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Spine stabilization upon spinal cord injury (SCI) is a standard procedure in clinical practice, but rarely employed
in experimental models. Moreover, the application of biodegradable biomaterials for this would come as an
advantage as it would eliminate the presence of a nondegradable prosthesis within the vertebral bone. Therefore,
in the present work, we propose the use of a new biodegradable device specifically developed for spine sta-
bilization in a rat model of SCI. A 3D scaffold based on a blend of starch with polycaprolactone was implanted,
replacing delaminated vertebra, in male Wistar rats with a T8-T9 spinal hemisection. The impact of spinal
stabilization on the locomotor behavior was then evaluated for a period of 12 weeks. Locomotor evaluation—
assessed by Basso, Beatie, and Bresnahan test; rotarod; and open field analysis—revealed that injured rats
subjected to spine stabilization significantly improved their motor performance, including higher coordination
and rearing activity when compared with SCI rats without stabilization. Histological analysis further revealed
that the presence of the scaffolds not only stabilized the area, but also simultaneously prevented the infiltration
of the injury site by connective tissue. Overall, these results reveal that SCI stabilization using a biodegradable
scaffold at the vertebral bone level leads to an improvement of the motor deficits and is a relevant element for the
successful treatment of SCI.

Introduction

Spinal cord injury (SCI) represents a significant health
and social problem. It was estimated that approximately

500,000 people, in the United States and Europe alone, have
to deal each day with the burden of having an SCI. Im-
portantly, the incidence of SCI lies between 10.4 and 83 per
million inhabitants each year, in western countries.1,2

Currently, medical practice for SCI patients is mainly
based on three steps: stabilization of the spine, using me-
tallic/vertebral spinal fusions3; decompression of the cord4;
and administration of the anti-inflammatory drug methyl-
prednisolone.5 Regarding spine stabilization, there is pres-
ently an open debate among physicians concerning the
timing of surgery, even though there is strong evidence
within the literature that early surgical stabilization consis-
tently leads to shorter hospital stays, shorter intensive care
unit stays, less days on mechanical ventilation, and less
pulmonary complications.3 Nevertheless, the use of metallic
devices, such as spinal fusions, have some disadvantages,
namely, the potential need of a second surgery to remove it

as well as interfering with magnetic resonance imaging
during postoperative follow-up.6 Dynamic stabilization is a
promising alternative to traditional spinal fusions; Cakir and
colleagues,7 for instance, presented favorable short-term re-
sults when this system was applied. However, the longevity
of a dynamic stabilization construct in an active adult, with
constant motion, is an important consideration. Some de-
vices have been abandoned because of failure over time.8

Moreover, Goldstein and colleagues demonstrated that the
infection rate in patients undergoing dynamic stabilization is
higher than that for instrumented fusion.9 We believe that
biocompatible scaffolds that can act as stabilization devices
and at same time promote bone regeneration are a very
promising alternative to both traditional and dynamic de-
vices. Biodegradable tools have been studied, namely, in the
form of 3D scaffolds. However, to date, none of these have
been specifically designed for spine stabilization after SCI.6

Surprisingly, in rat SCI models, spine stabilization is not
performed at all. However, the majority of the surgical
procedures used in rat SCI models comprise a laminectomy
that may affect the locomotor behavior and trunk stability of
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the animals. In this sense, the absence of spine stabilization
may compromise the regenerative process of the spinal cord
tissue after the injury.

To specifically target this problem, we previously reported
the development and characterization of a biodegradable
scaffold composed of a blend of starch with poly-
caprolactone (SPCL) aimed for spine stabilization. SPCL
scaffolds were fabricated by rapid prototyping and have
shown to disclose appropriate mechanical performance,
in vitro noncytotoxic behavior, and in vivo biocompatibility.10

Moreover, SPCL has been originally proposed by our group
for a wide range of tissue engineering applications including
bone regeneration.11–13 In this sense, the objective of the
present study was to evaluate to what extent the stabilization
of the vertebral column through the implantation of the re-
ferred scaffold is feasible and whether it promotes beneficial
motor effects.

Materials and Methods

Processing of SPCL scaffolds

The SPCL scaffolds were processed as previously re-
ported.10 Briefly, porous sheets featuring inter-filament
orientations of 90� were produced by 3D plotting, a rapid
prototyping/additive manufacturing technology (Bioplotter�;
Envisiontec GmbH). Tubular scaffolds were obtained by roll-
ing up porous sheets around a cylinder and subsequent heat
treatment at 65�C during 30 min for inducing the adhesion
between filaments. Scaffolds were then cut in semi-tubular
structures. All the materials were sterilized with ethylene
oxide.

Animals

Eight-week-old male Wistar rats (Charles River), housed
in light and temperature controlled rooms and fed a stan-
dard diet, were used in this study. The Animal Care Com-
mittee of the Research Institute approved the animal
protocols in accordance with standardized Animal Care
Guidelines.14 After SCI, the animals were divided into two
experimental groups: animals with spine stabilization
through SPCL scaffold implantation (SPCL, n = 9) and ani-
mals without spine stabilization (SCI, n = 5). A third group
of animals, subjected to laminectomy only, were used as
controls (Sham, n = 5). Handling was performed for 3 days
before the surgery.

Surgery and postoperative care

All animals were anesthetized by intraperitoneal injection
of a mixture (1.5:1) of ketamine (60 mg/mL, Imalgen; Merial)
and medetomidine hydrochloride (0.4 mg/mL, Dorbene Vet;
Laboratorios SYVA S.A.). Once anesthetized, fur was shaved
from the surgical site and the skin was disinfected with
chlorohexidine (AGB). Then, a dorsal midline incision was
made from T6 to T11 and the paravertebral muscles were
retracted. A laminectomy was performed at the junction T8–
T9 in which the spinous processes were removed and the
spinal cord was exposed. Two hemisections were performed,
3-mm apart on the left side, and the tissue in between was
removed. SPCL scaffolds were implanted at the vertebral
bone level, juxtaposed to the spinal cord, providing spine
stabilization. Bone cement (Biomet) was used to fix the

scaffold margins to bone. Paravertebral muscles and skin
were then separately closed with Vicryl sutures ( Johnson
and Johnson). The incision of control animals was closed
after SCI, without SPCL implantation. Following surgery,
rats were kept under heat lamps and received vitamins
(duphalyte and Farmoquil), analgesic (butorphanol tar-
trate, 1 mg/mL; Fort Dodge), and antibiotic (enrofloxacine,
1 mg/mL; Bayer). Bladder evacuation was done manually.
Throughout the treatment and recovery period, animals
were examined for symptoms of illness or potential reaction
to the treatment.

Assessment of locomotor function by Basso, Beatie,
and Bresnahan test

All rats were assessed with the Basso, Beattie, and Bres-
nahan Locomotor Rating Scale (BBB)15 on day 3 and 2, 5, 7, 9,
and 12 weeks after injury. The BBB is a 21-point scale de-
signed to assess hindlimb locomotor recovery following
thoracic SCI. A BBB score of 0 indicates no hindlimb move-
ment. A BBB score of 1 through 8 indicates joint movement,
but no weight support. A BBB score of 9 through 20 indicates
an ability to support weight and use the limb for locomotion
but with some degree of abnormality. A BBB score of 21
corresponds to the locomotion of a normal rat.

Motor behavior analyses in an open field chamber

The open field (OF) is a versatile test that permits the
assessment of motor behavior by measuring the amount of
rearing activity and the total distance traveled by the rats.16

The OF was performed in a square (43.2 cm · 43.2 cm) arena
with transparent acrylic walls (Med Associates, Inc.) placed
in a brightly illuminated room. Animals started the test at the
arena’s center and were given 5 min to explore it. Total dis-
tance traveled in the arena and number of rearings were
automatically registered by equipment sensors.

Rotarod test

Motor coordination of the animals was evaluated in a
rotarod equipment (TSE systems). Each animal was placed
on a 10-cm diameter, 15-cm-long rod, rotating at constant
speed. Impairment of motor coordination was defined as the
inability of rats to remain on the rotating rod for a 60-s test
period. Experimentally animals were pretrained on the ro-
tating track 24 h before the proper test. The protocol con-
sisted of 3 days of testing at 4, 8, and 12 rpm in, respectively,
1st, 2nd, and 3rd day for a maximum of 60 s in four trials,
with a 10-min interval between each trial. The latency to fall
(in seconds) was recorded by equipment sensors.

Tissue preparation

Twelve weeks after the scaffold implantation, the rats
were deeply anesthetized by an intraperitoneal injection of
sodium pentobarbital (Ceva Saude Animal). Then, animals
were perfused through the ascending aorta with 4% para-
formaldehyde in phosphate-buffered saline. A 2.5–3 cm
length of spine and spinal cord, centered on the site of
hemisection and scaffold placement, was carefully removed
and fixed in neutral buffered formalin. After decalcification,
spinal cord and spine were carefully split and then embed-
ded in paraffin and processed for hematoxylin and eosin
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(H&E) staining. The tissue was sectioned on the coronal
plane and apoptotic cells, vacuolated neurons, and tissue
infiltration/organization were evaluated on three tissue sli-
ces of each subdivision (dorsal, median, and ventral cord).
Apoptotic cells and vacuolated neurons were counted both
rostral and caudal to the injury center and on the left side of
the cord.

Statistical analysis

To assess whether the values come from a Gaussian dis-
tribution, the BBB, OF, Rotarod, and histological data were
analyzed using the Kolmogorov–Smirnov test. Then, to
evaluate statistical differences among groups, a ‘‘two way
analysis of variance’’ test followed by a Bonferroni post-test
was performed. Statistical significance was defined for
p < 0.05. All data are presented as mean – SEM.

Results

Locomotor function evaluation by BBB test

Left hindlimb function was evaluated 1 day after the
hemisection injury. Only the animals that were completely
paralyzed were selected for the study. From the initial 24
animals subjected to surgery, 2 died during the surgical pro-
cedure (from groups sham and SCI) and another 2 died dur-

ing the experimental protocol (from groups SCI and SPCL).
Motor evaluation began 3 days after surgery and continued
each 2–3 weeks for 3 months. In all experiments the identity of
the animals was kept blind to the observer. After SCI, SPCL
scaffolds were implanted in the vertebral column of 9 animals
(Fig. 1). Five weeks after, animals stabilized with SCPL scaf-
folds presented significant motor improvements when com-
pared with the nonstabilized group (Fig. 2). Moreover, these
differences persisted up to 12 weeks. Injured animals sub-
jected to spine stabilization presented extensive movements of
all three joints of the left hindlimb (SPCL, 7.3 – 1.5 in the BBB
score), whereas rats without spine stabilization presented
slight-to-extensive movements of just one joint (SCI, 1.8 – 1.1
in the BBB score) (Fig. 2). Animals from sham group scored 21
(maximum) in BBB scale, showing that laminectomy alone did
not affect the animals’ motor skills (Fig. 2).

OF analyses

Unlike the BBB, the OF test is dependent on animal mo-
tivation to explore a new environment. Since the repetition of
the same environment could lead to a decrease of the ex-
ploratory behavior, the OF test was not performed each 2
weeks. Instead, OF analyses were carried out in the first and
last weeks of the experimental protocol and in different
rooms. The total distance traveled in the OF arena just after
the surgery was not significantly different between groups
(266.6 – 19.3 cm for SPCL and 361.5 – 99.0 cm for SCI). How-
ever, at 12 weeks the total distance traveled by animals with
a spine stabilized was significantly greater than that seen in
the nonstabilized animals (1272.6 – 184.4 cm for SPCL and
673.5 – 161.0 cm for SCI) (Fig. 3a). Moreover, the number of
rearings (exploratory behavior where animals stand up only
in their hindpaws) was also assessed. Once again animals
from both groups had a similar performance after surgery
(5.4 – 1.7 for SPCL and 4.3 – 1.8 for SCI) while at 12 weeks,
animals with SPCL implantation performed significantly

FIG. 1. Scanning electron microscope pictures of starch
with polycaprolactone (SPCL) scaffolds used for spine sta-
bilization (a, b). Schematic representation of spine stabiliza-
tion using SPCL scaffolds (c). The biodegradable scaffolds
were implanted at vertebra level using bone cement. Color
images available online at www.liebertpub.com/tec

FIG. 2. Locomotor behavior evaluation of spinal cord in-
jury (SCI) rats with spine stabilization (SPCL, n = 9), without
spine stabilization (SCI, n = 5), and animals subjected only to
a laminectomy (Sham, n = 5). The BBB test showed significant
motor skill improvement in rats with spine stabilization,
comparing to those without stabilization. Sham animals did
not present motor impairments. Values are shown as mean –
SEM, *p < 0.05; **p < 0.01; ***p < 0.001. BBB, Basso, Beattie, and
Bresnahan Locomotor Rating Scale. Color images available
online at www.liebertpub.com/tec
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more rearing activity than nonstabilized animals (25.7 – 3.8
for SPCL and 12.5 – 2.8 for SCI) (Fig. 3b). Importantly, de-
spite a remarkable difference to sham animals in distance
and rearings after surgery, 12 weeks after stabilization, ani-
mals did not show statistical differences (Fig. 3).

In addition to the just discussed results, we also performed
the OF test in animals that did not suffer any surgery, which
was used as baseline. Interestingly, these animals performed
significantly more rearings ( p < 0.01) than the sham animals
but covered approximately the same distance (Supplementary
Fig. S1; Supplementary Data are available online at www
.liebertpub.com/tec). This data indicates that, although the
hindlimb function of the sham animals was not affected (dis-
tance covered), they presented specific difficulties on rearing
behavior. This difference on rearing behavior is most likely
due to the absence of spine stabilization on sham animals.

Rotarod test

To assess motor coordination, a rotarod test was per-
formed in the last week of the experiment. Once again, this
test was not performed throughout all the experimental
protocol because the falls from the rotating rod could lead to
further injuries. The test was performed on 3 consecutive

days. In first, at 4 rpm, spine-stabilized animal latency to fall
from the rotating rod was significantly higher than non-
stabilized animals (27.1 – 8.6 s for SPCL and 2.2 – 1.2 s for
SCI). However, at 8 and 12 rpm (respectively, day 2 and 3),
both stabilized and nonstabilized animals showed lack of
motor coordination. The latency to fall happened only a few
seconds from the start of the trial (8 rpm, 4.1 – 1.1 s; 12 rpm,
4.9 – 1.8 s for SPCL and 1.8 – 1.9; 2.7 – 1.6 for SCI). Once
again, sham animals successfully executed the test, showing
that their motor coordination was not affected by the lami-
nectomy (Fig. 4).

Histological characterization

H&E staining was performed to assess the effects of spine
stabilization on the spinal cord organization, surrounding
tissue infiltration, and axon vacuolization after an SCI. A
decrease of connective tissue infiltration into the spinal cord
after the injury in animals subjected to spine stabilization
was observed (Fig. 5a, b). As shown in Figure 5a, animals
without scaffold implantation have a higher connective tis-
sue infiltration. Less connective tissue infiltration was ob-
served in treated animals after injury (Fig. 5b). When
observed at higher magnification it was possible to detect
less cell death and less vacuolated neurons in injured animals
with spine stabilization than in nonstabilized animals (Fig.
5d, e, g, h). We observed that the number of apoptotic cells
was significantly different between groups. There was a 4.9-
fold increase (ratio to intact spinal cord) in the number of
apoptotic cells found in the spinal cord tissue of non-
stabilized animals and only a 2.0-fold increase (ratio to sham
spinal cord) in the spinal cord of animals with spine stabi-
lization (Fig. 5g). A similar trend was observed in the
number of vacuolated neurons. Animals without spine sta-
bilization presented significantly more vacuolated neurons
(10.1-fold increase) than stabilized animals (3.6-fold increase;
Fig. 5h). The histological analysis of the vertebral bone

FIG. 3. Distance and rearing behavior evaluation. When
tested in an open field (OF) apparatus, injured rats with
spine stabilization (SPCL) performed significantly better,
both in distance traveled (a) and in number of rearings (b),
comparing to nonstabilized animals (SCI). Comparing to the
sham group, spine stabilized animals (SPCL) performed
worse in the first week; however, at 12 weeks, both groups
performed equally, showing motor improvements. Values
are shown as mean – SEM, *p < 0.05; ***p < 0.001. Color ima-
ges available online at www.liebertpub.com/tec

FIG. 4. Motor coordination assessment. In the rotarod test,
rats with stabilization presented significantly higher motor
coordination at 4 rpm; however, for more demanding task
(8 rpm and 12 rpm), rats performed equally to nonstabilized
animals. Sham animals successfully performed the test,
showing no motor coordination impairment. Values are
shown as mean – SEM, *p < 0.05; ***p < 0.001. Color images
available online at www.liebertpub.com/tec
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revealed that SPCL scaffolds were able to support new bone
formation. The typical morphology of newly formed bone is
characterized by a high number of cells and extracellular
matrix more intensely stained for hematoxylin than eosin.17

Both of these features were found in the tissue between the
SPCL fibers (Fig. 5f). Moreover, it was also possible to ob-
serve a few attributes typical in mature bone, such as some
possible lamellar organization as well as spaces within the
bone matrix, known as lacunae, which contain osteocytes.
These results revealed that newly formed bone involving the
SPCL fibers started maturation. This is contrary to what is
seen in animals that did not receive SPCL implants. In those
animals we only observe the formation of granulation tissue
and apparently no bone formation yet (Fig. 5i). The granu-
lation tissue (mainly formed by fibroblast and periosteal
cells) is a standard response after bone fractures. This new
loose connective tissue provides a temporary extracellular
matrix that supports new bone formation.

Discussion

Biodegradable materials have been successfully used in
various clinical applications. These materials were first in-

troduced more than 30 years ago by Kulkarni and col-
leagues18 for use as absorbable sutures. After that,
absorbable polymers have been successfully employed for
various methods of fixation for small bone fractures.19 Re-
cently, these implants have been studied for spine surgery;
nonetheless, the use of metallic spinal fixation is still the
standard clinical practice.6 Moreover, until now none of the
developed biodegradable implants were specifically de-
signed for spine stabilization after an SCI.

We show that spine stabilization is an important element
in the therapeutic intervention of SCI whenever there is a
laminectomy. In fact, animals subjected to spinal stabiliza-
tion presented significant motor recovery. These animals
were able to recover from no apparent movement on the left
paw, after surgery, to extensive movement of all three joints
in the hindlimb (7 on the BBB scale), at 12 weeks. On the
other hand, animals without spinal stabilization by the SPCL
scaffolds, only recovered from no apparent movement to
slight/extensive movements of one joint (2 on the BBB scale).
The BBB results here presented for injured animals without
treatment are in concordance with other previously pub-
lished experiments.20,21 However, others also report a greater
motor recovery from control animals (between 6 and 8 on the

FIG. 5. Histological analyses of spinal cord tissue and vertebra bone stained with hematoxylin and eosin. (a) Injured rats
without spine stabilization (SCI) presented higher vertebral canal tissue infiltration (red arrows) than the ones with stabi-
lization (SPCL) (b). The laminectomy alone did not affect the spinal cord of sham animals (c). With higher magnification it
was possible to observe more cell death (green arrows pointing to chromatin condensation) and more vacuolated neurons
(yellow arrows pointing to cyst-like structures) in rats without stabilization (d) than in those with SPCL stabilization (e). In
animals without stabilization, both apoptotic cells (g) and vacuolated neurons (h) were present in greater numbers than in
animals with stabilization. (f) At the vertebral level it was possible to observe that new bone was able to grow between the
SPCL fibers (blue arrows). Moreover, it was possible to observe some signals of bone maturation, as the presence of lacunas,
small spaces on bone matrix filled by osteocytes (black arrows). (i) In animals without SPCL implantation, it was only
possible to observe the formation of granulation tissue (gray arrow) and no bone formation. Scale bar of (a), (b), and (c):
1 mm; scale bar of (d), (e), (f), and (i): 200 mm; spinal cord figures are from dorsal region; values are shown as mean – SEM,
***p < 0.001. Color images available online at www.liebertpub.com/tec
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BBB scale).22,23 These variations may be explained by dif-
ferent protocols in the postoperative care performed by each
lab. For instance, some authors use fibrin as a natural sealant
or to stabilize tissue grafts within the spinal cord.24,25 This
protocol may influence the motor recovery of control rats,
given that, it was previously described that fibrin alone
promotes tissue regeneration.26

Due to the subjectivity inherent to BBB test, the motor
function of the animals was also assessed by the rotarod and
OF test methods. Analysis of motor coordination, balance,
motor control, and trunk stability was performed with these
tests. Moreover, there is lower interference by the observer in
rotarod and OF tests since the motor analysis is generated by
software. The results from OF analyses showed that animals
with spine stabilization were able to walk longer distances
and execute a higher number of rearings than nonstabilized
animals. Either distance or rearing performance is correlated
with the motor improvements observed in the BBB test. Once
again, the benefits of spine stabilization were confirmed. The
greater amount of rearing activity may be correlated by an
increase in trunk stability due to the implanted scaffolds.
Moreover, the rearing behavior showed that the SPCL scaf-
folds are mechanically able to support the body weight of the
animals when they stand up. Further, we previously re-
ported that rapid prototyping allows us to adjust the me-
chanical properties of SPCL scaffolds.10 In this sense, the
higher mechanical strength required in case of implantation
in bigger animal models or in humans can be achieved. The
mechanical properties of the SPCL scaffolds are also strongly
linked to polymer degradation rate. Previous studies showed
that SPCL presents a slow degradation rate27 and here we
observed that they allow bone ingrowth; so, it is expectable
that the vertebral bone is completely repaired after total re-
absorption of the scaffold by the human body in order to
avoid catastrophic failure. However, studies with longer
implantation periods are still needed.

The results from rotarod revealed that motor coordination
and balance are partially improved. To perform this test the
rats had to walk over a constant moving rod in a coordinated
way or they fall off the drum. The results showed that ani-
mals with the spine stabilized by the scaffolds, unlike the
nonstabilized animals, were able to perform a coordinated
motor behavior at 4 rpm. However, when the difficulty of the
task increased to 8 and 12 rpm, all of the animals were not
able to adequately perform the test. These results support the
fact that stabilization provided by the implanted scaffold
improves the motor function of SCI animals. Both the lack of
coordination in more demanding tasks and the BBB score
(just 7) corroborate the fact that spine stabilization should be
combined with other strategies to promote nervous tissue
repair.

The results presented here can be explained by the fact
that the stabilization of the cord prevented further tissue
damage derived from animal movements. Unlike humans,
most SCI animal models perform body movements a few
minutes after the surgery. However, these animals suffered a
laminectomy that will provoke trunk instability and most of
the times, trunk torsion. In this sense, prevention of vertebral
column instability will avoid further mechanical impacts
between bone and spinal cord. Moreover, SPCL scaffolds
were implanted in the open wound, establishing a connec-
tion to the adjacent vertebral bone and decreasing the infil-

tration of connective tissue, as it was possible to observe by
histological analyses. Thus, it is most likely that the conju-
gation of spine stabilization and reduction of connective
tissue infiltration provided by SPCL scaffolds protects the
spinal cord, leading to the decrease in cell death and a
smaller amount of vacuolated neurons observed in the spinal
cord tissue of the stabilized rats.

The locomotor behavior improvements herein described
may be explained by spontaneous neural plasticity after SCI.
Previous studies demonstrated that central nervous tissue is
able to undergo anatomical rearrangement after an SCI. For
instance, Weidner and colleagues28 verified that transection
of the dorsally projecting corticospinal tract (CST) led to
spontaneous sprouting of the ventral CST projection. More-
over, this plasticity was responsible for motor improvements
in the forelimb. Additionally, Bareyre and co-workers29

demonstrated that some of the transected CST axons that
would normally innervate lumbar segments sprouted into
the cervical cord to innervate propriospinal neurons. This led
to a novel, indirect motor pathway to lumbar motor circuits,
which was responsible for motor recovery. In this sense, the
protection against further damage to both damaged and in-
tact fibers that the scaffold is able to provide after the SCI
seems to create a more suitable environment for plasticity to
take place.

These results show a correlation between spine stabiliza-
tion and motor recovery in SCI rats. However, after an
overview of the literature, it was almost impossible to find
references to spine stabilization after an SCI in rat/mouse
animal models. With exception of the Tator lab, which uses a
metallic device,30 researchers rarely have tried to mimic the
standard clinical practice after SCI. An interesting attempt to
improve scaffold alignment after implantation in the spinal
cord revealed that spine stabilization (using steel wires)
prevents scoliosis and reduces kyphosis in SCI rats.31 Un-
fortunately, the authors did not assess motor recovery by the
BBB test; nonetheless, this study reinforces our conception
that the absence of spine stabilization may jeopardize the
regenerative process. In this sense, current and future at-
tempts to develop a successful treatment for SCI32 might
have to take into account this process. It is important to refer
that the choice of the biomaterial and 3D architecture of the
stabilization device might be crucial, as the results herein
reported suggest that a device that prevents surrounding
connective tissue infiltration into the spinal cord and allows
the vertebral bone to regenerate contributes to nervous tissue
reorganization. Other tissue engineering approaches to pro-
mote spine regeneration are mainly focused on intervertebral
disc regeneration.33 However, Dong and coworkers34 dem-
onstrated that laminae of the vertebral arch can be success-
fully reconstructed using collagen scaffolds and bone
marrow stromal cells. In an SCI situation, collagen scaffolds
would have to be combined with metallic devices to promote
spine stabilization, given that, collagen presents weak me-
chanical properties. In any case, this is an interesting work
showing that tissue engineering can successfully regenerate
vertebral bone.

The hemisection model employed here preserves the in-
tegrity and function of one side of the cord that usually is
sufficient to maintain bladder and bowel function resulting
in less postoperative care and reduced animal death. None-
theless, in future studies it will be important to analyze the
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benefits of spine stabilization in other models, namely, the
contusion model that reveals features similar to those seen in
the clinical context. Moreover, future studies may also be
focused on the use of mathematical models of human spine
in order to study the applicability of SPCL scaffolds in pa-
tients. The finite element model (FEM) is the most common
spine model and it incorporates realistic geometry of the
vertebrae and physical properties of the soft tissue connect-
ing the vertebrae.35 With FEM it is possible to study kine-
matics (intervertebral motions), kinetics (motions in response
to applied loads), and internal strains and stresses of the
human spine.35 In this sense, it would be possible to study
the response of the SPCL scaffolds to mechanical stresses
usually found in the human body. Additionally, the spine
model may be combined with an SCI mathematical model, as
the one described by Russell and colleagues,36 in order to
further understand the neuroprotective effect of SPCL sta-
bilization in an SCI situation.

In conclusion, in this work we present a biodegradable
scaffold specifically designed for spine stabilization of SCI in
the rat that can also provide support for bone ingrowth.
More importantly, we also revealed that stabilization by
SPCL scaffolds leads to an improvement of the motor skills
of affected animals. Therefore, researchers currently testing
treatments for SCI repair might have to take into account the
use of spine stabilization in combination with their ap-
proaches. Further work will be focused on the combination
of spine stabilization and regeneration comprising SPCL
scaffolds in combination with a hydrogel loaded with cells
for SCI repair.
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