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FEATURE

Modern athletes are constantly susceptible to performance-threatening injury as they push their 
bodies to greater limits and endure higher physical stresses. Loss of performance and training time 
can adversely and permanently aff ect a sportsperson’s career. Now more than ever with advancing 
medical technology the answer may lie in biologic therapy. We have been using peripheral blood 
stem cells (PBSC) clinically and have been able to demonstrate that stem cells diff erentiate into 
target cells to enable regenerative repair. The potential of this technique as a regenerative agent 
can be seen in three broad applications: 1) articular cartilage, 2) bone and 3) soft tissue. This article 
highlights the successful cases, among many, in all three of these applications.

From ‘Blade Runner’ 
to ‘Stem-Cell Player’ 
and beyond
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O
ne of the defi ning moments of the 
London 2012 Olympiad for many 
people was the sight of Oscar Pisto-
rius running on his Flex-Foot Chee-

tah blades (Össur, Reykjavík, Iceland), compet-
ing and winning medals in the Paralympics. The 
world watched in awe as Oscar, a South African 
double amputee, loped down the track at a 
speed most able-bodied athletes would envy. 
Known by his nickname ‘Blade Runner’, Oscar 
showed the world not only his athleticism and 
sporting dedication but the wonders of mod-
ern limb replacement technology. However, 
there was another winning athlete at the 2012 
London Olympic Games of equal commitment 
and sporting prowess but whom no one would 
have guessed was the benefi ciary of a diff erent 
type of modern medical technology.

Chong-Wei Lee, the Olympic and world 
ranking No.1 badminton player from Malaysia, 
sustained a severe right ankle ligamentous in-
jury during the Thomas Cup tournament ten 
weeks prior to the Olympics. As he was being 
wheeled out of the badminton arena, his par-
ticipation at the upcoming Olympics was far 
from certain. Chong-Wei Lee was treated at the 
Kuala Lumpur Sports Medicine Centre using 
his own stem cells. His convincing win of the 
Olympic silver medal just ten weeks following a 
major ankle injury was the result of sheer deter-
mination, and we believe a little assistance from 
his cryopreserved peripheral blood stem cells 
(PBSC). In 2009, Chong-Wei Lee had suff ered 
from recurrent knee tendinitis and underwent 
stem cell therapy. During this treatment his au-
tologous PBSC were harvested, cryopreserved, 
and then injected around the area of tendinitis. 
The tendinitis resolved six weeks after the stem 
cell therapy. These same cells were used to treat 
his ankle injury in 2012.

Modern athletes are constantly susceptible 
to performance-threatening injury as they push 
their bodies to greater limits and endure higher  
physical stresses. Loss of performance and 

 training time can adversely and permanently 
aff ect a sportsperson’s career. Now, more than 
ever with advancing medical technology the an-
swer to injuries may lie in biologic therapy. We 
pose, and will attempt to answer, the questions: 
“is it possible to defi ne the potential of stem cell 
therapy as a regenerative procedure?” and “to 
what extent is total recovery and regeneration 
of musculoskeletal injuries now possible with 
stem cell therapy?”. The majority of the body of 
research on tissue engineering or regenerative 
therapy concerns the application and effi  cacy of 
bone marrow-derived mesenchymal stem cells 
(MSC) with or without scaff olds. In many cases 
the MSC are cultured or undergo directed ex-
pansion into another form.1-4 There is, however, 
another option, that of autologous PBSC, often 
viewed as the underdog in regenerative medi-
cine. There is much background literature sup-
porting the safety of PBSC use. The abundance 
of haemopoietic factors and MSC suspended 
amongst a milieu of growth factors makes a 
promising biological agent. We have been using 
this potent cocktail clinically and have been able 
to demonstrate that stem cells diff erentiate into 
target cells and enable regenerative repair.5,6 
The potential of this technique as a regenerative 
agent can be seen in three broad applications: 
1) articular cartilage, 2) bone and 3) soft-tissue.

At the Kuala Lumpur Sports Medicine Centre 
we have been using this technique successfully 
in all three of these applications and will illus-
trate each application in turn.

STEM CELL APPLICATIONS

Articular cartilage healing
Treatment of chondral lesions continues to be a 
clinical challenge. The structure and function of 
articular cartilage can lead to non-healing lesions 
after injury occurs, especially with defects super-
fi cial to the tidemark zone. Well-established ar-
throscopic methods attempt to promote  healing 
with marrow stimulation or the  transferral of 

non-injured cartilage to areas of injury. A va-
riety of techniques are established, including 
microfracture, chondral drilling, osteochondral 
autograft transfer, ostechondral allograft trans-
plant, and autologous chondrocyte implanta-
tion. However experienced the surgeon, more 
often than not these treatments have resulted 
in the formation of fi brocartilage and similar 
results with no clear superior modality.7-10 In an 
ideal world the treatment would result in hyaline 
cartilage formation, especially in the case of high 
performance athletes.

Articular cartilage-based stem cell regen-
erative therapies do have an evidence base in 
medical science with a number of clinical and ex-
perimental publications, including a randomised 
controlled trial illustrating the potential benefi ts 
of stem cell therapy in promoting regeneration 
of articular cartilage.11 The ability to treat chon-
dral lesions with minimally invasive arthroscopic 
subchondral drilling followed by post-operative 
intra-articular injections of PBSC in combination 
with hyaluronic acid (HA) is extremely attractive 
and, at fi rst sight seems too good to be true.12,13 
What is even more compelling is that the science, 
surgical technique, harvesting and storage of 
the PBSC and the post-operative rehabilitation 
programme that encompasses this method have 
sequentially been developed to maximise the 
chances of high quality regeneration and repair. 
The goal of this therapy is to regenerate repair 
cartilage similar to the native hyaline cartilage in 
the knee joint, and the same principles are appli-
cable to other joints.

Chondral injuries do not aff ect just profes-
sional and college athletes, the disease burden 
extends to recreational athletes who suff er the 
consequential adverse eff ects on their quality of 
life, and in the older population chondral lesions 
can sometimes aff ect function and mobility.

We have published some early results of 
stem cell therapy for osteochondral defects. 
A typical case would be that of a 34-year-old 
ex-orthopaedic nurse presenting following 
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 multiple previous operations for patellar dis-
location and complete loss of the lateral patel-
lofemoral articular facet cartilage (Fig. 1a). Rath-
er than a total knee replacement she underwent 
arthroscopic debridement, lateral patellar re-
lease, and subchondral drilling. Intra-operative 
fi ndings were of multiple grade III and IV lesions 
over the entire patellofemoral joint. The tradi-
tional surgical approach of osteophyte removal 
and subchondral drilling over the entire patel-
lofemoral joint (Fig. 1b) was performed and 
supplemented with intra-articular injections of 
PBSC with HA. Over the following two years, 
radiographs illustrate progressive reappearance 
of the lateral patellofemoral joint space (Figs 1c 
and 1d). At two years after surgery, the patel-
lofemoral crepitation was minimal and the knee 
function gradually improved.5

A similar approach can be used in combined 
chondral injuries and meniscal tears. Figure 2 
shows the arthroscopic fi ndings of a 61-year-old 
orthopaedic surgeon and recreational skier. Two 
years following injury and after an unsuccess-
ful arthroscopic debridement he was troubled 
by a persistent knee eff usion, limited walking 
distance and lateral patellar maltracking with 
chondral lesions over the lateral patellofemoral 
joint. There was also an associated degenerated 
lateral meniscus and chondral injury in the later-
al compartment. The patient underwent arthro-
scopic subchondral drilling together with lateral 
patellar release and subsequently received stem 
cell therapy. MRI scans at fi ve months showed 
evidence of repair and regeneration accompa-
nied with clinical improvement.

Stem cell therapy is not just applicable to 
the knee, however, and we have successfully 
applied this technique to a range of joints. The 
ankle shown in Figure 3a exhibits a typical ap-
pearance of a large post-traumatic chondral 
injury sustained by a 36-year-old male while 
snowboarding. Pre-operative MRI scans and 
arthroscopic fi ndings were consistent with a 
medial talar dome chondral lesion. A similar op-
erative approach is used with debridement and 
subchondral drilling approach is used compris-
ing of debridement (Fig. 3b) followed by stem 
cell therapy. The patient’s subsequent post-
operative (Fig. 3c) and nine-month MRI scan re-
markably show almost complete healing of the 
chondral lesions (Fig. 3d).

Bone healing
There are an increasing range of biological agents 
whose use is indicated and accepted in treating 
bony nonunion. These agents range from simple 
hydroxyapatite and calcium salts to growth fac-
tors (rhBMPs), stem cells and electromagnetic 
bone stimulators. Stem cell applications in non-
unions are well established in the scientifi c litera-
ture,14-16  but this application of cellular autograft 
is not yet widely reported in the clinical setting. 
Stem cells off er a tantalising combination of bio-
logical augment, and unlike growth factors are 
capable of long-lasting eff ects.

The potential of this approach is seen in the 
challenging case of a 51-year-old presenting 
with the combination of established proximal 
tibial malunion and ACL defi cient instability can 
be challenging to treat. The patient had a long 
standing varus malunion and a 3 cm  shortening 

of his tibia presented with pain, 
instability and deformity. The pa-
tient’s medial compartment was 
bereft of any articular cartilage. 
We used a modifi ed Taylor Spatial 
Frame for osteogenesis which we 
augmented with stem cell thera-
py. Application of a Taylor Spatial 
Frame in combination with tibial 
and fi bular osteotomies was fol-

lowed with distraction osteogenesis at a rate of 1 
mm per day, commenced the day after the tibial 
and fi bular corticotomies. We supplemented 
the standard treatment with stem cell therapy 
one week following corticotomies. Autologous 
PBSC were harvested from the patient and in-
jected percutaneously into the corticotomy 
sites. We were able to demonstrate callus for-
mation two weeks after distraction osteogen-
esis (one week after injection of PBSC, Fig. 4a). 
Two further weekly injections of PBSC were 
given during the osteogenesis process and al-
most complete healing was seen at four months 
(Fig. 4b). Although a similar result could have 
been easily achieved without the injection of 
PBSC there is the potential to reduce frame time 
and morbidity associated with extended frame 
wear. At fi nal follow-up the patient did not have 
any equinus deformity of the ankle or a loss of 
initial knee movement, regaining 50° of knee 
range of movement following the distraction 
osteogenesis. A second-stage arthroscopy with 
subchondral drilling and allograft ACL recon-
struction was performed for chondrogenesis 
and stabilisation of his knee. We did not see any 
premature closing of the corticotomy with the 
use of PBSC and we believe that PBSC may have 
a signifi cant future role in malunion and nonun-
ion surgery.

Stem cell therapy in soft-tissue injuries
Some of the most diffi  cult lesions to treat in 
musculoskeletal medicine can be soft-tissue le-
sions. Patients sustaining meniscal and labral 
tears in the knee, shoulder and hip and non-
healing ligament avulsions are some of the most 

Fig. 1 A 34-year-old female pre-

sented with recurrent dislocation of 

her patella as an adolescent. Radio-

graphs were taken a) pre-operatively, 

and b) immediately post-operatively 

showing evidence of subchondral 

drilling. Radiographs at c) six 

months and d) two years showed 

a progressive reappearance of the 

lateral patellofemoral articulation.
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 symptomatic patients. Current treatment op-
tions are limited to debridement or repair with 
poor healing rates. Emerging stem cell therapies 
raise the prospect of allowing the diffi  cult-to-heal 
meniscal tears and other injuries some hope of 
repair, rather than resection.

Some of our early results illustrate the poten-
tial benefi ts of this therapy. We treated a 43-year-
old woman who had sustained both a chondral 
injury and a symptomatic large posterior horn 
intra-substance tear of the medial meniscus (Fig. 
5a). Intra-operatively her meniscus was found to 
be intact on the surface, and consequently we 
undertook needling of the posterior aspect of the 
medial meniscus to stimulate healing (Fig. 5b). 
This was combined with treatment of the chon-
dral lesion and subsequent injection of PBSC and 
HA. The patient was able to return to sporting 
activities by two years and at the time of review 
three years later, she was running three times per 
week. An MRI scan taken after three years dem-
onstrates complete healing of the meniscal lesion 
(Fig. 5d). A case report such as this does not pro-
vide irrefutable evidence that the meniscal heal-
ing was due to the PBSC, however, conventional 
wisdom tells us healing of such a lesion would 
not normally be expected after needling alone.

Another, often diffi  cult to treat, soft-tissue 
lesion that can potentially be addressed with 
a variety of treatment strategies is lateral epi-
condylitis (tennis elbow). The cycle of infl am-
mation and repair has been addressed his-
torically with wide ranging treatments from 
bracing and physiotherapy to surgical release 
and injection. We have found refractory tennis 
elbow to be amenable to minimally invasive 
surgery in combination with the application 
of PBSC with HA. We treated a typical case 
of a 57-year-old male demonstrating a recal-
citrant lateral epicondylitis and MRI fi ndings 
(Fig. 6a) were consistent with an established 
tear of the origin of the extensor carpi radia-
lis brevis (ECRB) muscle-tendon complex. The 
patient underwent percutaneous multiple 
drilling into the bony origin of the tear com-
bined with fi ve weekly injections of PBSC and 
HA. Following the intervention, an interval 
MRI scan at three  months (Fig. 6b) showed 
almost complete healing of the degenerated 
ECRB muscle-tendon tear accompanied by a 
marked functional improvement. The patient 
resumed golf at four months after surgery 
and remained symptom-free at 18 months’ 
follow-up.

THE FUTURE OF STEM CELL THERAPIES
Earlier in this article we posed this question: to 
what extent is total recovery and regeneration of 
musculoskeletal injuries now possible with stem 
cell therapy? The evidence in the literature and 
from our own experience suggests that it is pos-
sible to treat a variety of injuries with this tech-
nology, but we have yet to fully realise the po-
tential of stem cell therapy. The indications for 
this type of therapy are broadening constantly, 
and we have begun to widen the scope of treat-
ments to other conditions. We have had particu-
lar success with diabetic foot ulcers which were 
previously thought to be untreatable. We now 
know it is possible to treat ulcers presenting with 
microangiopathy and peripheral neuropathy 
by injecting autologous PBSC around the foot 
ulcers and along the vascular tributaries. The 
eff ects are the revascularisation of distal vessels 
and associated reversal of peripheral neuropathy 
and subsequent ulcer healing. In addition to the 
regeneration of neurovascular structures, bone 
and articular cartilage, stem cell therapy has 
been applied to avascular necrosis of the hip. 
Multiple drilling through the neck into the hip 
joint allows access channels to be established. 
Post-operative intra-articular injections of PBSC 

It is possible to treat a variety of injuries with this 
technology, but we have yet to fully realise the 
potential of stem cell therapy

Fig. 2 Intra-operative views 

 following subchondral drilling with 

the corresponding MRI scans after 

surgery and progressive healing at 

fi ve months of the lateral trochlear, 

 lateral femoral condyle,  lateral tibial 

plateau and lateral patellar facet.
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with HA apply the same concept as chondro-
genesis with stem cells. Injections around the 
drill holes into areas of avascular  necrosis can 
re-establish vascular in-growth and promote 
osteogenesis. Furthermore, comminuted intra-
articular fractures following stable fi xation ben-
efi t from post- operative injections of PBSC with 
HA. By enhancing the healing potential of the 
bone and articular cartilage, areas of chondral 
damage can be repaired with tissue resembling 
hyaline cartilage rather than fi brocartilage. We 
would expect hyaline-like cartilage to be more 
advantageous than fi brocartilage formation 

which may result in subsequent osteoarthritis 
and has the potential to degrade the patient’s 
quality of life.

As stem cells are pluripotent cells, it is logi-
cal to assume that the single cell lineage may 
have benefi cial eff ects on more complex injury 
patterns. Stem cell therapy off ers the tantalising 
promise of a solution to promote healing in the 
treatment of complex cases. The cells possess 
the ability to repair and diff erentiate into articular 
cartilage, bone, tendon, ligament, neurovascu-
lar structures and soft tissue, giving the exciting 
potential for one biological agent to augment 

the healing of all these tissues. This technology 
may fi nd ample application in the future in areas 
such as multi-ligament knee reconstruction.

The potential benefi t for stem cell therapy 
is highly signifi cant, and utilising this technol-
ogy where athletes may bank cells for future use 
off ers a unique advantage over other two-step 
procedures such as autologous chondrocyte 
implantation. The application of this innovative 
technology is, however, currently limited by the 
need for a substantial evidence base to prove 
the early promising clinical results and convince 
the medical fraternity.

Fig. 4 Radiographs of a 51-year-

old man who presented with left 

knee pain and instability, showing 

a)  distraction osteogenesis and 

evidence of callus formation one 

week after injection of PBSC into 

corticotomy site (red arrow), and 

b) signifi cant growth of new bone 

after four months.

Fig. 3 Images of a 36-year-

old man who sustained 

chondral injury. Figure 

3a – ankle joint showing 

medial talar dome chondral 

lesion with underlying 

subchondral cyst.  Figure 

3b – views following sub-

chondral drilling around 

the lesion and into the cyst. 

Figure 3c – post-operative 

MRI scan following sub-

chondral drilling (Sagittal 

PD and Coronal PDFS). 

 Figure 3d – MRI scans at 

nine months showing heal-

ing of the chondral lesion.
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Fig. 6 A 57-year-old man presented 

with a recalcitrant lateral epicondylitis 

(tennis elbow). Figure 6a – pre-

operative MRI. Figure 6b – MRI scan 

at three months showing satisfactory 

healing.
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Fig. 5 A 43-year-old woman presented with a chondral injury of her left knee accompanied by symptomatic intra-substance tear 

of the medial meniscus. Figure 5a – intra-operative view of the posterior aspect of the medial meniscus showing intact surfaces. 

 Figure 5b – arthroscopic view after multiple needling into the posterior aspect of the medial meniscus. Figure 5c – pre-operative 

MRI scan showing intra-substance tear of the posterior aspect of the medial meniscus. Figure 5d – MRI scan after three years show-

ing complete healing of the meniscal tear.
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