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Abstract: Postpoliomyelitis syndrome refers to the new neuromuscular symptoms that occur 

in patients, years after their acute poliomyelitis has stabilized. A 64-year-old Danish man pre-

sented with lower limb weakness and severe pain for 2 years and 5 months. He had a history of 

poliomyelitis affecting his limbs 59 years ago. Physical examination revealed atrophy of muscles 

of both lower limbs. Electromyography revealed that recruitment of maximal voluntary contrac-

tion of muscles was decreased in the affected muscles. He received cell-based neurorestorative 

therapy during admission, and then, his neurological function improved and remained stable 

during 4-year follow-up. This case report shows that cell therapy could be a treatment option 

for postpoliomyelitis syndrome.

Keywords: postpoliomyelitis syndrome, neuromuscular disease, cell transplantation, cell-based 

neurorestorative therapy

Introduction
Postpoliomyelitis syndrome (PPS) is characterized by the delayed appearance of new 

neuromuscular symptoms in patients, many years after they are affected with acute 

poliomyelitis paralysis. Some patients also develop deglutition and breathing difficulty, 

anxiety, and sleep disorders like periodic limb movements.1 The diagnosis is usually 

based on a typical medical history, electromyographic (EMG) investigation,2 and exclu-

sion of other diseases presenting similar features. In 2001, the diagnostic criteria for PPS 

were brought up at the International Conference of the PPS. Once a clinical diagnosis 

is established, the therapeutic options can be discussed. Due to lack of specific therapy, 

rational therapeutic approaches are symptomatic, including exercise, reassurance, and 

life strategies for fatigue.3 Several studies have been conducted to validate medications 

(pyridostigmine, immunoglobulin, coenzyme Q10),4 physical exercise protocols,5 

or cognitive behavioral therapy.6 Also, medications combined with individual and 

supervised exercise training programs could improve the symptoms in PPS patients.7 

Right now, there is no specific treatment for PPS. Very few studies have reported some 

improvement. With rapid development and clinical advancement in neurorestoration, 

neurorestoratology has become a distinct discipline within neurosciences.8–13 Various 

neurorestorative strategies or therapies have been widely used in clinical practice. Evi-

dence has shown the benefits of cell-based neurorestorative therapy for patients with 

spinal cord injury, amyotrophic lateral sclerosis, stroke, multiple sclerosis, cerebral palsy, 

and other refractory nerve diseases.14–19 In this paper, we report a case of PPS showing 

functional improvement following cell-based neurorestorative therapy.
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Case report
Patient
A 64-year-old Danish man suffered from bilateral amyo-

trophic lower limbs with lower limb weakness and severe pain 

for 2 years and 5 months. He had been infected with polio 59 

years ago and then recovered completely without dysfunction. 

He developed progressive weakness in right leg with pain in 

August 2007. The same symptoms occurred in the left leg 6 

months later, which led to slow walking. He was administered 

routine treatment and rehabilitation therapy on diagnosis 

of PPS. On admission (January 12, 2010), he complained 

weakness of lower extremities and sensory impairment. He 

had persistent pain on his back and both lower limbs. He was 

not able to walk normally. He felt respiratory insufficiency 

when he performed excessive exercise.

Atrophy of muscles of his lower limbs (Figure 1) and 

hollow-foot deformity (Figure 2) in his feet were noticed. The 

strength of his arms was five grades bilaterally and of his legs 

was four grades, except ankle dorsiflexor which showed two 

grades. Muscle tone of his limbs was normal. The observa-

tions on sensation were as follows. Light touch decreased at 

L1, L4, L5, and S2 on the right and at L1, L4, S1, and S2 on 

the left. Light touch disappeared at S1 on the right and L5 on 

the left. Pin prick disappeared at L4–S2 on the right and at 

T11 and L3–S2 on the left. Abdominal reflex sign disappeared 

bilaterally. Triceps reflex and knee jerk tendon reflex were less 

active than normal in both sides. Babinski sign was positive 

bilaterally. Heel-to-shin examinations: the examination was 

completed slowly. Anal sensation and contraction were normal.

Treatment was administered at Beijing Hongtianji Neuro-

science Academy in conjunction with Beijing Rehabilitation 

Hospital affiliated Capital Medical University, in accordance 

with the guidelines issued by the Chinese Ministry of Health 

(91-006) in which functional transplantation can be done 

according to clinical routine rule.”20 The study was approved by 

the research ethics committee of Beijing Hongtianji Neurosci-

ence Academy and Beijing Rehabilitation Hospital affiliated 

Capital Medical University. The patient was fully informed 

about the nature of the treatment, and he gave written informed 

consent to undergo cell-based neurorestorative therapy.

Cell-based neurorestorative therapy
Cells were isolated and cultured according to Good 

 Manufacturing Practice standard for laboratories, as 

described previously.21,22 In accordance with the Chinese 

Pharmacopoeia procedure, the testing procedures for bacte-

ria, viruses, fungi, mycoplasma, and endotoxin were carried 

out. Among the cell quality indicators, the cell activity was 

≥85%. After the preexamination, the patient received cell 

therapy as follows: 1) the percutaneous intrathecal (C7–T1) 

implantation of umbilical cord stromal cells (1.2×107) and 

neural progenitor cells (2×106) together with cerebrolysin was 

done on January 21, 2010. 2) The percutaneous intrathecal 

(T9–T10) implantation of neural progenitor cells (2×106) and 

Schwann cells (5×105) together with cerebrolysin was done 

on January 25, 2010. 3) The umbilical cord stromal cells 

(1×107) were transfused by intravenous drip on January 29, 

2010. 4) The percutaneous intrathecal (T1–T2) implantation 

of olfactory ensheathing cells (1×106), neural progenitor cells 

(2×106), and bone marrow stromal cells (3×106) together with 

cerebrolysin was performed on February 1, 2010.

Clinical evaluation
Before cell therapy (January 13, 2010), two independent neu-

rologists examined the patient with the American Spinal Injury 

Association impairment scale (ASIA) and International Asso-

ciation of Neurorestoratology Spinal Cord Injury Functional Figure 1 Atrophy in the patient’s muscles of lower limbs.

Figure 2 Hollow-foot deformity in the patient’s feet.
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Table 1 Motor score of ASIA (before cell-based therapy)

Muscles Right side Left side

C5-elbow flexors 5 5
C6-wrist extensors 5 5
C7-elbow extensors 5 5
C8-finger flexors 5 5
T1-finger abductors 5 5
L2-hip flexors 4 4
L3-knee extensors 4 4
L4-ankle dorsiflexors 4 4
L5-long toe extensors 4 4
S1-ankle plantar flexors 2 2

Table 2 Sensory (light touch and pin prick) score of ASIA (before 
cell-based therapy)

Sensory Right side Left side

Light 
touch

Normal sensation 
levels (2 points)

C2–T12, L2–L3, 
S3–S45

C2–T12, L2–L3, 
S3–S45

Hypoesthesia level 
(1 point)

L1, L4–L5, S2 L1, L4, S1–S2

Anesthesia level 
(0 point)

S1 L5

Pin 
prick

Normal sensation level 
(2 points)

C2–L3, S3–S45 C2–T10, T12–L2, 
S3–S45

Hypoesthesia level 
(1 point)

– –

Anesthesia level 
(0 point)

L4–S2 T11, L3–S2

Table 3 Motor score of ASIA (after cell-based therapy)

Muscles Right side Left side

C5-elbow flexors 5 5
C6-wrist extensors 5 5
C7-elbow extensors 5 5
C8-finger flexors 5 5
T1-finger abductors 5 5
L2-hip flexors 4 4
L3-knee extensors 5 5
L4-ankle dorsiflexors 5 5
L5-long toe extensors 5 4
S1-ankle plantar flexors 4 4

Table 4 Sensory (light touch and pin prick) score of ASIA (after 
cell-based therapy)

Sensory Right side Left side

Light 
touch

Normal sensation levels 
(2 points)

C2–T12, 
L2–S45

C2–T12, L2–S45

Hypoesthesia level (1 point) L1 L1
Anesthesia level (0 point) – –

Pin 
prick

Normal sensation level 
(2 points)

C2–L3, 
S2–S45

C2–T10, T12–
L4, S1–S45

Hypoesthesia level (1 point) – –
Anesthesia level (0 point) L4–S1 T11, L5

Figure 3 Intervertebral disk hernia at C6/C7.

Rating Scale (IANR-SCIFRS). The findings were as follows: 

ASIA motor score23 (Table 1) was 43 points on the right and 

43 points on the left; ASIA light touch score (Table 2) was 50 

points on the right and 50 points on the left; ASIA pin prick 

score (Table 2) was 48 points on the right and 44 points on 

the left; score of IANR-SCIFRS15,24 was 42 points.

At discharge, the patient’s neurological function had 

improved. His general condition was better; power of his legs 

ameliorated. The ability of standing from bedside and turning 

over on bed improved. The pain in his back disappeared. The 

sensation was also better than before.

The neurologists reexamined the patient on February 9, 

2010, and the findings were as follows: ASIA motor score 

(Table 3) was 48 points on the right and 47 points on the left; 

ASIA light touch score (Table 4) was 55 points on the right 

and 55 points on the left; ASIA pin prick score (Table 4) 

was 50 points on the right and 52 points on the left; score of 

IANR-SCIFRS was 45 points.

Supplementary examinations (magnetic 
resonance imaging [MRI], EMG, and 
pulmonary function test)
MRI
MRI of spinal cord showed intervertebral disk hernia at the C6/

C7 level (Figure 3) and atrophic thoracic spinal cord (Figure 4).
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EMG
EMG examination on January 13, 2010, before cell-based 

neurorestorative therapy: the spontaneous potentials could 

be recorded in all muscles, except deltoid L muscle. The 

recruitment of maximal voluntary contraction of muscles was 

normal in deltoid muscles bilaterally and tibialis anterior R 

muscle. The recruitment of maximal voluntary contraction 

of muscles was decreased in other muscles.

EMG examination on February 8, 2010, after cell-based 

neurorestorative therapy: the recruitment of maximal 

 voluntary contraction was improved and more inten-

sive than preoperative EMG in vastus medialis muscles 

 (Figures 5 and 6), First dorsal interosseus (Ist Dorsal Int) 

muscles bilaterally (Figures 7 and 8), and tibialis anterior 

L muscle.

Pulmonary function test
The results after cell-based comprehensive therapy 

 (February 8, 2010) were better than before (January 13, 2010) 

and are presented in Table 5.

Follow-up
After the patient was discharged, we followed-up the patient 

by email or phone call every 2 months up to the end of March 

2014. The patient’s condition was excellent with no pain and 

he walked well.

Discussion
Cell-based neurorestorative therapy was studied by  carrying 

out basic empirical researches and clinical researches. 

Figure 4 Thoracic spinal cord atrophy.

Figure 5 Preoperative recruitment of maximal voluntary contraction in right vastus 
medialis muscle.
Abbreviation: QEMG, quantitative electromyography.

Figure 6 Postoperative recruitment of maximal voluntary contraction in right 
vastus medialis muscle.
Abbreviation: QEMG, quantitative electromyography.

Figure 7 Preoperative recruitment of maximal voluntary contraction in left first 
Dorsal Int muscles.
Abbreviation: QEMG, quantitative electromyography.

Figure 8 Postoperative recruitment of maximal voluntary contraction in left first 
Dorsal Int muscles.
Abbreviation: QEMG, quantitative electromyography.
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In  animal model and patients, it proved effective for central 

nervous system diseases.25,26 It was applied for olfactory 

ensheathing cells, neural progenitor cells, stromal cells, 

Schwann cells, and so on.12 Also, pathways of cell therapy 

include intracerebral, intraspinal, intravenous, intramuscular, 

intrathecal injection, and so on. Basic and clinical researches 

performed by our team gave some good results.10,27

The patient discussed here had sensory abnormalities, 

except the symptoms and signs of PPS. Reviewing the lit-

erature reports, we find the description “The main symptoms 

of PPS are slowly progressive muscle limbs paresis with 

muscle atrophy, joints pain, paresthesia” by Pastuszak et al28 

of Poland. There may be a few cases of PPS that possibly 

have paresthesia. This is just our explanation; we cannot state 

that we know the exact reason of this.

The potential mechanisms for functional recovery of 

PPS by cell-based neurorestorative therapy are as follows: 

implanted cells may secrete some neurotrophic factors for 

the impaired neurons29; implanted olfactory ensheathing 

cells may promote axonal regeneration and remyelination30,31; 

moreover, it is possible that the implanted cells may change 

the internal neuromuscular environment and stimulate autolo-

gous stem cells to secrete factors.32,33

This is the first clinical report of a PPS patient treated 

by cell-based neurorestorative therapy, which showed some 

promising results. Although the patient received routine treat-

ments and rehabilitation therapy after he was diagnosed of 

PPS and before undergoing treatment from us, his condition 

got worse with time. It was exciting that the patient recovered 

to be able to take care of himself again, walk normally, and 

had got relieved from pain during the 4-year period after our 

treatment. It is too early to conclude that cell-based neuro-

restorative therapy can be a routine treating method for PPS, 

but it is our duty to share this finding with the doctors and 

patients whose concern is treatment progression for PPS.

Disclosure
The authors report no conflicts of interest in this work.
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