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Virtual reality rehabilitation to enhance functional recovery initiated
from the acute phase following cervical cord injury: A case report

Takeru Akabane”, Tomoto Suzuki', Michiaki Takagil’z, Yuya Takakubo"”

Learning Point of the Article:
Early immersive VR rehabilitation may safely enhance neurological and functional recovery in acute cervical spinal cord injury.

Introduction: Virtual reality (VR) rehabilitation has recently been introduced as an innovative rehabilitation technique combining interactive
environments with intensive exercise training. This technology has demonstrated benefits in conditions such as stroke and neurodegenerative
diseases. However, evidence regarding the application in spinal cord injury (SCI) remains unclear. Early intervention with VR rehabilitation for
SCImay promote spontaneous movement and assist recovery with minimal physical burden. We reporta case of cervical cord injury in which VR
rehabilitation using mediVR KAGURA® was initiated in the acute phase after injury and resulted in excellent recovery.

Case Report: The patient was a 75-year-old male. He sustained a cervical cord injury following a bicycle accident (Frankel grade C1). X-ray and
magnetic resonance imaging revealed instability at the C3/4 level and intramedullary signal changes in his cervical spine. He underwent
posterior fixation surgery on the day of injury. Stabilization of his cervical spine was achieved, but he suffered from severe muscle weakness,
sensory impairment, and marked trunk ataxia. VR rehabilitation using mediVR KAGURA® was started under the supervision of a physical
therapist from 1 week postoperatively. The rehabilitation using mediVR KAGURA® was carried out 2-3 times/week, for 20-30 min/day. He
performed the program in a sitting position, which encourages active use of the upper limbs and trunk, providing multisensory feedback. He
achieved independent sitting within 1 week of starting rehabilitation using mediVR KAGURA® and was able to walk with a walker by the 2nd
week. He achieved independence in activities of daily living by 4 months postoperatively, and he was discharged home. At 1 year postoperatively,
hehadslightresidual numbnessin the fingertips butlives without any limitations in daily activities. No adverse events occurred during the course
oftreatment.

Conclusion: This case demonstrated that VR rehabilitation using mediVR KAGURA?® could be performed safely and effectively in a patient
with cervical cord injury. Early initiation of rehabilitation with mediVR KAGURA® may facilitate voluntary limb activity and enhance functional
recovery.

Keywords: Virtual reality, rehabilitation, spinal cord injury, mediVR KAGURA?®, somato-cognitive coordination therapy.

Introduction treatment [2]. Among these, immersive VR rehabilitation has

In recent years, rehabilitation using robots and virtual reality
(VR) has emerged. VR is a category of extended reality (XR) and
is defined as “an immersive, completely artificial computer-
simulated image and environment with real-time interaction”
[1]. XRincludes augmented reality and mixed reality in addition
to VR. With the recent wave of digital transformation, these
technological advances are strongly influencing medical

been reported to increase the use of the paralyzed limb and
promote functional improvement (dose-dependent principle)
[3, 4]. This was reported to be achieved by blocking the senses,
such as vision, from the surrounding environment, and many
cases of rehabilitation using immersive VR were reported [S].
Few studies have reported VR rehabilitation for the treatment of
acute to subacute spinal cord injury (SCI), such as the
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improvement of balance and gait function in patients with SCI
[6,7].

mediVR KAGURA® (KAGURA, mediVR, Toyonaka City,
Japan) has been reported to enhance the therapeutic effects of
rehabilitation through somato-cognitive coordination therapy
(SCCT), which is described as a therapeutic intervention
targeting the somato-cognitive action network (SCAN) as
reported by Gordon et al. in 2023 [8, 9]. This SCAN is
described as an area within the primary motor cortex that
controls coordinated motor functions, existing between
functional areas such as the hands, feet, and mouth [9]. It has
been reported that improving abnormalities in this area
(entangled-SCAN) can improve postural instability and gait
disorders [8]. SCCT represents a unique therapeutic approach
that KAGURA employs in VR rehabilitation. SCCT facilitates
the integration of intertwined SCAN in the brain by requiring
patients to visualize the overlap of a part of themselves and a
target in the VR space and integrating visual, auditory, and
tactile feedback to the brain when the objective isachieved [ 10].
Given the effects of immersive VR rehabilitation as described
above, VR rehabilitation was initiated using KAGURA at our
facility in 2023. Although the efficacy of KAGURA has been
documented for patients with neurodegenerative diseases such
as Parkinson’s and Huntington’s disease and cerebrovascular
disorders 8,10, 11], no studies have reported acute to subacute
SCI. However, even in cases of acute SCI in which the general
condition is a concern, VR rehabilitation is one of the
rehabilitation options that can be employed without a
significant physical workload, and rehabilitation may be started
earlier in the acute phase. Therefore, this article presents our
experience and discussion of the thesis on VR treatment with
KAGURA foracute to subacute SCI.

Case Report

The patient was a 75-year-old male with no previous medical
history. He fell off his bicycle while riding. He bruised his
forehead and subsequently experienced neck pain and
tetraplegia. Therefore, he was transported to a hospital by
ambulance. X-ray imaging showed instability in the
intervertebral space of the third/fourth cervical vertebrae
(C3/4). Magnetic resonance imaging showed a T2 high-signal
intensity area within the spinal cord at the C3/4 level (Fig. 1).
He had severe muscle weakness and sensory disturbance,
particularly on the right side (Table 1). No abnormal reflexes,
such as deep tendon hyperreflexia or Babinski reflex, were
noted (Table 2). The Japan Orthopaedic Association (JOA)
score, which assesses physical dysfunction and the severity of
myelopathy [12], was 1.5/17 points (Table 3). He was
diagnosed with a cervical SCI (American Spinal Injury
Association [ASIA] impairment scale C, Frankel grade C1)
with C3/4 discinjury.

He underwent cervical posterior spinal fusion (C3/4) on the
same day. Fig. 2 shows post-operative images. He was released
from bed confinement with full assistance on post-operative
day 2; however, he had severe ataxia and difficulty in standing
with assistance. Therefore, VR rehabilitation using KAGURA,
which canbe performed in asitting position with assistance, was
started 1 week postoperatively. The use of KAGURA is
presented in the figure (Fig. 3). Fig. 3a shows KAGURA being
used by a physical therapist at our hospital, which differs not
from actual patient use. The patient sat on a chair with a backrest
and underwent rehabilitation. When significant trunk
instability caused arisk of falling, a chair with armrests was used.
One physical therapist attended, fitting a head-mounted display
to the patient’s head and having them grip controllers in both
hands (Fig. 3b). When gripping was difficult, the patient’s hand

Figure 1: Pre-operative imaging findings. (a and b) There was no obvious vertebral fracture, but mild swelling of the retropharyngeal space. (c and d) Flexion

and extension imaging of the cervical spine showed C3/4 instability. (e) MRIimaging showed a T2 high signal of the spinal cord on the C3/4 disclevel.
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the time of the hospital transfer, his physical function

had improved to ASIA impairmentscale D and Frankel
grade D1, and ADL had improved to 10 points on the
WISCI II and 60 points on the SCIM. In this case,
rehabilitation with KAGURA did not cause
complications.

Four months postoperatively, the patient achieved
fully independent ADLs and was discharged home. At
the 6-month follow-up, his JOA score was 14/17,
indicating an improvement in his condition, with
ASIA impairment scale D, Frankel grade D3, 20 points
on WISCI I, and 100 points on the SCIM. At the 1
year follow-up, his condition had further improved,
with a JOA score of 16/17, ASIA disability
classification D, and Frankel classification E. The
WISCIIIscore and SCIM score remained at full points
(Fig.4, Tables 1 and 3).

Figure 2: 2Post-operative X-ray image of the cervical spine. C3/4 was fixed using a pedicle
screw, and stability was achieved. (a) Anteroposterior view of the cervical spine. (b) lateral

view of the cervical spine.

and controller were held with a belt, enabling them to grip the
controller. There are five games built into KAGURA. In this
case, two games were used: One was “a game for reaching out to
targets,” and the other was “a game for catching balls falling from
the sky,” both designed to be easily understood by elderly
players (Fig. 3c and d). During periods of severe motor
paralysis, the physical therapist assisted the patient while the
game was being played. These interventions were carried out
for 20-30 min/day, 2-3 times/week, depending on the
patient’s condition.

Before the rehabilitation, his activities
of daily living (ADLs) were 0 points in
the walking index for SCI (WISCI) II
evaluation and 2 points in the spinal
cord independence measure (SCIM)
evaluation. 1 week after the start of
rehabilitation with KAGURA (2
weeks postoperatively), he was able to
maintain a sitting position
independently. Another week later, he
was able to practice walking. 3 weeks
after the start of the KAGURA
rehabilitation, he was able to walk
independently using a walker and was
transferred to another hospital.
Between 1 and 4 weeks

Discussion

The severity at the time of injury is important for the
prognosis of SCL In the case of cervical cord injury,
approximately 70% of patients with grade C, as
proposed in the ASIA, achieved the ability to walk [13].
However, in this classification, grade C is a broad assessment of
severity. A detailed study using the modified Frankel
classification reported that 36% of Frankel grade C1 cases could
walk outdoors after more than 6 months of follow-up [14]. In
light of this finding, VR rehabilitation could potentially
improve the walking ability of the presented patient. To our
knowledge, no studies have described the extent of
improvement in neurological symptoms in a shorter period

. . . Figure 3: Images of rehabilitation with KAGURA. (a and b) Demonstration of virtual reality-guided training
P OStoperatlvely’ rehabilitation with by a physical therapist. (c and d) In the 3D virtual space, the user catches red or blue falling objects or touches
KAGURA was performed 8 times. At targets with aright- orleft-hand controller. These tasks are presented ina video game style.
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SCCT with KAGURA was
reported to improve postural
10 Stability and gait disorders such
as disuse syndrome [16], and
80 more recently, it has been
reported to improve static or
60 dynamic postural stability for
persistent sensorineural
40 posture-induced vertigo [17].
However, no studies have
reported rehabilitation using
KAGURA for acute to subacute

pre-op post-op p.o lw 4w

Figure 4: The course of walking index for spinal cord injury II, spinal cord independence measure, Frankel grade.
Improvementin activities of daily living has been observed since the start of rehabilitation with KAGURA.

after injury, such as weekly or monthly intervals. Consequently,
although the patient may have been able to walk without VR
rehabilitation, the early intervention of VR rehabilitation may
have contributed to the early achievement of walking ability.

Some researchers have reported that VR rehabilitation for SCI
has been reported. For example, VR rehabilitation with
Nintendo™ Wii Fit was reported to significantly improve gait
speed and trunk balance in patients with SCI [15]. In addition,

Table 1: Physical findings at admission and 1 year after injury. Post
operative MMT improved obviously compared to preoperative
MMT

R L

Upper extremity Admission Last follow- Admission Last follow-

4m

om Ly 0 SCI, with only case reports of its
use in patients with spinal cord
infarction in the chronic phase
of the disease [18]. In this case,
VR rehabilitation for SCI during
the acute to subacute phase
could be conducted to restore neurological function without

complications.

In recent years, studies have reported treatment with Hybrid
Assisted Limb® (HAL) in robotic rehabilitation. Its therapeutic
effectshave been reported in acute to chronic phases of SCI[19,
20, 21]. An interactive biofeedback system has been proposed
as the main mechanism of HAL treatment [21]. However, the
effects of KAGURA on the spinal cord are still unclear, since it is
assumed to affect the cranial nerves, such as vision and hearing,
However, some cases have been reported in which the use of
KAGURA for SCI resulted in symptomatic improvement,
suggesting the possibility of neural redistribution through

period  up period period up period
Trapezius 4 5 4 5 spinal reflex pathways or plastic changes within the central
Deltoid 1 5 3 5
Biceps brachii 1 5 3 5
Triceps bra.Ch" . 1 > 3 2 Table 2: Physical findings at the initial examination.
Extensor carpiulnariy 0-1 > 2 > Deep tendon reflexes were absent in the CS segment
Flexor carpi radialis 0-1 5 2 5 immediately after injury
Extensor digitorum 0-1 5 ) 5
communis Deep tendon reflex R L
Flexor digitorum . —
profundus 0-1 5 2 5 Biceps brachii tendon - -
Lower extremity R L Brachioradialis tendon — —
lliopsoas 1 5 2 5 Triceps tendon + +
Gluteus medius 1 5 3 5 Patellar tendon + +
(fdiu.ctor n:agnu‘f' 1 2 g 2 Achilles tendon - -
uadriceps femoris "
Long tract sign R L
Tibialis anterior 1 5 4 5 ong csig
Extensor hallucis Hoffman - -
1 5 4 5
longus Tromner — —
Extenslor digitorum 1 5 4 5 Wartenberg _ _
ongus -
Babinski — —
Flexor hallucis longus 1 5 4 5 haddock
Flexor digitorum 1 5 4 5 Chaddoc
longus Ankle clonus - -
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Table 3: JOA score at admission and 1 year after
injury. Post-operative JOA scores improved
obviously compared to pre-operative scores
JOA score Admi.ssion Last fol-low-up
period period
Motor function
Fingers 0 4
Shoulder and
elbow 2 0
Lower extremity 0 4
Sensory function
Upper extremity 0.5 1
Trunk 0.5 2
Lower extremity 0.5 2
Bladder function 1 3
Total 0.5/17 16/17
JOA: Japan Orthopaedic Association

nervous system [22]. For motor impairments caused by stroke
or disuse syndrome, an immersive VR environment improves
attention and cognition, and sitting exercises improve balance.
This effect has been reported to improve walking ability and
ataxia [11, 16]. Although this mechanism differs from that of
HAL, the effort to move the limb may influence the brain and
achieve rehabilitation based on the SCCT principles to resolve
the tangle. We are currently considering the use of KAGURA for
patients who cannot maintain a standing position due to severe
ataxia or who experience difficulty standing because of
circulatory effects. At our hospital, we view this to be a
difference from HAL’ indications, which primarily focus on
rehabilitation in a standing position. Although further studies
are needed, HAL, which mainly offers full-body exercise, is
anticipated to cause greater physical exertion than KAGURA.
Consequently, it may be feasible to start rehabilitation with
KAGURA in casesatrisk of circulatory effects and subsequently
transition to rehabilitation with HAL as the patient’s tolerance
for physical exertion improves. In any case, KAGURA, which is
presumed to be able to initiate rehabilitation with low physical
exertion, is expected to provide rehabilitation intervention at an
earlier phase.

In this case, compared with conventional therapy for the
paralyzed limbs following SCI, patients make more effort to
move their limbs by themselves and feel more fatigue after the
rehabilitation. Thus, this may be a medical treatment that
achieves the “dose-dependent” concept, which is important in
acute-phase rehabilitation.

Early intervention in immersive VR rehabilitation may increase
the use of the paralyzed limb and promote functional
improvement without complications.

This study has some limitations. First, as this is a case report,
increasing the number of cases and reconsidering the results of
the use of the KAGURA are crucial. However, we believe that
this study will help promote rehabilitation with the patient’s
motivation, if the patient’s general condition is at least stable,
and if the patient can maintain a sitting position with assistance.
Second, no comparative data are available because this is a case
report. Thus, prospective studies including multicenters and
large populations may help further demonstrate the usefulness
of VR rehabilitation. Finally, the mechanism by which SCCT
affects the spinal cord remains unclear. While accumulating
evidence for the therapeutic efficacy of KAGURA, it is
considered necessary to elucidate the mechanism of SCCT’s
therapeutic effect for the spinal cord through basic research in
the future.

Conclusion

This case study suggests that immersive VR rehabilitation using
KAGURA can be safely performed during the acute to subacute
phase of cervical cord injury and may promote earlier functional
recovery. Although further research using large cohorts and
analysis of the mechanisms for the therapeutic effect on the
spinal cord are required, early intervention of VR rehabilitation
using SCCT holds the potential to enhance patient motivation,
promote the use of paralyzed limbs, and lead to dose-dependent
neurological and functional improvements.

Clinical Message

VR rehabilitation can increase the use of the limb suffering from
motor paralysis, promote the “dose-dependent principle” and
facilitate functional improvement. VR rehabilitation for acute to
subacute SCI may improve neurological function, in addition to
recoveryin the natural course of the injury.
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