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Abstract
Purpose. Mine-blast injuries represent a leading cause of modern combat-related trauma, often re-

sulting in unilateral or bilateral lower-limb amputation. One of the most promising contem-
porary approaches in rehabilitation of the wounded with lower limb amputations is adaptive 
sports, in particular, adaptive rowing. The study aimed to investigate the effectiveness of 
adaptive rowing in the complex rehabilitation of individuals with lower-limb amputations.

Material & Methods. The study involved 30 wounded servicemen with lower limb amputations un-
dergoing rehabilitation, randomly allocated into a main group (n=15) and a control group 
(n=15). All participants received standard rehabilitation according to established clinical pro-
tocols. The wounded in the main group performed rowing technique exercises in the main part 
of the session, both on the water and on a rowing machine, allowing upper-body engagement 
while accommodating reduced or absent lower-limb function. The rehabilitation course for 
both groups was 30 days. 

Results. Patients in the main group showed a significantly greater improvement (p<0.05) in the in-
dicators for the scales "Physical functioning" and "Social functioning". These improvements 
in the "Physical Functioning" domain may be explained by using more load-bearing exercises 
on the rowing machine. In that case, the improvement in the "Social functioning" assessment 
directly indicates the positive social aspect of using adaptive rowing. The most demonstrative 
changes were in the depression level in the main group, which led to a change in the depres-
sion level assessment from clinically pronounced to subclinical.

Conclusions. The use of adaptive rowing in the comprehensive rehabilitation of the wounded with 
lower limb amputations is an effective method for improving the quality of life and optimizing 
the psycho-emotional status.
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Introduction 
Mine and blast injuries occupy the most prom-

inent place in the structure of modern combat in-
juries, which leads to the need for amputation of 
one or both lower limbs [1, 2]. Rehabilitation of 
this contingent is a challenging task. Injuries of 
this type are accompanied not only by the loss of 

limbs, but also by numerous complications: resid-
ual pain in the limbs, phantom pain, contractures, 
infectious processes, and psychological problems 
[3]. One of the promising areas of rehabilita-
tion for individuals with lower-limb amputations 
is adaptive sports [4, 5]. In particular, adaptive 
rowing may be the most optimal type of adaptive 
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sport for the injured with lower limb amputations 
[6, 7].

The study aims to investigate the effective-
ness of adaptive rowing in the complex rehabilita-
tion of wounded individuals with lower-limb am-
putations.

Material and methods
The study involved 30 military personnel with 

lower limb amputees undergoing rehabilitation 
at the Arcadia Clinical Sanatorium of the State 
Border Service of Ukraine with the support of the 
“Ukraine is Us” charitable foundation. Participants 
were divided into a study group (n=15) and a 
control group (n=15).

The study complied with the principles of bio-
ethics set out in the Declaration of Helsinki and 
the Universal Declaration on Bioethics and Human 
Rights (UNESCO). The study was approved by the 
Bioethics Commission of Odessa National Medical 
University, Protocol No. 9, dated November 12, 
2025. Before inclusion in the study, all patients 
provided written informed consent to participate.

Inclusion criteria: traumatic amputation of 
both lower limbs at the level of the upper third of 
the thigh.

Exclusion criteria: combined injuries of the 
musculoskeletal system and internal organs, 
traumatic brain injury.

Study design: All subjects were randomly as-
signed and blinded to a 15-person main group 
and a control group. All the injured received re-
habilitation according to the standard generally 
accepted method. The rehabilitation program in-
cluded the following activities: exercises to im-
prove blood circulation and muscle tone, exercis-
es to maintain mobility of the hip and knee joints, 
exercises to strengthen the muscles of the back 
and arms (for walking on crutches), balance and 
coordination training, elastic bandaging or silicone 
liners to reduce swelling, development of tactile 
sensitivity (massage, contrast temperatures), 
treatment of phantom pain (physiotherapy, mirror 
therapy), training in self-care, psychosocial reha-

bilitation. The wounded in the control group un-
derwent therapeutic exercises (physical training) 
according to the generally accepted method for 
the long-term rehabilitation stage: the preparato-
ry part lasted 30 minutes, the central part lasted 
60 minutes, and the final part lasted 30 minutes, 
five sessions per week. The central part of the 
session used general developmental and special 
exercises to rehabilitate this type of injury.

The wounded in the main group performed 
rowing technique exercises in the main part of 
the session, both on the water and on a rowing 
machine, allowing the use of the arms and torso 
while accounting for limited or absent leg func-
tion. The rehabilitation course for both groups 
was 30 days.

Before and after rehabilitation, all subjects 
completed a quality-of-life survey using the SF-
36 [8]. The level of depression and anxiety was 
assessed using the HARS–HADS method [9].

Statistical data processing was performed us-
ing XLSTAT 2020. The mean value and standard 
deviation (M±sd) were used to describe the data. 
Due to the small sample size, we used the G-test 
of signs to compare the dynamics of changes with-
in one group (before and after the rehabilitation 
course). The normality of the data distribution was 
assessed using the Shapiro-Wilk test. Independ-
ent sample t-tests for normally distributed vari-
ables were used to assess baseline equivalence 
between the main and control groups. In cases 
where the assumption of normality was violated, 
the Mann–Whitney U test was used. Ninety-five 
percent confidence intervals (95% CIs) were cal-
culated for all primary outcomes to assess the 
precision of the observed effects. The level of sta-
tistical significance was set at p<0.05.

Results
A preliminary study of the quality of life in 

patients yielded the following results (Table 1). 
At baseline, no statistically significant differenc-
es were observed between groups in all meas-
ures (p>0.05), confirming the homogeneity of the 
groups before intervention. No significant differ-

Table 1. Assessment of the quality of life of the wounded before rehabilitation, M±sd
Scales Main Group

n=15
Control group

n=15
Р

Physical Functioning 14.7±1.91 13.7±1.87 >0.05
Role (Physical) Functioning 4.4±0.92 4.0±0.86 >0.05

Pain 7.1±0.78 7.0±0.72 >0.05
General Health 14.2±1.29 14.0±1.25 >0.05
Vitality 15.3±1.64 14.9±1.56 >0.05
Social Functioning 4.8±0.91 4.7±0.89 >0.05
Emotional Functioning 3.4±0.93 3.3±0.91 >0.05
Psychological Health 14.3±1.85 14.2±1.83 >0.05

Note: P – reliability of differences in indicators between the main and control groups 
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ences were found between groups at baseline in 
age (baseline: 26.3±1.7 years; control: 25.8±1.6 
years; p>0.05), time from injury to amputation 
(14.0±1.2 hours vs. 14.0±1.3 hours; p>0.05), 
and time from amputation to start of rehabilitation 
(52.3±12.7 days vs. 51.8±11.9 days; p>0.05), 
indicating baseline comparability.

As can be seen from Table 1, the most pro-
nounced limitations were recorded on the physical 
functioning scale, which may indicate difficulties 
in performing everyday physical activities – walk-
ing, climbing stairs, carrying objects, etc. A sig-
nificant decrease in vitality indicates increased 
fatigue and lower energy levels. Participants also 
noted limitations in performing everyday and pro-
fessional roles due to their physical condition, as 
reflected in indicators of role physical functioning. 
Less pronounced changes were recorded on the 
scales of general health, psychological well-being, 
social and emotional functioning, and pain.

Participants in both groups demonstrated sig-
nificantly reduced scores in physical functioning 
and vitality, indicating limitations in daily activi-
ties and decreased energy levels.

When examining the baseline level of depres-
sion and anxiety, the following values were ob-
tained (Table 2).

Table 2. Assessment of baseline levels of de-
pression and anxiety, M±sd

Scales Main Group
n=15

Control group
n=15

HADS 16.6±2.08 16.4±2.19

HARS 13.4±3.01 13.6±2.88

The obtained data indicate a clinically ex-
pressed level of depression in patients, while 
the anxiety level was at the upper limits of val-
ues related to the borderline state. Both groups 
demonstrated clinically elevated levels of depres-
sion (HADS: 16.6±2.08 vs. 16.4±2.11; p>0.05) 

and borderline anxiety levels (HARS: 13.4±3.01 
vs. 13.5±2.90; p>0.05), with no significant dif-
ferences between groups. Such a state is charac-
teristic of significant psycho-emotional stress in 
patients with this type of injury.

After the rehabilitation course, significant 
changes occurred in both groups (Table 3).

As Table 2 shows, positive changes were 
found in almost all scales in both groups, which 
indicates the effectiveness of the rehabilitation 
programs used. In particular, the main group 
showed significant improvements in: Physical 
functioning – Δ=+10.5; p<0.001, Social function-
ing – Δ=+4.2; p<0.01, General health, vitality, 
and psychological health – p<0.05. The control 
group also showed improvements in: Physical 
functioning (Δ=+4.3 points; p<0.05; moderate 
effect size), General health and vitality (p<0.05; 
small to moderate effects). No statistically signif-
icant changes in physical role functioning, pain or 
emotional functioning were found in any of the 
groups (p>0.05).

Comparison of change scores (after–before) 
showed significantly greater improvements in the 
main group compared to the control group for: 
Physical functioning – Δ: +10.5 vs. +4.3; p<0.05, 
Social functioning – Δ: +4.2 vs. +1.8; p<0.05.

No statistically significant differences between 
groups were observed for: General health, Vitali-
ty, Psychological health.

Changes in the level of depression and anxie-
ty, assessed using the HADS - HARS method, are 
presented in Table 4.

As Table 2 shows, both groups demonstrated 
reduced levels of depression and anxiety after re-
habilitation. Рositive changes were found in almost 
all scales in both groups, unidirectional changes 
indicated an improvement in the psycho-emo-
tional status of patients. Thus, after completing 
the rehabilitation cycle, anxiety levels decreased 
by 27.6% in the study group and 21.6% in the 

Table 3. Changes in assessing the quality of life under the influence of the rehabilitation course, M±sd

Scales

Main Group
n=15

Control group
n=15

Р
Before 

rehabilitation After rehabilitation Before 
rehabilitation After rehabilitation

Physical Functioning 13.6±1.94 24.1±1.91*** 13.7±1.87 18.0±1.89* <0.05
Role (Physical) Functioning 3.9±0.83 5.4±1.00 4.0±0.86 5.1±1.00 >0.05
Pain 6.9±0.74 5.6±0.70 7.0±0.72 5.5±0.80 >0.05
General Health 14.2±1.23 17.9±1.38* 14.0±1.25 17.7±1.36* >0.05
Vitality 15.0±1.54 18.7±1.52* 14.9±1.56 18.8±1.46* >0.05
Social Functioning 4.7±0.96 8.9±0.99** 4.7±0.89 6.5±0.94 <0.05
Emotional Functioning 3.4±0.74 4.8±0.98 3.3±0.91 4.7±0.95 >0.05
Psychological Health 14.3±1.78 19.6±2.06** 14.2±1.83 19.3±2.08* >0.05

Note: * – statistical significance of changes in indicators in the main and control groups before and after rehabilitation: 
* – (<0.05), ** – (<0.01);

P – reliability of differences in indicators between the main and control groups after rehabilitation.

© 2026 Іushkovska et al.
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control group, reaching a stable borderline lev-
el. The most significant changes were observed in 
depression levels. A decrease in values was also 
observed in both groups, but it was more signifi-
cant: 41.9% in the main group and 28.1% in the 
control group. In the main group, this decrease 
was statistically significant (p<0.05), which led 
to a change in the depression level assessment 
from clinically pronounced to subclinical. These 
changes may indicate a greater effectiveness of 
adaptive rowing in the complex rehabilitation of 
patients with lower-limb amputations.

For comparison, in the main group, Depres-
sion (HADS) decreased significantly (Δ=−4.9; 
p<0.01), and Anxiety (HARS) decreased (Δ=−2.9; 
p<0.05). In the control group, Depression de-
creased (Δ=−3.6; p<0.05), and the decrease 
in anxiety did not reach statistical significance 
(p>0.05). Comparison of change scores (after–
before) showed no significant differences in anxi-
ety and depression scores (p>0.05), although the 
trends favored the main group. The magnitude of 
improvement in the main group suggests that the 
inclusion of adaptive rowing provides additional 
benefits over standard rehabilitation.

Discussion
Rehabilitation of the wounded in Ukraine and 

around the world is developing through a com-
prehensive, individualized approach, emphasizing 
early initiation of activities and interdisciplinary 
cooperation. Since 2014, after the outbreak of the 
armed conflict in the east of the country, Ukraine 
has been actively developing a rehabilitation sys-
tem for military and civilians injured in combat 
[10-12]. Particular attention is paid to physical 
rehabilitation aimed at restoring limb function 
and improving patients’ general physical condi-
tion [13, 14].

Modern approaches to rehabilitation include 
comprehensive programs that combine physical 
methods, psychological support, and social adap-
tation. One of the most critical components is the 
early initiation of rehabilitation, which contributes 
to more effective patient recovery [15, 16].

Early initiation of rehabilitation measures, in-
cluding stump formation, is critical for successful 
prosthetics and functional restoration. Developing 
effective rehabilitation programs requires consid-
ering the specifics of the injuries sustained, the 
patient’s general health condition, and the pa-
tient’s individual needs [17, 18]. Adaptive sports 
play a key role in the rehabilitation of patients 
with lower-limb amputations. They promote not 
only physical recovery but also improvement of 
the psycho-emotional state, increased quality of 
life, and, most importantly, integration into soci-
ety.

Comprehensive rehabilitation of patients with 
lower limb amputations includes the following 
components:

● Physical rehabilitation and functional adap-
tation aim to improve muscle strength and endur-
ance. Development of coordination and balance: 
the inclusion of adaptive sports in the rehabilita-
tion process helps patients quickly master the use 
of prostheses and increase mobility. Reducing the 
risk of secondary complications: regular physical 
activity reduces the likelihood of physical inactiv-
ity, excess weight, and cardiovascular diseases.

● Psycho-emotional rehabilitation: increas-
ing motivation and self-confidence. Participation 
in sports activities helps patients overcome fears 
and doubts. Combating depression and anxiety: 
Sports promote the release of endorphins, which 
improve mood and reduce stress levels. Devel-
oping a sense of social belonging: inclusion in a 
sports community allows patients to feel part of 
a team and receive support from other athletes 
[The Role of Occupational Therapy in Amputee 
Rehab].

● Social adaptation and improved quality 
of life: Increased independence and the devel-
opment of physical skills make everyday tasks 
(movement, household activities) more accessi-
ble. Opportunity for professional development: 
Participation in competitions can open up new ca-
reer prospects (e.g., paralympic sports, coaching, 
participation in public initiatives).

Adaptive rowing is among the most advanta-
geous adaptive sports for patients with lower-limb 

Table 4. Dynamics of the level of depression and anxiety under the influence of the rehabilitation 
course, M±sd

Scales

Main Group
n=15

Control group
n=15

Р
Before 

rehabilitation After rehabilitation Before 
rehabilitation After rehabilitation

HADS 16.6±2.08 11.7±2.07* 16.4±2.11 12.8±2.24 >0.05

HARS 13.4±3.01 10.5±2.87 13.5±2.90 11.1±2.84 >0.05
Note: * − statistical significance of changes in indicators in the main and control groups before and after rehabilitation:* 

− (<0.05); 
P − reliability of differences in indicators between the main and control groups after rehabilitation

© 2026 Іushkovska et al.
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amputations. It is a form of rowing that allows 
people with physical disabilities, including those 
with lower-limb amputations, to engage in sports. 
Adaptive rowing exercises engage nearly all mus-
cle groups, especially the upper shoulder girdle 
and trunk. This helps to strengthen the core mus-
culature and improve endurance and coordination 
of movements. Adaptive rowing is one of the most 
advantageous types of adaptive training. Research 
shows that athletes with lower-limb amputations 
experience decreased physical performance and 
changes in their functional state. Therefore, an 
individual approach to the training process, taking 
into account each athlete’s physiological and psy-
chophysiological characteristics, is a key factor in 
successful rehabilitation [19, 20].

Adaptive rowing is prevalent among veterans 
and people with disabilities in the United States 
and Canada. In Australia, adaptive rowing has 
been popular with veterans injured during World 
War II, highlighting its long-standing role in reha-
bilitation [21, 22].

Adaptive rowing’s integration into internation-
al competition has contributed to its growth. In 
1993, adaptive rowing was included as a demon-
stration event in the FISA World Junior Rowing 
Championships and then became a permanent 
part of the World Rowing Championships in 2002. 
The sport received significant recognition when 
the International Paralympic Committee voted 
to include adaptive rowing in the 2008 Beijing 
Paralympic Games, spurring global growth and 
participation [23].

Our study’s data confirm the feasibility of in-
cluding adaptive rowing classes as a part of  com-
prehensive rehabilitation of wounded people with 
lower limb amputations.

The study has several limitations. The main 
ones include a small sample size, age restrictions, 
and time limitations after amputation. Expanding 
these parameters would allow for a more compre-
hensive study of the impact of adaptive rowing on 
the effectiveness of amputee rehabilitation.

Conclusions
The use of adaptive rowing in the comprehen-

sive rehabilitation of the wounded with lower limb 
amputations is an effective method for improving 
the quality of life and optimizing the psycho-emo-
tional status.
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