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Abstracts 

Introduction. To evaluate the effectiveness of a physical therapy program based on changes in postural 

stability, balance, and kinesiophobia in military personnel with traumatic brain injury sequelae and transtibial 

amputation.  

Materials and Methods. The study involved 94 male servicemen of the Armed Forces of Ukraine. The control 

group consisted of 32 apparently healthy combat veterans. The experimental cohort included 62 servicemen with 

transtibial amputation and sequelae of mild traumatic brain injury (mTBI), who were randomized into two 

subgroups: experimental group 1 (EG1) (n=32), which received a standard rehabilitation program, and 

experimental group 2 (EG2) (n=30), for which a comprehensive physical therapy program was developed taking 

into account the consequences of the combined injury. The intervention lasted 8 weeks. Outcome measures 

included stabilometric parameters, the Modified Clinical Test of Sensory Interaction on Balance (m-CTSIB), Berg 

Balance Scale (BBS), Activities-specific Balance Confidence Scale (ABC Scale), Falls Efficacy Scale (FES), and 

Tampa Scale for Kinesiophobia (TSK). 

Results. Prior to the intervention, patients with transtibial amputation and TBI sequelae demonstrated 

statistically significant impairments in postural control compared with the control group (p<0.05), manifested by an 

increase in center of pressure (CoP) sway area under eyes-open conditions to 225.17±11.09 mm² in EG1 and 

216.71±10.15 mm² in EG2 versus 96.75±4.10 mm² in the control group, as well as an increase in CoP velocity to 

17.62±0.84 mm/s and 18.10±1.12 mm/s, respectively, compared with 5.75±0.61 mm/s in the control group 

(p<0.05). Following physical therapy, improvements were observed in both experimental groups; however, 

significantly greater changes were demonstrated in EG2 (p<0.05). In EG2, the CoP sway area decreased from 

216.71±10.15 mm² to 162.43±10.14 mm² (25.0%), while CoP velocity decreased from 18.10±1.12 mm/s to 

9.19±0.53 mm/s (49.2%). The m-CTSIB performance in the Foam Surface, Eyes Closed condition increased from 

13.11±0.67 s to 23.44±0.68 s (78.8%; p<0.05). BBS scores improved from 22 [19; 25] points to 38 [35; 40] points, 

and ABC Scale scores increased from 46.19±3.52% to 70.05±2.13%. At the same time, FES and TSK scores 

decreased from 70 [65; 73] points to 43 [39; 48] points and from 54 [50; 58] points to 35 [31; 40] points, 

respectively (p<0.05). 

Conclusions. Military personnel with transtibial amputation combined with traumatic brain injury sequelae 

exhibit marked impairments in postural stability, balance, and psychofunctional status. The comprehensive physical 

therapy program resulted in statistically significant improvements in stabilometric and functional outcomes and 

contributed to reductions in kinesiophobia and fear of falling. 

http://creativecommons.org/licenses/by/4.0/
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Мета. Оцінити ефективність програми фізичної терапії за динамікою показників постуральної стійкості, 

рівноваги та кінезіофобії у військовослужбовців із наслідками черепно-мозкової травми та транстібіальною 

ампутацією. 

Матеріали та методи. У дослідженні взяли участь 94 чоловіки – військовослужбовці Збройних сил 

України. Контрольну групу склали 32 умовно здорові учасники бойових дій. До експериментальної групи 

включено 62 військовослужбовці з транстібіальною ампутацією та наслідками легкої черепно-мозкової 

травми, які були рандомізовані на дві підгрупи: експериментальну групу 1 (ЕГ) (n=32), що проходила 

стандартну програму реабілітації, та експериментальну групу 2 (ЕГ2) (n=30), для якої була розроблена 

комплексна програма фізичної терапії з урахуванням наслідків поєднаної травми. Тривалість втручання 

становила 8 тижнів. Оцінювали показники стабілометрії, результати Modified Clinical Test of Sensory 

Interaction on Balance (m-CTSIB), Berg Balance Scale (BBS), Activities-specific Balance Confidence Scale (ABC 

Scale), Fall Efficacy Scale (FES) та Tampa Scale for Kinesiophobia (TSK).  

Результати. До початку фізичної терапії у пацієнтів із транстібіальною ампутацією та наслідками ЧМТ 

виявлено статистично значущі порушення постурального контролю порівняно з контрольною групою 

(р<0,05), що проявлялися збільшенням площі статокінезіограми при відкритих очах до 225,17±11,09 мм² у 

ЕГ1 та 216,71±10,15 мм² у ЕГ2 проти 96,75±4,10 мм² у контролі, а також підвищенням швидкості 

переміщення центру тиску до 17,62±0,84 мм/с та 18,10±1,12 мм/с відповідно проти 5,75±0,61 мм/с (р<0,05). 

Після завершення фізичної терапії в обох групах спостерігалось покращення показників, однак більш 

виражені зміни були характерні для ЕГ2 (р<0,05). Площа статокінезіограми у ЕГ2 зменшилася з 

216,71±10,15 мм² до 162,43±10,14 мм² (на 25,0 %), а швидкість переміщення центру тиску – з 18,10±1,12 

мм/с до 9,19±0,53 мм/с (на 49,2 %). Показник m-CTSIB у пробі на м’якій поверхні з закритими очами 

збільшився з 13,11±0,67 с до 23,44±0,68 с (на 78,8 %; р<0,05). Показники BBS зросли з 22 [19; 25] балів до 

38 [35; 40] балів, ABC Scale – з 46,19±3,52 % до 70,05±2,13 %, тоді як FES та TSK знизилися з 70 [65;73] 

балів до 43 [39; 48] балів та з 54 [50; 58] балів до 35 [31; 40] балів відповідно (р<0,05). 

Висновки. У військовослужбовців із транстібіальною ампутацією, поєднаною з наслідками черепно-

мозкової травми, встановлено виражені порушення постуральної стійкості, рівноваги та 

психофункціонального стану. Комплексна програма фізичної терапії забезпечила статистично значуще 

покращення стабілометричних і функціональних показників та сприяла зменшенню проявів кінезіофобії і 

страху падіння. 

Ключові слова: фізична терапія, військовослужбовці, ампутація, черепно-мозкова травма, неврологія, 

травматологія, постуральна стабільність, кінезіофобія, порушення рівноваги, ризик падіння. 
 

 

1. Introduction 

Active military operations in Ukraine have been 

accompanied by a substantial increase in the 

number of servicemen with severe combined 

injuries, among which lower-limb amputations and 

traumatic brain injuries (TBIs) occupy a leading 

position. As a consequence of blast-related injuries 

and polytrauma, the combination of transtibial 

amputation and TBI sequelae represents one of the 

most common clinical patterns of combat-related 

trauma and is associated with long-term functional 

limitations, reduced mobility, and impaired social 

reintegration. According to recent studies, TBIs 

account for up to 22–25% of all combat-related 

injuries, while the incidence of lower-limb 

amputations continues to increase as a result of 

blast trauma [3; 4]. 

One of the key components of functional 

recovery is the restoration of adequate postural 

control and balance, which determine an 

individual’s ability to ambulate safely, maintain an 

upright posture, and perform activities of daily 

living. Postural stability is maintained through the 

interaction of the somatosensory, visual, and 

vestibular systems and depends on effective 

sensorimotor integration. Impairment of these 

mechanisms results in instability and an increased 

risk of falls. It has been reported that the risk of 

falling among individuals with lower-limb 

amputation is 2–3 times higher than that observed 

in the healthy population [5; 13]. 

Transtibial amputation leads to alterations in 

movement biomechanics and postural control due 

to the loss of the distal limb segment, reduced 

proprioceptive afferentation, and asymmetrical 

weight distribution. These patients typically 

demonstrate increased postural sway, reduced 
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limits of stability, and greater dependence on 

visual input to maintain balance [11]. 

The sequelae of TBI further complicate the 

recovery process due to vestibular dysfunction, 

asthenovegetative manifestations, cognitive 

impairment, and disturbances in sensorimotor 

integration. Even after the resolution of the 

primary symptoms, patients may continue to 

experience dizziness, gait instability, and impaired 

coordination for prolonged periods [1; 2]. 

According to the literature, post-concussive 

symptoms may persist for more than 6–12 months 

in 15–30% of patients [8; 9]. 

The combination of transtibial amputation and 

TBI sequelae constitutes a complex pathological 

condition involving simultaneous impairment of 

both peripheral and central mechanisms 

responsible for balance maintenance. In such 

patients, adaptation to prosthetic use becomes 

more challenging, tolerance to physical exertion is 

reduced, and the ability to acquire new motor skills 

is compromised. The rehabilitation process may be 

further complicated by phantom limb pain, chronic 

pain syndrome, sleep disturbances, and 

psychological disorders, particularly kinesiophobia 

[5; 12]. 

Contemporary physical therapy programs 

focused on balance training, sensorimotor control, 

and functional mobility have demonstrated 

positive effects on postural stability in individuals 

following lower-limb amputation [10; 11], TBI [7; 

14; 16], and other complex functional disorders [6; 

15]. However, the effectiveness of physical 

therapy in military personnel with concomitant 

transtibial amputation and TBI sequelae remains 

insufficiently investigated. 

Therefore, studying postural stability and 

balance in military personnel with transtibial 

amputation combined with TBI sequelae, as well 

as evaluating the effectiveness of physical therapy 

programs aimed at improving sensorimotor control 

and functional mobility, is of considerable clinical 

and scientific relevance. 

2. The aim of the study 

The aim of this study was to evaluate the 

effectiveness of a physical therapy program by 

assessing changes in postural stability, balance, 

and kinesiophobia in military personnel with 

traumatic brain injury sequelae and transtibial 

amputation.  

3. Materials and methods 

The study involved 94 male servicemen of the 

Armed Forces of Ukraine. 

The control group (CG) consisted of 32 men 

aged 28.4±2.7 years with no significant 

musculoskeletal impairments (apparently healthy 

combat veterans). 

The experimental group (EG) included 62 men 

aged 28.6±2.7 years who were wounded 

servicemen with transtibial amputation and 

traumatic brain injury (TBI) sequelae. Participants 

were randomly allocated into two subgroups. 

Experimental group 1 (EG1) consisted of 32 

men who underwent an 8-week rehabilitation 

program based on the standard principles of 

residual limb adaptation to a temporary prosthesis. 

The program included therapeutic exercises aimed 

at strengthening the residual limb musculature, 

exercises to improve the range of motion of the 

knee and hip joints, static and dynamic balance 

training in the standing position, and gait training 

with a prosthesis, in accordance with the 

Rehabilitation Care Standard «Provision of 

Rehabilitation Care for Adults and Children 

Following Limb Amputation». 

For participants in experimental group 2 (EG2), 

which included 30 men, a comprehensive 8-week 

physical therapy program was developed. In 

addition to the recommendations outlined in the 

rehabilitation standard, the program was tailored to 

the specific neurological and orthopedic 

impairments associated with the combined injury. 

Inclusion Criteria: 

- A history of blast injury resulting in both 

traumatic brain injury and lower-limb trauma that 

necessitated amputation; 

- Sequelae of mild traumatic brain injury 

(concussion); 

- Transtibial amputation at the level of the 

proximal or middle third of the lower leg, during 

the adaptation period to a temporary prosthesis; 

- Prosthetic mobility level of K2 according to 

the K-level (K0–K4) classification; 

- Residual limb pain not exceeding 5 points 

during weight-bearing activities; 

- Preserved upper-limb function, including 

the ability to bear weight through the upper 

extremities, grasp, and hold objects; 

- Provision of written informed consent to 

participate in the study. 

Exclusion Criteria: 

- Moderate or severe traumatic brain injury; 
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- Moderate or severe cognitive impairment; 

- Polytrauma involving penetrating injuries 

to the thoracic and/or abdominal organs; 

- Exacerbation of chronic somatic disease at 

the time of assessment; 

- Grade II–IV burn injury; 

- Spinal cord injury; 

- Uncorrected injury of the intact lower limb 

or other components of the musculoskeletal system 

at the time of assessment that affected the ability to 

achieve upright standing or independent 

ambulation (including the use of an external 

fixation device); 

- Refusal to participate in the study. 

The developed physical therapy program lasted 

8 weeks and consisted of two consecutive phases: 

4 weeks of supervised rehabilitation sessions 

conducted in the hospital rehabilitation 

department, followed by 4 weeks of independent 

home-based training with remote monitoring and 

support provided by a physical therapist. Each 

session included mandatory components targeting 

the consequences of both traumatic brain injury 

and amputation, as well as an individualized 

component designed to address patient-specific 

rehabilitation goals related to concomitant injuries, 

comorbidities, and functional limitations. 

The daily rehabilitation sessions were 90 

minutes in duration and included the following 

components: 

- Balance training using the MFT Challenge 

Disc Digital (MFT Bodyteamwork GmbH, 

Austria), a biofeedback-based balance platform 

that connects to a smartphone, tablet, or television 

via a dedicated application. Through interactive, 

game-based tasks controlled by lower-limb 

movements, participants performed exercises 

aimed at improving balance and postural control. 

- Therapeutic exercises utilizing the MFT 

Balance Sensor (MFT Bodyteamwork GmbH, 

Austria) attached to a Swiss ball and an inflatable 

balance cushion. Using a similar biofeedback 

principle, these exercises were designed to 

improve balance performance in various starting 

positions. 

- Gait training on stairs and uneven surfaces 

with the gradual progression of walking speed and 

distance to enhance endurance, performed both 

with and without the use of crutches. 

- Dual-task gait and balance training. 

- Therapeutic exercises aimed at increasing 

muscle strength of the residual limb, the intact 

lower limb, the trunk, and the upper extremities, 

including exercises performed with a medical 

rebounder. 

- Therapeutic exercises designed to maintain 

and improve spinal and joint flexibility, with 

particular emphasis on the hip and knee joints of 

the amputated limb. 

- Residual limb management, including 

monitoring of pain intensity and visual signs of 

inflammation. 

- Psycho-emotional support and correction, 

aimed at creating a positive emotional environment 

during rehabilitation sessions, improving 

motivation through the achievement of 

individualized rehabilitation goals, and reducing 

manifestations of kinesiophobia. 

The home-based continuation phase of 

rehabilitation was implemented because both 

traumatic brain injury and amputation require 

long-term correction of motor impairments that 

extends beyond the duration of inpatient treatment 

and may exceed the period during which patients 

remain in a single healthcare facility due to 

medical evacuation procedures. In the present 

study, this issue was addressed by enrolling 

patients residing within the same administrative 

region as the hospital where the study was 

conducted, which enabled follow-up assessment 

and evaluation of the effectiveness of the 

developed physical therapy program. 

During this phase (4 weeks; daily 60-minute 

sessions), participants independently performed a 

prescribed therapeutic exercise program that 

logically extended and reinforced the effects 

achieved during the first stage of rehabilitation. 

The program included exercises aimed at 

improving muscle strength, balance, and aerobic 

endurance. In addition, participants practiced 

Schultz autogenic training. 

Patients maintained a self-management diary 

that included daily records of walking distance 

measured using a GPS tracker, training load 

parameters (weight and number of repetitions), and 

monitoring of residual limb pain. 

All participants underwent assessment on the 

ST-150 stabilometric platform twice, at Weeks 4 

and 12 of the implemented physical therapy 

program. Testing was performed according to a 

standardized protocol under eyes-open and eyes-

closed conditions, with foot placement based on 

the accepted American standard. The following 

stabilometric parameters were analyzed: the root 
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mean square deviation of the center of pressure 

(CoP) projection along the frontal and sagittal axes 

(X and Y, mm); CoP velocity (V, mm/s), 

calculated as the ratio of the CoP trajectory length 

to the duration of the test; sway area (S, mm²), 

defined as the area enclosed by the CoP trajectory; 

and the Romberg ratio, which was used to assess 

the contribution of visual input to balance control. 

Several measures of balance and balance-

related fall risk were also evaluated. 

The Modified Clinical Test of Sensory 

Interaction on Balance (m-CTSIB) was used to 

assess sensory integration and postural stability. 

This test evaluates balance performance under 

different sensory conditions by systematically 

manipulating visual and somatosensory input. The 

assessment was performed under four standardized 

conditions: Firm Surface, Eyes Open; Firm 

Surface, Eyes Closed; Foam Surface, Eyes Open; 

and Foam Surface, Eyes Closed. Each trial lasted 

30 seconds. 

Balance performance was assessed using the 

Berg Balance Scale (BBS), which consists of 14 

functional tasks designed to evaluate static and 

dynamic balance during changes in body position, 

standing, and mobility activities. The maximum 

possible score is 56 points, with higher scores 

indicating better postural control and a lower risk 

of falling. 

Fear of falling and confidence during the 

performance of daily activities were assessed using 

the Falls Efficacy Scale (FES). The scale includes 

a range of household and functional activities for 

which participants rate their confidence in 

avoiding a fall while performing each task. Each 

item is scored on a 10-point scale, where lower 

scores indicate greater confidence and less fear of 

falling, whereas higher scores reflect increased 

caution and greater restriction of physical activity 

due to concerns about balance loss. The total score 

ranges from 10 to 100 points. 

Subjective balance confidence was evaluated 

using the Activities-specific Balance Confidence 

Scale (ABC Scale). The scale consists of 16 items 

assessing the participant’s confidence in 

maintaining balance while performing various 

activities of daily living. Responses are scored 

from 0% to 100%, with higher scores indicating 

greater balance confidence and a lower risk of 

falling. 

The level of kinesiophobia was assessed using 

the Tampa Scale for Kinesiophobia (TSK), a 

questionnaire designed to evaluate fear of 

movement and avoidance of physical activity 

associated with expectations of pain, injury, or 

falling. The scale consists of 17 items rated on a 4-

point Likert scale. Total scores range from 17 to 68 

points, with higher scores indicating greater levels 

of kinesiophobia and more pronounced restriction 

of physical activity. 

The study was conducted in accordance with 

the ethical principles outlined in the World 

Medical Association Declaration of Helsinki: 

Ethical Principles for Medical Research Involving 

Human Subjects. All wounded servicemen and 

participants in the control group provided written 

informed consent prior to participation in the 

study. The study protocol was reviewed and 

approved by the Bioethics Committee of Vasyl 

Stefanyk Сarpathian National University. 

Statistical analysis was performed using IBM 

SPSS Statistics software. Quantitative data were 

analyzed using descriptive statistical methods. For 

normally distributed variables, results were 

presented as the mean (M), standard deviation 

(SD), and standard error of the mean (SEM), 

whereas non-normally distributed variables were 

reported as the median (Me) and interquartile 

range [Q1; Q3], where Q1 and Q3 represented the 

25th and 75th percentiles, respectively. These 

measures were used to characterize the central 

tendency and variability of the study data. 

Differences were considered statistically 

significant at p<0.05. 

To evaluate relationships between the studied 

variables, correlation analysis was performed using 

Spearman’s rank correlation coefficient. The 

strength and direction of correlations were 

determined between measures of postural stability, 

balance, and functional mobility. Statistical 

significance was established at p<0.05. 

4. Results and discussion 

The initial stabilometric assessment of military 

personnel with TBI sequelae and transtibial 

amputation demonstrated statistically significant 

impairments in postural control compared with the 

control group. Prior to the initiation of physical 

therapy, both experimental groups exhibited 

substantial deviations in CoP projection along the 

frontal and sagittal axes, increased sway area, 

elevated CoP velocity, and altered Romberg ratio 

values (p<0.05) (Table 1). 
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The most pronounced abnormalities were 

observed along the Y-axis, which reflects 

anteroposterior body stability. During the eyes-

closed condition, the mean value in EG1 prior to 

physical therapy was −111.18±4.16 mm, whereas 

in EG2 it was −117.22±5.13 mm, compared with 

−30.85±2.25 mm in the control group (p<0.05). 

These findings indicate marked impairment of the 

mechanisms responsible for maintaining upright 

posture and reduced efficiency of sensorimotor 

control in military personnel with combined 

injuries. 

A similar pattern was observed in the analysis 

of sway area. At baseline, sway area under eyes-

open conditions exceeded the values observed in 

the control group by more than twofold: 

225.17±11.09 mm² in EG1 and 216.71±10.15 mm² 

in EG2 versus 96.75±4.10 mm² in the control 

group (p<0.05). Under eyes-closed conditions, 

these differences became even more pronounced, 

reaching 280.13±12.35 mm² and 273.08±12.44 

mm², respectively, compared with 145.15±10.13 

mm² in the control group (p<0.05). The increase in 

sway area indicated impaired postural stability and 

greater reliance on compensatory mechanisms for 

balance maintenance. 

Comparable alterations were observed for CoP 

velocity. Prior to physical therapy, CoP velocity 

under eyes-open conditions was 17.62±0.84 mm/s 

in EG1 and 18.10±1.12 mm/s in EG2, nearly three 

times higher than that observed in the control 

group (5.75±0.61 mm/s). Under eyes-closed 

conditions, CoP velocity increased to 27.69±1.19 

mm/s and 26.17±1.25 mm/s, respectively, 

indicating a substantial deterioration in postural 

control when visual input was removed. 

Following the implementation of the physical 

therapy programs, improvements in stabilometric 

parameters were observed in both experimental 

groups; however, more pronounced positive 

changes were demonstrated in EG2. Sway area 

under eyes-open conditions decreased by 25.0% in 

EG2 compared with 11.5% in EG1 (p<0.05). 

Under eyes-closed conditions, the corresponding 

reductions were 19.8% and 13.6%, respectively 

(p<0.05). CoP velocity under eyes-open conditions 

decreased by 49.2% in EG2, whereas the reduction 

in EG1 was 22.2% (p<0.05). Similar trends were 

observed under eyes-closed conditions (Table 1). 

Analysis of the Romberg ratio demonstrated 

that, prior to physical therapy, its values in the 

experimental groups were lower than those 

observed in the control group (124.41±8.16% and 

126.01±5.10% versus 150.03±6.23%, respectively; 

p<0.05), which may indicate impaired sensory 

integration mechanisms and reduced efficiency in 

the use of visual input for balance control, 

potentially associated with TBI-related deficits. 

Following physical therapy, the Romberg ratio 

increased to 134.78±6.32% in EG2 (p<0.05), 

suggesting improved sensory adaptation and more 

effective utilization of balance-maintenance 

mechanisms. 

 

Table 1  

Changes in stabilometric parameters in military personnel with TBI sequelae and transtibial 

amputation under the influence of a physical therapy program 

Parameter Control group 

(n=32) 

EG1 (n=32) EG2 (n=30) 

Before physical 

therapy 

After physical 

therapy 

Before physical 

therapy 

After physical 

therapy 

Eyes Open, X (mm) -0.73±0.44 -6.12±0.42* -5.10±0.29*° -5.90±0.50* -3.75±0.63*°• 

Eyes Closed, X (mm) -1.46±0.52 -10.93±0.79* -7.34±0.61*° -11.48±1.18* -5.53±0.49*°• 

Eyes Open, Y (mm) -25.12±1.63 -83.12±5.41* -67.34±3.45*° -80.55±3.12* -51.11±4.19*°• 

Eyes Closed, Y (mm) -30.85±2.25 -111.18±4.16* -94.25±4.19*° -117.22±5.13* -72.54±3.60*°• 

Eyes Open, Sway 

Area (mm²) 

96.75±4.10 225.17±11.09* 199.18±5.16*° 216.71±10.15* 162.43±10.14*°• 

Eyes Closed, Sway 

Area (mm²) 

145.15±10.13 280.13±12.35* 241.92±10.17*° 273.08±12.44* 218.92±12.16*°• 

Eyes Open, CoP 

Velocity (mm/s) 

5.75±0.61 17.62±0.84* 13.70±0.67*° 18.10±1.12* 9.19±0.53*°• 

Eyes Closed, CoP 

Velocity (mm/s) 

11.07±1.12 27.69±1.19* 21.62±1.00*° 26.17±1.25* 17.88±1.01*°• 

Romberg Ratio (%) 150.03±6.23 124.41±8.16* 121.46±6.14* 126.01±5.10* 134.78±6.32*°• 

Notes (for this and the subsequent table): * p<0.05 compared with the control group; ° p<0.05 compared with the pre-

intervention value; • p<0.05 compared with the corresponding value in EG1. 
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Table 2  

Changes in balance and kinesiophobia outcomes in military personnel with TBI sequelae and 

transtibial amputation under the influence of a physical therapy program 

 

Parameter Control group 

(n=32) 

EG1 (n=32) EG2 (n=30) 

Before physical 

therapy 

After physical 

therapy 

Before physical 

therapy 

After physical 

therapy 

m-CTSIB (s)      

Firm Surface, 

Eyes Open 

30 25.44±0.52* 30 26.02±0.41* 30 

Firm Surface, 

Eyes Closed 

30 17.15±1.16* 21.25±0.83*° 17.83±1.00* 25.63±0.78*°• 

Foam Surface, 

Eyes Open 

30 21.03±1.05* 30 20.35±1.23* 30 

Foam Surface, 

Eyes Closed 

30 12.62±0.84* 17.20±0.52*° 13.11±0.67* 23.44±0.68*°• 

Berg Balance 

Scale (BBS), 

points 

55 [54; 55] 20 [18; 23]* 29 [27; 32]*° 22 [19; 25]* 38 [35; 40]*°• 

Falls Efficacy 

Scale (FES; 10–

100), points 

14 [12; 16] 66 [62; 71]* 58 [53; 63]*° 70 [65; 73]* 43 [39; 48]*°• 

Activities-

specific Balance 

Confidence 

Scale (ABC 

Scale), % 

92.17±2.05 43.19±4.16* 58.74±2.16*° 46.19±3.52* 70.05±2.13*°• 

Tampa Scale for 

Kinesiophobia 

(TSK), points 

19 [17; 20] 52 [47; 56]* 43 [36; 46]* ° 54 [50; 58]* 35 [31; 40]*°• 

 

 

Assessment of functional balance, postural 

stability, and kinesiophobia also revealed the 

presence of impairments in military personnel with 

transtibial amputation combined with TBI sequelae 

compared with the control group. Prior to the 

initiation of physical therapy, both experimental 

groups demonstrated substantially reduced balance 

performance and confidence in their own mobility, 

accompanied by fear of falling and kinesiophobia 

(table 2). 

Analysis of the m-CTSIB results revealed the 

most pronounced impairments under altered 

sensory conditions. The lowest values were 

recorded during the Foam Surface, Eyes Closed 

condition, which imposes the greatest demands on 

sensory integration mechanisms. Prior to physical 

therapy, balance maintenance time in EG1 was 

12.62±0.84 s and 13.11±0.67 s in EG2, compared 

with the normative value of 30 s (p<0.05). 

Following the intervention, the corresponding 

values increased to 17.20±0.52 s and 23.44±0.68 s, 

respectively, indicating improvements in postural 

control efficiency and vestibular compensation. 

The BBS results also demonstrated marked 

impairment of balance function. At baseline, 

scores were 20 [18; 23] points in EG1 and 22 [19; 

25] points in EG2, corresponding to a high risk of 

falling. Following the intervention, scores 

improved to 29 [27; 32] points and 38 [35; 40] 

points, respectively, with a more pronounced 

positive effect observed in EG2 (p<0.05). 

A similar trend was observed for subjective 

measures of functional mobility. At baseline, ABC 

Scale scores were nearly twofold lower than those 

of the control group, reaching 43.19±4.16% and 

46.19±3.52% in EG1 and EG2, respectively. 

Following completion of the physical therapy 

program, the score increased to 70.05±2.13% in 

EG2, whereas in EG1 it reached only 58.74±2.16% 

(p<0.05). 

Analysis of the FES demonstrated a high level 

of fear of falling before rehabilitation, with scores 

of 66 [62; 71] points in EG1 and 70 [65; 73] points 

in EG2. Following completion of physical therapy, 

the scores decreased to 58 [53; 63] points and 43 

[39; 48] points, respectively (p<0.05). Similar 
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changes were observed for the TSK, with scores 

decreasing from 52 [47; 56] to 43 [36; 46] points 

in EG1 and from 54 [50; 58] to 35 [31; 40] points 

in EG2 (p<0.05). The reduction in fear of falling 

and kinesiophobia indicated a decrease in fear of 

movement and physical activity, accompanied by 

greater functional confidence, more active 

prosthesis use, and improved participation in 

activities of daily living. 

Comparison of stabilometric findings and 

functional scale outcomes revealed significant 

relationships between objective measures of 

postural control and clinical-functional indicators. 

Specifically, increases in sway area (S) and CoP 

velocity (V) were associated with poorer 

functional balance and postural stability outcomes. 

Correlation analysis demonstrated the presence 

of moderate-to-strong associations between 

stabilometric parameters and clinical scale scores. 

A strong negative correlation was identified 

between sway area and BBS scores (r = −0.73; 

p<0.05), indicating deterioration of functional 

balance with increasing postural sway. Similarly, a 

negative correlation was found between CoP 

velocity and ABC Scale scores (r = −0.68; 

p<0.05), suggesting reduced confidence in 

functional abilities in the presence of impaired 

postural control. 

Performance on the m-CTSIB under the most 

challenging condition (Foam Surface, Eyes 

Closed) demonstrated a strong positive correlation 

with BBS scores (r = 0.75; p<0.05) and ABC Scale 

scores (r = 0.65; p<0.05), as well as a moderate 

negative correlation with TSK scores (r = −0.58; 

p<0.05). In addition, a strong positive correlation 

was identified between FES and TSK scores (r = 

0.71; p<0.05), indicating a close relationship 

between fear of falling and kinesiophobia. 

Discussion 

The results of the present study demonstrated 

that military personnel with transtibial amputation 

combined with TBI sequelae exhibit pronounced 

impairments in postural control, functional 

balance, and psychofunctional parameters 

associated with fear of falling and kinesiophobia. 

These findings support the multifactorial nature of 

dysfunction resulting from the combined effects of 

peripheral and central mechanisms underlying 

postural impairment [2; 5; 8]. 

The obtained findings are consistent with 

previous studies reporting that individuals with 

traumatic transtibial amputation demonstrate 

substantial deficits in both automatic and voluntary 

postural control, accompanied by reduced 

utilization of the prosthetic limb for balance 

maintenance and excessive reliance on the intact 

limb [5]. According to these authors, sensory 

feedback deprivation following amputation leads 

to the reorganization of postural strategies and 

alterations in the mechanisms responsible for 

maintaining upright stance. 

In the present study, these impairments were 

reflected by increased sway area and CoP velocity. 

The most pronounced alterations were observed 

during eyes-closed conditions, indicating a 

substantial dependence on visual input for balance 

control. Removal of visual information resulted in 

a marked deterioration of postural stability, which 

may be attributable to impaired somatosensory 

control and insufficient effectiveness of 

compensatory mechanisms. 

Similar findings have been reported in studies 

demonstrating that individuals with transtibial 

amputation experience greater balance deficits 

under conditions of reduced visual input. These 

studies showed that the removal of visual 

information leads to a significant increase in 

postural sway and deterioration of postural control 

[10]. 

The severity of impairments observed in our 

study exceeded those reported in the 

aforementioned studies. This discrepancy may be 

explained by the presence of concomitant TBI 

sequelae in our participants. It is well established 

that even mild traumatic brain injury may be 

associated with persistent disturbances in 

sensorimotor integration, vestibular function, and 

cognitive control of movement [1; 9]. The 

combination of peripheral sensory loss resulting 

from amputation and central deficits affecting 

coordination mechanisms may substantially 

compromise the maintenance of postural stability. 

The present findings also highlight the 

important contribution of psychological factors to 

functional limitations. The positive correlation 

identified between FES and TSK scores confirms 

the reciprocal influence of fear of falling and fear 

of movement on functional activity levels. Similar 

relationships have been reported among lower-

limb prosthesis users, in whom fear of falling has 

been associated with reduced mobility and 

avoidance of physical activity [12]. 

The findings of this study indicate that the 

combination of transtibial amputation and TBI 
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sequelae results in substantial impairments in 

postural stability involving not only biomechanical 

but also sensory and psycho-emotional 

components. The observed improvements in 

stabilometric and functional outcomes may be 

explained by the mechanisms underlying physical 

therapy interventions aimed at restoring 

sensorimotor control, enhancing afferent 

information processing, and promoting 

neuroplastic adaptations [8; 11; 16]. 

The incorporation of balance exercises, 

sensorimotor training, functional tasks with 

progressively challenging support conditions, and 

coordination exercises into the physical therapy 

program likely facilitated sensory reorganization 

processes. Recovery following amputation is 

accompanied by gradual reorganization of motor 

and sensory strategies and a reduced dependence 

on visual input for balance maintenance [10]. Such 

adaptive changes contribute to the development of 

more effective postural control and improved 

functional mobility. 

Furthermore, repetitive performance of task-

oriented functional movements promotes motor 

learning and facilitates the utilization of 

neuroplastic reserves of the central nervous 

system, which is of particular importance in 

individuals with concomitant TBI sequelae [2]. 

These findings underscore the importance of 

incorporating targeted sensorimotor and balance-

oriented interventions into rehabilitation programs 

for military personnel with combined combat-

related injuries 

5. Conclusions 

Military personnel with transtibial amputation 

combined with TBI sequelae demonstrated 

statistically significant impairments in postural 

stability, functional balance, and psychofunctional 

status compared with the control group (p<0.05). 

At baseline (prior to physical therapy), 

stabilometric assessment revealed increased CoP 

displacement along the X and Y axes, enlarged 

sway area, and increased CoP velocity. These 

alterations were accompanied by poorer 

performance on the m-CTSIB, BBS, and ABC 

Scale, as well as elevated levels of fear of falling 

and kinesiophobia. 

The implemented physical therapy program 

resulted in statistically significant improvements in 

all studied outcomes in both experimental groups 

(p<0.05); however, more pronounced changes 

were observed in the group that received a 

comprehensive intervention specifically addressing 

the consequences of both amputation and traumatic 

brain injury (p<0.05). In this group, sway area 

under eyes-open conditions decreased from 

216.71±10.15 mm² to 162.43±10.14 mm² (25.0%), 

while CoP velocity decreased from 18.10±1.12 

mm/s to 9.19±0.53 mm/s (49.2%). Performance on 

the m-CTSIB under the Foam Surface, Eyes 

Closed condition improved from 13.11±0.67 s to 

23.44±0.68 s (78.8%; p<0.05), indicating 

enhanced sensory integration and postural control. 

Improvements in functional outcomes were 

accompanied by a significant increase in BBS 

scores from 22 [19; 25] to 38 [35; 40] points and in 

ABC Scale scores from 46.19±3.52% to 

70.05±2.13%, as well as a reduction in FES scores 

from 70 [65; 73] to 43 [39; 48] points and TSK 

scores from 54 [50; 58] to 35 [31; 40] points 

(p<0.05). 

These findings demonstrate the effectiveness of 

the comprehensive physical therapy program in 

improving postural stability and balance, while 

reducing manifestations of kinesiophobia in 

military personnel with combined combat-related.  
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