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ABSTRACT

Spina bifida is a neural tube defect resulting from an incomplete closure of the caudal neuropore. The most
debilitating form of spina bifida, myelomeningocele (MMC), can present with Chiari 1l malformation with
concomitant hydrocephalus, bowel and bladder abnormalities, and impaired motor function of the lower limbs.
The incidence rate of spina bifida is 3.4 per 10,000 live births reported within the US. Advancements in the

standard therapy, namely prenatal intervention pioneered by the Management of Myelomeningocele Study
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(MOMS), have aimed to reduce maternal and fetal complications, and yet complications were increased, calling
for the need of further improvements. Beyond current standard interventions for MMC, the most promising
developments have employed various biomedical methods ranging from isolated stem cell injections to
biodegradable scaffold patches. These scaffolds can be biologic or synthetic and are often incorporated with
bioactive proteins or stem cells. This review discusses the benefits and limitations of post-MOMS era biomedical
engineering intervention articles found in 3 medical and biomedical databases consisting of systematic reviews,
meta-analyses, randomized control trials, and experimental studies. After analysis of the advancements and
limitations of these studies, an engineered synthetic biodegradable scaffold seeded with bioactive proteins and
stem cells create a superior scaffold possessing watertight impermeability and cytocompatibility for successful
coverage and host integration with minimal inflammation. Coupled with minimally invasive intra-amniotic
injection delivery, an earlier mitigation could further prevent progression of poor neurologic outcomes, and
possibly even regenerate neuronal tissue in patients with MMC.

Key Words: Myelomeningocele, Fetoscopic Surgery, Tissue Engineering, Tissue Scaffolds, Neural Tube
Defect. (Source: MeSH-NLM).

IUMS



© 00 N O O & W N P

A DB W W W W WWWWWWDNDDNDDNDMDNDNNDDNMNDNMDMNNMNNNMNNRPRPRPRPPRPRERERPREREREPRPRPER
P O © 00 N O Ol B W NP O OO0 NO O A WNPFPE OO 0o NO O W DN - O

International Journal of Medical Students — Review.

Introduction

Spina bifida is a type of neural tube defect (NTD) caused by the failure of the caudal neuropore to close prior
to day 27 of gestation.! Failure of neural tube closure results in incomplete fusion of the vertebral arches, most
commonly in the lumbar and sacral regions, allowing for various amounts of central nervous system contents
to expand beyond the vertebral canal.? The incidence rate of all neural tube defects is 3.4 per 10,000 live
births reported within the United States, with a 1-year survival rate of 88-96% and a survival rate into
adulthood of 75%.2 The worldwide incidence rate of neural tube defects is 140,000 annually.3

The most debilitating form of spina bifida is myelomeningocele (MMC), characterized by the presence of both
meninges and spinal cord outside of the vertebral canal. MMC can often present with Chiari Il malformation
and accompanying hydrocephalus, bowel and bladder abnormalities, and lower extremity motor function
deficits. These sequelae are due to the spinal cord’s unnatural exposure to fetal waste products in amniotic
fluid as well as leakage of cerebrospinal fluid (CSF).* MMC has severe impacts on several aspects of quality
of life, such as physical, psychological, social, and neurocognitive functioning. The average lifetime cost for a
general MMC patients is $560,000 in 2007, estimated in 2021 to be around $722,400, highlighting the
financial burden on a person living with MMC for lifelong services such as skilled care takers and loss of ability
for employment.3

Although the prevalence has decreased through prenatal folic acid supplementation and fortification of foods,
preventative measures have not eradicated neural tube defects. (Figure 1)° Current treatment of MMC was
established through a well-known clinical trial titled “Management for Myelomeningocele Study” (MOMS),
which spanned from 2003-2010.5 This interventional randomized study compared the previous standard
treatment of 48-hour postnatal repair surgery to the then novel prenatal surgery using open surgical
interventions with placement of either an autologous dura mater graft or synthetically derived collagen matrix
(DuraGen)® during weeks 19-25 of gestation.® The trial found that the prenatal open surgical intervention
reduced neonatal death or need for ventricle shunt placement, and improved motor function as well as quality
of life outcomes of fetuses with MMC (Table 1).6

Based on these data, open surgical intervention has become the standard treatment of MMC. Open fetal
surgery did not come without its cost of significantly increased fetal and maternal adverse outcomes. (Table
2)8 Statically significant maternal outcomes included oligohydramnios, pulmonary edema, blood transfusion,
chorionic membrane rupture, spontaneous membrane rupture, and spontaneous preterm labor. Statically
significant fetal outcomes included bradycardia during intervention, gestational age at birth, mean birth weight,
and respiratory distress syndrome.®

In response to these adverse outcomes, engineered scaffold patches have been proposed to serve as
advanced treatment for replacement of lost tissue and an earlier alternative for wound closure as fetal tissues
cannot easily be manipulated before 19 weeks.” Additionally, minimally invasive methods have been proposed
to lower surgical complications in both the fetus and mother when compared to open fetal surgery.8

The purpose of this narrative review is to provide a clinical perspective in the various methods (Table 3),
results, limitations, and future implications of research in the post-MOMS era, and how it has progressed the
prenatal intervention of MMC to provide earlier intervention in MMC repair while minimizing both maternal and
fetal peri-operative complications. More specifically, this narrative review serves as a novel approach to
compare not only scaffold compositions, but also effects of various bioactive proteins seeded scaffolds, and

method of administration.
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Methods

Search strategy and selection criteria

Articles for this narrative review were selected from 1 June 2019 — 31 July 2020 utilizing a key word search
via PubMed, Science Direct, Online Wiley Library, Via Medica. Key words included: “Myelomeningocele”,
“Fetal Surgery”, “Tissue Engineering”. Articles included ranged from publication in 2010-2019.

Inclusion criteria include articles published in the last 10 years; specific types of literature: review articles,
clinical trials, meta-analyses, randomized control trials systematic reviews, book chapters; In-vivo and in-vitro
techniques, surgical or chemical creation of MMC.

Exclusion criteria included specific type of literature: conference abstracts, correspondences, encyclopedias,
discussions, editorials, news, short communications, and literature categorized as “other”; literature describing
a second surgery for device retrieval; literature largely discussing broad techniques in fetal surgery; literature
largely discussing topics outside scope of this review: i.e., urology, urodynamics, obstetrics and gynecology,

general birth defects, perioperative techniques.
Results
Since the MOMS trial, tissue engineering studies have been conducted through various avenues. A total of

413 pieces of literature were identified with ultimately 24 meeting inclusion criteria. (Table 4)

Biologic scaffolds seeded with bioactive proteins

A natural biological scaffold is uniquely derived from an existing organic source. Popular organic sources have
included bovine, ovine, and porcine bone that researchers have ultimately transformed into gelatin, collagen,
or a hybrid of the two.91417-19 The porous nature of the scaffold materials allows for scaffold-host integration
via cellular differentiation and neovascularization resulting in defect coverage as well as similar innate
mechanical properties of native tissue. 9141719 A natural biological scaffold benefits from being biodegradable,
thus not requiring a future surgery for its removal. Scaffolds can also serve as vessels to deliver bioactive
proteins, stem cells, and other small molecules.

Watanabe et al. conducted a series of 3 studies exploring the utility of natural biological scaffolds seeded with
bioactive proteins.®1! They tested gelatin-based sponges seeded with basic fibroblast growth factor (bFGF)
using chemically induced (via retinoic acid) MMC fetal rats in their 2010 and 2011 studies, then surgically
induced MMC fetal sheep in their 2016 study. The group chose bGFG for its ability to induce both
epithelization and neovascularization, and gelatin for its porosity together promoting host integration. The
methods of scaffold placement differed: 2010 study via open fetal surgery, 2011 via ultrasound-guided intra-
amniotic injections, and 2016 via open fetal surgery.

In 2010, Watanabe et al. showed enhanced incorporated epithelialization and neovascularization with the
seeded bFGF gelatin scaffolds compared to the untreated control subjects.® A total of 32 surviving fetal rats
were analyzed showing both epidermal ingrowth and neovascularization were significantly greater in bFGF
seeded cohort compared to non-seeded cohort (p<0.05) highlighting the clear benefit of bFGF.® One limitation
in this study included early degradation of the sponges resulting in partial defect coverage. This study
improved upon the MOMS trial as it exemplifies a porous patch can support neovascularization and

epithelialization enhanced by bFGF in place of suture closure.
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In 2011, Watanabe et al. continued their study using biologic scaffolds (via gelatin microspheres) with a shift
in focus on using intra-amniotic injection therapy.1° This method highlighted a major benefit to treatment
intervention as injection therapy does not rely on tissue strength as much as suture, thus allowing for earlier
gestational intervention. A total of 52 surviving fetal rats were analyzed with the injectable microsphere cohort
measuring significantly greater epidermal thickness compared to group without intervention (p < 0.05).1° One
limitation was using rats as they have relatively short gestations. This study improved upon the MOMS trial by
offering injectable therapy as a potential method for earlier intervention compared to the standard open
surgical approach.

In 2016, Watanabe et al. applied their biologic scaffold to a large animal study.!! This sheep model allowed
the group to observe the subjects longer (average gestation of sheep: 20-22 weeks) and allowed for better
theorized application to the human counterpart. Additional analysis in this 2016 study measured preservation
of spinal cord material and the degree of hindbrain herniation in the 5 surviving fetal sheep separated into
unique cohorts with varying component-seeded gelatin scaffolds. Results showed the experimental groups
with preserved spinal cord material through significantly greater tissue thickness overlying the spinal cord
compared to group without intervention (p < 0.0001).1* Additionally, hindbrain herniation in the experimental
groups was significantly less when compared to the control group (p <0.01).'! Limitations of this study
included inconsistent surgical MMC creations with unknown effects of innate epithelial healing vs scaffold-
mediated neoepithelialization. This large animal study allowed Watanabe et al. to get closer to translational

human studies and applying the post-MOMSs trial advancements discussed in their 2010 and 2011 studies.

Biologic scaffolds seeded with stem cells

One unique utility of stem cells is their pluripotency, the capacity to become several cell derivatives. Stem
cells have the potential to influence MMC coverage not only with spinal cord protection via epithelization, but
also an additional role in neuron regeneration. Due to the prolonged spinal cord exposure to the harmful fetal
waste products in amniotic fluid, motor neuronal death leads to the observed lower motor extremity deficits
seen in postnatal subjects.? The idea behind seeding natural biological scaffolds with stem cells has the
potential to serve two important functions: cover the MMC defect reducing further neurological damage, while
also promoting regeneration of motor neurons in the spinal cord.

In 2016, a study by Brown et al., compared the utility of autologous amniotic membrane patches seeded with
early gestational placenta-derived mesenchymal stem cells (pMSCs) vs late gestational pMSCs in surgically
created MMC fetal sheep.1?2 The authors noted that early gestational pMSCs has been found to produce
factors associated with neural protection.® The cohorts were compared using histological analysis of the
lambs’ spinal cords after birth and neurological testing focusing on limb movement, stance, hindlimb weight
bearing, standing, stepping, and hindlimb clearance.* The early gestation pMSC seeded cohort showed the
greatest proportion of defect coverage, as well as normal ambulation compared to the lower motor neuron
dysfunction in late gestation pMSCs.2 Limitations of this study included limited statistical analyses, as well as
the subjective use of the motor function scale. Brown et al.’s study illustrates the potential benefit of
incorporation of early gestational pMSCs, highlighting its convenient autologous nature as well as adjunct
immunomodulating cytokines and neuronal protection.

In 2016, Li et al. engineered a chitosan-gelatin scaffold seeded with bone marrow mesenchymal stems cells

(BMSCs) applied using microsurgery technology to analyze its efficacy in patching defects and regenerating
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neurons in chemically created MMC in fetal rats.'®> The authors chose chitosan-gelatin scaffolds for its high
composition of collagen, lack of antigenicity, and large pore size of 300um, all important qualities to facilitate
cell growth and metabolism.'> BMSCs were chosen for their angiogenesis and ability to prevent fibrosis.'®> The
study found that the transplanted BMSCs seeded chitosan-gelatin scaffolds lessened MMC defects as well as
expressed markers of neural stem cell and neurons.*®> Some notable limitations to this study were the absence
of statistical analysis, as well as the late treatment application. The results from Li et al.’s study show
successful alternative materials for tissue scaffolds, highlighting high porosity of gelatin being able to support

both tissue repair and regeneration aided with adjunct BMSCs seeding.

Isolated stem cell intervention

Isolated stem cell injections do not have the same size and space occupations as biological scaffolds and
consequently they can be administered by tools as small as needles. Some of the benefits of injectable
therapy with stem cells not only includes the already mentioned pluripotency of stem cell and its autologous
nature, but this type of therapy also opens the opportunity for earlier therapy, and lower surgical
complications.16:17

In 2015, Dionigi et al. tested the effect of trans-amniotic stem cell therapy (TRASCET) with amniotic fluid
mesenchymal stem cells (afMSCs) on chemically induced MMC fetal rats.1¢ This study measured degree of
brainstem and cerebellar herniation using histology and high-resolution magnetic resonance imaging in 62
fetal rats. They found the intra-amniotic injected afMSCs cohort showed less brainstem and cerebellar
herniation as well as more MMC coverage on histological analysis when compared to the cohort without
intervention (p<0.001).16 A notable limitation of this study was the small window (1 week) between induced
MMC and therapeutic intervention.1® The results from this study showed the potential of using TRASCET to
benefit subjects with MMC utilizing a minimally invasive technique, earlier intervention, and use of autologous
afMSCs in reducing neurological sequelae.

In 2016, Feng et al. compared autologous placenta-derived mesenchymal stem cells (pMSCs) and amniotic
fluid-derived mesenchymal stem cells (afMSCs) via TRASCET to evaluate defect coverage in chemically
induced in MMC fetal rats.1” The selection of pMSCs to compare against afMSCs was influenced by
availability of prenatal testing via chorionic villus sampling (CVS) for pMSCs (10 weeks gestation) vs
amniocentesis to acquire afMSCs (15 weeks gestation). The amount of coverage was compared using
histological analysis of 238 fetal rats. There was no significant difference in complete defect coverage
between the afMCSs and pMSCs cohorts or when both were compared to the cohort without intervention.1” A
limitation of this study was the lack of analysis apart from reporting the amount of defect coverage. The results
from this study illustrate that earlier acquirement of pMSCs via CVS vs afMSCs via amniocentesis do not

appear to aid in earlier MMC defect coverage.

Synthetic biodegradable scaffolds

Most synthetic biodegradable scaffolds are broadly characterized as non-toxic, biodegradable, easily
reproducible, and resist early destructive enzymatic breakdown.'® Synthetic scaffolds can have a self-
expanding quality in body temperature, ideal for achieving complete coverage of the MMC defect starting with

a small injectable product.19-21
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In 2019, Oria et al. studied the in-vivo effects of a blended PLA (poly I-lactic acid) and PCL (poly e-
caprolactone) biodegradable synthetic scaffold via subcutaneous and dural implantation in anatomically
normal rats.'® Tissue analysis of the PLA-PCL group revealed no signs of neural inflammation via absence of
astrocytic reaction or glial scar formation.® A limitation of this study was the patch was not directly tested
using animal MMC models and its effect in prenatal treatment. The biocompatible results from this study
support integration of biodegradable synthetic scaffolds for MMC interventions.

In 2019, Tatu et al. also studied biodegradable PLA and PCL blended synthetic scaffolds with focus on its
characteristics; namely the scaffold’s in-vitro self-expansion, permeability, and biodegradable abilities.?* The
patch was observed in-vitro to self-expand at body temperature (37 C), impermeable to water, and did not
degrade while studied in amniotic fluid.?* One limitation of the study was the properties of their biodegradable
synthetic patch were not tested in-vivo, limiting application to MMC treatment. Based on their in-vitro studies,

synthetic scaffolds have several favorable properties that could make it a useful alternative in MMC repair.

Discussion

Currently, there are sparse systematic reviews or meta-analyses that consider the material of scaffolds as well
as any seeded materials for earlier and safer intervention for MMC therapy. One meta-analysis by Kunpalin et
al. focuses on the efficacy of stem cell injections as well as stem cell seeded biologic scaffolds, but does not
include discussion of synthetic scaffolds or the use of bioactive proteins.?? This narrative review serves as a
novel approach to compare not only scaffold compositions, but also effects of various bioactive proteins
seeded scaffolds, and method of administration.

After analyzing the contributions and limitations of these studies, a combination of different materials and
methods could theoretically produce a patch that can successfully prevent and potentially reverse poor
neurological outcomes in patients with MMC. It is unclear which source of stem cells and selection of bioactive
proteins would be most beneficial to serve this role as no study currently exists that compares them directly.
However, the successes in the various studies mentioned in this review suggest there could be multiple
solutions.

When comparing biological versus synthetic scaffolds, synthetic scaffolds are superior for several reasons.
Biodegradable synthetic scaffolds could mitigate some limitations of biologic scaffolds. Biologic scaffolds have
the potential to initiate an immune response, due to its antigenicity, which in turn could interfere with other
biological processes, such as general development, tissue healing and tissue regeneration.2® Synthetic
biodegradable materials lack antigenicity, and thus have less risk of producing an immune reaction. Synthetic
scaffolds also have greater mechanical strength compared to biological scaffolds as synthetic materials are
less susceptible to early degradation via host enzymatic reactions, thus preserving tensile strength to support
tissue remodeling.?! Additionally, synthetic scaffolds can be designed to have large enough pores for
neovascularization and epithelialization without having an open connection through the scaffold, thus
prohibiting further neurologic degradation via amniotic fluid and preventing progressive CSF loss.!® The self-
expansion characteristic of the synthetic patch can decrease operative time, potentially decreasing fetal and
maternal operative-related complications.?*

Regarding selection of bioactive protein seeding, it is clear from the studies discussed in this paper that bFGF
has a favorable effect on epithelialization and neovascularization ultimately providing host integration and

neurologic protection.® Additionally, selection for early placenta-derived mesenchymal stem cells has also
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shown to aid in MMC defect coverage and hopeful neural regenerative properties, as demonstrated in the
study conducted by Brown et al.’® The benefit of its autologous nature and early retrieval through chorionic
villus sampling beginning at 10 weeks gestation allow pMSCs to be a convenient and a potential restorative
seeding material.

Upon analyzing the various delivery methods used in these studies, an in-utero injectable approach could be
superior as it allows for less invasive and earlier intervention compared to the current treatment of open fetal
surgery.?* It is unclear how early an injectable delivery method could be implemented in humans, and future
research into this area is required, but the goal of intervention should be as close to MMC diagnosis (typically
gestational week 16-18) as possible.

Finally, it is important to consider the limitations of the discussed studies to help avoid future pitfalls. Some
suggestions for future studies using the methods proposed in this discussion should include larger cohorts,
use of large animals with gestation lengths closer to humans, and measurement of outcomes like that of the

MOMS trial for greater assessment of a study’s advancements on current treatment of MMC.

Conclusion

Since the MOMS era spanning from 2003- 2010, great emphasis has been placed on engineering a scaffold
that can preserve and possibly reverse the neurological deficits seen in patients with myelomeningocele in a
way that poses minimal risk to the health of the mother and baby. Scientists have gone down several unique
avenues to offer therapeutic solutions for earlier and safer intervention, yet there is no clear superior
intervention at this time. Upon analysis of the advancements and limitations of several studies, patients with
MMC defects could benefit from an engineered synthetic biodegradable scaffold seeded with bFGF and
placenta-derived mesenchymal stem cells. This combination would aim to incorporate the qualities many
studies have highlighted as crucial for an MMC scaffold to possess. Delivery of this scaffold would ideally be
placed via intra-uterine injection(s) shortly after diagnosis of MMC. Not only could this solution serve to
prevent poor neurological outcomes caused by MMC, but it could reduce the healthcare cost of multiple

surgeries, hospitalizations, and lifestyle adjustments associated with the current MMC therapies.
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Figure 1: Prevalence of Neural Tube Defects per 10,000 Live Births in the United States from 1995-2011
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Table 1: MOMS Statically Significant Outcomes Comparison between the Prenatal and Postnatal (control)

Cohorts at 12 Months Postnatal for Primary Outcomes and 30 Months for Secondary Outcomes.

Prenatal Surgery

Postnatal Surgery (Control)

Primary Infant Outcomes at 12 Months

Shunt criteria met (p<0.001)* 65% 92%

Placement of shunt (p<0.001) 40% 82%

Any hindbrain herniation (p<0.001) | 64% 96%

Any brainstem kinking (p<0.001) 20% 48%

Abnormal location of fourth ventricle | 46% 72%

(p=0.002)

Syringomyelia (p=0.03) 39% 58%

Difference between motor function 0.58 +/- 1.94 -0.69 +/- 1.99

and anatomical level (p=0.001)+

Secondary Outcomes of Children at 30 Months

Mean Bayley Psychomotor 64.0 +/-17.4 58.3 +/-14.8

Development Index (p=0.03)+

Peabody stationary score (p=0.04)§ | 7.4 +/- 1.1 7.0+/-1.2

Peabody locomotion score 3.0+/-1.8 21+/15

(p=0.002)§

Peabody object manipulation score | 5.1 +/- 2.6 3.7+-21

(p<0.001)§

Walking independently on 42% 21%

examination (p=0.01)

Walking status (p=0.03) No walking 29% No walking 43%
ability ability

Walking with 29%
orthotics/

devices

Walking with 36%
orthotics/

devices

Walking 42%

Walking 21%
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without without

orthotics/ orthotics/

devices devices
WeeFIM self-care score (p=0.02)7 20.5+/-4.2 19.0+/-2.4
WeeFIM mobility score (p=0.003)] [ 19.9 +/-6.4 16.5 +/-5.9

Statistically significant defined as (p<0.05).5

*Criteria for shunt placement criteria included patients to meet at least 2 of the following: (Increase in greatest occipital-frontal

circumference, adjusted by gestational age, crossing designated percentiles. Patients with bulging fontanelle, or split sutures, or

sunsetting sign. Increasing hydrocephalus on consecutive imaging studies. Head circumference >95™ percentile for gestational age.) OR

presence of syringomyelia with ventriculomegaly OR ventriculomegaly with Chiari malformation symptoms OR persistent CSF leak from

repair site

tRegarding the difference between motor function and anatomical level= positive values indicate function that is better than expected on

the basis of the anatomic level of hindbrain herniation via brain and spine MRI analysis and motor function determined by motorsensory

and somatosensory function.

FHigher numeric values indicate better performances, ranging from a minimum score of 50 and maximum score of 150.

8Higher numeric values indicate better performances, ranging from a minimum score of 0 and maximum score of 20.

TSelf-care measurements range from minimum of 8 to maximum of 56 and mobility measurements range from minimum of 5 to maximum

of 35 with higher scores indicating a greater level of independence.
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Table 2: Comparing Both Statically Significant Maternal and Fetal Outcomes Arising from Prenatal vs

Postnatal Surgery
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Prenatal Surgery

Postnatal Surgery (control)

Maternal outcomes

Blood transfusion at delivery (p=0.03) | 9% 1%
Chorionic membrane separation 26% 0%
(p<0.001)

Spontaneous membrane rupture 46% 8%
(p<0.001)

Spontaneous labor (p<0.001) 38% 14%
Oligohydramnios (p<0.001) 21% 4%
Placental abruption (p=0.03) 6% 0%
Pulmonary edema (p=0.03) 6% 0%

Fetal outcomes

Gestation age at birth (p<0.001)

34.1 +/- 3.1 weeks

37.3 +/- 1.1 weeks

Bradycardia during fetal or neonatal
repair (p=0.003)

10%

0%

Mean birth weight (<0.001)

2383 +/- 688 g

3039 +/- 469 g

Respiratory distress syndrome
(p=0.008)

21%

6%

Statistically significant defined as (p<0.05).8
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Table 3: Summary of Methods used in the Included Literature

Literature Subjects Method Nature vs | Scaffold Seeded Seeded Method of
of MMC Synthetic material with with stem intervention
creation scaffold bioactive | cells

proteins

Biologic scaffolds seeded with bioactive proteins

Watanabe Rats RA Natural Gelatin bFGF - Open fetal

etal? induction surgery

Watanabe Rats RA Natural Gelatin - - Intra-

etal.10 induction microspheres amniotic

injections

Watanabe Sheep Surgical Natural Gelatin bFGF - Open fetal

etal.ll creation sponge surgery

Biologic scaffolds seeded with stem cells

Brown et Sheep Surgical Natural Amniotic - Early and Open fetal

al.13 creation membrane late surgery

gestational
pMSCs

Lietal.l® Rats RA Natural Chitosan- - BMSCs Open fetal
induction gelatin surgery

Isolated stem cell intervention

Dionigi et Rats RA - - - afMSCs Intra-

al.te induction amniotic

injections

Feng et Rats RA - - - afMSCs, Intra-

al.l7 induction pMSCs amniotic

injection

Synthetic biodegradable scaffolds

Oriaetal.’® | Rats - Synthetic PLA, PCL - - Subcutaneous

and dural
implantation

Tatu etal2! | - - Synthetic PLA, PCL - - -

RA= retinoic acid, bFGF= basic fibroblast growth factor, BMSCs = bone marrow mesenchymal stem cells ,

afMSCs= amniotic fluid-derived mesenchymal stem cells, pMSCs= placenta-derived stem cells , PLA= poly |-

lactic acid, PCL= poly e-caprolactone
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PubMed | Science Online Total
Direct Wiley
Library
Literature 22 174 217 413
identified
Literature 15 16 17 48
relevant to this
review paper
Literature 8 4 12 24

selected for this

review paper

IUMS

Table 4: Summary of Appropriate Literature Identified Utilizing the Mentioned Inclusion and Exclusion Criteria
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