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Abstract
The administration of autologous adipose-derived stromal cells (ADSC) and platelet-rich fibrin (PRF) extract by intra-venous injections was
investigated as a treatment for canine intervertebral disc disease (IVDD). IVDD is a disease that can cause several symptoms in domestic dogs, ranging
from pain to partial or complete paralysis. Five dogs suffered from IVDD that caused hind-legs paralysis with deep pain perception, were treated with
autologous adipose-derived stromal cells, vascular fraction, and PRF extract. ADSC were expected to ameliorate symptoms of IVDD due to its antiinflammatory and cell regenerative action. Five sequential intravenous injections applied in one-week interval for five weeks improved condition of
treated dogs judged by patients gait score and exercise pattern.
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Abbreviations: ADSC: Adipose Derived Stromal Cells; PRF: Platelet Rich Fibrin; IVDD: Intervertebral Disc Disease; MRI: Magnetic Resonance Imaging;
CT: Computed Tomography; TGF-β: Transforming Growth Factor; VEGF: Vascular Endothelial Growth Factor; EGF: Epidermal Growth Factor; PDGF:
Platelet Derivative Growth Factor

Introduction
Intervertebral disc disease (IVDD) is a condition when the
spinal intervertebral disc either bulged or herniated into the spinal
cord space. IVDD can present with number of symptoms in domestic
animals, ranging from a mild pain to partial or complete paralysis
with preserved or lost deep pain perception. The symptoms
of IVDD can be induced by acutely ruptured discs from an acute
trauma or from other causes of disc herniation. IVDD occurs more
commonly in some specific dog breeds, including the Dachshund,
Beagle, Basset Hound, Poodle and Shih Tzu, but can occur in any
breed and in dogs of any age or gender. There are three Hansen
types of IVDD. In the Hansen type I, intervertebral discs become
fragile due to calcification of their outer layer. Any forceful impact
such as post-jumping can cause one or more discs to burst and the
inner material can herniate and compress the spinal cord. Type
1 IVDD commonly affects the neck spine region in smaller dog
breeds. With the Hansen type II herniation, discs become fibrous
and harder over a long period of time and eventually break down,
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bulge out, and compress the spinal cord. Type III Hansen is a
subtype of Hansen type I that the intervertebral disk degeneration
and herniation characterized by extension of disk material “like a
carpet over several vertebrae” [1].

A complete neurologic examination may suggest the location of
the spine cord compression that can be specified by X-ray and in
some cases by MRI (magnetic resonance imaging) or CT (computed
tomography) examination. The path physiology of IVDD involves
not only the initial mechanical damage, but also the secondary
cascades of inflammation, ischemia free-radical formation, and
cytotoxicity resulting in neuron death by necrosis or apoptosis.
Regenerative medicine therapies based on biomaterials and stem
cells application have been tested with promising results [2].
This clinical study reports the results of application of autologous
adipose-derived stromal cells and platelet-rich fibrin (PRF) extract
to dogs suffering from IVDD (Figure 1).
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Figure 1 : Dog was diagnosed IVDD by CT examination. The dog exhibited complete paralysis and loss of the deep pain perception.
IVDD locations are indicated by red-marked circles.

Case Presentation
In this study, all dogs with IVDD have symptoms that are
confirmed by the CT scan and neurological examination as a spinal
cord function disturbance (Table 1). All dogs lost the panicculi,
urinary bladder continence, proprio reflex and deep pain perception
(Table 2). They could not support their own body weight. The
IVDD scale used for quantifying spinal cord abnormalities in these
individuals indicated presence of the IVDD grade 5. The five dogs

that completed the experimental treatment program with ADSC
and platelet-rich fibrin (PRF) extract exhibited an excellent gait
performance. The paralysis ameliorated in four dogs and they could
walk easily and with a good gait pattern after eight weeks (Table
3). The dog 1 did not improve well in eight weeks, but it showed
good panicculi, urinary bladder continence and proprio reflex. The
dog walked after 16 weeks after ADSC and platelet-rich fibrin (PRF)
extract administration.

Table 1: Dogs with IVDD have symptoms that are identified by CT examinations.

Examination Finding

CT scan Lesion

Dog 1

Dog 2

Dog 3

Dog 4

Dog 5

(Yang-Mei)

(Pi-Dan)

(Ji-Li)

(Don-Don)

(Shau-Hai)

T3-T4
L1-2-3-4

L1-L2

C4-C5
T12-T13

T5-T6
L1-L2

T13-L1
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X-ray exam
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NSF

NSF

NSF

NSF

NSF

Blood exam

Normal

Normal

Normal

Normal

Normal

SNAP 4DX Plus test
kit [22]

(-)

(-)

(-)

(-)

(-)

Biochemistry exam

Normal

NSF: no specific finding.

Normal

Normal

A

Normal

Normal

B

E

D

C

F

G

H

Figure 2 : The procedure for ADSC isolation and purification: Fat tissue was collected under general anaesthesia (A, B). Tissue
samples were kept at 4-70C and were washed three times with sterile saline to remove contaminating blood cells and tissue debris
(D). The washed tissues were digested with an equal volume of 0.1 % collagenase at 37 °C for 30min (E). The digested tissues then
were inactivated with 10 % fetal bovine serum (FBS) (F). The tissues were washed five times with saline and centrifuged at 300g
for 5min. The pallet was collected and resuspended (G). Cells in the pallet was observed under microscope (H) [21].

Table 2: Clinical findings of submitted dogs before stem cells therapy.
Dog 1

Dog 2

Dog 3

Dog 4

Dog 5

(Yang-mei)

(Pi-dan)

(Ji-li)

(Don-don)

(Shau-hai)

Panicculi reflex

(-)

(-)

(-)

(-)

(-)

Proprio. reflex

(-)

(-)

(-)

(-)

(-)

Clinical Finding

Urinary Bladder continence
Weight bearing

Deep pain perceptio
IVDD Grade
Age

Breed

(-)
(-)
(-)

(V)

8y/o

Dachshund

(-)
(-)
(-)

(V)

4y/o

Poodle

(-)
(-)
(-)

(V)

5y/o

Dachshund

(-)
(-)
(-)

(V)

9y/o

Dachshund

(-)
(-)
(-)

(V)

11y/o
Mixed
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Table 3: Clinical improvement of submitted dogs after stem cells therapy.
Dog 1

Dog 2

Dog 3

Dog 4

Dog 5

(Yang-mei)

(Pi-dan)

(Ji-li)

(Don-don)

(Shau-hai)

Improve
time

4wks

8wks

4wks

8wks

4wks

8wks

4wks

8wks

4wks

8wks

Urinary
Bladder
continence

(-)

(+)

(+)

(+)

(+)

(+)

(+)

(+)

(+)

(+)

(-)

(+)

(+)

(+)

(-)

(+)

(+)

(+)

(+)

(+)

(-)

(-)

(+)

(+)

(-)

(+)

(+)

(+)

(+)

(+)

Panicculi
reflex

Proprio.
reflex
Weight
bearing
Walk

Discussion

(-)

(-)

(+)

(-)

(+)

(+)

(+)

(+)

ADSC is from the adipose stromal vascular fraction (SVF)
(Figure 2), which is comprised of the mononuclear cells derived
from adipose tissue. This term is used to describe the mitotically
active source of adipocyte precursors. SVF as a source of stem cells
was first described by De Ugate et al. [3], who identified MSC-like
cells in SVF that could be induced to differentiate into adipogenic,
chondrogenic, myogenic, and oestrogenic lineages [3]. Subsequent
to the initial description, the same group reported after in vitro
expansion, the SVF derived cells had surface marker expression
similar to bone marrow derived MSC, comprising CD29, CD44,
CD71, CD90, CD105/SH2, and SH3 and lacking CD31, CD34, and
CD45 expression.

Figure 3 : Autologous platelet rich fibrin (PRF) extract was
isolated from the dog´s blood as described in materials and
methods based on the paper [8].
(A) The PRF clots were retrieved from the tubes and the red
blood cell gel was detached and discarded. Four PRF clots
were transferred into sterile tubes. The tubes were put on
a shaker and agitated gently. After 5 minutes, the tubes
were vortexed to form a PRF membrane, and the volume
of releasate was measured and returned into the tube. The
tubes were further agitated gently.
(B)The extract was mixed with ADSC and injected by
intravenously.

Autologous platelet-rich fibrin is prepared from patient blood
(Figure 3). Platelet-rich fibrin is a new generation platelet derivative
product. Fibrinogen is the final substrate of all coagulation
reactions. Fibrinogen is a soluble protein and is transformed into

(+)

(-)

(+)

(+)

(+)

(+)

(+)

(+)

(+)

(+)

(+)

(+)

an insoluble fibrin by thrombin while the polymerized fibrin gel
constitutes the basic matrix of the injured site [4]. Platelet-rich fibrin
is a specifically developed biomaterial for use in oral, maxillofacial
surgery and tissue healing [5]. Fibrin adhesives are already used
in cardiothoracic and vascular surgery. These adhesives are
successfully used for the sealing of diffuse micro vascular bleeding
through spray application [6]. Platelet-rich fibrin is collected from
non-anticoagulant blood by centrifugation and the preparation of
PRF is simple and can be accomplished during one procedure [7].
Platelet-rich fibrin contains several growth factors mainly including
platelet derivative growth factor (PDGF)-AB, transforming growth
factor beta (TGF-β), vascular endothelial growth factor (VEGF) and
epidermal growth factor (EGF) [8]. Platelet growth factors have
exhibited chemotactic and mitogenic properties [9] that promote
and modulate cellular functions involved in tissue healing, cell
regeneration and cell proliferation [10]. PRF contains not only a
number of GFs, but also cytokines and inflammatory mediators
[10]. Platelet derivative growth factor (PDGF-AB), tumour
transforming growth factor (TGF-β), VEGF and EGF were expected
to exhibit chemotactic and mitogenic properties that promote and
modulate for IVDD clinic symptom relief, apoptosis inhibition and
tissue healing.
In this study, we showed that the administration of ADSC
and PRF extract could improve the damage of spinal cord in the
intervertebral disc disease (IVDD) in dogs. The severity of IVDD was
classified into five grades according to clinical signs and symptoms.
Grade 1 includes spinal hyperesthesia, Grade 2 for ambulatory
paraparesis, ataxia, proprioceptive deficits, Grade 3 for nonambulatory paraparesis, Grade 4 for paraplegia with nociception
preserved, and Grade 5 for paraplegia with loss of nociception [11].

The stem cells application has demonstrated the promising
result in spinal cord injury [12]. Several reports demonstrated
effectiveness of bone marrow stromal cells implantation in acute
spinal cord injury models, including monkey [13], human [14] and
dogs [15,16]. In our study, the five dogs suffering from IVDD Grade
V and experimentally treated with autologous cells derived from
adipose tissue and PRF extract significantly improved their clinical
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According to Dr. Kim’s research, the full recovery time in
decompression surgery for IVDD was about 62.25 days. The
decompression surgery plus ADSC local graft was 59.7days for
recovery to grade 1 [17]. In this study, we combined ADSC and PRF
extract to treat grade 5 IVDD patients. The average recovery time
was about 48 days. It thus appears as a better recovery than that
from decompression surgery.

The spinal cord undergoes inflammation response by primary
hurt [18,19]. The reddish, swelling, heat, hemorrhage and function
loss were induced in damaged area. Another physic or mechanical
procedures could induce more cell death and hemorrhage. The
more serious injuries were induced to form the glia scar in spinal
cord [20-22]. ADSC and PRF extract were supposed to decrease
the inflammation cytokines such as IL 6 and TNF-α and limited the
inflammation cascade pathway [23,24].
This study, though limited in size, successfully tested a novel
treatment procedure for dogs suffering from IVDD in canine. The
performance of the clinical dog patients in this preliminary study
encourages us to go toward a brilliant direction.

Consent of Patients

The experimental protocol was approved by the Deng Chuan
veterinary hospital, Kaohsiung, Taiwan and all participants
provided informed consent before the study.
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