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The role of stem cells in osteoarthritis
AN EXPERIMENTAL STUDY IN RABBITS
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Introduction
Osteoarthritis (OA) is a progressively debilitating disease that affects mostly cartilage, with 
associated changes in the bone. The increasing incidence of OA and an ageing population, 
coupled with insufficient therapeutic choices, has led to focus on the potential of stem cells 
as a novel strategy for cartilage repair.

Methods
In this study, we used scaffold-free mesenchymal stem cells (MSCs) obtained from bone 
marrow in an experimental animal model of OA by direct intra-articular injection. MSCs were 
isolated from 2.8 kg white New Zealand rabbits. There were ten in the study group and ten in 
the control group. OA was induced by unilateral transection of the anterior cruciate ligament 
of the knee joint. At 12 weeks post-operatively, a single dose of 1 million cells suspended in 
1 ml of medium was delivered to the injured knee by direct intra-articular injection. The 
control group received 1 ml of medium without cells. The knees were examined at 16 and 
20 weeks following surgery. Repair was investigated radiologically, grossly and histologically 
using haematoxylin and eosin, Safranin-O and toluidine blue staining.

Results
Radiological assessment confirmed development of OA changes after 12 weeks. Rabbits 
receiving MSCs showed a lower degree of cartilage degeneration, osteophyte formation, 
and subchondral sclerosis than the control group at 20 weeks post-operatively. The quality 
of cartilage was significantly better in the cell-treated group compared with the control 
group after 20 weeks.

Conclusions
Bone marrow-derived MSCs could be promising cell sources for the treatment of OA. Neither 
stem cell culture nor scaffolds are absolutely necessary for a favourable outcome.

Cite this article: Bone Joint Res 2014;3:32–7.

Article focus
 To find the role of stem cells in an OA knee
 To find the role of scaffolds
 To find the role of stem cell culture

Key messages
 Stem cells definitely have role in early OA
 Neither scaffolds nor culture are neces-

sary for cartilage repair

Strengths and limitations
 Strength: we have carried out a histo-

pathological examination at one month
intervals to see cartilage regeneration and

no scaffolds were used for the delivery of
stem cells.

 Limitations: short sample size and follow-
up. 

Introduction
Osteoarthritis (OA) is a disease that limits the
mobility of patients and is of considerable
economic importance. In advanced stages,
patients can experience severe pain and
destruction of the joint surfaces, resulting in
restriction of mobility.1-3 In many cases the
consequence is an inability to work, often
leading to the need for arthroplasty of the
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diseased joint.4 As cartilage tissue has only very limited
capacity of self-renewal, the development of this disorder
is chronic and progressive. The cause of OA is unknown,
but several factors are involved in its aetiopathogenesis,
including age, gender, body weight and metabolic activ-
ities.5-7 Chondrocytes, the formative cell type of hyaline
cartilage, directly synthesise many of the degenerative
enzymes (metalloproteinases) and inflammatory media-
tors responsible for its own destruction.8 Although total
knee replacement has largely improved the pain and
functional status in patients with end-stage OA of the
knee, its use in patients with non-end-stage disease is lim-
ited by the expense of the procedure.1

Mesenchymal stem cells (MSCs) are multipotent cells
present in adult bone marrow. They can replicate as
undifferentiated cells and have the potential to differenti-
ate to lineages of mesenchymal tissues, including carti-
lage, bone and fat.9,10 MSCs are therefore a promising cell
source for the regeneration of cartilage, as they possess
chondrogenic differentiation potential and are easy to
obtain in high numbers. In order to explore a new treat-
ment for OA patients suffering early degenerative lesions
of hyaline cartilage, we proposed to transplant MSCs,
obtained from bone marrow without scaffold, into an
experimental animal model of OA. A rabbit model of OA
induced by anterior cruciate ligament transection (ACLT)
was selected.11,12 The therapeutic outcome of ACLT
reconstruction by means of this strategy was evaluated in
terms of radiology and histology.

Materials and Methods 
The study was carried out in the Department of Ortho-
paedics, Institute of Medical Science, Banaras Hindu Univer-
sity in collaboration with Departments of Haematology
(Blood Bank), Pathology and the Centre of Experimental
Medicine and Surgery. The experiments were carried out at
the Centre of Experimental Medicine and Surgery. The
study was approved by the Institute’s Ethical Committee.
Specimens. Adult New Zealand white rabbits were
acquired from the Department of Zoology (Banaras Hindu
University, Varanasi, India). All animals (ten study and ten
control) were aged > 16 weeks and weighed > 2 kg.
Operative technique. Only the right knees of the study
animals were operated upon. Intramuscular (IM) ket-
amine (5 mg/kg) + midazolam (5 mg/kg) + 2% lignocaine
with adrenaline at the operative site was used to anaes-
thetise the animals. The right hindleg was prepared using
betadine and 70% alcohol after removing hairs with com-
mercially available hair remover. With the animal placed
supine, the knee joint was entered using a medial para-
patellar approach. Incision was taken down to the antero-
medial joint capsule, with knee flexion and extension
helping to identify anatomical landmarks.

The joint capsule was incised obliquely between patel-
lar tendon and medial collateral ligament and care was
taken not to damage the tibial insertion of the lateral

meniscus. The extensor mechanism was then dislocated
laterally using atraumatic forceps. With valgus and ante-
rior drawer forces on the flexed knee, the anterior liga-
ments were visualised and transected. Adequacy of the
resection of the cruciate ligaments was checked with the
Drawer’s test13 and perfect haemostasis was attained. The
extensor mechanism was then relocated. After irrigation,
the capsule was repaired medially with 2-0 vicryl absorb-
able suture and the skin closed with interrupted 3-0 mer-
cerised silk sutures. The skin was then cleaned and
dressed. Post-operatively, each rabbit was given ceftriax-
zone (IM 50 mg/kg) with gentamycin (IM 2 mg/kg) daily
for five days. Temperature was maintained at 25°C
(± 2°C) with a dark–light schedule of 12 hours (± 1 hour).
Humidity was maintained at between 55% and 65%. Bed-
ding of paddy husk was provided on the floor. All the rab-
bits were properly fed with commercially available rabbit
feed along with fresh leafy vegetables and water.

Animals were allowed unrestricted activity and were
closely monitored regularly for signs of wound infection,
wound breakdown and other complications.
Marrow harvesting. The contralateral proximal tibia was
prepared using hair removal cream and twice painted
with 10% povidine iodine. Again, rabbits were anaesthe-
tised with ketamine (IM 5 mg/kg) + midazolam (5 mg/kg)
and 2% Xylocaine locally. Around 10 ml of bone marrow
was aspirated in a heparinised syringe with the hip of a
bone marrow aspiration needle.
Stem cell isolation. Stem cells were isolated by the
method of Pittenger et al.14,15 Ficoll-Hyopaque solution
(1 ml at room temperature) (1.077 g/cm3; Sigma,
St Louis, Missouri) was put in sterile centrifuge tubes and
10 ml marrow carefully layered over it. The mixture was
put in centrifuge tube with spin speed of 1200 rpm for
30 minutes at 22°C. After centrifugation, the plasma layer
was carefully aspirated and discarded without disturbing
the plasma–Ficoll interface. Marrow aspirate concentrate
was transferred into another sterile tube using a sterile
pipette. Phosphate buffered saline was added to the cell
suspension and washed thorougly to make a final sus-
pension. When compared with other isolation and cul-
ture techniques, this method is more cost-effective.14

Stem cell implantation. Processed stem cells were trans-
ported back to the operating theatre (OT) using a special-
ised kit. After adequate painting and draping, processed
stem cells were injected into the medial compartment of
the operated joint aseptically at 12 weeks after the ACLT
procedure. The study group was injected with approxi-
mately 1×106 cells suspended in 1 ml of medium into the
medial compartment of the operated joint aseptically.
The control group received 1 ml of medium without cells.
Radiological evaluation. Anteroposterior (AP) and lateral
radiographs of the knee were performed at 12, 16 and
20 weeks after surgery. Radiographs were performed in
the Department of Radiology at the Institute of Medicine,
Banaras Hindu University, using a standardised protocol.
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Radiography was performed by the same operator with
the same equipment (Siemens DC.12 m Japan (Munich,
Germany), 42 kV, 250mA, 32 ms, 80 cm film–focus dis-
tance). For the AP view, rabbits were placed in dorsal
recumbency, with legs extended caudally. Lateral radio-
graphs were performed on semiflexed knee joints. Radio-
logical OA was assessed by means of Kellgren and
Lawrence’s16 grading system: radiological features includ-
ing narrowing of joint space, presence of osteophytes,
sclerosis of subchondral bone and deformity of bone
ends are assessed, resulting in five grades of 0 (none),
1 (doubtful), 2 (minimal), 3 (moderate) and 4 (severe).
Histopathological examination. Animals were sacrificed
with an overdose of propofol. A total of ten animals, five
from the study and five from the control group were sac-
rificed at 16 weeks and 20 weeks respectively. Distal fem-
ora were cleared of all soft-tissue attachments and fixed
using a 1:10 dilution of formalin solution. Sagittal sections
of thickness between 3 mm and 4 mm were taken through
the distal femur. Bone was decalcified in a solution com-
prising a mixture of hydrochloric acid, formic acid and for-
malin. The bone consistency was assessed every 24 hours
and specimens were removed from the decalcifying solu-
tion once judged soft enough for cutting and further pro-
cessing for light microscopy. The decalcified sections were
embedded in paraffin and sectioned carefully at a thick-
ness of 5 μ to 6 μ with a microtome and stained with
haematoxylin and eosin (H&E), safranine O and fast green.
Between four and eight sections from the distal femur and
medial and lateral condyle of the articular surface of each
rabbit were analysed.

The analysis of progression of cartilage lesions was
quantified using a modification of the method proposed
by Mankin et al.17 This widely used method of defining
severity of lesions focusses on the quantitative evaluation
of focal degenerative changes. The system assigns scores
from each of four criteria, including structure (0 to 6),
cells (0 to 3), Safranin O staining (0 to 4) and tidemark
integrity (0 to 1), with higher total scores out of 14 indi-
cating a higher grade of OA.

Statistical analysis. The mean histopathological and
radiological scores were calculated with standard devia-
tions. The difference between groups was analysed using
the Mann–Whitney U test. Statistical analyses were
performed using SPSS 16 (IBM, New York, United States)
and a p-value < 0.05 was considered to indicate statistical
significance.

Results
Macroscopic observations. In the MSC-treated group,
articular cartilage at 16 weeks showed reduction in the
severity of lesions (Fig. 1a). By 20 weeks, a good gross
appearance was noticeable in the MSC-treated joints,
which resembled normal articular cartilage (Fig. 1b).

In the control group, gross characteristics of OA includ-
ing fibrillation, erosion, and osteophyte formation were
seen, especially in the medial femoral condyles, at 16 and
20 weeks post-operatively (Figs 1c and 1d). The severity
of lesions was seen to worsen between specimens at
16 and 20 weeks. 
Histopathological evaluation. Sample histological images
for the MSC-treated and control groups at 16 and
20 weeks are provided in Figure 2. The histological
appearance in the study group was characterised by
appropriate thickness, normal distribution of the cells and
consistent staining of the cartilage, with the surface layer
showing very mild irregularity. Conversely, the control
group showed structural disorganisation and severe
hypocellularity of chondrocytes.

The mean histological scores for the study and control
specimens at 16 and 20 weeks are given in Table I. The
study group had a significantly lower histological score
than the controls at both 16 and 20 weeks post-
operatively (p = 0.009 and p = 0.008, respectively).
Radiological findings. At 12 weeks after surgery all knees
subjected to ACLT showed radiological signs of OA
including marginal osteophytes, narrowing of joint space
and subchondral bone sclerosis. 

Sample radiological images for the MSC-treated and
control groups at 16 and 20 weeks are provided in

Fig. 1b

Figures 1a and 1b – gross photographs of femoral condyles in the mesenchymal stem cell (MSC)-treated group a) at 16 weeks post-operatively, showing a reduc-
tion in lesion severity and b) at 20 weeks post-operatively, showing further reduction in lesion severity. Figures 1c and 1d – gross photographs of femoral con-
dyles in the control group at c) 16 and d) 20 weeks post-operatively, showing characteristics of osteoarthritis (OA) becoming more evident between time-points.

Fig. 1a Fig. 1c Fig. 1d



35 A. SINGH, S. C. GOEL, K. K. GUPTA, M. KUMAR, G. R. ARUN, H. PATIL V. KUMARASWAMY S. JHA

BONE & JOINT RESEARCH

Figure 3. Assessment of radiographs at both time-points
shows less severe radiological signs of OA (including
osteophyte formation, subchondral bone sclerosis and
articular surface irregularity) in the MSC group compared
with the controls.

The mean radiological scores for the study and control
specimens at 12, 16 and 20 weeks are given in Table II.
Although there was no difference between the groups at
12 weeks (p = 0.481), the study group had a significantly
lower mean score at both 16 and 20 weeks (p = 0.015 and
p = 0.014, respectively).

Discussion
With the development of new techniques for exploring
the various mechanisms in cellular and molecular
biology, a better understanding of the basic events in

cartilage damage is now possible. Several studies have
demonstrated that the transplantation of mesenchymal
progenitors found in bone marrow aspirates can be use-
ful in the treatment of OA.18–20 Of the different types of
adult stem cells, stem cells from the bone marrow are
considered to have the highest multilineage potential and
have been studied for therapeutic purposes.10 Bone
marrow-derived MSCs in the treatment of musculoskele-
tal problems have been investigated in numerous pre-
clinical studies in animals21-24 as well as some clinical
studies.25-27 Promising results have been shown and the
use of autologous cells enhances the safety of the treat-
ment. In terms of ‘stemness’, MSCs possess the ability to
regenerate cell types specific for different tissues, includ-
ing adipose tissue, bone and cartilage.14

One major advantage of using human MSCs for in vivo
therapy is that they are non-immunogenic. Several proto-
cols have been developed for the isolation and expansion
of MSCs from bone marrow, including the use of density-
gradient centrifugation, fluorescence-activated cell sort-
ing, specific cell surface antibody, selective adhesion to
laminin-coated plates, Hoechest dye exclusion and size-
sieved culture. Potential clinical disadvantages of these
methods are the heterogeneity of cultured cells, high risk
of contamination and the high cost of production.28-31

The sample of cells may also be obtained after centrifu-
gation, with mononuclear cells isolated or fractionated by
conventional density-gradient centrifugation using Ficoll-
Hypaque solution. The technique we used was according
to the method described by Pittenger et al.14,15 When com-
pared with other isolation and culture techniques, this

Fig. 2b

Figures 2a and 2b – histological images of articular cartilage in the mesenchymal stem cell (MSC)-treated group a) at 16 weeks and b) at 20 weeks post-oper-
atively, showing appropriate thickness, normal distribution of the cells and consistent staining of the cartilage, with the surface layer showing very mild irreg-
ularity (haematoxylin and eosin, ×40). Figures 2c and 2d – histological images of articular cartilage in the control group c) at 16 weeks and d) at 20 weeks post-
operatively, showing structural disorganisation and severe hypocellularity of chondrocytes.

Fig. 2a Fig. 2c Fig. 2d

Table I. Histopathological scores according to Mankin et al16

Time-point Study group Control group p-value

16 weeks post-operatively
Specimens (n) 5 5
Mean (SD) histopathological score 4.20 (0.44) 6.00 (0.70) 0.009

20 weeks post-operatively
Specimens (n) 5 5
Mean (SD) histopathological score 5.80 (0.83) 9.40 (0.54) 0.008

Fig. 3b

Figure 3a – anteroposterior (AP) radiographs at 16 weeks post-operatively in
the mesenchymal stem cell (MSC)-treated group (left) and the control group
(right). Figure 3b – AP radiographs at 20 weeks post-operatively in the MSC-
treated group (left) and the control group (right). Radiological evaluation at
both time-points shows less severe radiological signs of osteoarthritis (OA)
(including osteophyte formation, subchondral bone sclerosis and articular
surface irregularity) in the MSC group compared with the controls.

Fig. 3a
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procedure is more cost-effective.14 In our study the total
amount of bone marrow aspirate is 10 ml and that of stem
cell is 1 ml, though the volume injected is less when com-
pared with the bone marrow aspirate, however 1 million
concentrated cells are present in 1 ml, which is injected
into the stem cell group. On histological analysis, we had
quantitatively calculated that around two to three million
cells were injected. Various methods for the delivery of
MSCs have been described, including cultured scaffolds,
gel foams, autografts and systemic delivery.32,33 We pre-
ferred immediate isolation with percutaneous injection
into the knee joint on the same day, which allows greater
control over the site of application, as well as limiting
further procedures to one injection.34 The technique is safe
and minimally invasive. There were no incidences of hae-
matoma or infection at the injection site. Currently, it is dif-
ficult to know the exact mechanism that follows once the
injection is given. The mechanism by which stem cells act
is a relevant matter for future studies.35-37

Most treatment options available for OA focus on man-
aging the symptoms rather than addressing the cause.3,4

Our study using stems cell as a treatment option for OA has
shown significant improvements histopathologically and
radiologically, compared with control specimens at both
16 and 20 weeks of follow-up. We can conclude from our
study that stem cells are a promising source for treatment
of OA even without the use of scaffolds or stem cell culture,
both of which add to the cost of treatment. However, stud-
ies with larger groups and longer follow-up are required to
determine the use of stem cells as a therapeutic option.
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