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Significant Improvement of Acute
Complete Spinal Cord Injury Patients
Diagnosed by a Combined Criteria
Implanted with NeuroRegen Scaffolds and
Mesenchymal Stem Cells
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Abstract
Stem cells and biomaterials transplantation hold a promising treatment for functional recovery in spinal cord injury (SCI) animal
models. However, the functional recovery of complete SCI patients was still a huge challenge in clinic. Additionally, there is no
clinical standard procedure available to diagnose precisely an acute patient as complete SCI. Here, two acute SCI patients, with
injury at thoracic 11 (T11) and cervical 4 (C4) level respectively,were judged as complete injuryby a strictermethod combined with
American Spinal Injury Association (ASIA) Impairment Scale, magnetic resonance imaging (MRI) and nerve electrophysiology.
Collagen scaffolds, named NeuroRegen scaffolds, with human umbilical cord mesenchymal stem cells (MSCs) were transplanted
into the injury site. During 1 year follow up, no obvious adverse symptoms related to the functional scaffolds implantation were
found after treatment. The recovery of the sensory and motor functions was observed in the two patients. The sensory level
expanded below the injury level, and the patients regained the sense function in bowel and bladder. The thoracic SCI patient could
walk voluntary with the hip under the help of brace. The cervical SCI patient could raise his lower legs against the gravity in the
wheelchair and shake his toes under control. The injury status of the two patients was improved from ASIA A complete injury to
ASIA C incomplete injury. Furthermore, the improvement of sensory and motor functions was accompanied with the recovery of
the interrupted neural conduction. These results showed that the supraspinal control of movements below the injury was regained
by functional scaffolds implantation in the two patients who were judged as the complete injury with combined criteria, it suggested
that functional scaffolds transplantation could serve as an effective treatment for acute complete SCI patients.
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Introduction

Spinal cord injury (SCI) is a devastating injury. It is estimate

that the annual incidence of SCI is approximately 54 cases

per million populations, and as many as 500,000 people

suffer from SCI every year in the world. SCI is often trau-

matic, mainly caused by trauma such as car accidents, falls,

and sports injuries. Initial physical trauma directly disrupts

blood vessels and cell membranes at the injury site. Subse-

quently, a secondary injury cascade is triggered involving

vascular dysfunction, edema, ischemia, excitotoxicity, free

radical production, and leads to the necrosis and apoptosis

of neighboring neural cells. Eventually, an inhibitory envi-

ronment is formed by local expression of inhibitory proteins,

1 State Key Laboratory of Molecular Developmental Biology, Institute of

Genetics and Developmental Biology, Chinese Academy of Sciences,

Beijing, China
2 The Neurosurgery & Neurology Hospital of the Affiliated Hospital of

Logistics University of Chinese Armed Police Forces (CAPF), Tianjin, China
* Sai Zhang and Jianwu Dai contributed as co-corresponding authors.

Submitted: October 5, 2017. Accepted: February 13, 2018.

Corresponding Authors:

Jianwu Dai, State Key Laboratory of Molecular Developmental Biology,

Institute of Genetics and Developmental Biology, Chinese Academy of

Sciences, 3 Nanyitiao, Zhongguancun, Beijing 100190, China.

Email: jwdai@genetics.ac.cn

Sai Zhang, The Neurosurgery & Neurology Hospital of the Affiliated

Hospital of Logistics University of Chinese Armed Police Forces (CAPF),

220 Chenglin Road, Tianjin, China.

Email: zhangsai718@vip.126.com

Cell Transplantation
2018, Vol. 27(6) 907–915
ª The Author(s) 2018
Reprints and permission:
sagepub.com/journalsPermissions.nav
DOI: 10.1177/0963689718766279
journals.sagepub.com/home/cll

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0
License (http://www.creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without further
permission provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

mailto:jwdai@genetics.ac.cn
mailto:zhangsai718@vip.126.com
https://us.sagepub.com/en-us/journals-permissions
https://doi.org/10.1177/0963689718766279
http://journals.sagepub.com/home/cll


the formation of scarring and cystic cavitation, which hin-

ders neural regeneration and results in the loss of sensory and

motor function below the level of lesion1,2. Thus, the inter-

vention in the acute phase can prevent the second damage in

maximum and provide a chance to improve functional recov-

ery in SCI patients.

Different strategies including biomaterial scaffolds, neu-

rotrophin delivery or stem cells implantation have been used

to rebuild a regenerative microenvironment for SCI repair.

Biomaterial scaffolds are used to bridge the lesion gap and

guide axonal growth across the injury site, they also act as an

effective vehicle to deliver stem cells or functional biomo-

lecules to reconstruct the microenvironment for SCI repair at

the injury site3,4. Stem cell-based therapies for SCI aim to

directly replace the damaged cells themselves or induce

neural regeneration by secreting factors. Transplanting stem

cells with biomaterial scaffolds can promote cell retention,

integration or differentiation efficiently at the injury site.

Combining biomaterials and stem cells may offer a promis-

ing treatment for the injured spinal cord5,6.

In our previous study, we developed a linear ordered

collagen scaffold, NeuroRegen scaffold, which was con-

sisted of ordered collagen fibers7. The collagen scaffold

functionalized with multiple functional molecules such as

neurotropic factors or stem cells was transplanted into SCI

animal models. The results indicated that the functional col-

lagen scaffolds could inhibit scar formation and induce new-

born neuron production. More importantly, the locomotor

recovery was also observed in animal models including com-

plete transected rat and canine SCI models8–12.

Stem cell-based therapies have been reported to improve

functional recovery in SCI animal models, including

mesenchymal stem cells (MSCs), neural stem cells and

embryonic stem cells. Among these cells, MSCs are self-

renewing, multipotent progenitor cells. MSCs could exert

positive immunomodulatory and neurotrophic influences

on SCI repair, and it was considered as a promising source

for cellular repair after SCI13,14. A number of preclinical

studies have demonstrated that MSCs transplantation after

SCI induced neural regeneration and improves functional

recovery in animal models5. In our previous work, collagen

scaffolds loaded with human MSCs were transplanted into

acute and chronic complete canine SCI models, and the

results showed that functional biomaterials promoted hin-

dlimb locomotor recovery by reducing scar formation and

inducing neural regeneration15,16. These data suggested that

the combined treatment could serve as a beneficial method to

treat complete SCI. Recently, the NeuroRegen scaffolds

loaded with autologous bone marrow mononuclear cells

(BMMCs) were transplanted to the gap in the chronic

complete SCI patients following scar tissue resection.

No obvious adverse effects related to scaffold transplan-

tation were observed immediately after surgery or at the

12-month follow up and patients showed partially neural

function recovery. This clinical study proved the safety

and feasibility of the NeuroRegen scaffolds transplanta-

tion for SCI repair in clinic17.

Humans and experimental animals that suffer from

incomplete SCI may show partially spontaneous functional

recovery18–20. However, for the complete SCI, little progress

has been made to improve the neural regeneration21–23. It

often leads to the permanent loss of voluntary movements

below the level of lesion in complete SCI patients. But there

is no clinical standard procedure available to precisely diag-

nose a patient with acute complete SCI. The American

Spinal Injury Association (ASIA) Impairment Scale was

used to evaluate the severity of the SCI; ASIA A was con-

sidered as the complete injury in acute, sub-acute or chronic

SCI patients24,25. But it was not suitable to judge acute SCI

patients immediately after injury because of the existence of

spinal shock. Spinal shock begins within a few minutes after

a severe SCI. It often recovers within several days but may

last over few weeks in less common cases. During the early

phase of spinal shock, the nervous system is unable to trans-

mit signals effectively26. Stricter standards should be used to

judge the acute SCI patients as complete injury.

Here, a stricter standard was established to judge the

acute SCI patient as complete injury combined with the

ASIA Impairment Scale, magnetic resonance imaging (MRI)

and nerve electrophysiology, NeuroRegen scaffolds loaded

with human umbilical cord MSCs were transplanted into the

injury site. During 1 year follow up, no obvious adverse

symptoms related to NeuroRegen scaffolds and MSCs

implantation were found after treatment, and the significant

improvement of the sensory and motor function was

observed in the two acute complete SCI patients.

Materials and Methods

Patient Enrolment and Diagnosis

Two patients with acute complete SCI, injured at thoracic

and cervical level respectively, were enrolled at the

Affiliated Hospital of Logistics University of CAPF. The

clinical study was approved by the ethics committee of the

Affiliated Hospital of Logistics University of CAPF and

registered on the National Institute of Health database (Clin-

icalTrials.gov: NCT02510365). Ethical guideline provisions

from the Helsinki Declaration were followed. Informed con-

sent for participating in the study and publishing the results

was obtained from the patients. The severity of the injury

was judged with the ASIA Impairment Scale, MRI and nerve

electrophysiology.

NeuroRegen Scaffolds and MSC Preparation

NeuroRegen scaffolds were prepared from bovine apo-

neurosis as described previously7,17. Briefly, fresh bovine

aponeurosis were harvested from a local slaughter house

(Wanlifa, Beijing, P.R. China) and rinsed with cold dis-

tilled water for several times, and then residual muscles,

connective tissue, and fat were carefully removed. The

908 Cell Transplantation 27(6)



samples were then repeatedly rinsed to completely remove

the residual agents and freeze-dried. The standard of

collagen scaffolds was established and the third-party

inspection was complete by National institute of Food

and Drug Control according to Chinese Criterion of

Medical Device.

Umbilical cord MSCs were used in the trial, which

obtained from the umbilical cord of human donor. Written

consent for the use of the umbilical cord was obtained from

the donor. The isolation, culture, and identification of the

normal umbilical cord MSCs as described previously27,28.

Briefly, the cords were dissected and the blood vessels were

removed. The remaining tissues were cut into small pieces

and digested with collagenase and trypsin. Then cells were

seeded in the Dulbecco’s modified eagle’s culture medium

containing serum replacements, 2 mM glutamine. Cells were

passaged when they were confluent. MSCs had a fibroblast-

like morphology and expressed the typical MSC markers

CD105, CD73, and CD90, but not CD34, CD45, CD11b,

CD19, or human leukocyte antigen-antigen D related

(HLA-DR). When MSCs were cultured on the scaffolds,

they adhered to the collagen scaffold, which would decrease

diffusion of cells from the injury site after implantation as

described in our previous work28. The pathogen- and virus-

free status was also confirmed according the safety analysis

such as sterility, mycoplasma, and endotoxin detection. The

standard of MSCs was established and the third-party inspec-

tion was complete before transplantation.

Surgical Procedures and Intraoperative Nerve
Electrophysiology

The patient was placed under general anesthesia. A midline

skin incision was made, followed by paravertebral muscle

dissection and laminectomy. Adhesion outside the injured

dura was removed under an operating microscope. A mid-

line durotomy was performed to expose the spinal cord.

The intraoperative nerve electrophysiology was carried out

as described previously with modification17. First, the sti-

mulation electrodes of electromyography (XLTEK,

Canada) were placed at the rostral side of the injured spinal

cord, and the recording electrodes were placed on the anal

sphincter. Then, the stimulation electrodes of electromyo-

graphy were placed at the caudal side of the injured spinal

cord, and the recording electrodes were placed on scalp. If

there was no neural signaling was recorded across the

injured spinal cord, the patient was judged as complete

injury. The necrohemorrhagic tissues were carefully

removed under an operating microscope. The collagen

scaffolds were trimmed to fit the length of the gap,

4�107 umbilical blood MSCs were added to the collagen

scaffolds, the functional scaffolds were grafted into the

transected spinal cord gap to bridge the defect. Internal

fixation was used to stabilize the subluxation in the T11

injury patient in this study.

Patient Follow Up

The patients underwent regular rehabilitation after surgery.

The ASIA Impairment Scale was used to evaluate the recov-

ery of the SCI patients every month. Nerve electrophysiology

was used to evaluate the recovery of the SCI patients at 2, 4, 6,

and 12 months after surgery. For nerve electrophysiology,

somatosensory evoked potential (SSEP) and motor evoked

potential (MEP) were used to determine the neural conduc-

tion. SSEP testing was carried out with tibial nerve stimula-

tion for evaluation of the lower limbs, registration in the

ankle, popliteal fossa, and scalp (Cz’ to Fpz) regions. A

100-ms square wave electrical pulse was delivered at inten-

sities strong enough to cause a thumb twitch. We identified a

P40 potential in response to target stimuli that could affect

early cortical SSEP. For determining MEP of patients, the

stimulation electrodes were positioned on scalp, and the

recording electrodes were placed into target muscles, then

single-pulse stimulation (160 V) was applied to produce neu-

roelectrical signals. The walking index for SCI (WISCI)29 was

also used to evaluate the capacity to walk in the thoracic SCI

patient at 1, 3, 6, and 12 months after surgery.

Results

Enrolment of the Patients

The first patient was a 28-year-old man who encountered a

fall accident in April 2015. He completely lost the sensation

and movements below the level of thoracic 11 (T11) with no

voluntary anal contraction and sensation to deep anal pres-

sure. Hence, the patient’s neurological deficit according to

the ASIA Impairment Scale was grade A. MRI showed the

spinal cord lost its continuity at T11 segment (Figure 1(a)).

Another patient was a 30-year-old man who encountered a

car accident in May 2016. He completely lost the sensation

to deep anal pressure sensation and the voluntary movements

of the muscles below the injury level. The patient’s neuro-

logical deficit according to the ASIA Impairment Scale was

also grade A. MRI showed a total abnormal signal at cervical

4 (C4) level (Figure 1(b)).

SSEP was carried out to detect the sensory nerve conduc-

tion of the right and left tibial nerve in the thoracic SCI

patient. No neural conduction was detected from the ankle

to the cortex immediately after the injury or even 2 months

post-surgery, while the neural conduction from the ankle to

the popliteal fossa was normal (Figure 1(c)). Motor MEP of

the muscles below the injury level were also not detected at

the same time (Figure 1(d)), which showed that the neural

conduction was completely interrupted. The nerve electro-

physiology of the cervical SCI patient was carried out at 8

days after injury when he was in a stable condition. The

results of the SSEP and MEP of the lower extremities in the

cervical SCI patient were similar as the first patient. Thus,

the two patients were judged as a complete SCI injury by

stricter combined method with ASIA Impairment Scale,

MRI and nerve electrophysiology.
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Transplantation of NeuroRegen Scaffolds with MSCs

The surgery of the thoracic SCI patient was performed at

approximately 24 h after injury. After open the dura, the

injured spinal cord was exposed. The spinal cord tissue was

destroyed at the injured area (Figure 2(a)). Following clean-

ing up the injured tissue, NeuroRegen scaffolds loaded with

MSCs were implanted into the spinal cord gap with the

length about 1.5 cm. The surgery of the cervical SCI patient

was performed 8 days after injury. After open the dura, the

Figure 1. Patients were judged as complete injury with MRI and nerve electrophysiology. (a) MRI showed spinal cord lost its continuity at
T11 segment in the thoracic SCI patient (red arrow). (b) MRI showed a total abnormal signal at the injury area in the cervical SCI patient (red
arrow). (c) No SSEP of right and left tibial nerve was detected from the ankle to the cortex (1 and 3) after injury or even 2 months after
surgery in the thoracic SCI patient, while the neural conduction from the ankle to the popliteal fossa was normal (2 and 4). (d) The MEP of
the muscles below the injury was not detected in the thoracic SCI patient after injury. The figure showed the MEP of adductor magnus of the
thoracic SCI patient. MEP: motor evoked potential; MRI: magnetic resonance imaging; SCI: spinal cord injury; SSEP: somatosensory evoked
potential.

Figure 2. Intraoperative photographs of the SCI site under microscopic magnification. The images showed that the spinal cord lost its
continuity and was filled with the necrosis tissue at the injured area in the thoracic SCI patient (a) and cervical SCI patient (b). (c) showed that
collagen scaffolds were transplanted into the spinal cord gap of cervical SCI patient during surgery. SCI: spinal cord injury.
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injured spinal cord lost its continuity and was filled with the

necrosis tissue (Figure 2(b)). Following cleaning up the

necrosis tissue, NeuroRegen scaffolds loaded with MSCs

were implanted into the spinal cord gap with the length about

1.1 cm. No obvious adverse symptoms such as infection,

allergic reaction, high fever or perioperative complications

related to the functional scaffolds implantation were

observed post-surgery in the two patients. The intraoperative

nerve electrophysiology showed that no neural signal was

detected across the injured spinal cord in the patients.

Functional Recovery in the Thoracic SCI Patient
After Surgery

The baseline neurological examination of the patient showed

a complete loss of sensory function below the injury level

(T11). After surgery, the sensory function began to recover

at 2 months, the sensation expanded from T11 to L2 assessed

by the ASIA Impaired Scale. At 6-month follow up, the

sensory score increased from 72 to 84 in the left and right

side. At the patient’s 9-month follow up, the patient regained

the sense function in bowel and bladder, and he was also able

to empty his bladder in most times. The patient also had the

sensation of deep anal pressure.

The movement of muscles below the T11 level was com-

pletely lost immediately after injury. The recovery of the

muscle contraction of the adductor magnus was observed

from 3 months post-surgery. The return of active movement

of the hip flexors against gravity was observed from 6

months post-surgery, and the patient begun to walk under

the support of brace (Figure 3(a) and (b)). The patient could

walk voluntary with the hip under the help of brace at 12

months and keep this improvement at 24 months after sur-

gery. The motor score increased from 25 to 27 in the left side

and 25 to 28 in the right side. Accordingly, the WISCI score,

which was used as a measure to evaluate the capacity to

walk, was increased gradually from 0 point at 1 month to

7 points at 12 months after surgery (Figure 3(c)). According

to this clinical improvement, the patient’s injury status was

improved to ASIA C.

The SSEP of lower extremities could be detected from 4

months post-surgery from the ankle to the cortex, while no

SSEP of lower extremities in patient was detected before

surgery or 2 months post-surgery (Figure 4(a)). The MEP

of the muscles in lower extremities was unable to be detected

at two months post-surgery, it reappeared on the right side at

4 months post-surgery and there was significant recovery on

both sides at 12 months post-surgery in adductor magnus

(Figure 4(a) and (b)).

Functional Recovery in the Cervical SCI Patient
After Surgery

After surgery, the sensory function began to recover at 2

months. At 6 months post-surgery, the sensation level

increased to S2 level at the left side and T10 at the right side

assessed by ASIA Impaired Scale. At 9 months post-surgery,

the sensation level increased to S5 level at the left side, and

the sensory score increased from 46 to 110. The patient

regained the accurate sense function in bowel and bladder

Figure 3. The recovery of motor function in the thoracic SCI patient after NeuroRegen scaffolds with MSCs transplantation. The hip flexors
against gravity was observed. (b) The patient begun to walk under the support of brace from 6 months post-surgery. (c) The WISCI score
raised with time, it was 0, 0, 3, 7 points at 1, 3, 6, 12 months post-surgery respectively. MSC: mesenchymal stem cell; SCI: spinal cord injury;
WISCI: walking index for SCI.
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at 12 months post-surgery, he had evidence of sacral sparing

with the sensation of deep anal pressure.

The muscles movement of lower extremities was com-

pletely lost after injury. The recovery of the movements in

lower extremities began at 3 months post-surgery. At 6

months post-surgery, the patient could raise his lower legs

against the gravity when sit on the wheelchair (Figure 5(a)),

and he could move his toes under control, the motor score

increased from 0 to 18 at the left side and 0 to 22 at the right

side. It indicated that the supraspinal control of movements

below the injury was partially regained. According to this

clinical improvement, the patient’s injury status was

improved to ASIA C at 12 months post-surgery.

The SSEP of left lower extremities began to recover at

2 months post-surgery, while no SSEP of right lower extre-

mities was detected at the same time. The SSEP of right

lower extremities reappeared at 6 months post-surgery (Fig-

ure 5(b)). The MEP of muscles in the lower extremities was

unable to be detected at 2 months post-surgery, it also

reappeared on both sides at 6 months post-surgery, espe-

cially in the gastrocnemius muscles (Figure 5(b) and (c)).

Discussion

ASIA A was considered as the complete injury in acute, sub-

acute or chronic SCI patients. But it was not suitable to judge

acute SCI patients immediately after injury because of the

existence of spinal shock. In this study, a strict criterion

including ASIA Impairment Scale, nerve electrophysiology

and MRI was used to diagnose the patient as acute complete

SCI. The two patients were firstly identified as ASIA Impair-

ment Scale grade A. MRI also indicated that the spinal cord

lost its continuity at the injury site, which was further con-

firmed by the observation during surgery. The intraoperative

nerve electrophysiology further confirmed that there was no

neural conduction was detected across the injured spinal

cord. More importantly, when the patients were recovered

from the spinal shock, they still showed the complete loss the

movement below the injury accompanying with no detect-

able SSEPs and MEPs. These results all confirmed the

patients as ‘complete SCI’.

Collagen has been proven a suitable biomaterial for clin-

ical use due to its low antigenicity, excellent biocompatibil-

ity and biodegradability. MSCs could decrease cell

apoptosis, promote angiogenesis and reduce lesion size in

central nervous system injuries30. In addition, MSCs also

could modulate the host immune microenvironment31,32. It

was reported that allogeneic human MSCs transplantation

showed low immunogenicity in vivo33 and a small number

of patients treated with MSC transplantation showing no

adverse effects34. In our previous work, we developed a

collagen nerve guidance material from the bovine aponeuro-

sis, NeuroRegen scaffolds7. When the NeuroRegen scaffolds

loaded with neurotropic factors or stem cells were trans-

planted for treating SCI in animal models, it could recon-

struct the microenvironment at the injury site to induce SCI

repair in both rat and canine complete SCI models8,9,11.

Then, we showed the safety and feasibility with the trans-

plantation of collagen scaffolds with autologous BMMCs

in chronic complete SCI patients17. In this study, we trans-

planted collagen scaffolds loaded with human MSCs into

the acute complete SCI patients. During the patient’s fol-

low up, no obvious early or late adverse events related to

functional scaffolds transplantation such as infection, high

fever, allergic reaction, or cancer were observed. It indi-

cated that it is safe to treat the SCI patient with the func-

tional collagen scaffolds.

Experimental animals and humans with incomplete spinal

cord injuries often showed significant spontaneous func-

tional recovery during the first months after injury. Such

recovery may attribute to axons spared from the uninjured

part or by propriospinal relay connection19,20. But it was a

huge challenge to improve the functional recovery in com-

plete SCI animals and patients. In our preclinical study, the

significant locomotion improvement was observed about 3

Figure 4. The recovery of nerve electrophysiology in the thoracic
SCI patient after NeuroRegen scaffolds with MSC transplantation.
(a) Diagram of the recovery of SSEP and MEP. The SSEP and MEP of
lower extremities could not be detected before surgery or 2
months post-surgery. The SSEP of lower extremities was detected
at 4 months post-surgery. The MEP of the lower extremities reap-
peared on the right side at 4 months post-surgery and there was
significant recovery on both sides at 12 months post-surgery. (b)
The MEP of the left (upper) and right(lower) adductor magnus was
significantly recovered at 12 months post-surgery.
MSC: mesenchymal stem cell; SCI: spinal cord injury; SSEP: soma-
tosensory evoked potential.
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months post-surgery in canine complete SCI models when

collagen scaffolds with neurotrophic factors or stem cells

were transplanted9,10,15,35. The NeuroRegen scaffolds

loaded with neurotrophins or stem cells markedly induced

neuronal differentiation of transplanted neural stem cells or

endogenous neural stem cells in SCI rats. Moreover, the

differentiated neurons could achieve neuronal relay forma-

tion throughout the lesion area. They may further rebuild the

synaptic connections with each other or the host spinal neu-

rons to transmit the neural signals and improve functional

recovery in transected SCI animals10,35–37. In this study, the

acute complete SCI patients also began to show striking

motor function improvement after functional collagen trans-

plantation at 3–4 months post-surgery accompanying with

the recovery of SSEP and MEP of the lower extremities. The

similar recovery pattern in animals and patients indicated

that functional scaffolds might induce neuronal differentia-

tion of endogenous neural stem cells to improve functional

recovery in patients as in SCI animal models.

In complete SCI patients, the long-term absence of input

from supraspinal often leads to degradation of neuronal

function below the level of the lesion38, which results in the

loss of the voluntary movement of the muscles below the

injury. In our study, the thoracic SCI patient regained muscle

contraction of the adductor magnus firstly. Then the return of

active movement of the hip flexors against gravity was

observed, and the patient could walk voluntary with the hip

under the help of brace. The cervical SCI patient could raise

his lower legs against the gravity and shake his toes under

control. These results indicated that the voluntary

movements of lower extremities in the complete SCI patient

were partially regained with time, which was accompanied

with the recovery of interrupted neural conduction. Further-

more, the recovery time of the voluntary movement in the

two patients began at about 3–4 months post-surgery. It is

different from the spontaneous recovery of the acute SCI

patients in which the neurological improvement mostly hap-

pened within 3 months after injury39. The results suggested

that the regained supraspinal control of movements in acute

complete SCI patients was induced by functional biomater-

ials transplantation.

Conclusions

For the first time, NeuroRegen scaffolds combined with

MSCs were transplanted to treat acute SCI patients who were

judged as having ‘complete’ injury with a stricter method.

The sensory and motor functions were improved signifi-

cantly by transplantation of NeuroRegen scaffolds with

MSCs. The injury status of the two patients was improved

to ‘incomplete’ injury during 1 year of follow up. These data

indicated that functional collagen scaffolds implantation

could serve as an effective treatment for acute complete SCI

patients.
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