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A B S T R A C T

The versatility of mesenchymal stem cells (MSCs) as a treatment modality has landed it another repair

target: osteoarthritis, a crippling cartilage disease that frequently afflicts the aged population. Through

many studies, this newly discovered method has been shown to significantly alleviate the pain

experienced by osteoarthritic patients. Notwithstanding the effectiveness of MSCs in this regard, varying

degrees of success rates have also been reported, which is probably attributable to the different

approaches adopted in harnessing MSCs’ therapeutic value. Accordingly, it is pertinent to understand the

contributory factors like MSC type, dosage, size of osteoarthritic lesion, MSC carrier, and mode of

infusion, which would be briefly discussed in this review.
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1. Introduction

A PubMed search on the clinical usage of mesenchymal stem
cells (MSCs) for osteoarthritis (OA) in January 2016 yielded
18 papers of Level 1,1 2,2 3,3–7 4,8–17 518 clinical trials, with the
earliest reported in 20024 (Table 1). The majority of the published
reports are preliminary studies, indicative that investigation of
MSC usage for OA is still recent. However, judging from the 50 trials
listed in the clinicaltrials.gov database, more are in the works. This
carries hope of more breakthrough discoveries.

Pain relief is a common outcome experienced by OA patients
who received MSC therapy. There are several groups worldwide
which are actively pursuing this interest. Orozco et al. from Spain
probed in separate studies, the effect of treating patients diagnosed
with grade 2–4 chronic OA with autologous8 or allogeneic bone
marrow stem cells (BMSCs).1 He noted remarkably early analgesic
effects of both kinds of MSCs, accompanied with significant
functional recovery. Korean research groups have also initiated
research in this niche area, with exclusive interest in the usage of
adipose-derived MSCs (ADSCs),3,6,7,11,16,17 perchance due to the
country’s famous reputation as a plastic surgery hotspot. Same-day
isolated MSCs from adipose tissue of infrapatellar fat pad and
* Corresponding author at: Department of Orthopaedic Surgery, National

University of Singapore, NUHS Tower Block, Level 11, IE Kent Ridge Road, Singapore

119228, Singapore. Tel.: +65 67724321.
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buttocks were injected into the knees of patients suffering up to
Kellgren–Lawrence grade 3 OA. Patients enjoyed pain relief even at
2 years after the treatment. Iranian research institutes have also
reported their pilot studies.12–15 Emadedin et al.’s 6 patients who
were afflicted with severe OA received injection of >20 � 106

BMSCs. Mean VAS pain scores peaked at 6 months, with gradual
decline noted within the 12 months of treatment.13

As the various groups’ methods of exploring MSC efficacy
differed to an appreciable extent, this paper sets out to compare
based on similar factors, where possible.

2. Autologous or allogeneic MSCs?

MSCs’ unique stealth capabilities through immunosuppression
of natural killer cells and T cells19 make them well-suited to play an
allogeneic role. Allogeneic MSCs provide an alternative to
autologous MSCs possibly already subjected to a damaging
environment present in the OA knee.20 Among the publications
listed above, only one applied allogeneic MSCs for OA treatment.1

Allogeneic approaches are still shunned over safety concerns that
these cells could transfer infectious diseases.21 This pattern could
be set to change, as out of 50 listed ongoing clinical trials, 14 are
allogeneic in nature. Vega et al. injected passage 2–3 allogeneic
BMSCs from 3 healthy human donors in a trial involving
30 patients. Significantly improved pain relief was attained with
MSC treatment. Mean algofunctional indices showed that cell
treatment led to significantly better outcome in relieving
disability. Measurement of effect size, however, revealed that

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jcot.2016.06.006&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jcot.2016.06.006&domain=pdf
http://dx.doi.org/10.1016/j.jcot.2016.06.006
mailto:dosafiz@nus.edu.sg
mailto:doshuij@nus.edu.sg
http://www.sciencedirect.com/science/journal/09765662
www.elsevier.com/locate/jcot
http://dx.doi.org/10.1016/j.jcot.2016.06.006
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while efficacy of allogeneic treatment was similar to autologous
ADSCs,11 both were less satisfactory compared to autologous
BMSCs. Nevertheless, advantages of using an allogeneic source
include lower costs, higher homogeneity, and the added bonus of
it being acceptable for use in seropositive patients.1

3. BMSC versus ADSCs, MSC dosage

The notion that all MSCs are equal is a common misconcep-
tion.22 Significant differences have been found between multi-
potentiality and function of stem cells derived from different
tissues,23,24 and even within the same type of tissues sourced from
different anatomical sites.25 A search through the clinicaltrials.gov
website has revealed usage of BMSCs (24 studies), ADSCs
(14 studies), and umbilical stem cells (6 studies) to target OA
repair. Surprisingly, only BMSCs and ADSCs have been tested in the
abovementioned publications. As none of the papers directly
compared the efficacy of these 2 MSC sources, it is not possible to
draw a conclusion as to which is a superior candidate for OA repair.

MSC dosage is another hypothesized prognostic factor for OA
repair. BMSCs have been infused as low as 8 � 106,14 >10 � 106,2,4

to >20 � 106.9,12 Markedly better results were observed with
BMSCs treatment,1,8–10,12 except for a study which infused the
lowest number of MSCs at 8 � 106 and attributed the mild
improvements to MSC effect.14,15 Taken together, it is suggestive
that the infusion of >10 � 106 BMSCs is a requirement to achieve a
significantly better repair. Infusions of isolated ADSCs tend to be on
the lower end, at 1.89 � 106 7 to 4 � 106 MSCs,3 except for a dose-
comparative study which injected a record number of 100 � 106

ADSCs and found that cartilage volume increased gradually till
6 months. Lower dosages of 10 � 106 and 50 � 106 ADSCs were
found to be less beneficial and led to inconsistent results.11

Unexpected correlations between radiological outcomes and the
number of stem cells injected were also observed between cell
dosages of lower magnitude.16

All the studies above introduced MSCs into the patient as a one-
off procedure. A repeated suggestion arising from the works of
these groups are calls that future clinical trials include a multiple
administration of MSCs, as it could further improve the efficacy of
MSC treatment.3,11,12,14 A multi-dosage approach might be more
practical for an allogeneic MSC strategy, but will still be applicable
for autologous MSCs, provided the gridlock faced in generating
sufficient cell numbers is overcome.

4. Severity of OA lesion and patient age

OA is a progressively debilitating disease, which thus entwines it
closely to time and patient age. Most of the recruited patients in
these studies were diagnosed with stage 2 OA. When a clinical trial
excluded patients beyond 65 years with severe OA, significant
reduction was observed in MRI T2 values up till 12 months. This
indicated cartilage regeneration. WOMAC and Lequesne scores
also decreased in parallel to VAS scores, which led the authors to
conclude that patients with mild to moderate OA are ideal candidates
for MSC therapy.10 A similar finding was made by Emadedin et al.;
observed improvements went into decline 6 months after MSC
treatment in stage 4 OA patients.12 Patients with lesion size greater
than 5.4 cm2 exhibited significantly worse outcomes in IKDC and
Tegner assessments. Multivariate analysis revealed high prognostic
value significantly related to patient age and lesion size, indicating
a cutoff age of 60 years to ensure MSC efficacy in treating OA.17 In
another RCT involving patients who underwent treatment for knee
cartilage defects of ICRS grade 3–4 lesions, early treatment was
concluded to be better.26 Taken together, these findings highlight the
need that OA researchers should be equipped with analytical tools
for early detection and accurate measurement of disease severity.
Efforts are underway to test the robustness of proteomic technology
to understand OA pathophysiology,27 and plasma biomarker CCL3
was recently discovered to be useful in detecting pre X-ray defined
changes and OA stage.28

5. MSC carriers and mode of infusion

Both MSC transport medium and infusion mode influence
viscosity of the MSC suspension, affect the rate at which cells move
into the defect site, and ultimately determine the period that cells
stay localized onto the defect site. The optimal carrier would
support MSC viability, in addition to enhancing its chondrogen-
esis.29 Both parameters differed in the above mentioned studies,
with saline,1,9,10,14 serum,2,12 natural biomaterial PRP,3,6,7,16,17 and
hyaluronic acid (HA)2 selected for injection procedures. Fibrin
glue6 and Type I collagen4 were the delivery vehicles observed for
implanted MSCs.

Of these, the usage of PRP is the most controversial. First
documented to be used in Italy in 1970, PRP is derived from
autologous blood and is a platelet concentrate known to contain
and release growth factors capable of stimulating tissue healing.
PRP had been used in conjunction with MSC therapy due to its anti-
inflammatory effect.30 Treatment of OA with PRP alone had been
shown to be more effective than saline in providing symptomatic
relief in early OA for a period of 6 months,31 but its usage should be
treated with caution as PRP had been observed to induce more
transient reactions compared to hyaluronic acid.32 PRP also failed
to provide superior clinical improvement in comparison to HA.33

Advocates of both infusion modes have confidence in their
methods as MSCs can directly differentiate into repair tissue and
exert trophic effects through secreted bioactive factors.34 A
matched-pair analysis of arthroscopic outcomes following MSC
therapy via implantation or injection indicated significantly
greater improvements in the implanted group. Although no
significant improvement was noted in the injection group at
28.6 months,6 significant correlation was detected between the
number of administered MSCs and clinical outcomes. This pattern
was present only in the injected group. A possible explanation is
that efficacy of MSC injections leverage more on trophic effects,
which is less powerful and thus exhibited a dose-dependent
improvement. Nonetheless, optimized delivery of stem cells to
maximize the reparative effect of each cell is highly sought after, to
enhance effectiveness of a low-dosage therapy. This was demon-
strated by the success of utilizing 1 � 105 MSCs in treating limb
ischemia compared to 1 � 106 MSCs.35 Newly-developed cryogels
have been shown to be advantageous for chondrogenesis,36

resistant against sheer-induced damage and useful in tackling
problems such as uncontrolled localization and poor retention.37

6. High tibial osteotomy (HTO)

HTO is a knee alignment surgery which OA patients undergo to
relieve pressure on the knee joint. The concurrent infusion of MSCs
through implantation or injection had been carried out.2–4 Mild
insignificant improvements were observed in cell-treated groups
implanted with 10 � 106 BMSCs4 and injected with 4 � 106 ADSCs3

when patients were reviewed 5 years and 2 years respectively
later. In contrast, MSC-treated group injected with 10 � 106 BMSCs
was found to perform significantly better than the control group
upon adjustment for age and baseline scores at 1 year follow-up;
complete coverage of lesions with repair tissue was only apparent
in the MSC group. 36% of MSC-treated lesions were >50% covered
in contrast to 14% of control group.2 Direct comparison between
these 3 studies is not possible due to differences in experimental
set-up such as marrow stimulation, MSC carrier, and delivery
mode. It could be argued, however, that the promising outcome
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in Wong et al. is transient as assessment was done at an earlier
time point. Further follow-ups extending beyond 2 years would
enable a more thorough assessment.

7. Safety

No serious adverse events were observed in any of the studies
involving BMSC infusion.2,8,9,12 Minor events ranged from discom-
fort to swelling.1,13 A noteworthy finding is that BMSCs infused
through implantation were shown to be without any serious side
effects even 11 years later.38 Minor side effects were reported to
occur at similar frequencies in autologous and allogeneic MSC
treatments.1 However, one patient infused with a low dose of
1.89 � 106 ADSCs had marked pain with swelling immediately
after the procedure.7 Minor side effects seemed to occur quite
frequently with injections involving high dosage ADSC injections
of 10 � 106 (67%), 50 � 106 (67%), and 100 � 106 ADSCs (42%).11

8. Limitations

Acknowledged limitations of these studies include low patient
numbers,11 unknown optimal MSC number,7 short follow-up
periods,2,3 and retrospectively-collected data.6 Notwithstanding
these shortcomings, they have shown promising data, which
encourages further studies, albeit better-designed ones complete
with control arms.

9. Conclusion

OA is an undisputedly complex disease, and is a growing
worldwide problem. Assessment of safety is always of paramount
interest but focus should now be placed into optimizing MSC
potency for OA repair. More basic studies are needed to shore up
in-depth knowledge, which in turn would allow investigators to
zoom in to more efficacious strategies. Future clinical trials should
include direct comparisons between MSC sources, with extended
follow-ups; the longer the treatment, the better the outcome.
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