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Physical rehabilitation in handball is a key area of sports medicine since the
high incidence of injuries in this sport is caused by its intensive, contact-
based, and speed-strength character. Modern research confirms that the most
frequent injuries involve the shoulder joint, ankle complex, and anterior
cruciate ligament, requiring targeted and evidence-based recovery programs.
The analysis shows that the most effective are personalized and functionally
oriented protocols that consider the athlete’s individual characteristics, the
specificity of game activity, and the clinical profile of the injury. The medical
rationale for personalization lies in the variability of tissue regeneration
rates, the influence of age, gender, and hormonal factors, as well as the
need to monitor neuromuscular imbalances and psychophysiological state.
Functional orientation of programs follows the SAID principle of specificity
and ensures restoration of kinetic chains, intermuscular coordination, and
game-related movement patterns, which are critical for preventing reinjury.
Technological support is based on the use of HRV monitoring, GPS and
inertial sensors for load control, biofeedback for developing self-regulation,
and VR/AR technologies for stimulating neuroplasticity. Comprehensive
programs combining proprioceptive training, plyometric drills, strength
exercises, breathing techniques, and psycho-emotional support have proven
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effective in reducing the risk of recurrent injuries, accelerating return to play,
and supporting athletic longevity. The practical significance of the study lies in
substantiating evidence-based models for integrating rehabilitation protocols
into the training structure of handball players. Future research prospects
include standardizing assessment methods for rehabilitation effectiveness,
analyzing causal mechanisms of interaction between cognitive, emotional, and
physiological factors, and developing personalized programs for athletes of

different age groups through the use of digital technologies.

PI3NYHA PEABLVIITAIIA B TAHABOJII:
CYYACHI ITAXOAU TA TIPAKTUYHE 3HAYEHHSA

Bepitos O. 1.
00KMOp NedazociuHux HayKx,
Odoyenm Kageopu @izuuHoi Ky1emypu i cnopmy
3anopizbkuti HaYioHAILHUL YHIgEpCUmem
eyn. Yuieepcumemcwka, 66, 3anopidxcoca, Ykpaina
orcid.org/0000-0002-3793-3010
kop230405@gmail.com

Cxkpunuenxo I. T.

KAHOUOam HAyK 3 Qhi3utHO20 8UXOBAHHS MA CNOPMY, OOYEeHM,
ooyenm Kagedpu meopii ma memoouxu izuuHoi Kyiemypu ma cnopmy
XepcoHcokuil 0eparcasHuii acpapHo-eKOHOMIYHO020 YHigepcumem
eyn. Cmpimencoka, 23, Xepcon, Vkpaina
orcid.org/0000-0001-5895-3099
sit7 1 @ukr.net

Beccapatosa O. B.

KAHOUOam nedazociuHux Hayk, OOyeHm,
ooyenm Kageopu mepanii ma peadbinimayii
3anopizokuti HayioHATLHUL YHIGEpCUmMeEm
eyn. Vuigepcumemcovka, 66, 3anopidicorca, Ykpaina

Knrouoei cnoea: 2anobon,
Qizuuna peabinimayis,
CROPMUBHI mpaemu,
nieyosutl cyenoo,
2OMIIKOBOCMONHA
HecmabinbHicmy, nepeoHs
Xpecmonoodibna 38 'a3Ka
(ACL), nponpioyenmusnuii
mpeHine, HRV-monimopume,
bionoeiunuil 360pomHuULlL
36’30k, VR/AR-mexnonocir,
CnopmugHe 00820NimmisL.

Physical Education and Sports. Ne 3 (2025)

orcid.org/0000-0002-9193-4241
bessaraboval l7@gmail.com

®iznyna peabimiTamis y TraHm00Mi € KIIOYOBUM HAmpsiMOM CIOPTHBHOI
MEIUIMHYU, OCKUIBKM BHCOKHH pPiBEHb TPAaBMATH3MYy B LbOMY BHJI CIIOPTY
3yMOBJICHHH MOro IHTEHCHBHMM, KOHTaKTHHM Ta IIBHUAKICHO-CHJIOBUM
xapaktepoM. CydacHi IIOCHI/DKEHHS MiATBEPKYIOTh, IO HaifyacTiime
VIIKOMKYIOTBCS — IUICUOBHH  CyII00, TOMINKOBOCTOIHHI  KOMIUIEKC 1
MepeIHsT XPecTomoniOHa 3B’sI3Ka, 110 BUMArae MiJIECTIPSIMOBAHUX, HAYKOBO
0OTpyHTOBaHHX MIPOTPaM BiTHOBIICHHS. MeTa J0CIiIKeHHS — TPOaHallizyBaTH
cydacHi miaxomu no ¢ismyHOi pealbimiTamii raHIOOMICTIB MiciHs TpaBM Ta
oOIpyHTyBaTH €(EKTUBHICTH iHTerpamii BiJHOBIIOBAIBHHX IIpOrpaMm y
TpeHyBaIbHUHN Tiporiec. O0'eKT TOCHTIKEHHS — mporiec (Ppi3udHOT miArOTOBKU
Ta BIHOBIEHHS CHOpTCMeHiB. [Ipeamer mociipkeHHS — METOIU Ta 3aco0u
¢izuunoi peabimitarii, cHpsAMOBaHI Ha BIZHOBICHHSA (PYHKIIOHAIHHOL
TOTOBHOCTI TaHAOOMICTIB i MpO]iIaKTUKy MOBTOPHHUX TpaBM. PesymbraTtu
aHaNi3y CBiguYarh, IO HAWOLIBI €QEKTUBHHMH € TICPCOHATI30BaHI Ta
(YHKIIIOHATBHO OpI€HTOBAaHI INPOTOKONH, SIKI BPaXOBYIOTh IHAWMBITyalIbHI
0COONMMBOCTI CHOPTCMEHA, cIenu(iKy IrpoBOi MisIBHOCTI Ta KIIHIYHHN
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npodine YIIKOMKEHHS. MeandHe MiATpyHTd IepcoHai3amii momsirae y
BapiaTHBHOCTI TEMIIB pereHepalii TKAHWH, BIUIMBI BIKOBUX, T'CHIACPHHUX
1 TOpMOHANbHHUX (DAKTOPiIB, a TaKOK Yy HEOOXITHOCTI KOHTPOJIIO
HelpoM’s130Boro aucOanaHcy i ncuxodizionorianoro crany. @yHKIioHAIBHA
CHPSIMOBAaHICTh IpOrpaM BiamoBigae mnpuHImnmy cremudigaocti SAID i
3a0e3reyuye BiJHOBJICHHS KIHETMYHHX JIAHIIFOTIB, MIXKM’SI30BOi KOOpAMHAIII]
Ta IirpOBHX PYXOBHUX TMAaTEepHIB, KPUTHYHO BaXXJIMBUX JUIA 3aroOiraHHs
MOBTOPHUM TpaBMaM. TeXHOIOTiYHa MiATPHMKa 0a3yeThCsl HA BUKOPUCTAHHI
HRV-monitopunry, GPS Ta iHepmiifHUX cEHCOPIB AJIsI KOHTPOITIO HABAHTAXKCHB,
010JIOTIYHOTO  3BOPOTHOTO 3B’SI3KYy IJIST PO3BUTKY CaMOpPETynsmii Ta
VR/AR-texHonorii  gms  ctumynsamii  HedpomactuuHocTi. KommiekcHi
MporpamMy, M0 MOEJHYIOTH NMPONPIONENTUBHUM TpeHiHr, plyometric drills,
CHJIOBY IMIATOTOBKY, IWXaJbHI TEXHIKM H MCHUXOEMOUIWHUHA CYHpOBiZ,
JIOBENU CBOIO C(PEKTHUBHICTH y 3HIDKCHHI PHU3MKY IOBTOPHMX YIIKOKCHD,
NPUIIBUANICHHI TOBEPHEHHS 10 3MaraHb 1 MiATPUMAaHHI CIIOPTHBHOIO
JoBromiTra. [lpakTiyHa 3HAYYNIICTh JOCTIHKEHHS IOJsATae B O0IPyHTYBaHHI
JIOKA30BHX Mojenei iHTerpamii peaOimiTalliifHUX MPOTOKOJIB Y CTPYKTYpY
TPEHYBAJIBHOTO TIpolecy TaHAOomicTiB. [lepcrnekTHBH MOAambIIUX pPOOIT
MOB’s3aHI 31 CTaHIAPTU3AI[iEI0 METOIUK OI[IHIOBaHHA €(EKTUBHOCTI
peabimiTamii, aHami3oM Kay3aJbHHX MEXaHI3MiB B3a€MOJii KOTHITUBHUX,
eMoriifHux 1 ¢iziomoriunux (GakTopiB Ta PO3pOOKOI0 IEPCOHATIZ0BAHUX
IIpOTpaM JJIs CIIOPTCMEHIB Pi3HUX BIKOBHX TPYI i3 BUKOPUCTAHHIM HU(PPOBUX

TEXHOJIOTIH.

Introduction. Handball, as a highly dynamic team
sport, is characterized by significant speed-strength
loads, a high level of contact, and intense changes in
game situations, which together create a high risk of
musculoskeletal injuries. Among the most common
are injuries of the knee and ankle joints, ligament
damage, and shoulder girdle injuries. In modern sport,
the performance of a team largely depends on the
ability of athletes to quickly restore their functional
state and return to full competitive activity.

Physical  rehabilitation is considered a
comprehensive process aimed at restoring physical
performance, reducing the risk of recurrent injuries,
and prolonging athletic longevity. Modern programs
combine methods of therapeutic physical training,
kinesitherapy, sensorimotor and proprioceptive
training, the use of physiotherapeutic technologies,
and psychological support. The relevance of the
topic is determined by the necessity of implementing

evidence-based, individualized rehabilitation
programs integrated into the training structure of
handball players.

Purpose of the study — to analyze modern
approaches to the physical rehabilitation of handball
players after injuries and to substantiate the
effectiveness of integrating recovery programs into
the training process.

Object of the study — the process of athletes’
physical preparation and recovery.

Subject of the study — methods and means
of physical rehabilitation aimed at restoring the
functional readiness of handball players and
preventing recurrent injuries.

®izuuHe BuxoBaHH: Ta criopT. Ne 3 (2025)

Analysis of contemporary literature sources.
Epidemiological data confirm that handball belongs
to sports disciplines with a high risk of injuries — pre-
dominantly to the lower limbs, knee, and shoulder —
which necessitates effective rehabilitation strategies
[Hadjisavvas et al., 2022]. A cluster randomized
controlled trial among 660 elite handball players
revealed that the implementation of the OSTRC
Shoulder Injury Prevention Programme significantly
reduced the incidence of shoulder injuries. The pro-
gram included strengthening of the rotator cuff, tho-
racic mobility, and kinetic chain exercises during
warm-up [Andersson, Bahr, Clarsen, & Myklebust,
2017]. A subsequent study demonstrated positive atti-
tudes of coaches and team captains toward this pro-
gram, although it also identified low compliance due
to time constraints and motivational barriers [ Anders-
son, Bahr, Olsen, & Myklebust, 2019].

A well-designed non-randomized trial involving
22 handball players with chronic ankle instability
showed that proprioceptive exercises significantly
improved postural control and reduced the number of
sprains [Antohe & Panaet, 2024]. Systematic reviews
highlight the necessity of a comprehensive approach
to rehabilitation after anterior cruciate ligament
ruptures, including the assessment of limb function
symmetry and the use of objective functional tests
such as the Limb Symmetry Index and hop tests
[Fredriksen et al., 2020; Aasheim et al., 2018]. The
application of combined external (GPS, inertial
sensors) and internal (HR, RPE) load parameters,
along with subjective well-being indicators, has
proven effective in reducing the risk of overuse
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injuries in team sports, including handball [Mili¢ et
al., 2025].

Research Results. The analysis of current research
in the field of physical rehabilitation of handball play-
ers confirms that the most effective approaches are
comprehensive, multilevel programs that combine
the restoration of functional capacity with the preven-
tion of recurrent injuries.

Shoulder injuries account for up to 20-25% of all
injuries in handball, particularly among throwing-
position players (defenders, backcourt players). It
has been demonstrated that the implementation of
the OSTRC Shoulder Injury Prevention Programme
reduces the prevalence of shoulder injuries by 28%
among elite handball athletes [Andersson et al.,
2017]. The effectiveness of this program is explained
by the activation of the kinetic chain: exercises
targeting the rotator cuff, scapular stabilizers, and
thoracic spine reduce overload on the shoulder joint
by redistributing forces along the entire upper limb.
This is consistent with biomechanical models, which
show that dysfunction in proximal segments (core,
thoracic spine) significantly increases the risk of
microtrauma in the shoulder.

Ankle instability is the most common consequence
of acute injuries in handball. Clinical studies (Antohe
& Panaet, 2024) demonstrated that a 6-week
proprioceptive training program improves postural
control and reduces the risk of recurrent sprains.
Physiologically, this is explained by the activation
of the sensorimotor system — balance training
stimulates ligament and muscle receptors, enhances
the responsiveness of the neuromuscular apparatus,
and is critically important during jumping and rapid
changes of direction.

Anterior cruciate ligament (ACL) rupture is one
of the most severe injuries in handball, often leading
to long-term loss of playing activity. Meta-analyses
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(Aasheim et al., 2018; Fredriksen et al., 2020)
emphasize that criterion-oriented rehabilitation,
based on objective functional tests (Limb Symmetry
Index, hop tests, isokinetic testing), reduces the
risk of reinjury by 30-40%. Biomechanical studies
indicate that after ACL reconstruction, deficits in
neuromuscular control and lower-limb asymmetries
are the main risk factors for recurrent rupture, which
justifies the integration of plyometric drills and load
monitoring.

The use of GPS and inertial sensors makes it
possible to quantify external load (number of jumps,
accelerations, impact forces), while HRV monitoring
provides an assessment of internal adaptation.
Research (Mili¢ etal., 2025) has shown that systematic
use of HRV biofeedback reduces fatigue levels and
accelerates recovery, directly correlating with more
stable performance across the competitive cycle.

Generalized data demonstrate that rehabilitation
programs  combining  therapeutic  exercise,
physiotherapy, psychological support, and load
monitoring ensure not only recovery after injuries
but also provide a preventive effect, reducing the
likelihood of reinjury. This approach is based on the
modern concepts of the injury prevention continuum,
where rehabilitation is not regarded as the final stage,
but as an integrated part of the training process.

Thus, the findings confirm that physical
rehabilitation in handball must be personalized,
functionally oriented, and technologically supported
(Table 1). This approach not only accelerates return
to sport but also fosters athletes’ adaptability, stress
resilience, and responsibility for their own health.

Functional orientation corresponds to the principle
of specificity (SAID) and reflects the need to restore
precisely those motor and physiological qualities that
are critical for handball: speed-strength characteristics,
jumping ability, and throwing coordination. The use

Table 1
Medical and physiological principles of personalized rehabilitation in handball
Principle Medical and physiological rationale Tools / Methods Expected effects
Tissue regeneration rates depend on Individual therapeutic
Persona- age, sex, hormonal profile, previous exercise pro_tocols; | Reduced risk of reinjury;
.. injuries. In female athletes after ACL gender-specific programs; . .
lization . . L . . optimized recovery duration
reconstruction, the risk of reinjury is consideration of
20-25% higher. comorbidities
. SAID principle: the body adapts to Plyometrlc Fh‘llls, . Restoration of )
Functional - . proprioceptive training, neuromuscular control;
. . specific demands (jumps, throws, . . S .
orientation . sport-specific movement improved kinetic chain
changes of direction). 00
patterns function; safe return to play
Technological HRV reflects autonomic balance; GPS/ | HRV monitoring, Objective readiness control;
support g inertial sensors monitor external load; biofeedback, GPS trackers, |prevention of overload,
Pp VR/AR stimulate neuroplasticity. VR rehabilitation accelerated motor recovery
Recovery requires gradual engagement | Low-intensity aerobic Progressive restoration of
Energy of energy systems: aerobic (early phase), | exercise — interval energy systems; reduced
progression anaerobic-alactic and glycolytic (game- |protocols — sport-specific | risk of recurrence; improved
specific loads). drills functional readiness
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of plyometric drills, proprioceptive training, and exer-
cises resembling game actions supports the restoration
of the kinetic chain and creates a “bridge” between
clinical rehabilitation and full competitive practice.

Technological support makes rehabilitation maxi-
mally evidence-based and controlled. Objective data
from HRV, GPS, and inertial sensors provide physi-
cians and coaches with quantitative indicators of the
athlete’s state, while VR/AR technologies enhance
neuroplasticity and motivation during the recovery
process, opening a new level of integration of sports
medicine with digital technologies (Figure 1).

Energy progression highlights the necessity of a
gradual transition from aerobic to anaerobic energy
supply. Such an approach ensures that the body
restores both the basic mechanisms of tissue regen-
eration (aerobic system) and the explosive movement
patterns specific to handball (anaerobic alactic and
glycolytic systems).

Overall, the model presented in the table demon-
strates that effective rehabilitation in handball
cannot be limited to the restoration of an isolated
function or segment. It must be comprehensive,
combining medical, biomechanical, and techno-
logical approaches while simultaneously focusing
on the specificity of game activity. Such integra-
tion ensures not only an accelerated return to play
but also a reduced risk of recurrence and enhanced
sporting longevity.

Medical research clearly shows that the course
of recovery after injury largely depends on the indi-
vidual characteristics of the athlete: age, sex, level
of physical fitness, comorbidities, type of injury,
and psycho-emotional state. For example, after ACL
reconstruction, women face a 20-25% higher risk

HANDBALL PLAYER
REHABILITATION MODEL

FUNCTIOMNAL
ORIENTATION

« EXBFCISEs specific
to handball
(jumps, throws,
change of direction)

—

PERSOMNALIZATIO
-« individual
characteristics

(age, sex,
injury history)

L_’ <

TECHNOLOGICAL SUPPORT
+« HRV, GP5, VR/AR, biofeedback

Fig. 1. Handball player rehabilitation model
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of reinjury compared to men of the same age, which
justifies the necessity of gender-specific protocols.
A personalized approach allows for optimal load
dosing, consideration of individual deficits (strength,
balance, neuromuscular control), and the stepwise
design of a rehabilitation plan — from clinical recov-
ery to functional readiness.

Modern medical and biomechanical approaches
emphasize the importance of shifting from passive
treatment methods (physiotherapy, immobiliza-
tion) to active, functionally oriented rehabilitation.
This implies the use of exercises closely resembling
handball-specific demands: jumping actions, rapid
changes of direction, and throwing movements.
Functional orientation enables the restoration of
kinetic chains and intermuscular coordination, which
is critical for reducing the risk of reinjury. Scientific
evidence confirms that isolated training of individ-
ual muscle groups does not guarantee a safe return
to play, whereas comprehensive functional programs
reduce the likelihood of recurrent injuries by 30—40%
(Figure 2).

Medical practice in the 21st century is actively
integrating digital and biotechnological tools into
the rehabilitation process. Heart rate variability
(HRV) monitoring enables the assessment of athletes’
recovery capacity and the identification of optimal
moments for increasing training loads. The use of
GPS and inertial sensors provides precise control of
external load (number of jumps, accelerations, impact
forces), while biofeedback promotes self-regulation
and prevents overtraining. In clinical centers and
sports clubs, virtual and augmented reality (VR/
AR) are increasingly being applied to restore motor
functions, demonstrating effectiveness in accelerating

PRINCIPLES OF HANDBALL REHABILITATION

Principle Tools Expected outcomes
e Individual QOptimization
* Personalization | characteristics | of recovery and
(age, sex, avoidance premaun
injury history
" Plyometric Restoration
+ Functionalnal . .
arientation drills, | of handball-specific
proprioceptive abilities
exercises
+ Tecmological | @RV @ | Monitoring and
iy i
¥ 0‘ GRS g recOvery processes
VR/AR
« Energetic Eiﬁ'ieﬁw*‘ Physiological
: rom aerobic readiness for play
phasing to anaerobic
alactic

Fig. 2. Principles of handball rehabilitation
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neuroplastic processes
motivation for recovery.

Thus, personalization ensures the alignment
of rehabilitation with the athlete’s medical and
functional needs; functional orientation restores
sport-specific skills; and technological support makes
the process more precise, controlled, and evidence-
based. The combination of these approaches forms a
modern medical-rehabilitation standard that not only
accelerates handball players’ return to play but also
significantly reduces the risk of reinjury and enhances
the quality of sporting longevity.

Eachathlete recovers within different physiological
timeframes, which are determined by individual
differences in tissue regeneration rates, hormonal
profile, immune system condition, and aerobic-
anaerobic potential. For example, microtrauma of
muscles typically requires 48—72 hours for recovery,
whereas ligament and cartilage damage may take
weeks to months due to lower tissue vascularization.
Therefore, personalization allows practitioners to
avoid both premature return to play and excessive
immobilization, which may lead to muscle atrophy
and reduced neuromuscular control.

The physiology of movement confirms that
recovery should be based on the principle of specific
adaptation to imposed demands (SAID): the body
adapts precisely to the loads it is exposed to. For
handball, these include explosive jumps, rapid
changes of direction, and high-intensity throws.
Exercises that closely resemble game-specific
actions contribute to: the activation of fast motor
units (type IIb), the restoration of intermuscular
coordination, and the reduction of imbalances in the
kinetic chain.

Thus, functional orientation not only restores
strength or mobility but also re-establishes the energy
and neuromuscular mechanisms specific to handball.

Technological  support and control  of
physiological markers are central to this process:
HRV monitoring reflects the balance of the
sympathetic and parasympathetic nervous systems,
allowing an objective assessment of fatigue and
readiness for training; GPS and inertial sensors
provide quantitative indicators of jumping activity,
impact loads, and accelerations, which correlate with
tissue microtrauma; biofeedback (e.g., respiratory or
muscular) facilitates conscious activation or relaxation
of specific groups, reducing the risk of reinjury;
VR/AR protocols stimulate neuroplasticity, as
visuomotor imagery activates the same brain regions
as real movement execution, thereby accelerating the
restoration of motor functions after injury.

Energy mechanisms of rehabilitation include the
following: in the early phases, the aerobic component

and enhancing athletes’
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dominates, providing tissue nourishment and
oxygenation for recovery. In functionally specific
exercises, the anaerobic alactic and glycolytic
systems are activated, which are essential for jumping
and explosive actions. Such a gradual progression
guarantees the physiological readiness of the athlete
for the full spectrum of game activities.

Personalization makes it possible to take into
account regeneration rates and individual biological
characteristics; functional orientation restores the
energy and neuromuscular mechanisms specific to
handball; and technological support ensures objective
monitoring and stimulates neuroplastic processes.
Together, these factors form a modern rehabilitation
model that is medically safe, physiologically sound,
and sport-effective.

Conclusions. Physical rehabilitation in handball
is a key component for maintaining athletes’ work-
ing capacity and sporting longevity. The high injury
rate, caused by the dynamic and contact nature of
the game, requires the integration of systematic
recovery programs into the training process.

The personalization of rehabilitation protocols is
justified by medical and physiological differences
between athletes (age, sex, injury history, level of
physical preparedness). An individually oriented
approach allows optimization of recovery timelines
and minimization of the risk of reinjury.

The functional orientation of programs ensures the
restoration of motor and energy mechanisms specific
to handball. The inclusion of plyometric drills, pro-
prioceptive training, and exercises closely resembling
game activity helps to restore kinetic chains, improve
intermuscular coordination, and enhance the safety of
return to competition.

Technological support (HRV monitoring, GPS/
inertial sensors, biofeedback, VR/AR technologies)
makes the rehabilitation process more precise and
controlled. This allows the adaptation of loads to the
athlete’s actual condition, stimulation of neuroplasti-
city, and reduction of overtraining risks.

The systemic and multilevel structure of rehabil-
itation programs is consistent with the concepts of
the injury prevention continuum and creates a dual
effect — both restorative and preventive. Rehabilita-
tion is not viewed as the final stage after injury, but as
an integrated part of preparation that builds resilience
against recurrent injuries.

Promising directions for future research include:
the standardization of rehabilitation and injury pre-
vention protocols in handball; the investigation of
psychophysiological factors in recovery; and the
application of digital technologies (mobile appli-
cations, VR/AR, sensor systems) for individualized
monitoring of the rehabilitation process.
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