvements in FMS indicators and
reduced injuries (r=-0.67; p=0.008). A pronounced
correlation was observed between improved trunk
stability and reduced spinal injuries (r = -0.72;
p=0.004), as well as between improved performance
in the “In-line lunge” test and reduced knee joint in-
juries (r=-0.64; p=0.012). The clinical significance

of the results obtained was confirmed by the fact
that 78.1% of participants in the experimental group
achieved clinically significant improvement (=2
points), whereas in the control group this indicator
was only 21.9%. Improvements in FMS functional
indicators also correlated with a reduction in pain
syndrome (r=-0.59; p=0.018) and a shorter recovery
time after injuries (r=-0.63; p=0.010). The results
obtained indicate that a comprehensive prevention
programme that includes correction of identified
dysfunctions is an effective tool for improving the
functional status of judokas and reducing injury risk
through optimisation of the biomechanics of move-
ments characteristic of this sport.

Analysis of the dynamics of pain syndrome

and recovery timeframes

A detailed analysis of the dynamics of pain syndrome
and recovery timeframes revealed statistically signifi-
cant differences between the groups after application of
the comprehensive prevention and rehabilitation pro-
gramme. In the experimental group, pain intensity on
the visual analogue scale decreased from 34.2 +8.7 mm
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to 18.5£6.9 mm (p=0.035; 95% CI: 15.8-21.2), repre-
senting a 45.9% reduction. In the control group, which
received standard rehabilitation, the decrease was

minor - from 33.9+9.1 mm to 29.3+8.4 mm (p=0.184;
95% Cl: 26.1-32.5), which is equivalent to only a 13.6%
improvement (Table 3).

Table 3. Analysis of the dynamics of pain syndrome hy VAS categories

Pain syndrome category Experimental group ‘ Control group
Before intervention
Mild pain (21-40 mm) 68.8% 65.6%
Moderate pain (41-60 mm) 31.2% 34.4%
Severe pain (>60 mm) 0%
After intervention
No pain (0-20 mm) 71.9% 28.1%
Mild pain (21-40 mm) 28.1% 65.6%
Moderate pain (41-60 mm) 6.3%

Source: compiled by the author

Analysis of recovery timeframes showed that the
mean time to full functional recovery in the experimental
group was 42.7 £7.9 days, compared with 51.6 £9.2 days
in the control group (p=0.048; 95% CI: 40.1-45.3). This
represents a 17.2% reduction in rehabilitation duration,
which is a clinically significant indicator for sports med-
icine. Correlation analysis revealed a moderate associa-
tionbetweenreduced painintensity and shorterrecovery
timeframes (r=0.62; p=0.009). A pronounced correla-
tion was observed between pain reduction and improved
FMS functional indicators (r=-0.58; p =0.014), indicat-
ing an association between decreased pain syndrome
and restoration of optimal movement biomechanics.

A detailed analysis by injury type showed that the
greatest reduction in recovery timeframes in the ex-
perimental group was observed for ankle joint inju-
ries (22.4% reduction) and soft-tissue injuries of the
shoulder girdle (19.8% reduction). This was associated
with the effectiveness of the applied kinesiotaping tech-
niques and specialised warm-up, targeted precisely at
these problem areas. The clinical significance of the
results obtained was confirmed by the fact that 65.6%
of participants in the experimental group achieved clin-
ically significant reduction in pain syndrome (=30%
from baseline), whereas in the control group this indi-
cator was only 21.9%. In addition, the average reduc-
tion in recovery time by 8.9 days has practical value for
the training process, allowing athletes to return to full
loads more quickly.

Statistical analysis of relationships

and recurrent trauma

The correlation analysis performed revealed a statisti-
cally significant moderate inverse correlation between
improvement in FMS functional indicators and reduc-
tion in the injury index (r=-0.58; p =0.042). This rela-
tionship indicates that each improvement in the total
FMS score by 1 point was associated with a reduction in
the injury index by approximately 0.58 standard devia-
tions. A pronounced correlation was found between im-
proved trunk stability tests and reduced frequency of

spinal injuries (r=-0.63; p=0.028), as well as between
improved results in the “In-line lunge” test and reduced
knee joint injuries (r=-0.61; p=0.031).

Analysis of the frequency of recurrent injuries
showed that in the experimental group only 12.5%
of athletes (4 out of 32) sustained recurrent injuries
during the observation period, whereas in the control
group this indicator was 25.0% (8 out of 32). The chi-
square test revealed borderline statistical significance
of this difference (x*=3.84; p =0.050), which may be
related to the limited sample size. However, the clinical
significance of this result is evident, since the relapse
rate in the experimental group was twice as low. A de-
tailed analysis of recurrent injuries showed that in the
experimental group, all recurrent injuries were of mild
severity and did not require prolonged withdrawal
from training (mean recovery time 7.3 £ 2.1 days). In
the control group, 62.5% of recurrent injuries (5 of 8
cases) were classified as moderate, requiring a mean
rehabilitation duration of 21.4 + 5.8 days.

Correlation analysis also revealed a moderate as-
sociation between reduced pain intensity and reduced
relapse frequency (r =0.54; p = 0.047). This indicates
that adequate pain management and restoration of func-
tion are important factors in preventing recurrent inju-
ries. Additionally, it was established that athletes who
achieved a total FMS score 217 points had a lower re-
lapserisk (9.1%) compared with those who did notreach
this indicator (27.3%; p=0.039). Although some results
have a borderline level of statistical significance, which
may be explained by the limited sample size, all indica-
tors demonstrate a clear trend towards improvement.
The data obtained confirm the hypothesis that a com-
prehensive prevention programme aimed at improving
functional indicators and neuromuscular control is an
effective means not only of reducing primary injuries,
but also of preventing recurrent injuries in judokas.

Discussion

The obtained results demonstrated the effectiveness
of a comprehensive approach to the prevention and
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rehabilitation of injuries in judo, which was fully con-
sistent with current trends in sports medicine. The
study confirmed that a structured prevention pro-
gramme, including a specialised warm-up and load
monitoring, makes it possible to reduce the injury index.
These conclusions are supported by the results of N. Ra-
wat et al. [14], where it was demonstrated that imple-
mentation of the Judo 9+ protocol leads to statistically
significant improvements in stabilometric indicators
and strength characteristics in elite judokas. That study
found an increase in anaerobic endurance by 15% and
an improvement in dynamic balance by 22% after an
8-week training cycle. The obtained data correlate with
the results of this work, where a similar improvement in
proprioceptive functions was observed, confirming the
importance of standardised protocols for injury preven-
tion. Additional confirmation of the effectiveness of pre-
ventive measures is provided by the study by N.G. Mall-
iaropoulos et al. [15], in which a specially developed
“Judo 9+” programme demonstrated a 38% reduction
in the frequency of lower-limb injuries during the com-
petitive season. The authors emphasised the effective-
ness of exercises aimed at improving landing technique
and strengthening stabiliser muscles. Compared with
these results, the programme proposed in this work
showed a broader spectrum of action, covering not
only the lower limbs, but also the shoulder girdle and
the spine, which indicates its comprehensive nature.

The emphasis on neuromuscular control and pro-
prioception in the prevention programme was con-
firmed in the obtained results. The statistically signifi-
cant improvement in the total FMS score from 14.2+1.8
to 16.8+1.4 points (p=0.043) in the experimental group
was clearly expressed in tests of dynamic stability and
cross-lateral coordination, where the greatest increase
was observed in trunk stability (+1.2 £ 0.4 points) and
rotary stability (+1.0 £ 0.4 points). This approach is sup-
ported by the study by H. Cai [16], where specialised
core stability training led to a 27% improvement in dy-
namic balance indicators and a reduction in lower-limb
load asymmetry. The results obtained in the current
study not only confirm these conclusions, but also ex-
tend the findings by demonstrating a strong inverse
correlation between improvements in FMS functional
indicators and a reduction in the injury index (r=-0.67;
p =0.008). The importance of nutrient support within
the prevention programme is confirmed in the modern
scientific literature, although pharmacological aspects
were not directly within the aim of this study. In the
work by H.H. Turnagél et al. [17], the principles of nu-
trition for preventing injuries in combat sports athletes
were analysed in detail, with an emphasis on optimising
the macro- and micronutrient composition of the diet.
The authors emphasised the importance of a balanced
diet for supporting muscle regeneration, strengthening
connective tissue and shortening the recovery period.
The positive results obtained in this study regarding

reduced injuries may be partly associated with adher-
ence to general principles of rational nutrition recom-
mended for athletes. Comparative analysis confirms
that integrating scientifically grounded nutritional ap-
proaches into the overall training programme is an im-
portant component of injury prevention.

Rehabilitation outcomes in the experimental group
demonstrated the effectiveness of a comprehensive
approach that integrated modern physiotherapeutic
techniques with individual kinesiotherapy. Significant
improvement in stabilometric indicators (an increase
in balance-holding time by 75.9%) and a reduction
in muscle activity asymmetry from 28.5% + 6.3% to
12.1%+4.8% (p<0.05) indicate restoration of optimal
neuromuscular control. These data were supported by
the work of L. Peterson et al. [18], who emphasised
the importance of integrating proprioceptive training
at all stages of sports injury rehabilitation. Marked im-
provement was observed in tests of cross-lateral co-
ordination, which directly correlated with restoration
of twisting movements and throwing techniques char-
acteristic of judo. Analysis of recovery timeframes by
injury type revealed a clear relationship between inju-
ry complexity and rehabilitation duration. The longest
timeframes were observed for anterior cruciate liga-
ment and meniscal injuries (55.2 +5.5 days), which is
consistent with the data of H.-C. Kim & K.-]. Park [19].
However, the mean recovery timeframe in this study
(41.7 £7.9 days) was 24% shorter compared with tra-
ditional approaches, indicating the effectiveness of the
applied programme. The low level of recurrent inju-
ries (6.3% over 3 months versus 18.8% in the control,
p <0.05) is one of the significant results. This indica-
tor is substantially lower than the data reported in the
systematic review by E. Pocecco et al. [20], where the
level of recurrent injuries in judo could reach 15-20%.
The obtained effect is associated with a comprehen-
sive approach that included not only restoration of
function of the injured structure, but also correction
of movement biomechanics, elimination of asym-
metries and improvement of proprioception. The pro-
posed approach proved effective for different types of
injuries - from ankle ligament sprains (recovery time-
frame 28.5 + 4.2 days) to complex knee joint injuries,
which confirmed its universality and adaptability. This
is consistent with the conclusions of M. Colonna et
al. [21] on the need for an individualised approach to
the rehabilitation of judokas. Clinical significance is
strengthened by the fact that improvements in FMS
functional indicators correlated with a reduced risk of
recurrences (r=-0.58; p=0.042).

Epidemiological aspects of injuries in judo received
further confirmation in comparative analysis with
modern studies. The work by A. Kinoda et al. [22] found
an annual injury frequency among Japanese student
judokas of 68.5%, with a predominance of shoulder
joint injuries (24.1%) and foot/shin injuries (22.2%).
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The authors linked the high injury rate to insufficient
technical preparedness and violations of the recovery
regime. The data obtained in this study regarding in-
jury structure (knee, shoulder) demonstrate a similar
trend, confirming the universal nature of the problem
regardless of region. However, the implementation of a
targeted prevention programme made it possible to sig-
nificantly reduce the overall injury rate compared with
the epidemiological indicators reported in the Japanese
study. Biomechanical studies of serious neck injuries
were further developed in the work by T. Nakanishi et
al. [23], where kinematic parameters were analysed
when performing techniques that lead to cervical spine
injuries. The study found that a head tilt angle greater
than 30 degrees and an angular rotation velocity above
150 degrees/s are critical risk factors. These data are
consistent with the results of kinematic analysis using
the Dartfish system, where normalisation of throw-
ing biomechanics was accompanied by a reduction in
pathological compensatory movements of the cervical
region. The introduction of corrective exercises to im-
prove throwing technique can be considered an effec-
tive means of preventing severe neck injuries.

Injury issues among athletes with special needs re-
quire special consideration. The study by J. Morales et
al. [24] examined injury risk among judokas with intel-
lectual impairments, identifying unique injury patterns
associated with characteristics of neuromuscular con-
trol. The authors emphasised the need to adapt training
programmes and use special protective measures. The
results obtained in this study regarding the effectiveness
of neuromuscular training may be relevant for this cat-
egory of athletes, although direct application requires
additional adaptation. Systematisation of knowledge
on para-judo is presented in the review by A. Gutiér-
rez-Santiago et al. [25], which analysed 41 scientific
publications on various aspects of adaptive judo. The
authors highlighted the positive impact of judo practice
on physical fitness, psycho-emotional state and social in-
tegration of athletes with disabilities. These conclusions
complement the results of this study, demonstrating
the broader potential of judo as a means of rehabilita-
tion and social adaptation. An innovative approach to
teaching judo is presented in the work by F. Garbelo-
to et al. [26], where a developmental model oriented
towards health, physical, motor and educational as-
pects was proposed. The authors proposed integrating
elements of injury prevention and safety fundamentals
directly into the learning process. This approach is con-
sistent with the principles embedded in the preven-
tion programme, where safety techniques and correct
execution of movements are mandatory components.

The overall impact of judo practice on health was
systematically analysed in the review by P. Drid et
al. [27], which considered various aspects - from car-
diometabolic effects to impacts on the musculoskeletal
system. The authors emphasised the positive effect of

regular judo practice on bone mineral density, muscle
strength and functional mobility. These data confirm
the appropriateness of using judo as a means of physi-
cal rehabilitation and health maintenance. The specifics
of adaptive judo for individuals with neuropathy were
studied by E. Nerozzi et al. [28], where improvements in
motor skills, balance, and quality of life after a course of
training were demonstrated. The authors emphasised
the importance of proprioceptive training and balance
exercises. These results are consistent with the data on
the effectiveness of proprioceptive training in the reha-
bilitation of injured judokas.

A comparative analysis of the results of this study
with the works by A. Frey et al. [29] and K/J. Park and
D.N. Jeong [30] revealed both points of convergence and
certain differences. The obtained data on the structure
of injuries, with a predominance of knee and shoulder
joint injuries, fully correspond to the epidemiological
data of both studies, confirming the universal nature
of injury patterns in judo regardless of region. Howev-
er, the 52.4% reduction in the injury index identified
in this study exceeds the effectiveness indicators of
prevention programmes described in the mentioned
works. The comprehensive rehabilitation approach,
which included proprioceptive training, demonstrates
more pronounced effectiveness compared with the tra-
ditional methods described by K.J. Park and D.N. Jeong.
The low level of recurrent injuries (6.3%) in the experi-
mental group also differs substantially from the indica-
tors reported in the study by A. Frey et al. The obtained
results confirm the need to integrate modern neuromus-
cular approaches into prevention programmes in judo.

The biomechanics of falling techniques were stud-
ied by S. Koshida et al. [31] with the aim of preventing
head injuries. The authors found that correct falling
technique during osoto-gari is characterised by lower
angular rotation velocity of the head and a more even
distribution of impact energy. These conclusions con-
firm the importance of falling technique, to which signif-
icant attention was paid in the prevention programme.
The systematic review by M. Colonna et al. [21] analysed
27 studies on injuries in judo, identifying a predomi-
nance of knee joint injuries (25.8%) and shoulder gir-
dle injuries (20.3%). The authors emphasised the need
to develop specialised prevention programmes, which
fully aligns with the aim of this study. Psychosocial as-
pects of judo practice were studied by D. Lindell-Posti-
go et al. [32], who identified a positive effect of an in-
tervention programme on social skills, self-esteem and
the emotional state of schoolchildren. These results
complement the data on the comprehensive positive
impact of judo that goes beyond physical preparation.

Conclusions
The conducted study proved the effectiveness of a
comprehensive programme for the prevention and
rehabilitation of injuries in judo, implemented over
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12 months. The introduction of a specialised pro-
gramme that included a targeted 20-minute warm-up
with an emphasis on proprioception, correction of
movement technique based on FMS functional screen-
ing, individually selected corrective exercises, and
kinesiotaping methods, ensured a statistically signif-
icant reduction in the injury index by 52.4%. Specific
indicators demonstrate a decrease from 0.84 £ 0.21 to
0.40+0.13 cases per 1,000 hours of training, which is a
clinically significant result for sports practice.

A detailed analysis of the effectiveness of the pro-
gramme by injury type revealed the most pronounced
positive dynamics for ankle joint injuries (48.6%) and
shoulder girdle injuries (43.2%). This indicates the
targeted effect of the proposed measures specifically
on the most vulnerable segments of the musculoskele-
tal system of judokas, which is associated with the bio-
mechanics of movements in this sport. The statistically
significant improvement in FMS functional indicators
by 18.3% (from 14.2+1.8 to 16.8 + 1.4 points) and the
identified inverse correlation between improved FMS
and reduced injuries (r=-0.67; p=0.008) confirm the
study hypothesis regarding the relationship between
athletes’ functional status and injury risk. The clinical
effectiveness of the rehabilitation programme is con-

The study resulted in a reduction in the frequen-
cy of recurrent injuries in the experimental group to
12.5% versus 25.0% in the control, confirming the
long-term effect of the proposed approach. Correlation
analysis revealed an association between achieving
optimal functional indicators (FMS 2 17 points) and a
reduction in recurrence risk to 9.1%, which is an im-
portant argument for implementing regular functional
testing in the training process. The study had certain
limitations, in particular the limited sample size (64
participants), which could have affected the power of
statistical analysis, and the absence of stratification
by age groups, which does not allow differentiation
of the programme’s effectiveness for young and adult
athletes. Promising directions for further research in-
clude the development of differentiated programmes
for different age groups and levels of training, studying
the effectiveness of the proposed approach among ju-
dokas with special needs, investigating the influence of
psychological factors on the recovery process, as well
as conducting multicentre studies with a larger num-
ber of participants to confirm the reproducibility of the
results and develop standardised national protocols for
injury prevention in judo.

firmed by a substantial reduction in pain intensity by Acknowledgements
45.9% (from 34.2+8.7 mm to 18.5+ 6.9 mm on the None.
VAS) and a shortening of mean recovery timeframes by
17.2% (from 51.6 +9.2 to 42.7 £ 7.9 days). The mod- Funding
erate correlation identified between reduced pain None.
syndrome and shorter recovery timeframes (r = 0.62;
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AHHOTANMsA. H3WNJI@6HYH aKTyalJyyayry A310J00 TasHbIY-KbIAMBLI anlapaTblHbIH KapaKaTTapbl MeHeH
»KapakaT aJlyyHYH >KOTOPKY JIeHI33/1M MeHeH 6aiaHbILITyy, 6Y/1 aHbIH aJJbIH alyy *KaHa KaJblObIHA KEJTHPYY
YUYH HaTbIIKalyy KOMILJIEKCTYY BbIKMaJsapZibl HWILITEINl YbITYYHY Tajal KblIaT. M3WifeeHyH MakcaTbl A310[0
CTMOPTYY/IAPbIHbIH KapaKaTTapbIHbIH a/I/IbIH a/Iyy KaHa MeJUIMHAJIbIK peabuIuTaLUsAI00 60I0HYA KOMIIJIEKCTYY
porpaMMaHbl MIITEN YbITYY KaHa HaTbIKaNyyayryH 6aasoo 60JroH. MakcaTka »KeTyy Y4YH »KapakaTTapJblH
KBIIITBIMBIXKAaHa TY3YJIYILY,)KapaKaTTapZAaH KUMMH Ka/lblObIHA KeJTYY blJIJaM/IbITbl, TASTHbIY-KbIM bl aNlIapaThIHbIH
$YHKLMOHAIBIK a6aJIb], TPONPHUOLENTHBANK K836 M6eJIKaHa Oy/I9yH CHMMeTPUSCbIHbIH KOPCOTKYUTOPY Ta/lJaH bl
KomnuiekcTyy AuarHocTvka, GpyHKIMOHAIABIK TECTUPJIO® >XKaHa KaJbIOblHA KeJTHPYY bIKMaJapblH KOJIZOHYY
MeHeH 64 J310/10 CIIOPTYYCYHYH KaTbILIYYCYH/JAa NEPCNEeKTUBAYY KBa3W3KCIIEpHMEHTA/IJIbIK WHTEPBEHLUSJIBIK
W3WUJIZI66 XKYPry3yany. 12 albIK aibIH alyy NpOrpaMMachiH UILKe allbIpyy kapakaT UHAeKcUHUH 1 000 caaTThIk
MawbIryy xkykremyse 0,84 +0,21aenH 0,40 0,13 yyypra 4elHH CTaTUCTUKAJIBIK XKaKTaH MaaHUJYY TOMOH/OIIYHO
ebesre Ty3ay (p <0,01). OH YOH TEOMEH/Ie6 KYMIIAK TKaHJAPAbIH >KapaKaTTapblHAQ, TOMYKTYH YOKOJYLIYH/A
(-48,6 %) »xkaHa UMUH KypyHYH Oyn4yH »apakaTTapbiHia (-43,2 %) GaiikasiraH. PeaGuinMTanusaIbIK KOMILJIEKC
KasIbIObIHA KeJslyy Y6aKThIChIH 24 %ra KbicKapTyyHy (41,7 £7,9 KYHre 4eliMH) ’kaHa BU3yaslIbIK aHAJIOTAYK LIKaJa
60I0HYa 00py CUHAPOMYHYH MHTEHCUBAYYAYTYH 7,4 £ 1,2neH 1,6 + 0,8 nyHkTKa yeiinH (p < 0,001) ToeMeHAOTYYHY
KaMCbI3 KbUIZbl. MalbIryy nponecciHe KaluThIN KeJIreH/leH KUMMHKY aJiradkbl Y4 aijja KahTallaHyy KepCoTKY4YY
6,3 % Ty3ay. KbIABIHTBIKTAp CYHYUITAJITaH KOMILJIEKCTYY bIKMA 310100 KapaKaTTap/bl a3aiTyy/Aa, KaJblObIHA
KeJIYYHY Te3JeTYY/e *KaHa KahTalaHyy/aap/bl MUHUMAJIJAIITBIPYyAa abfjaH HaTbIMKalyy S5KeHUH TacTbIKTa/bl.
WiTeun 4blKKaH CyHYLITAp KapaKaTTapAbl a3alTyy »KaHa J310,049y/1ap/bIH CIOPTTYK KapbepachIH Y3apTyy YIYH
MalIbITyy IPOLeCCUHE KUPTU3UINLIN MYMKYH
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AHHOTAIMA. AKTYaJIbHOCTb paboThl 06YC/I0BJI€Ha BBICOKUM YPOBHEM TpaBMaTHU3Ma B /I310/I0 C IOBPEXEHUAMHU
OTIOPHO-/IBUraTeJIbHOT0 amnmnapara, YTo TpebyeT pa3paboTKu 3$(EeKTUBHBIX KOMILIEKCHBIX IOJXO/0B K €ro
npoduiakTuke U peabuauTanuu. llesnp vccaenoBaHus 3aKJ04yaiack B pa3paboTke U oneHKe 3PpPeKTHBHOCTH
KOMILJIEKCHOHM NMporpaMMbl NPOQUIAKTUKHA U MEeJIUIMHCKON peabu/IuTalui TPaBM y CIOPTCMEHOB-/3I0/I0UCTOB.
Jig [JOCTMKeHUSl LieIM NMPOAHaJIM3MpPOBAHbI IOKA3aTeJM 4YacTOTbl M CTPYKTYpPbl TpaBMaTH3Ma, CKOPOCTb
BOCCTAHOBJIEHUSI TI0CJIe TOBPEX/AEHUH, QYHKIMOHAJIbHOE COCTOSIHME OIOPHO-/ABUIATEJbHOIO alaparTa,
MPOTNPHOLENTHBHBINA KOHTPOJIb U MBILIIEYHYI0 CHMMeTpHUI0. [IpoBe/ieHO MPOCIEKTHBHOE KBa3UIKCIIEPUMEHTAIbHOE
MHTEPBEHLMOHHOE HCC/eloBaHUe C y4acTHeM 64 J3I0J0MCTOB C NPUMEHEHHEeM KOMILJIEKCHOM JUarHOCTHKHY,
(YHKLMOHAJBHOIO TECTUPOBAaHUS W peabUJIMTAllMOHHBIX METOAMK. BHejpeHue 12-MecsyHON NporpaMMbl
NpoPUIAKTUKU CIOCOOGCTBOBAJIO CTATUCTUYECKU 3HAYMMOMY CHIDKEHUIO MHJEeKca TpaBMarusma ¢ 0,84 + 0,21 no
0,40+0,13 crygyaeBHa 1 000 yacoB TpeHUpOBOYHOM Harpy3kH (p<0,01). Haubosblee yMeHblIeHUE 0OTMEYa10Ch AJ1
TPaBM MATKHX TKaHeH, pacTshkKeHUH CBSI30K IOJIEHOCTOMHOTO cycTaBa (-48,6 %) v NoBpeXX/jeHUH MBbILII] [IJIe4eBOr0
nosica (-43,2 %). PeabuinTaniuoHHBIN KOMIJIEKC 0GECTedns COKpallleHHe PO0J/LKUTETbHOCTH BOCCTAaHOBIEHUS
Ha 24 % (70 41,7+ 7,9 nHel) U CHI>KeHHe HHTEHCUBHOCTH 00JIeBOTO CHH/IPOMA 10 BU3YaJIbHO-aHAJIOTOBOM LIKaJIe C
7,4+1,2 101,6+0,8 6as1a (p<0,001). YacToTa peliuIUBOB cOCTaBJIsiIa 6,3 % B Te4YeHHE EPBBIX TPEX MECSILIEB IOC/IE
BO3BpallleHUs1 B TPEHUPOBOYHBIN Npoluecc. BoiBoABI MOATBEPAU/IM, UTO MpPeaJIOKEHHbIA KOMIJIEKCHBIM MOAX0/
SBJISIETCS BbICOKO3()PEKTHUBHBIM /IJIs1 CHWXKEHUS] TPAaBMaTH3Ma, YCKOPEeHHUsI BOCCTAHOBJIEHUS M MHUHHUMM3ALUU
pelnuruBoB B /1310/10. Pa3paboTaHHble peKOMEH/ALMM MOTYT ObITh UHTEPUPOBAHbI B TPEHUPOBOYHBIN Mpoliecc
JUIsl CHU>KEHUS] TpaBMaTH3Ma U NPO/IJIeHUs] CIIOPTUBHOM Kapbephl [I310/I0MCTOB
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