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 Resume 

Patients with complicated thoracolumbar spinal injuries post-surgery require assistive devices to 

stabilize the body. Traditional corsets have been replaced by advanced fixators that not only provide 

stabilization but also enhance mobility for walking. Exoskeletons represent a promising solution in 

this regard. This study aims to enhance rehabilitation outcomes in patients with complicated spinal 

injuries through early-stage exoskeleton-assisted therapy. We evaluated the inpatient treatment 

outcomes of 82 patients with complicated thoracolumbar spinal injuries, treated at the Vertebrology 

Department of the National Center for Rehabilitation and Prosthetics of Persons with Disabilities, 

Uzbekistan, from 2023 to 2025. The cohort included 66 men and 16 women, divided into two 

groups: the main group (n=42) received conservative treatment, physical therapy, and exoskeleton-

assisted therapy (E-Helper), while the control group (n=40) received only conservative treatment 

and physical therapy. Outcomes were assessed using the Frankel scale (A–E). Pre-treatment, the 

main group had 8 patients in category A, 12 in B, and 22 in C; the control group had 7 in A, 18 in 

B, and 15 in C. Post-treatment results showed superior outcomes in the main group compared to the 

control group, demonstrating the efficacy of exoskeleton-assisted rehabilitation. 

Keywords: Exoskeleton, thoracolumbar spine, complicated injury, rehabilitation, disability. 

 

Introduction 

  njuries to the spinal cord, vertebrae, or intervertebral discs are serious conditions  with  potentially  

  severe consequences, regardless of their extent. The spine, a complex structure comprising 

muscles, connective tissues, and neural elements, is critical for musculoskeletal function, as well as 

central, peripheral, and autonomic nervous system activity. Spinal trauma can also affect internal 

organs through compression or structural changes, leading to unpredictable outcomes. 

Spinal injuries constitute approximately 4% of musculoskeletal traumas, with spinal cord and nerve 

root injuries accounting for 20% of these cases [3]. Paresis and paralysis complicate patient care, early 

mobilization, and rehabilitation, resulting in long-term disability in up to 80% of cases, as reported by 

various studies [3]. Outcomes depend heavily on timely surgical intervention and appropriate 

treatment strategies, including single- or multi-stage surgeries [2,3,4,5,6,7,8]. 

Modern surgical approaches to complicated spinal fractures emphasize complete decompression of 

the spinal cord, nerve roots, and vasculature, alongside robust stabilization of the affected segment. 

These interventions facilitate early mobilization, verticalization, and rehabilitation, reducing hospital 

stays [4,5,6,7,8]. 

Exoskeletons, derived from the Greek terms for “external” and “skeleton,” are devices designed to 

augment human strength via an external framework [1]. The ExoAtlet P, for instance, integrates human 

and robotic functions through mechano-tactile interactions [8]. Recent literature highlights passive 

exoskeletons, such as a soft pneumatic model developed by researchers from Carnegie Mellon, 

Harvard, USC, MIT, and BioScience. This device uses flexible artificial muscles, lightweight sensors, 

and elastic polymers to replicate the biological structure of the lower leg, enabling ankle movement 

through artificial tendons and hyperelastic strain gauges. While effective in laboratory settings for a 

27-degree range of motion, its flexible materials pose control challenges compared to rigid 

exoskeletons [9,10]. Exoskeletons reduce metabolic costs during walking, making them valuable for 

stroke recovery and spinal cord injury rehabilitation [11,12]. 

 

I
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Цель исследования: изучит применение экзоскелетной реабилитации у пациентов со 

сложными травмами грудопоясничного отдела позвоночника 

 

Materials and Methods 

This study aimed to improve rehabilitation outcomes for patients with complicated thoracolumbar 

spinal injuries using exoskeleton-assisted therapy in the early post-injury period. 

We conducted a retrospective analysis of 82 patients treated at the Vertebrology Department of the 

National Center for Rehabilitation and Prosthetics of Persons with Disabilities, Uzbekistan, from 2023 

to 2025. The cohort comprised 66 men and 16 women, divided into two groups. The main group 

(n=42) received conservative treatment, therapeutic exercise, physiotherapy, and exoskeleton-assisted 

therapy (E-Helper). The control group (n=40) received only conservative treatment, therapeutic 

exercise, and physiotherapy. All patients underwent clinical and instrumental assessments, including 

X-ray, multislice computed tomography (MSCT), magnetic resonance imaging (MRI), and 

electromyography (EMG). 

The main group received exoskeleton-assisted therapy (E-Helper) alongside standard interventions, 

supervised by specialists. The E-Helper system features: 

 Rapid customization to patient anthropometric data 

 Up to 8 hours of battery life; net weight 28 kg 

 Suitable for patients weighing up to 110 kg and height 150–190 cm 

 Capabilities for stair climbing and turning 

 Integrated microcomputer for patient data and statistics 

 Independent motor power adjustment for limbs (useful for hemiparesis) 

 Dynamic spasticity assessment via motor effort monitoring 

 First-step initiation to detect and amplify minimal muscle efforts 

 Functional electrical stimulation (FES) connectors for muscle activity control 

  

 
Figure 1. Design of the E-Helper exoskeleton. 

 

Results and Discussion 

Treatment outcomes were evaluated using the Frankel scale (A–E). Pre-treatment, the main group 

had 8 patients in category A, 12 in B, and 22 in C, while the control group had 7 in A, 18 in B, and 15 

in C. 

All patients showed positive outcomes post-treatment. After three 12-day inpatient treatment 

cycles, the main group demonstrated significant improvements: 7 of 8 category A patients progressed 
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to B (1 unchanged), 12 of 14 category B patients progressed to C (2 unchanged), and all category C 

patients advanced to D. In the control group, only 2 of 7 category A patients moved to B (5 

unchanged), 4 of 18 category B patients moved to C (14 unchanged), and 5 of 15 category C patients 

moved to D (10 unchanged). These results are summarized in Table 1. 

 

 
 

Figure 2. Patient B, aged 21, with a complicated lower thoracic spinal injury (Frankel C). After 

three courses of exoskeleton-assisted rehabilitation, the patient exhibited improved smooth and 

amplified joint movements in the lower extremities. 

 

 
Figure 3. Patient C, aged 24, with a complicated upper lumbar spinal injury (Frankel C). After 

two courses of exoskeleton-assisted rehabilitation, positive dynamics were observed. 
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Table 1. Frankel scale outcomes before and after treatment 
 

Group Category Before treatment (n) After treatment (n) 

Main A 8 1 (7 to B) 

 B 12 2 (10 to C) 

 C 22 0 (22 to D) 

Control A 7 5 (2 to B) 

 B 18 14 (4 to C) 

 C 15 10 (5 to D) 

Total Main D 0 20 

Total Control D 0 5 

 

Conclusions 

Patients receiving exoskeleton-assisted rehabilitation alongside standard therapies demonstrated 

significantly better outcomes compared to the control group. Exoskeleton use reduced staff workload and 

improved joint movement smoothness in patients with spinal conduction impairments, highlighting its 

potential in early-stage rehabilitation for complicated thoracolumbar spinal injuries. 
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	Эхинококкоз печени, осложненный прорывом кисты в желчные пути, представляет серьезную угрозу жизни пациента и является значительной клинической проблемой из-за трудностей в своевременной диагностике и лечении. Согласно исследованию Мохамеда и соавт. (...
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	Существуют также стертые клинические формы, при которых цистобилиарный свищ образуется с сегментарными желчными протоками. В этих случаях полной обтурации не происходит, так как крупные дочерние пузыри и частицы хитиновой оболочки не могут проникнуть ...
	Наблюдались и лёгкие формы заболевания, которые обусловлены небольшим перфоративным отверстием и сохранностью хитиновой оболочки паразита. В этих случаях присутствует только перицистобилиарный свищ, который является наиболее распространённой формой ци...
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	СПИСОК ЛИТЕРАТУРЫ:
	т создания благоприятной  воздушной  среды  в  коровнике  в  значительной  мере  зависит
	реализация молочной продуктивности животных. Одной из вредных газовых составляющих атмосферы животноводческого помещения является аммиак NH3, бесцветный газ с едким запахом. В атмосферном воздухе находится в небольших концентрациях. Аммиак, раствор...
	Выводы
	ДолзарблигиС
	D-138 (синдекан-1) бу синдеканлар оиласига мансуб  протеогликанларнинг  вакили  бўлиб
	ҳисобланади. В лимфоцитларнинг табақаланишининг охирги босқичларида плазматик ҳужайраларнинг мембранасида экспрессияланади. Синдекан-1 коллаген, фибронектин ва тромбоспондин рецептори каби вазифани бажариб, фибробластларнинг асосий ўсиш факторига б...
	Плазмтик ҳужайралар юмалоқ ва овал шаклда бўлиб, диаметри ўртача 15-20 мкм ни ташкил қилади. Ёруғлик микроскопида кўрганда ядроси яхши ажралиб туради ва унда бўлакчаларга ажралган гетерохромотинни кўриш мумкин ва ядрочаси нисбатан йирикроқ бўлиб тиниқ...
	CD-138 – маркёр бундан ташқари бачадоннинг эндометрий қаватида жойлашган плазматик ҳужайраларда ҳам аниқланади ва сурункали эндометритнинг махсус кўрсаткичи бўлиб хизмат қилади.
	Сурункали эндометрит - бу бачадоннинг ички қаватининг яллиғланиши ҳисобланади. Сурункали эндометрит - бу срункали узоқ вақт яллиғланиш натижасида эндометрий қаватида структур морфологик ўзгаришларга олиб келади [6]. Сурункали эндометрит махсус (специ...
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