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Introduction: Some laminoplasty procedures still have restenosis because of bony-bridging
failure of the laminar hinge. The present study aimed to determine the effect of mesenchymal
stem cell (MSC)-enriched scaffolds on vertebral regeneration after laminoplasty on the basis
of the number of osteoblasts, matrix metalloproteinase-8 (MMP-8), and transforming growth
factor-beta (TGF-B) levels.

Methods: Laminoplasty procedure using the Hirabayashi technique was conducted at the
lumbar level in 32 rabbits that were divided into four and three groups of the control (C) and
treatment groups, respectively, with different types of laminoplasty spacer (T1, autograft; T2,
scaffold; and T3, scaffold with MSCs). Histopathological studies were conducted to calculate
the number of osteoblasts and enzyme-linked immunosorbent assay tests to detect MMP-8
and TGF-p 4 weeks after the surgery.

Results: The results showed a significant decrease in MMP-8 level in the T3 group
compared with that in the control group (p < 0.05). A significant difference exists between
the average number of newly formed osteoblasts in the control group compared with that in
the T3 group (p < 0.05) with a higher mean blood TGF-§ level of all experimental groups
compared with that of the control group (p = 0.58).

Conclusion: The significant decrease in MMP-8 levels, increase in TGF-B levels, and
increased number of osteoblasts on MSC-seeded polylactic acid scaffolds could be useful
to support the laminoplasty procedure to prevent restenosis because it was biocompatible and
promoted the bone healing process.
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Introduction

Spinal stenosis is the most common example of degenerative processes that occur
in the spine.' Various methods of decompressing the nerve roots have been
attempted with both anterior and posterior approaches. Decompression can be
achieved in multiple stenosis cases while maintaining neck movements by lamino-
plasty technique.>” Moreover, decompression is achieved by lifting the lamina on
one side which helps widen the canal maintained by the spacer.’

Several types of scaffold materials used for laminoplasty spacer have been
widely studied (eg, hydroxyapatite [HA], polymers, and ceramic and polymer
composites) along with natural polymers (eg, collagen and chitin).®® Polylactic
acid (PLA) is one of the extensively used biomaterials in orthopedic applications

because of its availability, easier processability, and low toxicity to living cells.”'°
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Figure 2 (A) Fused Deposition Modeling Mono Mendel; (B) design of 3D-printed scaffold fabricated through PLA deposition modeling.

However, not much literature exists to examine the effec-
tivity of scaffold materials used as spacers along with the
use of mesenchymal stem cells (MSCs) as an osteoinduc-
tive substance in laminoplasty procedures.

This study aims to demonstrate the potential effects
of MSC-seeded PLA scaffolds on bone formation in
a rabbit model of vertebrae laminoplasty using the
Hirabayashi technique by evaluating matrix metallo-
proteinase (MMP) and transforming growth factor-
beta (TGF-B) activities. Both can be used as markers
for bone regeneration and immune responses from the
body. MMP-8 has functions in initiating collagen
degradation in extracellular matrix during embryogen-
esis, bone healing, and bone regeneration and reflecting
inflammatory response in the initial wound repair stage
because  of its from

high-level  expression

neutrophils."' "> Moreover, TGF-B has been widely

accepted for its roles in bone formation and regenera-
tion in the mammalian model. Furthermore, TGF-B
increases in a substantial value during proliferation

and differentiation of MSCs
16,17

toward osteoblastic
lineage.

Materials and Methods

Ethics Statement

This was an interventional study using an animal model.
The research protocol was reviewed and approved by the
Research Ethical Committee of the Medical Research Unit
(FMUI-RSCM No. 631/UN2.F1/ETIK/PPM.00.02/2019)
and the Committee of the Research Ethics of the Faculty
of Medicine, Andalas University (No. 204/KEP/FK/2019)
in accordance with the Government of Republic of
Indonesia’s Regulation No. 95. 2012 (Veterinary Public
Health and Animal Welfare) and the National Guidelines
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Figure 3 Cell culture of UCMSCs (Culture day 5%, passage 4, magnification 40x).

on Health Research Ethics by Health Research Ethics
the Ministry of Health, Republic of
Indonesia, as the guidelines followed for the welfare and

Committee,

treatment of the laboratory animals. In addition, the donors
of the UC-MSCs had provided informed consent, in accor-
dance with the Declaration of Helsinki. The authors did
not have any conflict of interest.

Animals

The selection of rabbit samples was handled by a Laboratory
Animal Basic Training (in-house)-certified veterinarian and
more than 10 years working with laboratory animals. The
selection was based on the rabbit’s body weight; bone matur-
ity; and clinical, radiological, and laboratory examination.
The inclusion criteria were white rabbits of New Zealand
strains weighing 1500-2500 g, which were healthy and ske-
letally mature. Conversely, the exclusion criteria were rabbits
with congenital spine abnormalities and/or abnormalities in
the spine caused by infections, trauma, neoplasm, and so on.
Antibiotics, enrofloxacin (5—10 mg/kg subcutis), were imme-
diately given before surgery.

Experimental Design

The sample size in this study, according to Federer’s for-
mula, was 24 rabbits divided into four groups (six rabbits
in each group). The first group (group C) was the lamino-
plasty-only group; the second group (T1) included the
rabbits who had undergone laminoplasty with autograft
implantation; the third group (T2) consisted of the rabbits
that had undergone laminoplasty with a scaffold without
MSCs; and the last group (T3) consisted of the rabbits that
had undergone laminoplasty with MSC-enriched scaffold
implantation. The rabbits were euthanized at the end of
week 4, and blood samples were taken for MMP-8 and
TGF-p test. Although spinal fusion in animal studies was
commonly seen in 6-10 weeks, the cutoff of 4 weeks in
this model was based on the expected faster healing
induced by osteoinductive and osteoconductive materials
used. Necropsy was then performed on the rabbit, and
lesion tissue was taken for histopathology staining
(Figure 1).

Mesenchymal Stem Cell-Enriched

Scaffolds Preparation
The
Engineering Laboratory. Fused Deposition Modeling

scaffolds were developed in the Mechanical
Mono Mendel was used to produce the scaffolds
(Figure 2A). Moreover, PLA was used as a biomaterial
because of its availability, easier processability, and low
toxicity to living cells. The scaffold’s construct was devel-
oped with geometry quadrilaterals (Figure 2B) which pro-
duced the final four-layered scaffold with a dimension of
0.41 £ 0.01 mm?* with 59-80% porosity. Before coculture,
scaffolds were sterilized in a 70 mL alcohol solution for 20
min in a 1.5 mL tube. Scaffolds were then rinsed with
sterile bidestilate water and filtered with a 0.22 puM filter
two to three times for as much as 400-500 mL. They were
then placed in a plate culture container filled with cells.

Figure 4 (A) Mesenchymal stem cells were seeded into the scaffold; (B) mesenchymal stem cells are ready to be implanted into the scaffold.
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Human umbilical cord mesenchymal stem cells (UC-
MSCs) were cultured in growing media and then isolated
by the multiple harvests explant method, cryopreserved,
and stored in liquid nitrogen. The sample was obtained
from the Stem Cell Medical Technology Integrated
Service Unit, Cipto Mangunkusumo General Hospital.
Cryopreserved UC-MSCs were rapidly thawed and recul-
tured in a 25 cm? tissue culture (T25) flask in 10% platelet
lysate containing complete medium (Figure 3). The cells
were harvested, counted, and immediately implanted into
the scaffold at 80-90% confluence. Ten scaffolds were
placed into wells (Figure 4A and B). Two wells were filled
only by cells and used as controls. The scaffold was placed
into the well before adding the cells and the medium to
prevent the scaffold from floating. Thus, cells that tend to
attach to the bottom of the wells to reach all parts of the
prepared scaffold were enabled. During the 4-day incuba-
tion period, 500 pL of the medium was added for cell
nutrition every day for three consecutive days.

The number of growing stem cells on the scaffold was
calculated using the trypan blue method, which has long
been the gold standard for dead cell staining. Viable cells
present in cell suspension excluded the trypan blue dyes,
whereas dead cells do not.'® The final value of this method
is the number of viable cells per milliliter in the original
cell suspension and the viability percentage, which is
counted by dividing the live cell count by the total cell
count. The saturation method of cell suspension with addi-
tional incubation was used to increase seeding efficiency
to prevent cell detachment and death during the seeding
period.

Laminoplasty Procedures
The laminoplasty procedure using the Hirabayashi techni-
que was conducted on the lumbar vertebrae of the rabbits
(Figure 5). Rabbits were prepared and draped with the
standard sterile procedure and placed in a prone position
under general anesthesia using ketamine (44 mg/kg). Each
midline longitudinal posterior incision was performed for
approximately 4 cm. Deep dissection was performed to
expose the spinous process of three levels of lumbar ver-
tebrae along with the laminae. Spinous processes were
removed, and the lamina was thinned to the lamina—facet
junction. Finally, a lateral hinge was made on one side of
the lamina using a high-speed burr, and it was elevated and
secured in an open position using spacers.

Autografts were used as spacers, along with a bone that
was available from the excision of the spinous processes.

The scaffolds, either with or without MSCs, were placed to
support the elevated lamina. The surgical wound was then
covered by bandages, and the rabbits were returned to their
cage and observed until they recovered from anesthesia.
Isotonic NaCl was infused subcutaneously and ketoprofen
(3 mg/kg) intramuscularly every 12 h for 3 days. Rabbits
were then held individually in cages for 4 weeks.

Rabbits were sacrificed by cervical dislocation 4 weeks
after the surgery, and their vertebral column bones were
retrieved to include one level above and one level below
the treated vertebra. Specimens were prepared for histo-
pathological examination by rapid bone decalcifier and
then stained with hematoxylin and eosin (H&E) staining
available in the institution. Scaffolds were not dissolved
from the samples before paraffin embedding. The effect of
osteoblasts addition was compared after conducting osteo-
blast staining. Osteoblasts were counted by counting the
number of cells five times the field of view and then
averaging them. Tissue reactions in the presence of
increased osteoblasts could be a parameter, indicating the
success of this study.

Blood samples taken from the rabbits were centrifuged,
and serum was obtained. The serum was placed in the
refrigerator at —40°C. The MMP-8 and TGF-B levels
were subsequently calculated. Enzyme-linked immunosor-
bent assay tests were conducted to detect matrix MMP-8
and TGF-B. MMP-8 represents the increase of inflamma-
tory processes that could happen in the early healing
process. However, it can also increase in prolonged
inflammatory reaction (eg, infection or allergic reaction).
Moreover, TGF- represents the anabolic metabolism and
positive effect of the bone healing process. TGF-B is
produced by osteoblastic lineage cells. They also give
positive feedback to the MSC recruitment and osteoblast
differentiation for new bone formation. Therefore, the
addition of mesenchymal cell into the scaffold is postu-
lated to cause an increase in TGF-B, which subsequently
increase osteogenesis.

This study only measured the biomarkers in the blood
and not in the local tissue because this method was found to
be more comfortable for use and it has proven that both
markers can be systemically found during the bone healing
process. Radiographic modality (eg, CT scan) was also not
used to evaluate fusion because of limited animal laboratory
facilities in the institution. The Shapiro—Wilk test was con-
ducted to view the normal distribution data, and normally
distributed data were analyzed with the analysis of variance
to determine differences in the average levels of TGF-B and
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Figure 5 Laminoplasty procedure using the Hirabayashi technique was conducted on the lumbar vertebrae in rabbits.

MMP-8. Moreover, the post hoc Bonferroni test was applied
if statistically significant results were obtained.

Results

Clinical Signs

In the 4 weeks of follow-up, two rabbits were paralyzed
(T1 and T3), one rabbit expired (group C), and one rabbit
had an infection of the white nodules under the skin (T2).

Mesenchymal Stem Cell-Enriched
Scaffolds

Sixteen scaffolds were prepared for the two groups with
eight scaffolds in each group (T2 and T3 groups). The T3
group consisted of the MSC-seeded scaffold.

MSCs that were entrapped within scaffolds were
counted (Table 1), and the MSC-seeded process of the
scaffold was described. The number of MSCs attached to
the scaffold were 0.07x10° (lowest; scaffold B3 and B4)
and 2.14x10° (highest; scaffold B1).

Table I Number of Mesenchymal Stem Cells Entrapped within
the Scaffolds

Subject Total Cells (Cells/mL)
Al (Scaffold I) 0.83 x 10°
A2 (Scaffold 2) 0.89 x 10°
A3 (Scaffold 3) 0.53 x 10°
A4 (Scaffold 4) 141 x 10°
A5 (Scaffold 5) 1.07 x 10°
A6 (Scaffold 6) 1.08 x 10°
Bl (Scaffold 7) 2.14 x 10°
B2 (Scaffold 8) 1.56 x 10°
B3 (Scaffold 9) 0.07 x 10°
B4 (Scaffold 10) 0.07 x 10°

Macroscopic Lesion and Tissue Reaction
The tissue reaction in groups C and T1 showed the forma-
tion of a thick, soft tissue at the implantation site.
Additionally, a bony bridge formation in the T3 was
thicker compared to the T2. The fine motion of the incor-
poration was checked by manual palpation of the scaffolds
in group T3 (Figure 6). It was felt to be strongly fixed,
whereas the scaffolds in group T2 were weakly fixed. This
indicates that the osteogenesis was more advanced in
group T3 where the scaffolds were planted with MSCs.

Histopathological Examinations
Histopathological tests were conducted using H&E stain-
ing (Figure 7). The tissue reactions were evident from the
increase in the number of osteocytes and osteoblasts. The
osteoblasts of each group were counted and compared.
The cell counts were done by counting the total amount
of cells on five visual fields and then averagi ng them. The
challenges were in determining the scaffolds on such
a small tissue slice of 0.3-0.5 mm. In a larger slice,
scaffolds were detached from the surrounding tissue.
Therefore, the scaffolds could not be seen. However, an
increase in osteoblast count in group T3 indicates that
mesenchymal-rich scaffolds have a positive impact on
osteogenesis.

Effect of MSC-Enriched Scaffolds
Application in Laminoplasty Procedure to
Blood MMP-8 Level

The mean blood MMP-8 level for each group showed that
the mean blood MMP-8 level in groups T1 and T3 was lower
than that in group C, whereas the mean of blood MMP-8
level in group T2 was higher than that in group C (Table 2).

Stem Cells and Cloning: Advances and Applications 2021:14
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Figure 6 Macroscopic appearance showed the variable amount of new bone formation. In the control and TI groups, a thick granulation tissue exists without a clear
laminoplasty defect. In the T2 group, scaffolds were well-embedded on the laminoplasty defect. Thicker bony bridge formation was found at the site of implantation

compared with that in the T2 group.

A decrease in blood MMP-8 level was noted in group
T3 compared with that in group C (p < 0.05). By contrast,
the MMP-8 level of group T2, which was not enriched by
MSCs, significantly increased compared with that of group
C (p < 0.05). The use of autograft spacer from a spinous
process showed the suppression of the blood MMP-8§ level
although not statistically significant (p = 0.194).

Effect of MSC-Enriched Scaffolds
Application in Laminoplasty Procedure to
Blood TGF-§ Level

The mean blood TGF-§ level in all experimental groups
was higher compared with that in the control group (p =

0.58; Table 3). Although no statistical difference was
noted on the TGF-B level between the experimental and
control groups, the T3 group had the least rate of increase
among the experimental group. This result showed that
MSCs may play a role in controlling the cell environment
that contributes to TGF-B expression.

Effect of MSC-Enriched Scaffolds

Application in Laminoplasty Procedure to
Osteoblast Cell Count

The mean number of osteoblasts in each experimental
group was higher than that in the control group with
group T3 having the highest value (Table 4). The mean

32 https://doi.org/10.2147/SCCAA.S314107
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of the osteoblast number was higher in the T3 group than
that in the control (p < 0.05), T2 (p = 1.00), and T1 (p =
1.00) groups. This showed that MSCs play roles in new
bone formation to allow a bony bridge to fill the defect or
bone gap.

Discussion

The expansive laminoplasty procedure used for posterior
spinal decompression will cause vertebral bone defects in
the posterior vertebral arch and increase the risk of post-
operative development of instability, cervical kyphosis, or
further neurological deterioration because of restenosis.
Several studies have developed the use of various kinds
of spacers, plate fixation, allogeneic or autogenous bone
grafting, or classical suture fixation to reconstruct
a complete laminar arch. Compared with the use of auto-
graft in existing defects, the use of spacers can shorten the
operating time, reduce morbidity, and shorten postopera-
tive neck immobilization time. Moreover, the use of auto-
graft originating from the spinous process, iliac crest, or
ribs is also associated with higher morbidity levels at the

site of graft collection, higher risk of infection, bleeding,
graft kickout, and more uncomfortable postoperative
symptoms.'®~** Additionally, the use of a plate-only spacer
is associated with hinge fusion failure because of the
absence of ventral cortical bone and low adaptability to
the bone tissues.”*

This study reports the clinical results of the number of
osteoblasts and MMP-8 and TGF- modulations formed in
the cervical laminoplasty using MSC-enriched scaffolds.
Moreover, no previous research analyzed and studied the
stem cells in a cell-based construct used in the laminoplasty
procedure. The use of cell-based scaffold resulted in a higher
level of mineralization and ossification compared with the
use of cell-free approaches so that this technique becomes
clinically advantageous in stimulating bone regeneration and
healing processes.”> >’ Reichert et al reported satisfactory
outcomes from using stem cells in combination with scaf-
folds (eg, HA, demineralized bone matrix, and tricalcium
phosphate [TCP]) in bone defects management.*® In spine
fusion, Gan et al reported equivalent healing rates in patients
using stem cells used with B-TCP scaffolds when compared

Figure 7 Hematoxylin—eosin staining to evaluate the osteoblast growth in each group. Among all groups, experimental group 3 (T3) showed more osteoblasts (black

arrow).
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Table 2 Mean of Blood MMP-8 Level in Each Group
Group MMP-8 95% Confidence Interval for Mean P value
Mean Standard Deviation Lower Bound Upper Bound
Control (C) 112.368 29.34 80.46 162.32
Treatment | (T1) 72.51 39.22 10.10 134.92 0.194
Treatment 2 (T2) 156.28 49.46 77.58 234.98 0.001
Treatment 3 (T3) 106.53 56.39 16.79 196.27 0.024

with those used with autologous grafting.* Furthermore,
similar results were reported by Neen et al who used HA
scaffolds.>

The approach used in this study was expected to sup-
port successful bone regeneration and healing following
the diamond concept model. MSCs will act as progenitor
cells that form new bone tissue together with the existing
host cells. The presence of both osteogenic and osteoin-
ductive properties in stem cells will contribute to both the
fusion and bone union processes.’'** The use of MSCs
alone, without the presence of controlled extracellular
matrix and osteoinductive factors, has been proven to
decreased fusion or regeneration rates.*® The stimulation
of this cellular process involving recombinant growth
factors, peptides to target cellular responses and receptors,
as well as small molecules (eg, Wnt signaling pathway
controlling the pathway that affects bone mass), will direct
progenitor cells to turn into cell lineage according to the
targeted tissue. Additionally, scaffolds as a biomaterial
template are osteoconductive and will provide 3D cues

formation tissue

34,35

in the and development of
implantation.

This is supported by the results of the present study
that showed a significant difference in the average number
of newly formed osteoblasts in the treatment group
implanting the MSC-enriched scaffolds compared with
that in the control group in which only laminoplasty
alone without any grafting procedure was performed (p <

0.05). Furthermore, the number of osteoblasts formed in

Table 3 Mean of Blood TGF-§ Level in Each Group

this group was also higher compared with that in the group
using laminoplasty with autograft implantation and lami-
noplasty with scaffolds without MSCs. The use of osteo-
blasts as osteogenesis markers is associated with the role
of osteoblasts that are mononucleosis cells responsible for
bone formation. These cells originated from osteoblastic
precursors that are in the deeper layers of the periosteum,
endosteum, bone marrow, or dura mater. The presence of
more osteoblasts, in this case, is associated with the use of
MSCs in groups with MSC-enriched scaffolds.** ¢ This
osteoblast will then produce an osteoid matrix, which is
mainly composed of type I collagen.

The results of this study follow the study by Granero
et al that showed a group injected with stem cells with the
CMV-Cre-R26R-LacZ-MSC type having a greater growth
rate and callus diameter.>” This indicates that the number
of stem cells that differentiate into osteoblasts is greater
when compared with that in the control group.”’’” An
increase in osteoblast count in group T3 may indicate
that MSC-seeded scaffolds had the best positive impact
on osteogenesis compared with those in other groups. This
condition also showed that MSCs play roles in new bone
formation to enable a bony bridge to fill the bone defect or
gap. The higher value of the osteoblast count in the treat-
ment 2 group may explain the good osteoconductive and
biocompatibility of the scaffolds used in this study so that
the higher number of bone cells could grow better toward
higher bone fusion rates. Tanaka et al reported the use of
IP-CHA as a bone substitute in 88 patients who had

Group TGF-$ 95% Confidence Interval for Mean P value
Mean Standard Deviation Lower Bound Upper Bound

Control (C) 89.93 36.59 31.70 148.16

Treatment | (T1) 111.18 6.35 101.08 121.28 0.423

Treatment 2 (T2) 101.23 18.47 71.84 130.62 0.622

Treatment 3 (T3) 94.67 15.94 69.31 120.03 0.446
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Table 4 Mean of Osteoblast Count That Grew on Laminoplasty Defect

Group Osteoblast Count 95% Confidence Interval for Mean P value
Mean Standard Deviation Lower Bound Upper Bound

Control (C) 3.75 1.34 1.52 5.63

Treatment | (TI) 4.00 1.26 1.99 6.0l 1.00

Treatment 2 (T2) 7.05 1.92 3.98 10.11 1.00

Treatment 3 (T3) 18.85 4.76 11.28 26.42 0.01

expansive open-door laminoplasty. Satisfactory clinical
outcomes, a fusion rate of >95% at 1 year, preserved
postoperative ROM of the cervical spine to 87%, and no
major complications were reported with the use of this
technique. Additionally, this study also showed good
bone bonding and strength results in a postoperative CT
scan with high rates of bone fusion between the spacers
and hinges of the laminae.***°

Higher TGF-B levels in the MSC-enriched scaffold
group (T3) compared with those in the control group (C)
were reported in the present study, although the results
were not significantly different. TGF-f is one of the cyto-
kines in the bone matrix that plays an important role as
a signal molecule in the bone regeneration process. TGF-3
will regulate migration, growth, and differentiation of
MSC:s or other progenitor cells. The higher TGF-f activity
is associated with the rapid recruitment of MSCs to the
bone to further differentiate into osteoblasts.'® This is also
supported by studies by Sun et al where the use of TGF-
Bl-overexpressing BMSCs results in the maximum torque,
failure angle, energy failure, and torsional rigidity which
are significantly higher than MSCs alone.'” However, the
results of the present study in the treatment groups gave
the lowest increase of TGF-f in the mesenchymal group or
treatment group 3. This condition could be explained by
the fluctuation of elevated TGF-B levels in bone healing
and regeneration. A higher increase of TGF-f serum con-
centration was mainly found in the early healing periods
and gradually decreased after the second week. The pre-
sence of MSCs and the already high number of osteoblasts
may control and give negative feedback toward TGF-B
expression to accomplish the most ideal condition for
bone regeneration.*’

Concerning the significant increase in MMP-8§ level in
the scaffold-only groups (treatment group 2), this condi-
tion could be explained by the increase in immune

response toward the presence of scaffold as a foreign

object. The mean level in T3 was lower than that in T2.
The MSCs may play a role in supporting the immunomo-
dulation toward inflammatory response suppression.*'***
This condition followed the study by Mauney et al in
which decreased expressions of MMP-1 and MMP-§
were found when MSCs were stimulated for osteogenic
differentiation. MMP-8, which is a collagenase that plays
a role in degrading collagen, will be controlled to promote
the best possible ECM environment and structural confor-
mation following osteogenic differentiation. Additionally,
a decrease in MMP-8 was reported to be required in the
differentiation of MSCs toward osteoblastic lineage.'* By
contrast, the mean MMP-8 value in T1 was the lowest
compared with those in the other groups. In this case,
autograft harvested from the body of the rabbit itself was
not detected as foreign material so that minimal immune
responses and minimal risk of donor rejection exist. The
MMP-8 level in this group may demonstrate the primary
MMP-8 response in bone regeneration and healing.

The present study has several limitations. This study
has a small sample size. The groups were not followed
until the fusion time and the percentage of the fusion of
the grafts were investigated. Initially, MSCs were pre-
sumed to may have increased the rate of spinal fusion to
4 weeks or less compared with standard procedures in
which spinal fusion was reported to be optimally investi-
gated in 5-10 weeks.*>*** Moreover, further clinical inves-
tigations and assessments with a larger sample size would
be necessary to evaluate the quality, safety, and efficacy of
these new alternative substitutes. Additionally, clinical and
radiological evaluation of bone fusion regarding the dif-
ferent number of applied MSCs with gradual follow-up
time until 10 weeks are also important.

Conclusion
The use of MSC-seeded on PLA scaffolds in laminoplasty
was associated with a significant decrease in MMP-8 level,

Stem Cells and Cloning: Advances and Applications 2021:14

https: 3 5

Dove:


https://www.dovepress.com
https://www.dovepress.com

Rahyussalim et al

Dove

increased TGF-B level, and increased number of osteo-
blasts. MSC-seeded on PLA scaffolds could be useful to
support the laminoplasty procedure to prevent restenosis.
However, longer-term follow-up was required to evaluate
fusion.
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