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Objective Demonstrate an outcome of comprehensive treatment of an adolescent with fracture-dislocation of the
thoracic spine accompanied by deep lower paraplegia and pelvic floor dysfunction using noninvasive percutaneous
spinal cord stimulation and mechanical stimulation of the foot bearing surface. Case study Comprehensive treatment
was performed for a 17-year-old patient who sustained a combined injury during roller ski training. The patient
presented with back pain, breathing difficulty, being unable to perform active movements of lower extremities. He
reported loss of sensitivity in the lower part of the body, perineum and lower limbs. The injury was classified as ASTA
grade B with motor impairment scored 50 and overall sensory score of 88. Surgical intervention was produced within
the first hours after injury and was followed by rehabilitation program including stimulation of the foot bearing surface
with Korvit plantar support load simulator and noninvasive percutaneous spinal cord stimulation. Neurologic status
of the patients was graded as ASIA level D at one-year follow-up with motor score of 85 and sensory level improved
to 175. Conclusion Surgical treatment produced for the patient with spinal cord injury within the first hours after
trauma using noninvasive percutaneous spinal cord stimulation and mechanical stimulation of the foot bearing surface
provided regress of neurological disorders facilitating more intense lower-limb motor recovery and other important
gait characteristics. The patient could regain voluntary control of muscle activity, stand unassisted and walk with a
cane at one year post-injury.
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INTRODUCTION

The occurrence of traumatic spinal cord injuries
(TSCI) is on the rise among pediatric population.
Unstable and complicated TSCI represent < 2 %
of the overall incidence of pediatric SCI with the
severity increasing over the last few years. In 2010,
pediatric unstable spine injuries accounted for 85.7
% and 14.3 % fell on complicated spine trauma
according to statistical report of pediatric SCI in
St.Petersburg and Leningradskaya Oblast. In 2017,
pediatric unstable fractures represented 67.7 %
with SCI accounting for 32.4 %. Pediatric SCI is
associated with a risk of developing secondary
conditions, devastating complications and significant
physiological consequences. Survival rate for
individuals younger than 29 years who sustained SClIs

at the thoracic, thoracolumbar or lumbar levels is

rather high and constitutes 86 % of the injured in this
age group. There are a lot of studies in the literature
recently that are looking into the most commonly
available surgical options for individual types and
severity of SCI. Evidence suggests early surgical
intervention is safe and effective for injuries with
vertebral dislocation, spinal stenosis and neurologic
deficits. A combination of the initial extent of the
injury, particular injury pattern, the level of injury,
severity of neurologic deficit, timing of surgery,
physical therapy and rehabilitation are thought to
have a significant impact on overall recovery of
sensorimotor function and walking ability in patients
with SCI. The goals of surgical management for SCI
are to correct posttraumatic deformity in all planes,

eliminate spinal stenosis, decompress the neural
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elements, stabilize the injured spinal motion segment
with metal construct, promote potential for early
ambulation, induce recovery from neurologic deficits
at segmental levels. There is limited information in
the literature about motor and sensory recovery in
pediatric patients with SCI. Although the commonly
used criteria, guidelines and approaches for operative
management of

complicated SCIs including

guideline recommendations supporting the safety of

early surgery are consistently followed neurological
improvement is rarely seen in ASIA A&B patients.
Objective: To

of comprehensive treatment of an adolescent

demonstrate an  outcome
with fracture-dislocation of the thoracic spine
accompanied by deep lower paraplegia and pelvic
floor dysfunction using noninvasive percutaneous
spinal cord stimulation and mechanical stimulation

of the foot bearing surface during rehabilitation.

CASE REPORT

A 17-year-old sustained a combined injury while
roller ski training. He fell down and experienced a short
period of unconsciousness, involuntary urination and
defecation. Immediately after trauma, having regained
consciousness he experienced intense back pain,
difficult breathing and was unable to move the lower
limbs. He reported loss of sensation in the lower part
of the body, perineum and legs. He was transported to
a regional hopsital of the Leningradskaya Oblast by
emergency medical services and the care was provided
for his vital organs over 3 hours. The right-side pleural
space was evacuated with Redon drain. He received
the anti-oedema therapy, support for cerebral protection
(cytoflavin ceraxone), hemostatic (dicynone, vicasolum,
gordoxum), antimicrobial (ceftriaxone 2.0 g x 2 twice/
day, metrogyl mgxtwice/day), infusion, hormone
therapy and NSAIDs, promedolum for pain relief. He
was transferred to the Turner Scientific and Research
Institute for Children’s Orthopedics Minzdrava Rossii
after 3 hours of injury with a severe spinal trauma and
neurological deficits identified. The patient was admitted
to the hospital with functioning pleural drainage placed
through the second intercostal space in the right mid-
subaxillary line at the the sixth intercostal space, with
the access to the central venous circulation via the
right subclavian vein catheterization. He presented
with multiple abrasions and hematomas over the body
and across the upper and lower limbs, symmetrical
rhythmical pulse 96 beats per minute, satisfactory
cardiac pump, blood pressure 110/70 mmHg, concise
and clear cardiac sounds, asymmetrical chest excursion
(Sin > Dex) with decreased amplitude. Auscultation of
the lungs revealed vesicular breath sounds heard through
the chest wall on the right with no rattling. The abdomen
was slightly swollen, symmetrical, participating in

breathing, soft, pain free, being accessible to deep

palpation everywhere; weak peristalsis, urine drained
via urinary catheter being light yellow and clear without
pathological admixtures. Neurological findings included
normal state of consciousness, adequate orientation in
space and time; the palpebral apertures D =S, pupils
OD = OS = 2.0 mm being equal, round and reactive to
light and accommodation, fine horizontal nystagmus
in extreme positions of gaze, symmetry observed in
the face, the tongue remaining on the midline when
protruded; swallowing and voice quality being intact; full
active motion in the upper limbs with sufficient muscle
strength, similar vital tendon reflexes; no voluntary
motion seen in the lower limbs and tendon reflexes
evoked; muscle tone being satisfactory in the upper limbs
and reduced to anotia in the lower limbs, impaired deep
and superficial sensation from Th4-5 level; no abdominal
reflexes evoked; perianal reflexes persisted, Sph. ani
being not dehisced; no meningeal signs observed; pelvic
floor dysfunction diagnosed. The injury was classified
as ASIA grade B with motor impairment scored 50 and
overall sensory score of 88 (Fig. 1).

Laboratory tests indicated to compensated
condition. No cardiac pathology was detected with
ECG. US of the abdomen and kidneys showed non-
reflex bladder.

Radiographic examination and MSCT performed
on 21.07.2017 showed fracture-dislocation of the
thoracic spine at the Th5-6 level (AO type C),
spinal stenosis, pulmonary contusion with signs of
rupture affecting the right lower lobe, bilateral small
hemothorax, fractures of the clavicle and scapula on
the right, broken transverse processes of Th3-Th8
vertebrae on the left (Fig. 2).

MRI examination of the brain, cervical, thoracic
and lumbosacral spine and the spinal cord showed no
signs of cerebral contusion and swelling.
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Fig. 1 Neurological impairment in a 17-year-old patient evaluated with ASIA scoring sheet

Fig. 2 CT scans of the spinal column showing fracture-
dislocation of the Th5-Thé vertebrae in (a) sagittal and
(b) axial planes

Physical, neurological assessment, laboratory
testing, functional and imaging studies performed
for the patient revealed severe combined spinal
cord injury, closed traumatic brain injury, cerebral
concussion, closed fracture-dislocation of the Th5-
6 vertebrae (AO type C), fracture of the transverse
processes of Th3-Th8 vertebrae on the left, spinal

stenosis at the Th5-6 level, cerebral contusion,

Case report

Fig. 3 MRI scans of the spinal column showing fracture-
dislocation of the Th5-Thé vertebrae and contusion of
the spinal cord in (a) sagittal and (b) axial planes

lower paraplegia and pelvic floor dysfunction,
non-reflex bladder, right-side hemopneumothorax
following drainage, right-sided pulmonary contusion,
straightforward closed fracture of the right clavicle.
An emergency surgical procedure performed on
21-22.07.2017 included circular decompression of
the spinal cord at the Th5-Thé6 level to address spinal
stenosis, realignment and stabilization of the spine

81



Genij Oriopedii, Vol. 26, no 1, 2020

with multisupport transpedicular metal construct,
posterior fusion using autologous graft, corporodesis,
primary surgical treatment of bruises on the body
and the upper and lower limbs. Skin incision was
produced from Th2 to Th1l0 along the spinous
process line and subgaleal haemorrhage identified
at the thorcacic throughout the surgical approach.
Dorsal Th5-Thé bone structures appeared to be
impaired and Th5 vertebral arch intruded into the
spinal canal compromising the lumen of the spinal
canal. Dural sac compression by the Th5 arch was
such that the pulse could not be detected. Fractures
of the transverse processes of Th2-Th8 vertebrae and
the costovertebral joint of Thé were identified on the
left. Reconstruction of the spinal canal and circular
decompression of the spinal cord were produced
at the Th5-Thé level with injured disc removed
and vertebral bodies partially resected to address
stenosis and dural sac compression at the level.
Durac sac physiological position was regained with
no injury found and pulse resumed. Transpedicular
screws were bilaterally placed in the Th3, Th4,
Th7, Th8, Th9 vertebral bodies and in the Th6 on
the right. Posttraumatic vertebral deformity and all
types of vertebral dislocations were eliminated with
segmental correction followed by corporodesis of
the postresection Th5-Thé bone. Local posterior
fusion was produced (Fig.4) and the Uno-Vac wound
drainage system placed. The deso bandage was used

to immobilize the clavicle and the right shoulder.

Fig. 4 AP and lateral spondylograms (a) and 3D
reconstruction (b) of CT image of the patient's spinal
column postsurgery

Postoperative neurological deficit was evaluated
as ASIA type B. Mechanical ventilation was provided
postoperatively within 12 hours. Colloid and crystalloid
solutions, albumin, plasma blood administered via an
intravenous infusion were used for fluid replacement
NASCIS-3 protocol,

of spinal cord perfusion pressure performed with

according to maintenance
dopamine (5 mkg/kg per minute for 3 days),
prophylaxis of venous thromboembolism provided.
Methylprednisolone was given in a dose of 5 mg/kg
for 3 days. Stimulation of the foot bearing surface with
Korvit plantar support load simulator was initiated
on the second day postsurgery with 10 procedures
performed in acute postoperative period. Starting on
the 4th day postsurgery active motor rehabilitation with
regained spinal supportability included respiratory
exercises (up to eight sessions/day), massage of the
collarbone area, upper and lower limbs, gluteal area,
exercise therapy to adapt to vertical loads on inclined

planes, excercises for lower limbs using different
objects and Ekzart therapy (Fig. 5).

Fig. 5 Ekzart kinesiological unit

Noninvasive percutaneous spinal cord stimulation
was initiated after eight postoperative days. Two
stimulating BF-4 self adhesive round electrodes
(LEAD-LOC Inc., USA) with diameter of 3 mm
(cathodes) were placed between spinous processes
of Th11-Thl12 and L1-L2 vertebrae. Indifferent
self adhesive oval electrodes (anodes) 10 cm long
were located symmetrically over iliac crests. The
stimulation frequency ranged from 5 to 30 Hz with
the stimulation current intensity determined for each
session individually depending on patient's sensations
or appearance of motion in the lower limbs. The
current intensity ranged between 20 and 90 mA with

Case report



the strength increasing with each procedure that lasted
for 30 minutes performed once a day during 10 days.
Positive neurological dynamics was observed after
14 days of comprehensive rehabilitation program with
improved sensations from Th6-Th7 level and visible
contractions of the femoral muscles. Sensation in the
lower limbs (mosaic type with hyperesthesia areas)
developed after 20 days. Superficial sensations (pain
thermal tactile) were the first to recover followed
by improved proprioception. Sensation continued to
improve with each other day. Motion in the ankle,
hip and ankle joints, in the distal segments of the foot
(dorsiflexion, movements of toes) was observed after
21 postoperative days with the course of comprehensive
rehabilitation. The patient could consider flexion
and extension in the knee joints, shortly holding
the lower limbs with the knee and hip joints flexed.
Neurologic status of the patient was graded as ASIA
type C at a 30-day follow-up with motor score of 70
and sensory level improved to 130. By the time, he
improved his muscle strength in the proximal parts of
the lower limbs to 2 points and could feel pressure
on the bladder developing partial control of urination
and defecation. During the next 4 months, the patient
had individualized exercise program performing on
a regular basis for 1.5-2 hours/day on his own and
could adapt himself to sitting increasing the time
for position by 5-10 minutes daily. He also received
courses of massage to the spine and the limbs, training

of upright position with use of bracing for the knees
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and hips. He was able to walk at a 6-month follow-
up using walking aids. He was seen at the outpatient
clinic once every three months. His neurologic status
was graded as ASIA level D at one-year follow-up
with motor score of 85 and sensory level improved to
175 (91 + 84) (Fig. 6).

Figure 7 shows photographs demonstrating stages
of motor recovery. At 30-day follow-up, the patient
could produce voluntary movements in the knee and
ankle joints lying on his back following 10 procedures
of noninvasive percutaneous spinal cord stimulation
and 14 procedures of stimulation to the foot bearing
surface with plantar support load simulator (a). Next
stage of rehabilitation included keeping upright
position and standing unassisted (b). He was able to
initiate short steps using supporting frame. He could
alternate weight-bearing on the legs, stepping with
another leg and resumed standing. Similar training
was provided for another side (c). At 6-month follow-
up, he could walk on a plain surface using a cane and
the support from physiotherapist (d). Finally, at a
12-month follow-up, he felt coordinated walking on a
plain surface using a cane (e).

Results of neurophysiological examination at
the last stage of treatment showed that walking on
the treadmill holding the bars was accompanied
by well coordinated rhythmical EMG-activity
on lower limb muscles. Noninvasive electrical
stimulation with frequency of 30 Hz at Th11-Th12
level was shown to improve his gait (Fig. 8).

" -:m:f}'p- mwmm

COMRITE O% mCoRMETY ()

Fig. 6 ASIA dynamics in recovery of neurological status of the patient (a) at six months and (b) at a 12-month follow-up
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Fig. 7 Stages of motor recovery in the 17-year-old patient showing (a) voluntary leg movements lying on his back, (b) standing
using support with the frame, (c) initiation of the first steps, (d) the gait with a cane and the support from physiotherapist, (e)
coordinated gait with a cane
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Fig. 8 Electromyographic and kinematic gait characteristics during treadmill walking with/without spinal cord stimulation:
(A) EMGe-activity of lower limb muscles: RTA, right tibialis anterior, RMG, right medial gastrocnemius, RVL, right vastus
lateralis, RBF, right biceps femoris, LTA, left tibialis anterior, LMG, left medial gastrocnemius, LVL, left vastus lateralis, LBF,
left biceps femoris, tSCS, spinal cord stimulation; (B) gait reconstruction prior to and during spinal cord stimulation; (C and D)
histograms of angular displacements in the hip, knee and ankle joints at the gait. Speed, endpoint trajectory speed

84 Case report



Endpoint trajectory in the left leg (marker moving
with the toe) measured 0.98 m (amplitude 47 mm)
without stimulation while the measurements increased
to 1.02 mm and 50 mm, respectively, with spinal
cord stimulation. Nonstimulation endpoint trajectory
in the right leg measured 1.0 m (amplitude 60 mm)
and increased to 1.02 and 68 mm, respectively,
with spinal cord stimulation. Histograms presented
in Figures 8 ¢ and d show angular displacement in
the hip, knee and ankle joints of both sides at the
gait. Spinal cord stimulation demonstrated increase
in the range of motion (ROM) in the left knee and

prior to stimulation
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decrease in ROM in the right knee joint (c, d).
Spinal cord stimulation effect was evident at the
gait on a plain surface making stance shorter and
step frequency longer (Fig. 9). Endpoint trajectory
in the right leg measured 0.94 m without spinal cord
stimulation and 0.79 m with stimulation. Endpoint
trajectory in the left leg measured 0.87 m without
spinal cord stimulation and 0.69 m with stimulation.
Shorter stance with spinal cord stimulation could be
associated with decreased ROM in the ankle joint
taking into consideration measurements of angular

displacement in several joints (c, d).
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Fig. 9 Kinematic gait characteristics at walking on plain surface with spinal cord stimulation. Gait reconstruction of the left and
right legs prior to (A, B) and during (C and D) spinal cord stimulation.

DISCUSSION

There is limited information in the literature about
motor and sensory recovery in pediatric patients with
SCI. Most of the studies are looking into the most
commonly available surgical options for individual
types and severity of SCI and timing of surgery. Early
surgical treatment, within the first hours of injury,

should be strongly considered for patients suffering

Case report

SCI. However, a combination of the initial extent of
the injury, particular injury pattern and the level of
spinal cord injury have a significant impact on overall
recovery of sensorimotor function in patients with
SCI in addition to eliminated vertebro-medullary
conflict. Rehabilitation of somatically stable patients

commences straight after the surgery and is aimed
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at the therapy of the SCI severity by modulating
physiological condition for the spine that rests on
three major principles: 1) neuronal chains modulation
to provide physiological position of the body and
the limbs with supplementary passive rehabilitation
of limb segments; 2) pharmacological modulation
of neuronal chains; 3) modulation of physiological
function of the spinal cord using electrical stimulation
(functional, transcutaneous, epidural).

The role of noninvasive electrical stimulation
of the spinal cord is scrutinized as a measure of
providing sensorimotor function for SCI patients
with restorative treatment at a long term. The
series support positive electrical effect on the study
parameters (transient and permanent improvements
in sensorimotor function, muscle strength, etc.).
We have not encountered series in the available
literature reporting rehabilitation of SCI patients
at early postoperative period with the assessment
of dynamics in sensorimotor function in pediatric
population. The surgical procedure performed

for the reported SCI case within the first hours of

injury was shown to contribute to the success of
his rehabilitation period. Rehabilitation program
with transcutaneous spinal cord stimulation and
mechanical stimulation of the foot bearing surface
ensured proper and more intense staged recovery
of sensorimotor function. To our knowledge, most
of pediatric patients with complicated spinal injury,
thoracic spine, in particular, with clinical signs
of neurological deficits (ASIA A and B) does not
develop motor recovery after surgial treatment and
rehabilitation. In a best-case scenario, this cohort
of patients can demonstrate improved sensory
function and bladder and bowel control that would
require years of persistent efforts. Considerable
positive dynamics in the reported pediatric case
with thoracic SCI was achieved due to the timely
surgical treatment and appropriate comprehensive
therapy using noninvasive methods for the spinal
cord recovery. The pediatric patient could get on
his feet at a six-month follow-up and improve his
neurological status from ASIA B to ASIA level D at

a one-year follow-up.

CONCLUSION

Surgical treatment produced for the patient
with SCI within the first hours after trauma using
new method of noninvasive transcutaneous
spinal cord stimulation and mechanical
stimulation of the foot bearing surface provided

regress of neurological disorders facilitating

more intense lower-limb motor recovery and
improvements in body weight support and
gait in the early phase of rehabilitation. The
patient could regain voluntary control of muscle
activity, stand unassisted and walk with a cane

at one year post-injury.
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