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Background: Cell therapy is amongst the most promising treatment strategies in spinal cord 

injury (SCI) because it focuses on repair. There are many published animal studies and a few 

human trials showing remarkable results with various cell types. The level of SCI determines 

whether paraplegia or quadriplegia is present, and greatly influences recovery. The purpose 

of this study was to determine the significance of the clinical effects and long-term safety of 

intrathecal administration of autologous bone marrow-derived mononuclear cells, along with 

changes in functional independence and quality of life in patients with thoracolumbar SCI.

Methods: We undertook a retrospective analysis of a clinical study in which a nonrandomized 

sample of 110 patients with thoracolumbar SCI underwent autologous bone marrow-derived 

mononuclear cell transplantation intrathecally and subsequent neurorehabilitation, with a mean 

follow-up of 2 years ± 1 month. Changes on any parameters  were recorded at follow-up. The 

data were analyzed using the Wilcoxon’s signed-rank test and McNemar’s test. Functional 

Independence Measure and American Spinal Injury Association (ASIA) scores were recorded, 

and a detailed neurological assessment was performed.

Results: Overall improvement was seen in 91% of patients, including reduction in spasticity, 

partial sensory recovery, and improvement in trunk control, postural hypotension, bladder manage-

ment, mobility, activities of daily living, and functional independence. A significant association 

of these symptomatic improvements with the cell therapy intervention was established by the 

statistical analysis. Some patients showed a shift on the ASIA scale and changes in electrophysi-

ological studies or functional magnetic resonance imaging. No major side effects were noted.

Conclusion: In patients with thoracolumbar SCI, there were statistically significant beneficial 

effects, both symptomatic and functional, from intrathecal autologous bone marrow-derived 

mononuclear cell therapy and rehabilitation. This was a safe and viable therapeutic option with 

no long-term side effects at 2 years. This analytical study is an early documentation of cell 

therapy, and can be used as a guide to devise larger more refined clinical trials.

Keywords: cell therapy, spinal cord injury, autologous, bone marrow-derived mononuclear 

cells, intrathecal administration

Introduction
Spinal cord injury (SCI) results in severe neurological damage, and is often caused by 

road traffic accidents (RTAs) or falls from height. Specifically, SCI results in paralysis, 

which severely affects quality of life. Recovery from SCI is difficult because the 

injured spinal cord loses its ability to regenerate lost or damaged cells and re-establish 

functional neural connections. Because there is no effective medical therapy available, 

several studies have been carried out in animal models, which have included rehabilita-

tion, pharmacological treatment, and cell therapy.1 Cell therapy is amongst the most 
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promising treatment strategies because it focuses on replacing 

the lost or damaged cells with progenitor or stem cells, lead-

ing to further axonal growth, remyelination of axons, and 

reduction of neuronal degeneration.2,3 In this study, we per-

formed autologous bone marrow-derived mononuclear cell 

(BMMNC) transplantation in 110 patients with SCI to study 

the therapeutic effects of cell therapy. BMMNCs were used 

because they are readily available in abundance, and unlike 

embryonic cells, do not involve any ethical issues.

Materials and methods
The study was designed as a retrospective analysis of a 

clinical trial conducted in a nonrandomized sample of SCI 

patients who underwent autologous BMMNC transplantation. 

The patients were selected based on the inclusion criterion 

in paragraph 35 of the Declaration of Helsinki regarding 

ethical principles for medical research involving human 

subjects.4 Patients with documented SCI on magnetic 

resonance imaging (MRI) or computed tomography scan 

were selected, and were included irrespective of the cause, 

extent, or completeness of their injury. Exclusion criteria 

were the presence of respiratory distress, acute infections 

such as human immunodeficiency virus, hepatitis B virus, 

or hepatitis C virus, malignancy, and other acute medical 

conditions, including respiratory tract infection or fever, and 

pregnancy or breastfeeding.

Sample population
The characteristics of the 110 SCI patients included in the 

study are shown in Table  1. The mean age of the study 

group was 35 years. The patients had typical sequelae of 

SCI, including motor weakness, sensory loss, loss of bladder 

and bowel control and sensation, and spasticity (Figure 1). 

Ninety-nine (90%) of the patients were American Spinal 

Injury Association (ASIA) grade A, ten (9%) were grade B, 

and one (0.9%) was grade C. In total, 101 (92%) cases had 

undergone surgery, while 62 (56%) had undergone rehabili-

tation before treatment with BMMNCs. The majority of the 

patients were in the plateau phase of recovery.

Procedure
The protocol was reviewed and approved by the Institutional 

Committee for Stem Cell Research and Therapy in accordance 

with the Indian Council of Medical Research guidelines. 

An informed consent was obtained from all patients and 

their families. Before therapy, all patients underwent 

extensive evaluation by medical and rehabilitation experts. 

Pre-evaluation included a complete neurological examination, 

psychological examination, manual muscle testing, and 

evaluation on scales such as the Functional Independence 

Measure (FIM) and ASIA. The patients were assessed for 

fitness pretherapy using routine blood tests and x-rays. 

Specific tests, such as MRI spine, functional MRI, electro-

myography, somatosensory evoked potentials, and nerve 

conduction velocity, were also performed. The mean follow-

up period was 2 years ± 1 month.

Isolation and administration  
of autologous bone marrow cells
Granulocyte-colony stimulating factor injections were 

administered 48  hours and 24  hours prior to treatment 

to stimulate CD34+ cells and promote their survival and 

replication.5,6 Bone marrow aspiration was carried out 

under local or general anesthesia depending on the indi-

vidual case. Approximately 100  mL (80–120  mL, based 

on age and body weight) of bone marrow was aspirated 

from the anterior superior iliac crest bone using a standard 

procedure. Mononucleocytes were obtained after density 

gradient separation. A viability count of the isolated mono-

nucleocytes was done, and average viability was found to 

be 96.18%. The mononucleocytes were checked for CD34+ 

by fluorescence activated cell sorting. Body weight × 106 

mononucleocytes were injected intrathecally into L4–L5 

immediately post separation using an 18 G Tuohy needle 

and catheter. Intravenous methylprednisolone (30  mg/kg 

Table 1 Patient demographic and clinical data

Patients (n = 110)
Gender

  Male 92
  Female 18
Age
  ,35 years 61

  .35 years 49
Level of SCI
  Dorsal 98
  Lumbar 12
Type of injury
  Traumatic 101
  Nontraumatic 9
Cause of trauma
  RTA 69
  Others 32
Duration since SCI, years
  ,1 7
  1–3 35
  3–5 28
  .5 40

Abbreviations: SCI, spinal cord injury; RTA, road traffic accident.
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over one hour) was administered simultaneously with the 

cells.

Neurorehabilitation
All the patients underwent neurorehabilitation, including 

physiotherapy, occupational therapy, and psychological 

therapy, for a period of 6 months to 1 year. The exercise 

protocol was planned specifically for individual patients, as 

per the detailed assessment done before therapy.

Outcome measures
All patients included in this study have been followed up for at 

least 4 years thus far. Patients were followed up at 3 months and 

6 months following stem cell transplantation and once yearly 

thereafter. A detailed neurological evaluation was performed 

by physicians and therapists to note symptomatic changes. FIM 

scores were used to assess changes in functional independence, 

reflecting improvement in quality of life. This scoring system was 

developed to evaluate the progress of rehabilitation in patients 

with multiple disabilities,7 and its reliability and validity is high 

across many disability groups, including SCI.8 The ASIA scale 

was used to monitor motor and sensory recovery. This is the most 

commonly used outcome measurement tool in use for SCI today. 

This scale was originally developed as a classification system, but 

has evolved in such a way that elements of the examination on 

which the classification is based are used as outcome measures.9 

Functional MRI and electromyography/nerve conduction veloc-

ity studies were repeated to demonstrate objective evidence of 

the effects of cell therapy.

Statistical analysis
The data were analyzed using SPSS statistical software 

version 17.0 (SPSS Inc., Chicago, IL, USA). The Wilcoxon 

signed-rank test to establish the significance of changes in 

FIM score. A frequency distribution was computed for the 

changes observed in symptoms. The proportions of these 

frequencies were analyzed using the McNemar’s test to estab-

lish the significance of the association between symptomatic 

changes and the cell therapy intervention.

Results
One hundred and ten paraplegic SCI patients underwent 

autologous BMMNC transplantation. On follow-up at a mean 

of 2 years ± 1 month, 100 cases (91%) showed symptomatic, 

investigational, and functional improvement. A reduction in 

spasticity was found in 26% of cases, partial sensory recovery 

in 28%, improved trunk control in 96%, and less postural 

hypotension in 100%. There was also an improvement in 

bladder management with respect to a shift from indwelling 

and condom catheters to intermittent self-catheterization 
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Figure 1 Symptomatic improvements in patients with spinal cord injury after stem cell therapy. The x axis denotes symptoms presented in the patient population and the 
y axis denotes the number of patients.
Abbreviation: ADLs, activities of daily living.
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in 33% of cases. Further, 22% of wheelchair-bound cases 

started walking and 60% of patients whose activities of daily 

living were affected showed improvement (Figure 1). A sta-

tistically significant association between these symptomatic 

improvements and the stem cell intervention was established 

by McNemar’s test (Table 2).

Two of the 110 patients shifted from grade A to C on 

the ASIA scale, one shifted from grade B to C, and eight 

shifted from grade A to B (Figure 2). The median preinter-

vention FIM score was 71 and after intervention was 79.5. 

Fifty-nine patients showed a significant change in FIM 

score (Figures 3 and 4). This was further supported by the 

statistical analysis, which showed a Z value of −6.685 and a 

two-tailed P value of #0.0001 (Wilcoxon’s signed-rank test). 

A significant functional improvement was evident following 

intervention. On electrophysiological studies, two patients 

showed improvement, and one showed an improvement on 

functional MRI.

No major side effects were recorded post transplantation. 

However, minor procedure-related side effects, including 

headache, nausea, vomiting, and backache, were noted in 

a few cases and controlled with medication. Two patients 

died within 3 months of the intervention due to pulmonary 

embolism unrelated to the procedure or cell therapy.

Discussion
Cell transplantation has been studied extensively in the past 

two decades in the setting of central nervous system injury. 

A variety of cells have been used, including embryonic cells, 

neural cells, umbilical cord blood cells, bone marrow-derived 

stromal cells, Schwann cells, and olfactory ensheathing 

cells.10–12 The findings of several animal and human stud-

ies have supported the role of cell transplantation in spinal 

cord repair.13–15 Due to the multifactorial pathophysiology of 

SCI, cell transplantation holds great potential.

The objective of our study was to evaluate the safety, 

feasibility, and efficacy of autologous BMMNCs in the treat-

ment of patients with chronic SCI. These mononucleocytes 

contain hematopoietic stem cells, tissue-specific progenitor 

cells, stromal cells, and specialized blood cells in different 

stages of development. They are multipotent, with definitive 

in vivo and in vitro neuronal differentiation and no associated 

immunological or ethical issues. It has been reported that use of 

whole BMMNCs is more successful than methods using sub-

fractionated cell preparations.16 The mixture of cells involved is 

known to encourage distinct angiogenic properties and promote 

vascular repair.17 These cells have the capacity to mobilize and 

exert their reparative effects at the site of injury. It has been 

observed in murine models that transplanted bone marrow 

stromal cells migrate and attach to injured neural tissue. Within 

3 weeks, the cells release trophic factors to stop degeneration of 

neurons and glial cells, and stimulate differentiation of neural 

stem cells in injured spinal cord tissue.15,18,19 They also enhance 

angiogenesis and contribute to neovascularization by produc-

ing signaling molecules, such as vascular endothelial growth 

factor and fibroblast growth factor 2.20 Bone marrow stromal 

cells and BMMNCs have been found to replace white and gray 

matter, with neuronal and axonal regeneration, proliferation, 

myelination, and neovascularization of astrocytes, leading to 

further functional improvements in animal models.15,21,22

We included 110 chronic SCI cases that were traumatic or 

nontraumatic in nature and underwent intrathecal administration 

of BMMNCs. Intrathecal delivery is minimally invasive and 

has been shown to deliver cells to contused spinal cord tissues 

and exert a significant beneficial effect by reducing injury size 

in models of spinal cord contusion.23 It has also been shown 

that intrathecal delivery of mesenchymal stem cells appears to 

be better than intravenous delivery to the injured spinal cord in 

terms of cell engraftment, tissue sparing, and a reduced immune 

response.24 Although intraspinal administration of cells has 

Table 2 Statistical significance for each symptomatic/functional change using McNemar’s test

Symptom/function Affected patients (n of 110) Patients improved (n) Chi-square value† P value#

Spasticity 96 25 23.04 ,0.0001
Sensation 108 30 28.033 ,0.0001
Bladder management 48 16 14.06 0.0002
Bowel management 109 1 0 1.000*
Trunk control 23 22 20.045 ,0.0001
Sitting balance 77 63 61.016 ,0.0001
Standing balance 110 73 70.014 ,0.0001
Wheelchair-bound to walking 77 17 15.059 0.0001
ADLs 99 59 57.017 ,0.0001

Notes: #Significant at P # 0.05; †Chi-square value at one degree of freedom; *P value insignificant for improvement in bowel management. 
Abbreviation: ADLs, activities of daily living.
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Figure 3 Change in Functional Independence Measure score in 59 patients after stem cell therapy.
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been found to be effective in SCI, it is believed that this route of 

administration leads to additional tissue damage. This procedure 

is also more invasive, requires general anesthesia, and is associ-

ated with a considerable risk of complications.23 In combination 

with cell transplantation, our patients also underwent extensive 

rehabilitation. In acute SCI, it has been observed that a combi-

nation of bone marrow stem cell therapy and exercise training 

results in significant functional improvement.25

In our study, after a mean follow-up of 2 years ± 1 month, 

91% of patients showed symptomatic and functional improve-

ments. On further detailed analysis, a number of factors were 

taken into consideration, and are discussed as follows.

Gender
Forty-eight of 92 (52.17%) males showed improved FIM 

scores following cell transplantation versus 11 of 18 females 

(61.11%). The higher response rate in women may be attrib-

uted to the neuroprotective effects of estrogen.26

Age
The sample population was grouped into those younger and 

older than 35 years, given that 35 years was the mean age 

of the sample. Improvement was documented in 61.01% of 

those younger than 35 years versus 46.94% of those older 

than 35 years, indicating that younger patients respond better 

to cell transplantation, possibly for multiple reasons, includ-

ing a greater number of stem cells being available, greater 

neuroplasticity, and more ability to exercise.

Type of injury
Of the 110 SCI cases in this study, 91.82% of injuries were 

traumatic and the rest were nontraumatic. Although the num-

bers are not comparable based on percentages, the improve-

ments observed were more pronounced in the traumatic cases, 

ie, 57 of 98 (58.16%) as compared with two of nine (22.22%) 

nontraumatic cases. Nontraumatic injuries are more difficult 

to repair because the disease process and resulting damage 

may be ongoing and diffuse, resulting in both anatomical and 

intrinsic functional loss of neurons.

Cause of trauma
FIM improved in 50.72% of RTA cases as compared with 

68.75% in non-RTA cases. Non-RTA cases included bullet 

injuries, falls from height, and objects falling on the spine. 

Those with an RTA may have had more severe and extensive 

injury and multiple injuries at other anatomical sites.
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Figure 4 Effect of stem cell therapy on mean FIM scores after stem cell therapy.
Abbreviations: FIM, Functional Independence Measure; SCT, stem cell therapy.
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Chronicity of injury
Improvement in FIM score was seen in 57% of those who 

sustained their injury within the previous year, 60% of those 

in the 1–3-year group, 71% in the 3–5-year group, and 35% 

in the more than 5 years group (Figure 5). The least improve-

ment was seen in patients who were more than 5 years out 

from their SCI. This is probably because increasing chronicity 

makes injury repair more difficult; these patients may have 

already learned fixed patterns of functioning, and worsening 

of complications like contractures and longer duration of 

dependency hamper recovery.

Level of injury
The proportions of patients showing improvement were 48% 

in those with SCI at T1–T4, 48% at T5–T8, 64% at T9–T12, 

and 41% at lumbar levels of injury, as shown in Figure 6. 

Those with a lower level of injury, ie, at the lumbar spine, 

already had a high FIM score before intervention. Although 

qualitative changes were noted in their functioning, these high 

pre-FIM scores may have masked any quantitative changes.

Rehabilitation prior to cell therapy
Sixty-two patients had undergone extensive neurorehabilita-

tion before intervention with cell therapy, and 50% of these 

patients showed further improvement. This observation 

suggests that the improvement seen may be directly asso-

ciated with the effect of cell therapy. Twenty-nine of 48 

(60.42%) patients who had not undergone neurorehabilita-

tion before cell therapy showed improved FIM scores after 

intervention. The similarity of the percentages in both 

groups indicates that cell therapy independently exerted 

beneficial effects.

Relationship between symptomatic/
functional changes and cell therapy
Most patients showed symptomatic improvement in 

spasticity and balance during the first few weeks after cell 

therapy, which was followed by improvement in sensation 

and in trunk muscle strength and control over a period of 

6 months. Dramatic improvement in bed mobility (rolling 

in bed, getting up from supine to sit, bed transfers, shifting 

sidewards, forward and backwards in bed) was seen in a 

large number of patients (92.86%), possibly due to the 

significant improvements in trunk control (Table 2).

Partial sensory recovery was seen in 27.77% of patients 

following intervention, with tingling and burning sensa-

tion being the earliest sign of recovery, possibly as a result 

of the active repair of damaged nerves by BMMNCs, 
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Figure 5 Improvement in FIM score after stem cell therapy based on chronicity of spinal cord injury. 
Abbreviation: FIM, Functional Independence Measure.
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Abbreviation: FIM, Functional Independence Measure.

Table 3 Objective improvements evident on electromyography (A) and functional magnetic resonance imaging (B) after stem cell 
therapy in selected patients

(A) Nerve/sites Amplitude 2–4 mV (before) Amplitude 2–4 mV (after)

Patient 1 R tibial (knee)-AH ankle 3.5 5.4
R tibial (knee)-AH knee 2.7 5.1
L tibial (knee)-AH ankle 4.1 5.7
R tibial (knee)-gastrocnemius knee 7.2 14.8
L tibial (knee)-gastrocnemius knee 10.2 11.7

Patient 2 L common peroneal-EDB ankle 0.8 3.0
R common peroneal – tibialis anterior, fibular head 1.6 3.4
L common peroneal – tibialis anterior, fibular head 1.8 4.3
R tibial (knee)-AH ankle 7.0 8.0
L tibial (knee)-AH ankle 7.9 8.3
R tibial (knee)-gastrocnemius knee 6.2 18.7
L tibial (knee)-gastrocnemius knee 2.5 17.2

(B) Functional MRI (before) Functional MRI (after)

Patient 1 No activity in the pre and post central gyri Activation in the right precentral gyrus

Abbreviations: AH, abductor hallucis; EDB, extensor digitorum brevis; MRI, magnetic resonance imaging; R, right; L, left.

which was evident on electromyography/nerve conduction 

velocity studies and functional MRI in some patients 

(Table 3). Preintervention symptoms of postural hypoten-

sion resolved after cell therapy in five patients.

Bladder management is often a challenging problem in 

SCI patients, who often have to use an indwelling or condom 

catheter due to loss of bladder sensation and control. These 

devices pose a high risk of infection, complications, renal 

impairment, and social embarrassment. Therefore, address-

ing this issue is of paramount importance for these patients. 

In this study, 48 of the 110 patients were using a Foley or 

condom catheter before cell therapy, and 16 of these patients 
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were able to switch to intermittent self-catheterization, which 

helped to improve bladder management and thereby quality 

of life. This result was statistically significant (Table 2). In 

contrast, there was no improvement seen in bowel manage-

ment in this study.

Fifty patients who were initially unable to stand post SCI 

could stand with assistance after cell therapy. For the first 

time since their SCI, 17 patients started assisted walking 

following cell therapy. These improvements were perceived 

as of great magnitude by the patients.

Following on from the above symptomatic improve-

ments, mobility (assisted walking, climbing stairs) improved, 

along with the ability to perform activities of daily living. 

As shown in Figure 2, eight patients shifted from A to B, 

two patients shifted from A to C, and one from B to C on the 

ASIA scale. These numbers are small because of the limita-

tions in recording of the ASIA scale, ie, it is not sensitive 

enough to detect partial recovery. This indicates a need to use 

more sensitive measures to monitor recovery in SCI patients 

following cell therapy.

Finally, a significant number of patients (59.59%) 

showed an increase in their FIM score after cell therapy, 

which established a statistically significant relationship 

between the change in FIM score and effect of cell therapy. 

In addition to improvement in mobility and ability to trans-

fer, functional gains were noted in eating, dressing, and 

bathing/grooming, which may be attributable to the gains 

in trunk strength, control, and sitting balance observed 

in a significant number of patients. The changes in FIM 

score were highly statistically significant. This enhance-

ment in function led to improved quality of life for these 

patients.

Lack of a control group is a limitation in this study. 

However, because of the chronicity of SCI in all the 

patients included, it was possible for them to act as their 

own controls. It has been observed that spontaneous 

recovery occurs until 6–9 months, after which the rate of 

recovery plateaus.27 Because the mean duration since SCI 

in this study was 5 years and 9 months, it can be assumed 

that spontaneous recovery had already reached a plateau, 

hence their ability to serve as their own controls.

Conclusion
We conclude that the multiple mechanisms of action of 

BMMNCs promote a reparative process in the damaged 

spinal cord which was reflected by symptomatic and 

functional improvement in the majority of our patients 

with thoracolumbar SCI. This study also reaffirms the 

safety and viability of intrathecal autologous BMMNC 

therapy. It is well established that rehabilitation promotes 

the recovery of neurological deficits, and its amalgama-

tion with cell therapy may augment recovery further. To 

exploit the potential of cell therapy in SCI patients, further 

large-scale, sophisticated, multicenter clinical trials are the 

need of the hour.
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