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Abstract : A 5-year old, intact male, Cocker spaniel dog was referred with paraplegia and loss of deep pain perception.
Physical, neurological examinations, radiography, and computed tomography were evaluated. Based on the clinical
examinations, the dog was diagnosed with severe disc herniation (L2 to L3 intervertebral disc space). On the next
day of presentation (6 days after loss of deep pain perception), hemilaminectomy was performed. After decompression
of spinal cord and removal of herniated disc materials, 1 × 106 canine allogenic adipose tissue-derived mesenchymal
stem cells (MSCs) diluted by 50 µl saline were directly applied to the injured site of the spinal cord. Ten weeks of
follow-up after surgery, full recovery of deep pain perception and motor function were evaluated in both hind limbs.
Based on the result, we suggest that the transplantation of allogenic adipose tissue-derived MSCs to dogs with spinal
cord injuries could be a considerable method to expect better clinical outcomes in veterinary practice. 
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Introduction

Thoracolumbar intervertebral disc disease (IVDD) causes the

most common neurologic syndrome in dogs. Clinical presenta-

tion is variable depending on duration and location of the

lesion, volume of the mass, dynamic considerations (e.g., per-

acute versus acute versus chronic), and secondary injury events

(8). Prognostic factors which predict likelihood of postopera-

tive functional recovery in dogs with thoracolumbar IVDD

include rate of onset of clinical sign, degree of neurological

dysfunction, and duration of complete sensorimotor loss (5).

For thoracic and lumbar lesions, the degree of dysfunction can

be classified as grades I - V (26,27). The prognosis is excellent

for dogs with grade I, II, and III deficits, especially following

surgical treatments and also, dogs with grade III and IV defi-

cits have a better outcome after decompression (28). However,

the prognosis for dogs with grade V deficits is less optimistic

and its published recovery rates following surgical decompres-

sion was ranged from 0 to 76 percent (27). Moreover, based on

the previous study (26), when deep pain perception (DPP) has

been absent for more than 48 h, surgical approach is seldom

recommended. 

Cell transplantation therapy using adult stem cells has been

identified as a potential treatment for spinal cord injury (SCI)

(1). Moreover, several studies reported that transplanting the

mesenchymal stem cells (MSCs) derived from bone marrow

(10,13), umbilical cord blood (17) and adipose tissue (24) has

significant effects on improving the neurological function in

dogs.

However, the spinal cord injuries involved in these studies

were occurred experimentally in dog model. Thus, this current

study was aimed to report the beneficial effects of the MSCs

transplantation after surgical decompression in a dog with SCI

occurred spontaneously in actual veterinary practice. 

Case

Five years old, 13 kg intact male Cocker spaniel was pre-

sented at the Gyeongsang national university animal medical

center owing to 6 days history of non-ambulation. Routine

blood analyses and serum biochemical analyses were per-

formed, but the results were unremarkable. On physical and

neurologic examinations, upper motor neuron (UMN) signs of

the both hind limbs and paraplegia with loss of DPP were iden-

tified. On the basis of the presence of paraplegia with UMN

signs, the neurological signs were localized from the third tho-

racic to the third lumbar spinal cord segments. 

On radiographic views, although intervertebral disc space
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was narrowed at L2 - L3 mildly, it was not enough to character-

ize the lesion. The helical computed tomography (CT) scan of

the thoracolumbar portion of the vertebral column was per-

formed. On CT scans, a large mineralized intervertebral disc

was presented within the right ventral side of the L2 - L3 verte-

bral canal, displacing the spinal cord dorsally and to the left. In

addition, the disc materials occupied approximately 80 percent

of vertebral canal (Fig 1a). According to the reconstructed 3-

dimentional images (Fig 1b), the mineralized disc materials

extended cranially over the body of the second lumbar verte-

bra closely to the first lumbar vertebra. Therefore, the dog was

diagnosed with IVDD at L2 - L3 and classified as grade V hav-

ing paraplegia with loss of DPP based on the five-scale grad-

ing system. 

On the next day of the presentation, a right-sided hemilami-

nectomy was performed to decompress the spinal cord and to

remove the extruded disc materials. The dog was premedicated

with the combination of atropine (Atropin®, Jeil Pharm., Korea,

0.04 mg/kg IM), butorphanol (Butophan®, Myungmoon Pharm.,

Korea, 0.05 mg/kg IV), and acepromazine (Sedaject®, Samu

median, Korea, 0.04 mg/kg IM). Anesthesia was induced with

propofol (Provive® 1%, Myungmoon Pharm., Korea, 3-6 mg/kg

titrated to effects IV) and maintained via inhalation of isoflu-

rane and 100% oxygen. In addition, cefazolin sodium (Cefazo-

lin®, Chongkundang Pharm., Korea, 25 mg/kg, IM) and ketoprofen

(Ketoprofen®, Bukwang Pharm., Korea, 1.1 mg/kg, IM) were

administered preoperatively. A routine surgical technique was

used to perform the right-sided hemilaminectomy. The surgi-

cal finding was compatible with the Hansen type I IVDD. A

large amount of extruded disc material was found overlying the

L2 - L3 intervertebral space and successfully removed. The spi-

nal cord appeared normal during operation and was fully

decompressed (Fig 2).

Upon completion of the decompression, the canine allo-

Fig 1. Pre-operation, transverse CT images at the level of the intervertebral disc space of L2 - L3, view with a soft tissue window (a). A

large mineralized intervertebral disc is present within the right ventral vertebral canal, displacing the spinal cord dorsally and to the left.

In the reconstructed 3-dimentional image (b), the mineralized disc materials extended cranially over the body of the second lumbar ver-

tebra closely to the first lumbar vertebra. 

Fig 2. Post-operation, transverse CT images at the level of the intervertebral disc space of L2 - L3, view with a soft tissue window (a) and

the reconstructed 3-dimentional image (b). A large amount of extruded disc material was and removed, and the spinal cord was fully

decompressed
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genic adipose tissue-derived MSCs were implanted at the SCI.

The MSCs were positive for CD9 and CD44, and negative for

CD34 and CD45 based on flow-cytometric determination of

the cell-surface antigen profiles. 1 × 106 of the MSCs sus-

pended in 50 µl of saline solution were injected into the spinal

cord at five locations around center of the injury to depth of

3 mm using a 10 µl Hamilton syringe (Micro liter # 701,

Hamilton company, USA) (Fig 3). A free autogenous fat graft

was placed over the spinal cord after injection MSCs and prior

to routine closure of wound. 

After the surgery, the dog made an uneventful recovery. Pain

relief was provided for the first 24 h by means of intravenous

administration of tramadol hydrochloride (Tramadol HCl®,

Samsung Pharm, Korea, 2 mg/kg, IV). Lactated Ringer solu-

tion was administered at 4 ml/kg/h, and cefazolin sodium and

ketoprofen were administered routinely after operation. 

Daily behavioral analysis was performed to measure the

degree of functional recovery of the pelvic limbs during 20

days of hospitalization. Functional recovery was scored accord-

ing to the Olby scoring system (21) (Fig 4). The procedures of

behavioral analysis were standardized. Initially, the degree of

DPP was evaluated by clamping toes of both hind limbs. Then,

the patient was encouraged to move and walk. All of the pro-

cedures were recorded by a digital camcorder at the designated

time of day. A single investigator experienced in the use of the

scoring system in dogs scored the extent of functional recov-

ery by observing the videotape. At 10th week post-operation,

the degree of functional recovery was evaluated in a similar

fashion as well. 

After the operation, delayed DPP, voluntary tail movement,

and pelvic limb movement with non-ambulation were observed

at 1st, 2nd, and 3rd day, respectively. After that, the functional

recovery of the dog increased steadily. Since 8th day, the dog

started to exhibit weight-bearing protraction of pelvic limbs

intermittently. During the entire videotaped session, the weight-

bearing protraction with reduced strength of pelvic limbs was

observed starting from 12th day post-operation, and normal

pelvic limb gait was observed at 19th day although mild mus-

cle atrophy of hind limbs remained. At 70th day, there was

complete resolution of the hind limb muscle atrophy and all

other aspects of motor and sensory function were within nor-

mal limits (Fig 5).

Discussion

The prognosis for dogs with thoracolumbar IVDD is based

on a number of factors including the degree of neurological

dysfunction, the duration of clinical signs, and the rate of onset

of clinical signs (27). Nicholas et al. (28) reported that the

severity of neurological dysfunction influenced the success rate

of treatment. Especially, the presence of DPP indicated a good

prognosis for recovery of function, whereas the absence of

DPP is typically interpreted as a poor indication of functional

recovery. In addition, several previous studies (2,7,20,23,26,27)

reported that the rate of onset on clinical signs significantly

influenced the clinical outcome and the duration of clinical

signs influenced the length of recovery time. According to Fer-

reira et al. (7), dogs with rapid loss of motor function have a

poorer prognosis compared to dogs with slow progressive loss

of ability to ambulate. Furthermore, dogs which had shown

clinical signs of more than six days took significantly longer to

regain the ability to ambulate when compared with those which

had shown clinical signs for less than six days. 

In this case, the dog showed peracute onset of neurological

dysfunction including loss of DPP and 6 days of duration

before surgical intervention. In addition, on the day of its pre-

Fig 3. Canine allogenic adipose tissue-derived MSCs were implanted at the SCI. Using a 10 µl Hamilton syringe (a), 1 × 106 of MSCs

suspended in 50 µl of saline solution were injected into the spinal cord at five locations around center of the injury to depth of 3 mm (b). 

Fig 4. Graphic illustration of the assessment of pelvic limb func-

tion by the Olby score. Pelvic limbs function of the dog was

gradually improved after the surgical intervention and transplan-

tation of the canine allogenic MSCs.
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sentation, the degree of neurological dysfunction was severe

with grade V clinical sign. Those findings from examinations

indicated a poor prognosis for recovery of neurological func-

tion. Therefore, in addition to the surgical decompression, we

transplanted adipose tissue-derived stem cells at the injured

spinal cord under the owner’s permission. 

Stem cell studies have demonstrated the cellular fate and the

action of cells which transplanted into injured spinal cord (25).

Previous studies (13,14) have suggested that adipose tissue-

derived MSCs survived and migrated to injured central ner-

vous system tissue after transplantation, and then express neu-

ronal nuclear antigen or glial fibrillary acidic protein (30,31).

According to Ryu et al. (24), the implanted adipose tissue-

derived MSCs differentiated into astrocytes and oligodendro-

cytes as well as neuronal cells. In addition, stem cells provide a

pleasant environment for neuronal repair through specific hom-

ing, immunosuppressive, anti-inflammatory, and trophic effects

at the injured site (12), secreting multiple cytokines, mole-

cules, chemokines, and chemokine receptors (6). New neu-

ronal formation in the injured site of the spinal cord after MSC

transplantation may result from the interactions of cells, growth

factors, intercellular signals, and cytokines (3). 

Canine allogenic adipose tissue-derived MSCs were utilized

in this study for transplantation to the patient. Adipose tissue is

a useful source of MSCs due to ease of isolation, clonogenic

potential, and strong proliferative capacity (4). Adipose tissue-

derived MSCs are multipotent and differentiating along the

adipocyte, chondrocyte, myocyte and even neuronal lineages,

in addition, have potential applications for the repair and

regeneration of damaged tissues (9). Therapeutic potential of

adipose tissue-derived MSCs and functional recovery after

transplantation into the area of SCI were reported in rodent

(15) and canine models (24). 

Based on several previous studies (15,16,18,19,29,32), both

autologous and allogenic stem cell transplantation showed

remarkable therapeutic potential in SCI. Furthermore, accord-

ing to Jung et al. (13), the autologous stem cell transplantation

exhibited more beneficial effects than the allogenic stem cell

transplantation. However, in practical clinics, there are some

limitations to transplant the autologous stem cell to SCI patients

because there are potential risks to collect stem cells from

patients and it takes considerable amount of time to prepare and

culture them before the actual application. Therefore, allogenic

stem cell transplantation has been more useful in practical clinic.

Previous studies used intravenous (11,22), intrathecal (13,

16), and parenchymal injection (17,19,29) to deliver the stem

cells to animals with SCI, and they reported beneficial effects on

functional recovery after transplantation. Among those meth-

ods, we injected MSCs directly into the parenchyma of spinal

cord because surgical intervention made it possible to expose

the injured spinal cord and direct injection had an advantage to

deliver cells efficiently into the injured site. However, the injec-

tion method involved has potential risk of traumatic damage to

the already injured spinal cord. Therefore, in order to minimize

the potential risk of secondary damage, we made an effort to

inject the cells into the spinal cord as deep as 3 mm using a

10 µl Hamilton syringe. In addition, in order to avoid overload

of the cells into a specific site, the injection performed at five

different sites around the lesion and cells were injected slowly

for approximately 5 min. In this case, no clinical symptoms

associated with direct injection including severe neurological

deficit, focal malacia, needle wound to the spinal cord, and

compressive hematoma were found. However, the method used

in the present study is not the best option for transplantation

stem cells into the injured spinal cord because it should be

accompanied by surgical intervention including hemilaminec-

tomy. Thus, in order to find the most appropriate and effective

method to apply in clinical practice, further studies investigat-

ing effectiveness of the various injection methods should be

performed. 

In conclusion, the combination of surgical decompression and

allogenic adipose tissue-derived MSCs transplantation yield

beneficial effects on recovery of neurologic function in a dog

with spontaneously occurred spinal cord injury. However, since

the present study was considering the practical aspect of clinic,

laboratory and molecular works including histopathology and

postmortem examination could not be involved. Thus, we could

not confirm if it was the surgical intervention or cell transplan-

Fig 5. The dog exhibit severe neurological dysfunction with grade V clinical sign before surgery (a). Ten weeks after surgery, there

was complete resolution of the hind limb muscle atrophy and all other aspects of motor and sensory function were returned to normal

limits (b).
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tation that predominantly contributed to the excellent outcome.

Although long-term follow-up throughout the dog’s life is

needed to confirm potential complications associated with cell

transplantation, no clinical side effects and complications were

observed yet. Based on this case report, we suggest that the

transplantation of allogenic adipose tissue-derived MSCs to

dogs with spinal cord injuries could be a considerable method to

expect better clinical outcomes in veterinary practice. 
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추간판 탈출증이 발생한 개에서 동종의 지방유래 줄기세포의 임상적 적용
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요 약 :후지마비와 심부통각의 소실을 보이는 5 년령의 수컷 Cocker Spaniel이 내원하였다. 신체검사, 신경검사, 방

사선검사와 컴퓨터 단층촬영결과 심부통각의 소실을 동반한 요추 2번과 3번 사이의 디스크 탈출증으로 진단하였다. 편

측 추궁 절제술을 시행하여 감압술과 탈출된 디스크 물질을 제거하였으며 1 × 106 개의 동종 지방유래 줄기세포를 50 µl

생리식염수에 희석하여 손상된 척수에 직접 주입하였다. 수술 10주 후, 양쪽 후지 모두에서 심부통각과 운동기능이 완

전히 회복되었으며 세포이식과 관련된 부작용은 현재까지 발견되지 않았다. 본 증례를 통해 심각한 정도의 디스크질

환을 가진 환축에서 감압술과 병행된 줄기세포의 이식방법은 좀더 나은 예후를 기대하기 위한 치료방법들 중 하나로

고려해볼 수 있을 것으로 생각된다.

주요어 :지방조직, 개, 추간판 탈출증, 중간엽 줄기세포, 세포이식


