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Paraparesis and paraplegia are common conditions in dogs, most often caused by a

disc herniation in the thoracolumbar spinal segments (T3-L3), which is a neurological

emergency. Surgical decompression should be performed as soon as possible when

spinal compression is revealed by myelography, computed tomography, or magnetic

resonance imaging. Mesenchymal stem-cell therapy is a promising adjunct treatment for

spinal cord injury. This study sought to compare the effects of surgical decompression

alone and combined with an allogeneic transplantation of canine adipose tissue-derived

mesenchymal stem cells (cAd-MSCs) in the treatment of dogs with acute paraplegia.

Twenty-two adult dogs of different breeds with acute paraplegia resulting from a Hansen

type I disc herniation in the thoracolumbar region (T3-L3) were evaluated using computed

tomography. All dogs had grade IV or V lesions and underwent surgery within 7 days

after symptom onset. They were randomly assigned into two groups, 11 dogs in each.

The dogs in Group I underwent hemilaminectomy, and those in Group II underwent

hemilaminectomy and cAd-MSC epidural transplantation. In both groups, all dogs with

grade IV lesions recovered locomotion. The median locomotion recovery period was

7 days for Group II and 21 days for Group I, and this difference was statistically

significant (p< 0.05). Moreover, the median length of hospitalization after the surgery was

statistically different between the two groups (Group I, 4 days; Group II, 3 days; p< 0.05).

There were no statistically significant between-group differences regarding the number
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of animals with grade IV or V lesions that recovered locomotion and nociception. In

conclusion, compared with surgical decompression alone, the use of epidural cAd-MSC

transplantation with surgical decompression may contribute to faster locomotor recovery

in dogs with acute paraplegia and reduce the length of post-surgery hospitalization.

Keywords: dogs, paraplegia, spinal cord, neurosurgery, cell therapy, stem cells

INTRODUCTION

One of the most common causes of neurological disease in dogs
is spinal compression secondary to disc disease, particularly in
the thoracolumbar segments (T3-L3). Spinal compression results
in pain, ataxia, partial or total loss of motor function, neurogenic
bladder, and loss of nociception (1, 2). Spinal cord injury (SCI)
may result from extrinsic factors, such as falls, fights, kicks,
or ballistic projectiles, which can cause fractures and vertebral
luxations, or may be secondary to intrinsic factors, such as
neoplasms, fibrocartilaginous emboli, or disc herniations (1, 2).

Primary SCI occurs at the time of trauma and ranges from
a small injury, caused by a minimal disc herniation into the
vertebral canal, to large contusions and a severe spinal cord
compression. In some animals, small amounts of herniated disc
material can cause large spinal cord lesions following high-
speed blunt-force trauma (2, 3). Secondary lesions may occur
within hours to days after the primary lesion. These lesions are
associated with a destructive cascade triggering systemic, local,
and cellular events that progress to ischemia, hypoxia, edema,
and various biochemical events that damage the spinal cord (4).

No effective pharmacological therapy exists for primary
SCIs, and its efficacy for secondary SCIs is questionable (5).
In the veterinary literature, there are several classification
systems for grading SCI severity. The most commonly used
classification system was proposed by Scott and McKee (6). This
system identifies five grades of thoracolumbar SCI, as presented
in Table 1.

Most authors agree that animals with grade II, III, IV,
or V lesions should undergo imaging examinations, such
as myelography, computed tomography (CT), or magnetic
resonance imaging (MRI). If disc herniation and spinal cord
compression are visualized, the animal should undergo a surgical
decompression. Surgery is indicated in dogs with paraplegia
because it has been determined that dogs with paraplegia
that underwent hemilaminectomy had a higher proportion
of locomotion recovery and a shorter time to recovery than

TABLE 1 | Grades of thoracolumbar spinal cord injury.

Grade Clinical signs

1 Normal

2 Paraparesis, walking

3 Paraparesis, not walking

4 Paraplegia

5 Paraplegia with loss of deep pain sensation

those that underwent conservative treatment (7, 8). Surgical
procedures include fenestration, hemilaminectomy, mini-
hemilaminectomy, pediculectomy, and dorsal laminectomy.
Hemilaminectomy has been reported to have several advantages
over dorsal laminectomy, including improved access to
extruded material, easy access for local fenestration and greater
biomechanical stability (7, 8).

There is a direct correlation between the degree of
impairment, as assessed during the neurological examination of
dogs with thoracolumbar lesions, and the functional recovery.
This means that dogs with grade II, III, or IV lesions exhibit
a better recovery than those with grade V lesions. The timely
and appropriate use of diagnostic neuroimaging and earlier
surgical intervention will lower the likelihood of secondary lesion
development, which will directly influence the prognosis (7).

The use of corticosteroids is not a substitute for surgical
decompression; however, corticosteroids are widely used for SCI
in human and veterinary medicine (7). The effect of an acute
SCI due to disc herniation is reduced blood circulation in the
affected area and subsequent free radical formation. Free radicals
damage the spinal cord via the lipid peroxidation process, which
can potentially be inhibited by corticosteroids. Compared with
dexamethasone, methylprednisolone sodium succinate (MPSS)
has a greater inhibitory effect on lipid peroxidation (9).
Moreover, corticosteroids are effective in reducing inflammation
and vasogenic edema. However, the use of corticosteroids
may increase the risk of adverse effects, such as pneumonia,
gastrointestinal perforation, emesis, sepsis, and death (9). Park
et al. (5) reported that the use of corticosteroids to minimize
the damage secondary to SCI remains controversial in veterinary
medicine, particularly the use of MPSS.

Adult stem cells, such as the mesenchymal stem cells (MSCs),
provide a renewable source of cells that assist in repairing the
damage from various diseases or lesions (10) such as an acute
or chronic SCI (11–13). Canine adipose tissue-derived MSCs
(cAd-MSCs) have the potential to differentiate into other cell
types, exhibit low immunogenicity, can be used for allogeneic
transplantation, and do not require compatibility tests. These
stem cells have tropism for damaged tissue and exert paracrine
and immunomodulatory actions on the immune system cells,
which can aid SCI recovery. These cells also have homing
properties and move toward injured tissues. These characteristics
make the cAd-MSCs a promising alternative treatment for
patients with SCI (14, 15).

The utilization of stem cells in the treatment of
neuropathies has been reported; angiogenesis, neurogenesis,
and synaptogenesis were demonstrated after the stem-cell
transplantation (16, 17).
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Many studies have investigated stem-cell therapy in animals
with SCI with promising results (18); however, therapeutic
attempts in humans have produced little clinical improvement
(19). Nonetheless, it is hard to compare these studies because
they used different types and numbers of cells, as well as different
routes of administration.

The present study sought to evaluate the efficacy of allogeneic
cAd-MSCs as an adjuvant treatment to surgical decompression
by hemilaminectomy in dogs with an acute SCI of grades IV
or V secondary to disc herniation at levels T3-L3. We aimed
to determine whether the transplant of epidural allogeneic cAd-
MSCs could aid SCI recovery in these dogs.

MATERIALS AND METHODS

Inclusion Criteria
The study protocol was approved by the Ethics Committee on
the Use of Animals at the Pontifical Catholic University of
Paraná (PUCPR; Curitiba, Paraná, Brazil). All of the dogs’ owners
signed an informed consent form for the animal’s participation
in the study. Adult dogs of any age or sex were recruited from
the neurology department of the Clinivet Veterinary Hospital
(Curitiba, Paraná, Brazil). The inclusion criteria were grade IV
or V neurological lesions based on the criteria of Scott and
McKee (6) (Table 1), as well as normal blood count, glucose,
urea, creatinine, and alanine aminotransferase levels based on the
reference values cited by Thrall (20). These dogs had an acute
thoracolumbar SCI secondary to a Hansen type I disc herniation
that was confirmed by CT (Figure 1). In dogs older than 7
years, the preoperative examinations included chest radiography
and abdominal ultrasonography, which were used to identify
potential concomitant diseases that could contribute to a poor
patient recovery after spinal surgery. All included animals were
deemed healthy enough to undergo surgical decompression by
hemilaminectomy. Twenty-two surgeries were performed within
7 days after the onset of paraplegia.

Groups
Twenty-two dogs with paraplegia were randomized and assigned
to two groups (each group, n = 11). The first 11 dogs were
assigned to Group I and only underwent surgical decompression
by hemilaminectomy. The following 11 dogs were assigned

FIGURE 1 | Dog 3/Group I. (A) Transverse computed tomography (CT) image

at the level of L2-L3. (B) Longitudinal CT image. The arrow indicates the

herniated material causing spinal cord compression.

to Group II and underwent the same procedure as Group I,
as well as a transplantation of 1 × 107 cAd-MSCs during
surgery. The cAd-MSCs were applied in the epidural space at
the level of the SCI on the surgical site. This protocol was
based on the order of arrival, which allows for systematic
sampling that does not cause an experimental error because
the animals were independent of and had no relationship
with each other. In addition, this protocol facilitated the
project logistics by decreasing the expenses related to obtaining,
isolating, culturing, cryopreserving, thawing, differentiating, and
immunophenotypically characterizing the cAd-MSCs.

The body condition scoring (BCS) system (Table 2) was used
to determine the difference in the number of overweight dogs
between Group I and Group II and if this factor could influence
locomotion recovery (21).

Locomotor and Sensory Evaluation
In all of the animals, locomotion was evaluated on a rough
floor by a veterinary neurologist who was unaware of the group
assignment and had no contact with the owners.

Paraplegia, or grade IV, was considered to be the total absence
of motor activity in the pelvic limbs, even when the dog was
raised by the base of the tail. The sensory evaluation was based
on the presence or absence of nociception in the proximal
phalanx of the fourth toe of the pelvic limbs. A non-dentate
hemostatic forceps was used to compress the phalanx to establish
the presence of deep pain sensation. Limb movement (i.e., flexor
reflex) was insufficient proof of deep pain. The manifestation of

TABLE 2 | Body conformation scoring (BCS) system for dogs.

Score Features

BCS 1—Thin Ribs, lumbar vertebrae, and pelvic bones visible at a

distance and felt without pressure. No palpable fat over

tail base, spine, or ribs. Diminished muscle mass.

Extreme concave abdominal tuck when viewed from

side. Severe hourglass shape when viewed from above.

BCS 2—Underweight Ribs palpable with little pressure; may be visible. Minimal

palpable fat over ribs, spine, or tail base. Increased

concave abdominal tuck when viewed from side. Marked

hourglass shape to waist when viewed from above.

BCS 3—Ideal Ribs and spine palpable with slight pressure but not

visible; no excess fat covering. Ribs can be seen with

motion of the dog. Good muscle tone apparent.

Concave abdominal tuck when viewed from side.

Hourglass shape to waist when viewed from above.

BCS 4—Overweight Ribs palpable with increased pressure; not visible and

have an excess fat covering. Ribs not seen with motion

of the dog. General hefty appearance. Abdominal

concave tuck is reduced or absent when viewed from

the side. Loss of hourglass shape to waist, with back

slightly broadened when viewed from above.

BCS 5—Obese Ribs and spine not palpable under a heavy fat covering.

Fat deposits visible over the lumbar area, tail base, and

spine. Loss of hourglass shape to waist. Complete loss

of abdominal tuck, with a rounded abdomen. Back is

markedly broadened.

BCS, Body Condition Score.
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deep pain required body rotation and vocalization in response to
the painful stimulus. The absence of deep pain sensation was a
determining factor for the classification of a grade V injury.

Isolation and Culture of the cAd-MSCs
Adipose tissue was obtained from four young and healthy female
dogs that underwent elective ovariohysterectomy at the PUCPR
(Curitiba, Paraná, Brazil). All samples were collected after the
dogs’ owners completed consent forms. The cAd-MSCs were
isolated using the enzymatic digestion method described by
Rebelatto et al. (22). In brief, the adipose tissue that came from
the greater omentum was washed with phosphate-buffered saline
solution (PBS) (Gibco; Thermo Fisher Scientific, Grand Island,
NY, USA) and then digested using 1 mg/mL collagenase type I
(Gibco; Thermo Fisher Scientific) for 30min at 37◦C, followed
by 100 µm-filter filtration (BD Biosciences Discovery Labware,
Bedford, MA, USA). The cell suspension was centrifuged at
800 g for 10min, and the contaminating erythrocytes were
removed using a lysis buffer. The cells were washed, counted, and
plated at 1 × 105 cells/cm2 in 75-cm2 culture flasks containing
Dulbecco’s Modified Eagle Medium: Nutrient Mixture F-12
(DMEM-F12) (Gibco; Thermo Fisher Scientific), which was
supplemented with 10% fetal bovine serum (FBS) (Sigma-
Aldrich, Saint Louis, MO, USA) and 1% antibiotics (Sigma-
Aldrich). The cells were maintained at 37◦C in a 5% carbon
dioxide incubator, and the medium was changed twice weekly.
When the cells were confluent, they were dissociated using 0.25%
trypsin-ethylenediaminetetraacetic acid (EDTA) (Gibco; Thermo
Fisher Scientific) and replated (Passage 1). Cells from different
donors were expanded up to the third and fifth passages.

Cryopreservation and Thawing of the
cAd-MSCs
Cells were maintained until 90% confluence was reached. They
were detached using trypsin-EDTA and then cryopreserved in a
freezing medium (90% FBS + 10% dimethyl sulfoxide) in liquid
nitrogen. On the day of transplantation, the cells were thawed,
centrifuged for 10min at 400 g, and resuspended in DMEM-F12.
The cell count and viability were assessed in a Neubauer chamber.
The cellular viability was evaluated by using trypan blue dye.

Differentiation of the cAd-MSCs
The cells in the culture showed rapid cell expansion and a
fibroblastoid morphology and differentiated into adipocytes,
osteoblasts, and chondrocytes.

Immunophenotypic Characterization of the
cAd-MSCs
Flow cytometry was used for immunophenotypic
characterization. The antibody markers used were CD45
FITC, CD44 Alexa Fluor 488, CD90 PE, CD29 PE, CD34 PE,
CD9 RPE, CD14 APC, and CD8a PerCP (Table 3). The cells
were washed with PBS and incubated with the antibodies in the
dark for 30min at 22–24◦C. After incubation, the cells were
washed with PBS and resuspended in 500µL of 1% formaldehyde
solution (Labmaster; Biotec, Paraná, Brazil). Isotypic IgG1mouse
antibodies were used as controls (BD Pharmingen, San Jose,

TABLE 3 | Cell surface antibodies used in the flow cytometry.

Marker Reactivity Clonality Brand Catalog

CD8a-PerCP Canine Monoclonal eBioscience 46-5080-42

CD9-RPE Canine Monoclonal AbD

Serotec

MCA469PET

CD14-APC Human. Dog:

tested in

development.

Monoclonal BD

Pharmingen

555399

CD29-PE Canine Monoclonal Abcam ab64629

CD34-PE Canine Monoclonal eBioscience 12-0340-42

CD44-Alexa

Fluor 488

Canine Monoclonal AbD

Serotec

MCA1041A488

CD45-FITC Canine Monoclonal eBioscience 11-5450-42

CD90-PE Human. Dog:

tested in

development.

Monoclonal BD

Pharmingen

555596

Manufacturer information is as follows: Abcam (Cambridge, United Kingdom), AbD

Serotec (Bio-Rad, Hercules, CA, USA), BD Pharmingen (San Jose, CA, USA), and

eBioscience (Thermo Fisher, San Diego, CA, USA).

CA, USA). Approximately 100,000 labeled cells were analyzed
using the FACSCalibur flow cytometer (Becton Dickinson,
Franklin Lakes, NJ, USA) and FlowJo software (FlowJo, Ashland,
OR, USA).

Anesthetic and Surgical Procedures
For pre-anesthesia, fentanyl citrate (5 µg/kg) and ketamine
hydrochloride (1 mg/kg) were administered intravenously,
followed by a bolus of propofol (5 mg/kg). Anesthesia was
maintained using inhaled isoflurane and fentanyl at a dose of
10 µg/kg/h with continuous intravenous infusion. Asepsis was
ensured by performing a wide trichotomy in the dorsal region,
followed by antisepsis with polyvinylpyrrolidone and placement
of an adhesive incisional film (Opsite Incise; Smith and Nephew,
London, United Kingdom) on the surgical field. The same
surgeon (who has worked in the field of small animal neurology
for 13 years and has performed more than a thousand spinal
surgeries) used the Sharp and Wheeler technique (7) to perform
a hemilaminectomy on 22 dogs in sternal decubitus. In group II,
shortly after the surgical decompression, 1× 107 cAd-MSCs were
diluted in a syringe with 500 µL of vehicle DMEM-F12 between
the third and fifth passages and transplanted in the epidural space
around the spinal cord lesion (Figure 2). The temperature of the
stem cells only at the time of transplantation was between 20◦ and
23◦C, the same temperature of the surgery room.

Postoperative Period
The dogs were observed for 48 h in a semi-intensive therapy
unit (SITU). During this period, they received analgesia via
a continuous intravenous infusion of fentanyl at a dose of
2 µg/kg/h. In addition, tramadol hydrochloride and sodium
dipyrone were administered subcutaneously at 2 and 30 mg/kg,
respectively, three times per day, for 5 days. Prophylactic
antibiotic therapy was administered by intramuscular or
intravenous injections of enrofloxacin at a dose of 5 mg/kg,
once per day.
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All 22 dogs were kept inside the hospital internment
unit in individual comfortable cages with controlled ambient
temperature, feeding, and water supply.

Each dog usually stayed 2 days in the SITU and 1 day in
the normal internment unit before hospital discharge. At the
time of discharge, the dogs’ owners were provided guidelines
on resting, urinary function monitoring, and light physiotherapy
exercises. We reevaluated the dogs at 7, 14, 28, 60, and 90 days
after discharge.

Hospital Discharge Criteria
The following were the hospital discharge criteria: (1)
consciousness, (2) ability to eat, (3) ability to urinate without
the use of a urinary catheter, (4) established pain control, (5) a
non-secreting surgical scar, and (6) scheduled to return in seven
days for the first reassessment and stitch removal.

Statistical Analysis
Since this was a clinical study on real patients, both treatment
groups naturally exhibited a certain degree of heterogeneity. In
order to determine the initial potential significant differences and
imbalances between the two groups, different tests were used
according to the type and distribution of each variable, which
were analyzed using the Shapiro–Wilk test (a test of normality).
The age, BCS scores, number of days from symptom onset to
the surgery, days to locomotion recovery and hospitalization
time were compared using Mann–Whitney U-tests, whereas sex
and lesion grades were compared using the Chi-Square test. For
data not normally distributed, the median was used as a central
tendency indicator and the interquartile range (Q3-Q1) as a
dispersion indicator.

Subsequently, in search of factors significantly influencing
the outcome of the groups, multiple regression analysis was
performed (p < 0.05) to compare factors such as age, locomotion
recovery, and hospitalization time. Spearman’s correlation was
applied to analyze BCS and locomotion recovery (yes or no).

FIGURE 2 | Transplantation of allogeneic cAd-MSCs after removing the disc

material (arrow) causing the canine SCI. cAd-MSCs, canine adipose

tissue-derived mesenchymal stem cells; SCI, spinal cord injury.

All statistical analyses were performed using Statview version 5.0
(SAS Institute Inc., Cary, NC, USA).

RESULTS

The breed, sex, age, lesion grade and location, time to surgical
decompression, locomotion recovery, length of hospitalization,
and BCS score data are presented in Tables 4, 5.

Table 4 presents the Group I data. This group consisted of 11
dogs, six male and five female, including four Dachshunds, two
Lhasa Apsos, two Beagles, twomixed-breed dogs, and one Cocker
Spaniel. Six animals had grade IV lesions, and five animals had

TABLE 4 | Group I—Characteristics of dogs that underwent surgical

decompression.

Dogs Breed, sex, and

age (years)

Lesion

grade/site

Time to surgery/

recovery (days)

Days of

hospitalization/

BCS

1 Lhasa Apso, M, 4 IV/T13-L1 7/27 4/4

2 Cocker Spaniel,

F, 8

IV/T13-L1 7/14 3/4

3 Mixed-breed, F, 7 V/L2-L3 2/28 4/3

4 Dachshund, M, 5 V/L1-L2 &

L5-L6

3/No 5/5

5 Dachshund, M, 9 V/T12-T13 7/No 5/3

6 Mixed-breed, F, 8 IV/T13-L1 3/14 3/3

7 Dachshund, F, 8 V/T12-T13

& T13-L1

7/No 5/2

8 Lhasa Apso, M, 7 V/T9-T10

& T10-T11

2/No Death/3

(myelomalacia)

9 Dachshund, M, 6 IV/T11-T12 7/28 4/3

10 Beagle, F, 7 IV/L1-L2 5/14 4/4

11 Beagle, F, 7 IV/T13-L1 5/21 5/2

BCS, body condition score.

TABLE 5 | Group II—Characteristics of dogs that underwent surgical

decompression and cAd-MSC transplantation.

Dog Breed, sex, and

age (years)

Lesion

grade/site

Time to surgery/

recovery (days)

Days of

hospitalization/

BCS

1 Lhasa Apso, F, 6 IV/L1-L2 2/7 3/3

2 Dachshund, M, 6 IV/T10-T11 7/3 3/3

3 Lhasa Apso, M, 4 IV/L2-L3 2/10 4/3

4 Dachshund, F, 6 IV/L2-L3 2/7 5/4

5 Lhasa Apso, F, 11 IV/T13-L1 7/28 3/3

6 Dachshund, M, 6 IV/T13-L1 1/7 3/2

7 Dachshund, M, 13 V/T13-L1 3/No Death/5

8 French Bulldog, M, 3 V/L3-L4 3/No 3/3

9 Dachshund, F, 6 IV/T13-L1 7/7 2/4

10 Dachshund, F, 4 IV/T12-T13 7/7 3/3

11 Dachshund, M, 4 V/L2-L3 5/No 3/2

BCS, body condition score. cAd-MSC, canine adipose tissue-derived mesenchymal

stem cell.
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grade V lesions. All animals with grade IV lesions recovered
locomotion, whereas only one animal with a grade V injury
recovered its ability to walk.

Table 5 presents the Group II data. This group consisted of 11
dogs, seven male and four female, including seven Dachshunds,
three Lhasa Apsos, and one French Bulldog. Eight animals had
grade IV lesions, and three animals had grade V lesions. All
animals with grade IV lesions recovered locomotion, and one of
the animals with grade V lesions recovered their ability to walk.

In this study, the most common site of disc herniation was the
T13-L1 level (40.9%, 9/22).

Although this study was performed in real patients, the groups
demonstrated homogeneity regarding the age, proportion of
females and males, BCS score, proportion of lesion grades, and
days to surgery, as we can prove statistically. Therefore, these
factors did not influence the results.

There was no significant difference between the groups
regarding age; the median age was 7.0 IQR 1.75 years in Group
I, and 6.0 IQR 2.0 years in Group II (p = 0.11) according to the
Mann–Whitney U-test.

In the multiple regression analysis, age was not a significant
factor for either days to recovery (p = 0.19; F-value = 1.87) or
hospitalization days (p= 0.58; F-value= 0.30).

The BCS was not significantly different between the groups
either; the median BCS was 3.0 (interquartile range [IQR] of 1)
in Group I, and 3.0 (IQR of 0.75) in Group II (p = 0.40) using
the Mann-Whitney U Test. Of the 22 dogs, none were thin (BCS
1), four were underweight (BCS 2), 11 had an ideal weight (BCS
3), five were overweight (BCS 4), and two were obese (BCS 5).
When comparing all the dogs, there was no significant correlation
between BCS and locomotion recovery (Spearman’s correlations
=−0.015, p= 0.95).

Under the Chi-Square test, there was also no significant
difference between the groups regarding the proportion of males
and females (p = 0.67). No significant difference was observed
regarding the proportion of Grade IV and V lesions between
Groups I and II (p= 0.37).

There was no significant difference between groups I and II
regarding the amount of time between onset of symptoms and
the day of surgery; the median time was 5.0 IQR 4 days in Group
I and 3.0 IQR 5 days in Group II (p = 0.43), according to the
Mann–Whitney U-test.

The amount of time between the onset of clinical signs and the
outcome (surgery recovery) in all dogs was 5.0 IQR 5.0 days. The
median time was 3.0 IQR 3.5 days for those that never walked
again and 5.0 IQR 5.0 days for those that did walk again (p =

0.85); therefore, they were not significantly different according to
the Mann–Whitney U-test.

The surgical decompression alone or combined with cAd-
MSCs transplantation was not a significant factor predicting
locomotion recovery (p= 0.5) using the Chi-Square test.

However, the time to locomotion recovery was significantly
different between the two surgery groups. The dogs from Group
II recovered locomotion faster than those in Group I. Themedian
recovery times were 21.0 IQR 13.75 days in Group I and 7.0 IQR
1.5 days in Group II (p= 0.013) according to theMann–Whitney
U-test (Figure 3).

Median hospitalization time was 4.0 IQR 1.0 days in Group I
and 3.0 IQR 0.0 days in Group II. The dogs in Group II required
significantly fewer days of hospitalization (p= 0.01) according to
the Mann–Whitney U-test (Figure 4).

Regarding stem cells, the mean volume of collected adipose
tissue was 65mL, and the mean number of cells observed
after isolation was 25.75 × 106 cells. The cells in the culture
showed rapid cell expansion and a fibroblastoid morphology
and differentiated into adipocytes, osteoblasts, and chondrocytes,
which confirmed that they were stem cells (Figure 5).

The mean cell viability before the transplantation was 88.31%.
For all samples, the microbiological tests were negative. The
expression of surface antigens in the cAd-MSCs was evaluated
using flow cytometry. The results were as follows: CD29 (99.5%),
CD44 (52.5%), CD9 (87.9%), CD8a (59.2%), CD14 (0.53%),
CD45 (1.08%), CD34 (15%), and CD90 (11.3%) (Figure 6).

FIGURE 3 | Median number of days to locomotion recovery in the two groups.

FIGURE 4 | Median number of days of hospitalization after surgery.
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FIGURE 5 | In vitro differentiation of the cAd-MSCs after 21 days of culture. (A–C) Cells cultivated with DMEM/F-12 and FBS. (D) Cells differentiated into adipocytes,

characterized by the presence of lipidic vacuoles when stained with Oil Red O. (E) Cells differentiated into osteoblasts, characterized by the presence of calcium

deposits when stained with Alizarin Red S. (F) Presence of vacuoles around young chondrocytes (arrows) and metachromatic staining with toluidine blue at the

cartilaginous matrix. Scale bar: 50µm. cAd-MSCs, canine adipose tissue-derived mesenchymal stem cells.

FIGURE 6 | Immunophenotypic analysis of a representative sample based on flow cytometry. The blue histograms indicate the percentage of the population positive

for each antibody, and the red histograms indicate the isotype controls for the antibodies.
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DISCUSSION

Hansen type I disc herniation usually occurs in small dog breeds,
particularly in the chondrodystrophic breeds. The Dachshund
is more affected than other breeds (2). In our study, 11 of the
22 animals were Dachshunds. This condition is usually present
in animals older than 2 years, with a peak incidence of the
disease between 3 and 6 years of age, and there are no sex-based
differences in susceptibility (2). In both groups, the mean age was
slightly over 6 years, and no sex differences were observed. The
main veterinary neurology reference texts do not mention any
statistically significant differences in herniated disc development
between animals of different weight categories. The surgical risks
and the incidence of postoperative morbidity and mortality are
higher in overweight dogs (2). One dog in group II that was obese
died 2 days after the surgery.

Dewey and Costa (2) reported that the most common sites
for thoracolumbar disc herniations are T12-T13 and T13-L1 in
small dogs and L1-L2 and L2-L3 in large dogs. In this study, the
most common site was T13-L1, and all of them were small and
medium-sized dogs, which are predisposed to Hansen’s type I
disc herniation.

Compared with the Dachshund, the French Bulldog presents
with herniated discs at a younger age and ismore likely to develop
myelomalacia. A possible explanation for this is that the French
Bulldog has more material in the nucleus pulposus disk, resulting
in a larger spinal compression upon herniation (23). In Group
II, there was one French Bulldog with a grade V lesion that
did not recover locomotion during the evaluation period of 90
days post-surgery.

Sharp and Wheeler (7) found that up to 90% of the
animals with grade IV lesions that underwent surgical treatment
experienced locomotor recovery, whereas Coates (1) reported
that approximately 85% of such patients showed improvement.
Both studies described a success rate of approximately 50% for
animals with grade V lesions if they were operated on within
the first 48 h after injury. If the surgery was performed after
48 h, there was a decreased success rate of 7–30%. Hu et al.
(24) reported that dogs without deep pain sensation operated on
before or after the first 48 h after injury have similar results in
recovery. In our study, the amount of time between the onset
of clinical signs and surgery was not significantly correlated to
locomotion recovery. All animals with grade IV lesions in both
groups recovered locomotion 100% (14/14). Of the dogs with
grade V lesions, only 12.5% (1/8) recovered the ability to walk;
however, the remaining patients were followed up on for only
90 postoperative days and did not recover locomotion during
this time. Sharp and Wheeler (7) reported that the number of
days to full locomotor recovery after hemilaminectomy ranges
between 7 and 28 days in dogs with a neurological grade IV

injury, and between 35 and 250 days in dogs with a grade

V injury.
Animals with severe SCIs of grade V may experience

locomotor recovery in 3 or more months, and the return of
normal urinary function may also occur during this period.
Recent studies suggested that the neuroplasticity of detrusor
overactivity may continue during this period in some dogs (1,

2, 7). In our study, all dogs had voiding alterations pre-surgery
and remained on a urinary catheter for the first 2 days post-
surgery. After urinary catheter removal, most dogs were able
to urinate normally; however, some animals required a gentle
bladder massage.

Most experiments on animals with SCI involved injecting
cells directly into the injured parenchyma (11). This invasive
technique compromises the injured spinal cord; however, it
delivers the cells into the acutely injured cord (15). Jung
et al. (25) induced a SCI in dogs and observed motor
improvement after an intrathecal cell transplantation. In our
study, we opted to use an epidural transplantation based on
the technique described by Bakshi et al. (15), because the cAd-
MSCs home to the lesion site in the presence of inflammatory
cytokines. As a result, it is possible to avoid injecting the
cells directly into the spinal cord tissue, which can cause
additional damage.

In this study, the epidural administration of cAd-MSCs at
the lesion site shortly after the surgical decompression in dogs
with acute SCI, that is, <7 days after injury, may have allowed
the cAd-MSCs to attenuate the inflammatory response, decrease
the astrocytic immunoreactivity, and activate the endogenous
stem cells. We used this route because it has been confirmed
using immunofluorescence analysis that the blood-brain barrier
is disrupted when the spinal cord is injured, which allows the cells
to migrate into the medullary parenchyma (14, 26). The author
has seen that, in some cases of thoracolumbar disk herniation
damage in the dura mater, this phenomenon may help the
cAd-MSCs cross the dura mater into the spinal parenchyma.
In extreme cases, the herniated material can penetrate the
spinal cord.

Kurozumi et al. (27) and Quertainmont et al. (28)
demonstrated that cAd-MSCs are capable of secreting growth
factors and cytokines, such as neural growth factor and vascular
endothelial growth factor, which increase the expression of
anti-inflammatory cytokines such as interferon-gamma and
interleukin-10. After an SCI, the trophic characteristics of
cAd-MSCs may have the beneficial effect of repairing and
reorganizing the neuronal connections, inducing regeneration,
stimulating neurogenesis and axonal growth, reducing the
inflammatory response, and protecting the tissue. However,
these mechanisms are not long-lasting, potentially lasting only
a few weeks, and may not affect chronic lesions with glial
scar formation (29). In our study, the short period between
the diagnosis and the treatment, as well as the presence of
inflammatory cytokines at the lesion site, allowed the cAd-
MSCs to home to the neural tissue, which allowed them to
exert paracrine anti-inflammatory actions and modulate the
injured environment.

The stem cells were derived from the adipose tissue of the
greater omentum because of their favorable results in dogs with
experimentally induced SCIs, and adipose tissue has a large
number of stem cells that can be easily obtained (30, 31).

For the flow-cytometry analysis, it was not possible to
conduct a panel for all MSC characteristics, as is suggested by
the International Society for Cellular Therapy (Vancouver, BC,
Canada), because not many species-specific antibodies exist for
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dogs. However, several authors have demonstrated that cAd-
MSCs are positive for CD9 and CD29 markers and negative for
CD45 markers, which corroborates the results of the current
study (32–34).

Other markers were evaluated in the cAd-MSCs, such as
the positively expressed CD29, which is an important marker
for human MSC definition, and CD14 and CD34, which have
reduced expression in cAd-MSCs (33, 35, 36). In this study, CD90
showed reduced expression; however, it is positively expressed in
human MSCs. There is no consensus on the CD90 expression
in canine MSCs. Several authors have demonstrated CD90-
positive and CD90-negative expression (32–34, 36, 37). The
results obtained with the set of markers used in this study
demonstrate that the cells used were MSCs.

In our study, cryopreserved cells that were thawed
before transplantation were used. Some studies have
immunophenotyped and evaluated the proliferative and
differentiative capacity of the MSCs before and after the
cryopreservation. Yong et al. (38) and Gonzales-Fernandez
et al. (39) demonstrated that after cryopreservation, human
and mouse MSCs retain their characteristics and maintain
stemness, a typical characteristic of MSCs. Martinello et al.
(40) used the same source and cryopreservation protocol
used in this study and demonstrated that the potential for
differentiation and surface marker expression is maintained
after cryopreservation.

The results of this study suggested that MSCs used after
cryopreservation or thawing continue to have a greater potential
for cell differentiation than control cells and maintain the same
cell surface antigen and stemness profile. These characteristics
demonstrate the utility of MSCs in clinical practice.

Our study has some limitations. Langerhuus and Miles (8)
have seen some dogs with a grade V injury recover faster
than dogs with a grade IV injury; this is not common,
but it can happen in some dogs. Therefore, it cannot
be stated with certainty that the cAd-MSCs will aid SCI
recovery based solely on the time to recovery, as individual
factors can influence the time to recovery. In contrast, it
can be stated that surgical decompression is better than
conservative treatment because a greater proportion of dogs
recovered locomotion and the recovery to ambulation was
faster in the dogs treated with hemilaminectomy than in those
treated conservatively.

We evaluated the efficacy of stem cells in this study by
comparing the effect of surgical and combined treatment. There
was a significant difference between group I and group II in
the time to locomotion recovery and time of hospitalization;
however, no between-group difference was found in the
recovery itself.

Another limitation of this study is that no histopathological
examination was performed; Jung et al. (25) conducted
histopathological examinations of the spinal cords of dogs with
induced thoracolumbar lesions after euthanasia and showed that
significant differences existed between the control and stem cell
groups after 5 weeks. The stem cell group had a lower volume

of myelomalacia and minimal intramedullary cavitations. In our
study, it was not possible to perform histopathology because
the animals were not laboratory subjects, the lesions were not
induced, and the owners were expecting recovery. The animals
were treated at a private veterinary hospital.

MRI is an imaging technique that is superior to CT
for the evaluation of the medullary parenchyma (1). In
future investigations, MRI should be conducted to monitor
medullary parenchyma changes before surgical decompression,
immediately afterwards, and during the late postoperative period
(i.e., 5 weeks). This schedule was suggested by Jung et al. (25),
who studied Beagles with induced spinal cord injuries. These
authors found no MRI differences between the control and stem
cell groups during the first week; however, after 5 weeks, the
lesion size was significantly reduced in the stem cell-treated dogs
compared with the control dogs.

CONCLUSIONS

The epidural transplantation of cAd-MSCs at the time of
decompression surgery can positively contribute to motor
improvement in dogs with acute disk herniation and paraplegia.
Compared with dogs that underwent surgical decompression
alone, those that underwent combined treatment with cAd-MSCs
had shorter locomotion recovery and hospitalization periods.

DATA AVAILABILITY STATEMENT

All datasets generated for this study are included in the
article/supplementary material.

ETHICS STATEMENT

This study protocol was approved by the Ethics Committee on
the Use of Animals at the Pontifical 107 Catholic University
of Paraná (PUCPR; Curitiba, Paraná, Brazil). All dogs’ owners
signed an informed 108 consent form for the animals’
participation in the study.

AUTHOR CONTRIBUTIONS

FB performed all computed tomography and surgeries. CR, LF,
AS, FF, DD, and PB were responsible for the stem-cells. JE and
CP helped to elaborate the manuscript. FM-F was responsible
for the statistical analysis. JV helped in the orientation and wrote
the manuscript.

ACKNOWLEDGMENTS

We thank the dog owners who agreed to the utilization
of stem-cell treatment. We are also grateful to all of the
professionals at the Pontifical Catholic University of Paraná
(Curitiba, Paraná, Brazil) and Clinivet Veterinary Hospital
(Curitiba, Paraná, Brazil).

Frontiers in Veterinary Science | www.frontiersin.org 9 November 2019 | Volume 6 | Article 383

https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Bach et al. Hemilaminectomy and Stem Cells in Dogs With Disk Herniation

REFERENCES

1. Coates RJ, Platt S, Olby N. BSAVAManual of Canine and Feline Neurology. 4th

ed. Quedgeley: British Small Animal Veterinary Association (2013). p. 297–

327.

2. Dewey CW, Costa RC. Practical Guide to Canine and Feline Neurology.

Hoboken, NJ: Wiley-Blackwell (2016). p. 329–45.

3. Tombs JP, Waters DJ. Afecção do Disco Intervertebral. In: Slatter DH, editor

Manual de Cirurgia de Pequenos Animais. São Paulo: Manole (2007). p. 1193–

209.

4. Osako OFSU, Akamine C, Santos MM. Emergências Neurológicas. In: Santos

MM, Fragata FS, editors. Emergência e Terapia Intensiva Veterinária em

Pequenos Animais: Bases para o Atendimento Hospitalar. São Paulo: Roca

(2008). p. 317–29.

5. Park EH, White GA, Tieber LM. Mechanisms of injury and

emergency of acute spinal cord injury in dogs and cats. J Vet

Emerg Crit Care. (2012) 22:160–78. doi: 10.1111/j.1476-4431.2012.0

0723.x

6. Scott HW, McKee WM. Laminectomy for 34 dogs with thoracolumbar

intervertebral disc disease and loss of deep pain perception. J Small

Anim Pract. (1999) 40:417–22. doi: 10.1111/j.1748-5827.1999.tb0

3114.x

7. Sharp N, Wheeler S. Small Animal Spinal Disorders: Diagnosis and Surgery.

Edinburgh: Elsevier Mosby (2005). p. 121–59.

8. Langerhuus L, Miles J. Proportion, recovery and times to ambulation

for non-ambulatory dogs with thoracolumbar disc estrusions treated

with hemilaminectomy or conservative treatment: a systematic review

and meta-analysis of case-series studies. Vet J. (2017) 220:7–16.

doi: 10.1016/j.tvjl.2016.12.008.

9. Mankin JM, Forterre F. Steroid use in intervertebral disc disease. In: Fingeroth

J, ThomasW, editors.Advances in Intervertebral Disc Disease in Dogs and Cats.

Hoboken, NJ: Wiley-Blackwell (2015). p. 181–5.

10. Fossum T, Schulz KS. Small Animal Surgery. Amsterdam: Elsevier (2012).

11. McMahill BG, Borjesson DL, Sieber-Blum M, Nolta JA, Sturges BK. Stem

cells in canine spinal cord injury – promise for regenerative therapy in

a large animal model of human disease. Stem Cell Rev. (2015) 11:180–93.

doi: 10.1007/s12015-014-9553-9

12. Sarmento CA, Rodrigues MN, Bocabello RZ, Mess AM, Miglino MA.

Pilot study: bone marrow stem cells as a treatment for dogs with

chronic spinal cord injury. Regen Med Res. (2014) 2:9. doi: 10.1186/2050-4

90X-2-9

13. Feitosa MLT, Sarmento CAP, Bocabello RZ, Beltrão-Braga PCB, Pignatari

GC, Giglio RF, et al. Transplantation of human immature dental pulp stem

cell in dogs with chronic spinal cord injury. Acta Cir Bras. (2017) 32:540–9.

doi: 10.1590/s0102-865020170070000005

14. Fracaro L. Transplante de células-tronco derivadas de tecido adiposo humano

em ratos Wistar submetidos à lesão de medula espinhal: Monitoramento,

avaliação da imunomodulação e da expressão de marcadores neuronais

(Master’s Thesis). Curitiba: Universidade Católica do Paraná (2014).

15. Bakshi A, Hunter C, Swanger S, Lepore A, Fischer I. Minimally invasive

delivery of stem cells for spinal cord injury: advantages of the lumbar puncture

technique. J Neurosurg Spine. (2004) 1: 330–7. doi: 10.3171/spi.2004.1.3.0330

16. Chopp M, Li Y. Treatment of neural injury with marrow stromal

cells. Lancet Neurol. (2002) 1: 92–100. doi: 10.1016/S1474-4422(02)0

0040-6

17. Qu C, Mahmood A, Lu D, Goussev A, Xiong Y, Chopp M. Treatment of

traumatic brain injury in mice with marrow stromal cells. Brain Res. (2008)

1208:234–9. doi: 10.1016/j.brainres.2008.02.042

18. Bradbury EJ, McMahon SB. Spinal cord repair strategies: why do they work?

Nat Rev Neurosci. (2006) 7:644–53. doi: 10.1038/nrn1964

19. Mackay-Sim A, Féron F, Cochrane J, Bassingthwaighte L, Bayliss C,

Davies W, et al. Autologous olfactory ensheathing cell transplantation

in human paraplegia: a 3-year clinical trial. Brain. (2008) 131:2376–86.

doi: 10.1093/brain/awn173

20. Thrall MA. Hematologia e Bioquímica Clínica Veterinária. Rio de Janeiro:

Roca (2015).

21. Case LP, Daristotle L, Hayek MG, Raasch MF. Canine and Feline Nutrition.

Maryland Heights, MO: Mosbi (2011). p. 240.

22. Rebelatto CK, Aguiar AM, Moretão MP, Senegaglia AC, Hansen P, Barchiki F,

et al. Dissimilar differentiation of mesenchymal stem cells from bone marrow,

umbilical cord blood, and adipose tissue. Exp Biol Med. (2008) 233:901–13.

doi: 10.3181/0712-RM-356

23. Aikawa T, Shibata M, Asano M, Hara Y, Tagawa M, Orima H. A comparison

of thoracolumbar intervertebral disc extrusion in French Bulldogs and

Dachshunds and association with congenital vertebral anomalies. Vet Surg.

(2014) 43:301–7. doi: 10.1111/j.1532-950X.2014

24. Hu HZ, Granger N, Jeffery ND. Pathophysiology, clinical importance,

and management of neurogenic lower urinary tract dysfunction caused

by suprasacral spinal cord injury. J Vet Intern Med. (2016) 30:1575–88.

doi: 10.1111/jvim.14557

25. Jung DI, Ha J, Kang BT, Kim JW, Quan FS, Lee JH, et al. A comparison

of autologous and allogenic bone marrow-derived mesenchymal stem cell

transplantation in canine spinal cord injury. J Neurol Sci. (2009) 285:67–77.

doi: 10.1016/j.jns.2009.05.027

26. Spaeth E, Klopp A, Dembinski J, Andreeff M, Marini F. Inflammation

and tumor microenvironments: defining the migratory itinerary of

mesenchymal stem cells. Gene Ther. (2008) 15:730–8. doi: 10.1038/gt.2

008.39

27. Kurozumi K, Nakamura K, Tamiya T, Kawano Y, Kobune M, Hirai S, et al.

BDNF gene-modified mesenchymal stem cells promote functional recovery

and reduce infarct size in the rat middle cerebral artery occlusion model.Mol

Ther. (2004) 9:189–97. doi: 10.1016/j.ymthe.2003.10.012

28. Quertainmont R, Cantinieaux D, Botman O, Sid S, Schoenen J, Franzen

R. Mesenchymal stem cell graft improves recovery after spinal cord injury

in adult rats through neurotrophic and pro-angiogenic actions. PLoS ONE.

(2012) 7:e39500. doi: 10.1371/journal.pone.0039500

29. Lee SH, Kim Y, Rhew D, Kuk M, Kim M, Kim WH, et al. Effect

of the combination of mesenchymal stromal cells and chondroitinase

ABC on chronic spinal cord injury. Cytotherapy. (2015) 17:1374–83.

doi: 10.1016/j.jcyt.2015.05.012

30. Ryu HH, Lim JH, Byeon YE, Park JR, Seo MS, Lee YW, et al. Functional

recovery and neural differentiation after transplantation of allogenic adipose-

derived stem cells in a canine model of acute spinal cord injury. J Vet Sci.

(2009) 10:273–84. doi: 10.4142/jvs.2009.10.4.273

31. Ryu H, Kang BJ, Park SS, Kim Y, Sung GJ, Woo HM, et al. Comparison of

mesenchymal stem cells derived from fat, bone marrow, Wharton’s jelly, and

umbilical cord blood for treating spinal cord injuries in dogs. J Vet Med Sci.

(2012) 74:1617–30. doi: 10.1292/jvms.12-0065

32. Takemitsu H, Zhao D, Yamamoto I, Harada Y, Michishita M, Arai

T. Comparison of bone marrow and adipose tissue-derived canine

mesenchymal stem cells. BMC Vet Res. (2012) 8:150. doi: 10.1186/1746-614

8-8-150

33. Vieira NM, Brandalise V, Zucconi E, Secco M, Strauss BE, Zatz M. Isolation,

characterization, and differentiation potential of canine adipose-derived

stem cells. Cell Transplant. (2010) 19:279–89. doi: 10.3727/096368909X4

81764

34. Kang JW, Kang KS, Koo HC, Park JR, Choi EW, Park YH. Soluble

factors-mediated immunomodulatory effects of canine adipose tissue-

derived mesenchymal stem cells. Stem Cells Dev. (2008) 17:681–93.

doi: 10.1089/scd.2007.0153

35. Dominici M, Le Blanc K, Mueller I, Slaper-Cortenbach I, Marini F, Krause D,

et al. Minimal criteria for defining multipotent mesenchymal stromal cells.

International Society for Cellular Therapy position statement. Cytotherapy.

(2006) 8:315–7. doi: 10.1080/14653240600855905

36. Bearden RN, Huggins SS, Cummings KJ, Smith R, Gregory CA, SaundersWB.

In-vitro characterization of canine multipotent stromal cells isolated from

synovium, bone marrow, and adipose tissue: a donor-matched comparative

study. Stem Cell Res Ther. (2017) 8:218. doi: 10.1186/s13287-017-0

639-6

37. Screven R, Kenyon E, Myers MJ, Yancy HF, Skasko M, Boxer L,

et al. Immunophenotype and gene expression profile of mesenchymal

stem cells derived from canine adipose tissue and bone marrow. Vet

Immunol Immunopathol. (2014) 161:21–31. doi: 10.1016/j.vetimm.201

4.06.002

38. Yong KW, Pingguan-Murphy B, Xu F, Abas WA, Choi JR, Omar

SZ, et al. Phenotypic and functional characterization of long-term

Frontiers in Veterinary Science | www.frontiersin.org 10 November 2019 | Volume 6 | Article 383

https://doi.org/10.1111/j.1476-4431.2012.00723.x
https://doi.org/10.1111/j.1748-5827.1999.tb03114.x
https://doi.org/10.1016/j.tvjl.2016.12.008.
https://doi.org/10.1007/s12015-014-9553-9
https://doi.org/10.1186/2050-490X-2-9
https://doi.org/10.1590/s0102-865020170070000005
https://doi.org/10.3171/spi.2004.1.3.0330
https://doi.org/10.1016/S1474-4422(02)00040-6
https://doi.org/10.1016/j.brainres.2008.02.042
https://doi.org/10.1038/nrn1964
https://doi.org/10.1093/brain/awn173
https://doi.org/10.3181/0712-RM-356
https://doi.org/10.1111/j.1532-950X.2014
https://doi.org/10.1111/jvim.14557
https://doi.org/10.1016/j.jns.2009.05.027
https://doi.org/10.1038/gt.2008.39
https://doi.org/10.1016/j.ymthe.2003.10.012
https://doi.org/10.1371/journal.pone.0039500
https://doi.org/10.1016/j.jcyt.2015.05.012
https://doi.org/10.4142/jvs.2009.10.4.273
https://doi.org/10.1292/jvms.12-0065
https://doi.org/10.1186/1746-6148-8-150
https://doi.org/10.3727/096368909X481764
https://doi.org/10.1089/scd.2007.0153
https://doi.org/10.1080/14653240600855905
https://doi.org/10.1186/s13287-017-0639-6
https://doi.org/10.1016/j.vetimm.2014.06.002
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Bach et al. Hemilaminectomy and Stem Cells in Dogs With Disk Herniation

cryopreserved human adipose-derived stem cells. Sci Rep. (2015) 5:9596.

doi: 10.1038/srep09596

39. González-Fernández ML, Pérez-Castrillo S, Ordás-Fernández P,

López-González ME, Colaço B, Villar-Suárez V. Study on viability

and chondrogenic differentiation of cryopreserved adipose tissue-

derived mesenchymal stromal cells for future use in regenerative

medicine. Cryobiology. (2015) 71:256–63. doi: 10.1016/j.cryobiol.2015.

07.007

40. Martinello T, Bronzini I, Maccatrozzo L, Mollo A, Sampaolesi M, Mascarello

F, et al. Canine adipose-derived-mesenchymal stem cells do not lose stem

features after a long-term cryopreservation. Res Vet Sci. (2011) 91:18–24.

doi: 10.1016/j.rvsc.2010.07.024

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2019 Bach, Rebelatto, Fracaro, Senegaglia, Fragoso, Daga, Brofman,

Pimpão, Engracia Filho, Montiani-Ferreira and Villanova. This is an open-access

article distributed under the terms of the Creative Commons Attribution License (CC

BY). The use, distribution or reproduction in other forums is permitted, provided

the original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Veterinary Science | www.frontiersin.org 11 November 2019 | Volume 6 | Article 383

https://doi.org/10.1038/srep09596
https://doi.org/10.1016/j.cryobiol.2015.07.007
https://doi.org/10.1016/j.rvsc.2010.07.024
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

	Comparison of the Efficacy of Surgical Decompression Alone and Combined With Canine Adipose Tissue-Derived Stem Cell Transplantation in Dogs With Acute Thoracolumbar Disk Disease and Spinal Cord Injury
	Introduction
	Materials and Methods
	Inclusion Criteria
	Groups
	Locomotor and Sensory Evaluation
	Isolation and Culture of the cAd-MSCs
	Cryopreservation and Thawing of the cAd-MSCs
	Differentiation of the cAd-MSCs
	Immunophenotypic Characterization of the cAd-MSCs
	Anesthetic and Surgical Procedures
	Postoperative Period
	Hospital Discharge Criteria
	Statistical Analysis

	Results
	Discussion
	Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Acknowledgments
	References


