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Abstract
Relevance Traumatic spinal cord injury is a complex, urgent and multidisciplinary problem with a high percentage of disability and 
subsequent social exclusion. Treatment of neuroorthopedic pathologies is often associated with the need to use technical means of 
rehabilitation. The objective was to develop a successful orthosis for a patient with severe spinal cord injury. Material and methods 
The article describes a clinical case of a 16-year-old female patient with the outcome of a severe concomitant injury: lower paraplegia, 
sensory disturbances in the lower extremities and pelvic organ function. MRI of the spinal cord revealed cystic-glial changes and 
atrophy of the spinal cord at the Th10-12 level. Results and discussion With clinical signs of paraplegia and a complete spinal cord 
injury according to the instrumentation findings, the patient had poor prognosis for the recovery of motor functions in the lower limbs. 
One of the main tasks of medical rehabilitation of patients with spinal cord injury is the activation of movements and restoration of 
locomotion. The Hip-Knee-Ankle-Foot Orthosis (HKAFO) manufactured at the Center was intended for  unloading, replacement and 
fixation. The device was light and strong due to greater use of carbon layers, equipped with functional hinges to prevent development 
of contractures, had a high corset for external stabilization of the body and double knee splint for safe standing. Conclusion For the 
paraplegic patient, the opportunity to stand and walk with the support using successful orthosis was important from both physical and 
psychosocial perspectives and allowed correction of contractures in the catamnesis.
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INTRODUCTION

Traumatic spinal cord injury is a complex, urgent 
and multidisciplinary problem [1] caused by significant 
complications associated with spinal cord injury, severe 
functional disorders leading to limited self-care and 
movement, loss of pelvic floor functions with resultant 
disability, social and psychological maladaptation of 
patients [2]. Young people of working age are more 
vulnerable to traumatic injuries of the spine and spinal 
cord with a high percentage of disability and social 
maladaptation [3]. Injuries to the spine and the spinal 
cord account for 0.8 to 20–26.2 % of all musculoskeletal 
injuries in adult population [2] with an incidence rate 
of 0.6 per 1000 people [4]. A.V. Zaletina et al. (2018) 
reported 0.2 cases of unstable and complicated injuries 
to the spinal column per 10,000 children in the Russian 
Federation [5]. Falls from a height (43.7 %), road traffic 
accidents (29.5 %), diving in shallow water (17.5 %) are 
the most common causes of spinal injuries [3].

Spinal injuries account for 10–20 % of all traumatic 
injuries of the nervous system [6]. Injuries to neural 
structures include concussion of the spinal cord, 
contusion of the spinal cord and/or spinal nerve roots, 
compression of the spinal cord and/or spinal nerve 
roots, partial and complete injury to the spinal cord and/
or spinal nerves [7]. The type of spinal cord injury can 

only be determined retrospectively because of spinal 
shock in the acute period [7]. According to the standard 
Frankel/ASIA classification, 15 % of patients with 
traumatic spinal cord injury have complete motor and 
sensory impairment (ASIA type A) [3]. However, even 
an incomplete injury to the spinal cord would consign 
most patients to many years of suffering [8, 9].

Mobility problems are most common in spinal cord 
injury with the main mobility parameter being the 
ability to stand and walk [10]. Secondary conditions 
(diseases of the cardiovascular and respiratory systems, 
urinary tract infections, weight gain, decrease in bone 
mineralization, depression) can develop due to limited 
motor functions and lead to a significant decrease in 
the quality of life and a significant increase in the cost 
of medical care [11]. Movement recovery remains 
the most important task that determines the goals of 
rehabilitation [8]. The treatment of neuroorthopedic 
pathologies is often associated with the need for 
orthoses [12]. Orthoses are used for many diseases 
including the consequences of spinal cord injuries and 
poliomyelitis, cerebral palsy, post-traumatic defects 
of long bones and joint contractures, after bones and 
ligament operations; with congenital musculoskeletal 
anomalies [12, 13]. The timeliness of orthotics is an 
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important element in the effectiveness of treatment 
and medical and social rehabilitation of patients with 
osteoarticular pathology [14]. Traditional orthoses may 
appear bulky, large, unattractive and uncomfortable for 
children to wear considering the age and physical and 
biological characteristics of patients [15]. Therefore, 
modern orthoses are essential in neuroorthopedic 

pediatric practice to be developed on recent advances in 
material technology being light, flexible and comfortable 
supports that can improve the quality of life of young 
patients [15].

The objective was to develop a successful orthosis 
for a patient with severe spinal cord injury and poor 
prognosis for motor recovery of the lower limbs.

MATERIAL AND METHODS

All materials and methods are presented with the 
informed consent of the patient's legal representative 
and in compliance with the ethical principles of the 
Declaration of Helsinki Revision 2013.

Patient K., born in 2004, presented at the Prosthetics 
Center with complaints of inability to stand up, walk 
unassisted, having impaired sensation in the legs and 
pelvic floor dysfunction. The patient had a history of a 
road traffic accident she sustained in June 2014. She was 
referred to a trauma hospital and treated with diagnosis: 
Severe concomitant injury. Closed craniocerebral 
injury, concussion. Traumatic disease of the spinal 
cord, acute period. Frankel A score. ASIA A score. 
Paraplegia and pelvic floor dysfunction. Subarachnoid 
hemorrhage. Fracture of the pelvic bones: sacrum on 
the left, pubic bones, rupture of the sacroiliac joint on 
the left with a slight displacement. Closed displaced 
fracture of the middle third of the left femur. Bladder 
injury. Intrapelvic hematoma. Degloving wound of the 
left iliac region. Traumatic shock of the 2nd degree. 
She was on a ventilator, anti-shock, antibacterial and 
infusion therapy (with vascular and nootropic drugs) 
for 3 days. Surgical treatment performed included: 
closed reduction, nailing of the left femur; laparotomy, 
suturing the bladder wound. The patient received 
physiotherapy, thermotherapy, massage and exercise 
therapy in the subacute period. The girl was seen by a 
neurologist and an orthopaedic surgeon at the place of 
residence; she repeatedly had courses of rehabilitation 
with minimal dynamics observed in motor recovery. 
Physical examination showed complete passive and 
active movements in the upper limbs; valgus deformity 
of the lower extremities up to 6 degrees, pronounced 
hypotrophy of the muscles of the pelvic girdle, femurs 
and legs on both sides. Muscle strength in the muscles 
of the feet and legs was 0 points on the right and left and 
2 points in hip flexors and extensors on the right and 
left. Arbitrary contraction of the anus was not noted. 
Muscle tone in the legs was reduced. She had medium, 
symmetrical tendon reflexes of the hands; none were 
seen in the lower extremities. Abdominal reflexes were 
elicited, of average liveliness, quickly depleted on re-
examination. She had contractures of the hip, knee and 
ankle joints, goniometry parameters are presented in 
Table 1.

Table 1
Goniometry of major joints of the lower extremities

Joint Motion Normal On the 
right

On the 
left

Hip
Flexion 75° 55° 60°
Extension 140° 185° 185°
Abduction 50° 40° 40°

Knee Flexion 40° 30° 30°
Extension 180° 175° 175°

Ankle Flexion 130° 125° 130°
Extension 70° 85° 90°

No pathological reflexes were revealed. Tactile and 
pain sensitivity was absent in the anal region, feet, 
legs, middle and lower third of the femur. Hypesthesia 
was noted in the upper third of the femur, abdomen 
(below the level of the T10 dermatome). The girl could 
sit unassisted, she had severe lumbar hyperlordosis 
(compensatory), scoliosis (Fig. 1), tension and pain on 
palpation of the paravertebral muscles in the thoracic 
and lumbar spine.

Fig. 1 AP and lateral views of the thoracic and lumbar spine 
showing the pelvis (in the supine position), scoliosis 34 degrees, 
with the apex at Th12, lordosis 27 degrees

She could not stand assisted and unassisted, used 
the wheelchair and had no bladder and bowel control. 
Higher cortical functions corresponded to her age level. 
The Hauser ambulation index graded 8 (restricted to 
wheelchair; able to transfer self independently) [16]. 
The Barthel index rated 30 (pronounced dependence on 
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outside care) [17]. FIM score (Functional independence 
measure): the total score for motor functions was 37 
(the maximum score of 91), the girl could perform 
23 % of the activities independently; intellectual 
functions graded 35 (maximum value). The weight of 
the girl was 45 kilograms. MRI scan of the spinal cord 
showed myelopathy of Th10-L1 in the acute period that 
transformed into cystic-glial changes with atrophy of 
the spinal cord at the level of Th10-12 and adhesions in 
the dural sac (Fig. 2, 3).

Based on complaints, past history, physical 
examination the patient was diagnosed with traumatic 
disease of the spinal cord, late recovery period. 
ASIA A scale. Cystic-glial changes with atrophy of 
the spinal cord at the Th10-12 level. Lower distal 
paraplegia. Hyperlordosis. Right-sided scoliosis of the 
thoracolumbar spine grade 4. Flexion contractures of 
the hip, knee and ankle joints. Pelvic floor dysfunction. 
The multidisciplinary team of the center (orthopedist, 
neurologist, prosthetists, occupational therapist) 
set out to teach the girl ambulate independently 

using technical means of rehabilitation and prevent 
development of contractures of major joints of the 
lower extremities. To solve the above problems, the 
laboratory of the center developed an apparatus for the 
trunk and lower limbs.

Fig. 2 MRI scan of the spinal cord, acute period. Sagittal 
T2W_TSI images showing myelopathy at the Th10–L1 level

Fig. 3 MRI scan of the spinal cord performed during the recovery period. Sagittal and axial T2W_TSI images showing cystic-glial changes, 
atrophy of the spinal cord at the Th10-12 level and adhesions in the dural sac

RESULTS

The device for our patient (Fig. 4) was made of 
cast orthocrylic resin with an increased carbon layers 
including stiffeners to ensure strength and lightness of 
the construct. The weight of the device was 3050 grams.

Prepregs with reinforcing materials based on carbon, 
glass, natural and synthetic (aramid, lavsan, nylon) fibers 
are used in the production of orthoses [18, 19]. Various 
modifications of epoxy resins are used for binders to 
allow molding and polymerization of a composite 
material at sufficiently low temperatures (120–130 °C) 
and sufficiently low overpressure, under vacuum with 

greater range of materials including auxiliary ones used 
for molding products with simplified technology [18]. A 
high corset was made to keep the torso stable in a vertical 
position. Spinal deformity correction was not considered 
at this stage of orthotics. The device was equipped with 
functional hip joints to allow flexion/extension, abduction 
and rotation of the hips, double lock hinges for the knee 
and ankle joints. Medial knee hinges were additionally 
placed to correct valgus of the lower limbs and femoral and 
tibial splints of the apparatus were adjusted providing three 
pressure points and stable standing as shown in Figure 4.
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Fig. 4 Photos of patients using devices applied to the body and lower limbs (HKAFO). Pressure points are indicated with red lines. Functional 
hinges are shown with blue arrows

The device applied to the body and lower limbs 
(HKAFO) facilitated vertical position and she could 
ambulate using parallel railings and a walker., locking 
knee hinges were used to maintain stability during 
walking with an extension of 180 degrees, and the hip 
and ankle hinges were functional employed to prevent 
development of contractures.

The patient showed high compliance with the activities 
initiated at the center: she took a course of exercise 
therapy and massage and learned to walk with the device 
on. She could walk up to 3 meters at the beginning of 

treatment with the distance increased up to 20 meters at 
3 weeks on discharge. No complications were observed 
with the use of the device. Rehabilitation and the use of an 
orthosis with a high corset allowed significant reduction 
in the defense of the paravertebral muscles in the 
thoracic and lumbar spine. No complications were seen 
in the patient at an 8-month follow-up with systematic 
verticalization and walking using the device. A positive 
result was recorded in the treatment of contractures with 
the extension increased by 5° in the knee joints and by 
10° in the ankle joints on the right and left.

DISCUSSION

The above clinical report demonstrated a patient who 
had suffered a spinal cord injury resulting in persistent 
neurological symptoms in the form of flaccid paraplegia 
with impaired superficial and deep sensitivity and pelvic 
floor dysfunction. I.N. Novoselova (2021) reported 
motor and sensory disorders, pelvic floor dysfunction as 
major clinical manifestations of spinal cord injury [20].

The topography of injuries to the structures of the nervous 
system can be assessed through impaired sensitivity and 
motor function, their localization and prevalence [21]. This 
is due to the anatomical pathways of sensory and motor 
information [21]. In this case clinical symptoms indicated 
a complete spinal cord injury involving the anterior and 
posterior horns that was confirmed by MRI findings of 
the spinal cord (cystic-glial changes and atrophy of the 
spinal cord at the Th10-12 level). A.G. Baindurashvili et 
al. (2015) reported most severe injuries with neurological 

disorders in children with spinal cord injury localized in 
the thoracic spine [22].

The patient had poor prognosis for recovery of 
the motor and sensory functions in the lower limbs. 
Flaccid paralysis in comparison with spastic (central) 
palsy is characterized by more severe functional 
motor impairment combined with sensory and trophic 
disorders. Motor recovery is the main task in the 
rehabilitation of patients with spinal cord injury. The 
above factors set on our team develop a device for the 
body and the limbs. The HKAFO manufactured at the 
Center was intended for unloading, replacement and 
fixation. The device was light and strong due to greater 
use of carbon layers, equipped with functional hinges to 
prevent development of contractures, had a high corset 
for external stabilization of the body and double knee 
splint for safe standing.
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