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Administration of Autologous Bone Marrow-Derived Mononuclear Cells
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in Children With Incurable Neurological Disorders and Injury
Is Safe and Improves Their Quality of Life
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Neurological disorders such as muscular dystrophy, cerebral palsy, and injury to the brain and spine currently
have no known definitive treatments or cures. A study was carried out on 71 children suffering from such
incurable neurological disorders and injury. They were intrathecally and intramuscularly administered autolo-
gous bone marrow-derived mononuclear cells. Assessment after transplantation showed neurological
improvements in muscle power and a shift on assessment scales such as FIM and Brooke and Vignos scale.
Further, imaging and electrophysiological studies also showed significant changes in selective cases. On an
average follow-up of 15 + 1 months, overall 97% muscular dystrophy cases showed subjective and functional
improvement, with 2 of them also showing changes on MRI and 3 on EMG. One hundred percent of the
spinal cord injury cases showed improvement with respect to muscle strength, urine control, spasticity, etc.
Eighty-five percent of cases of cerebral palsy cases showed improvements, out of which 75% reported
improvement in muscle tone and 50% in speech among other symptoms. Eighty-eight percent of cases of
other incurable neurological disorders such as autism, Retts Syndrome, giant axonal neuropathy, etc., also
showed improvement. No significant adverse events were noted. The results show that this treatment is safe,
efficacious, and also improves the quality of life of children with incurable neurological disorders and injury.
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INTRODUCTION

Pediatric neurological disorders include a large group
of heterogeneous diseases, of which some are known to
be genetic. This group of disorders includes muscular
dystrophy, cerebral palsy, and injury including spinal
cord injury. These neurological conditions arise from
dysfunction of the nervous and musculoskeletal system
that lead to impaired movement and abnormal muscle
tone (4). Symptoms commonly observed in the children
affected by such disorders are motor weakness, change
in muscle tone, delayed milestones, headaches, seizures,
lack of coordination, etc. (7). An important concern in
the treatment of neurological diseases is that the neurons
in the brain and spinal cord are unable to instinctively

regenerate (7). Stem cells have a unique capacity of self-
renewal and differentiation into different types of mature
cells. Some stem cells are believed to possess the prop-
erty of transdifferentiation wherein they can differentiate
from one cell type to another within the same tissue or
develop into a completely different tissue without
acquiring an intermediate undifferentiated progenitor
state (9). They are instrumental in the formation of new
tissues and thereby promote repair and regeneration.
They are obtained from various sources such as preim-
plantation embryo, cord blood, bone marrow, and fat tis-
sue (11).

We present the data of a clinical trial conducted to
study the result of autologous bone marrow stem cell
therapy in pediatric neurological disorders. Seventy-one
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patients suffering from various incurable neurological
disorders underwent autologous bone marrow-derived
mononuclear cells transplantation intrathecally and, in
certain cases, intramuscularly. It was found to be a safe
therapy with no serious adverse events and the quality
of life of these patients was shown to exhibit signifi-
cant improvements.

MATERIALS AND METHODS

Patients Selection

Patient selection was based on the inclusion criterion
of paragraph 35 of the World Medical Association Dec-
laration of Helsinki—Ethical Principles for Medical
Research Involving Human Subject (3) (i.e., only
patients for whom there were no proven interventions
available or if available had been ineffective were
included). The protocol had been reviewed and
approved by the Institutional Committee for Stem cell
Research and Therapy (IC-SCRT) in accordance to the
Indian Council of Medical Research (ICMR) guidelines.
Seventy-one children with neurological disorders such
as muscular dystrophy, spinal cord injury, cerebral
palsy, etc., underwent the treatment. An informed con-
sent was obtained from the parents and patients evalu-
ated in detail prior to the commencing of the therapy.
The exclusion criteria were any disease for which a
proven therapy existed or had not been completely tried
out, presence of acute infections such as HIV/HBV/
HCV; malignancies, and any other medical conditions
such as respiratory infection, fever, etc. Before the ther-
apy all the patients underwent extensive evaluation by a
team of medical and rehabilitation experts. The evalua-
tion included a neurological examination, psychological
examination, manual muscle testing (MMT) along with
disorder-specific scales such as American Spinal Injury
Association scale (ASIA) in spinal cord-injured patients,
Brooke and Vignos Scale in muscular dystrophy
patients, and Functional Independence Measure (FIM)
in all. Patients were assessed for pretherapy fitness
through routine blood tests, X-rays, etc. Disorder-spe-
cific testing such as serum creatine phosphokinase
(CPK), electrophysiological assessment like EMG,
NCV, SSEP, and EEG, imaging studies of the brain,
spine, and musculoskeletal system were performed.

Neurological Evaluation

All patients underwent an initial neurological evalua-
tion. The follow-up period varied from 6 to 24 months
with a mean follow up of 15 + I months.

In spinal cord-injury patients, the ASIA Scale was
used to evaluate the motor and sensory functions with
definitions as:

A: No motor or sensory functions preserved in the sacral
segments S4-S5.
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B: Sensory but not motor function preserved below the
neurological level and includes the sacral segments
S4-S5.

C: Motor function is preserved below the neurological
level and more than half of key muscles below the
neurological level have a muscle grade less than 3.

D: Motor function is preserved below the neurological
level and at least half of key muscles below the neu-
rological level have a muscle grade of 3 or more.

E: Motor and sensory functions are normal.

In muscular dystrophy patients, Brooke and Vignos
scales were used to assess the functional limitation.
Brooke scale is used for upper extremities ranging from
grade 1 to 6, showing increment in the weakness in
upper extremities from ability to raise upper extremity
completely to not being able to raise hands to the mouth
or have any purposeful hand functions.

Vignos scale was used for lower extremities ranging
from grade 1 to 10, showing increment in the weakness
of lower extremities from ability to walk and climb
stairs without assistance to being totally confined to bed
or immobile. Patients were evaluated on the basis of
these two scales because they are widely accepted
assessment tools and clearly show both functional and
neurological improvements posttherapy (1,21).

Quality of Life Evaluation

The FIM scale was used to assess the changes in
functional abilities thereby improving the quality of life
of patients post stem cell transplantation. The FIM
assesses the levels of independence from level 1 to 7
ranging from complete independence (timely, safely) in
all activities of daily living (ADL) to total assistance
required in all ADL. The areas of ADL that are assessed
in detail are self-care, sphincter control (bladder and
bowel management), mobility (transfers and locomo-
tion), communication (comprehension and expression),
social cognition (social interaction, problem solving, and
memory) (8).

Table 1. Total Types of Pediatric Patients Underwent
Autologous Stem cell Transplantation

Average Average
Age of Weight of
No. of Patients the Patients
Disease Patients (in Years) (in kg)
Muscular dystrophy 38 9 35
Spinal cord injury 4 8.8 30
Cerebral palsy 20 8.6 27
Miscellaneous 9 8.5 25







