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Comparative Matched-Pair Analysis
of the Injection Versus Implantation
of Mesenchymal Stem Cells for
Knee Osteoarthritis
Yong Sang Kim,* MD, Oh Ryong Kwon,* MD, Yun Jin Choi,* MD,
Dong Suk Suh,* MD, Dong Beom Heo,* MD, and Yong Gon Koh,*y MD
Investigation performed at the Center for Stem Cell & Arthritis Research,
Department of Orthopaedic Surgery, Yonsei Sarang Hospital, Seoul, Korea
Background: The mesenchymal stem cell (MSC)–based tissue engineering approach has been developed to address the problem of articular cartilage repair in knee osteoarthritis (OA). However, the most effective method of MSC application has not yet
been established.
Purpose: To compare the injection and implantation of MSCs in patients with knee OA in terms of clinical and second-look arthroscopic outcomes.
Study Design: Cohort study; Level of evidence, 3.
Methods: Among 182 patients treated with arthroscopic surgery using MSCs for knee OA from October 2010 to August 2012,
patients treated with an injection of MSCs in combination with platelet-rich plasma (injection group; n = 20) were pair-matched
with patients who underwent MSC implantation on a fibrin glue scaffold (implantation group; n = 20) based on sex, age, and lesion
size. Clinical outcomes were evaluated using the International Knee Documentation Committee (IKDC) score and Tegner activity
scale, and cartilage repair was assessed arthroscopically with the International Cartilage Repair Society (ICRS) grading system.
Results: The mean (6SD) IKDC and Tegner activity scores significantly improved from 38.5 6 9.2 to 55.2 6 15.0 and from 2.5 6
1.2 to 3.5 6 1.2, respectively, in the injection group and from 36.6 6 4.9 to 62.7 6 14.1 and from 2.3 6 0.9 to 3.6 6 1.1, respectively, in the implantation group at the time of second-look arthroscopic surgery (mean, 12.6 months postoperatively) (P \ .001 in
all cases). At final follow-up (mean, 28.6 months postoperatively), the mean IKDC and Tegner activity scores in the implantation
group had improved further to 64.8 6 13.4 and 3.9 6 1.0, respectively (P \ .001 and P = .035, respectively), while no significant
improvements were found in the injection group (P = .130 and P = .655, respectively). At final follow-up, there was a significant
difference in the mean IKDC score between groups (P = .049). Significant correlations between the number of administered MSCs
and the postoperative clinical outcomes were found only in the injection group. Significant correlations between the clinical outcomes and the ICRS grades were found in both groups. The ICRS grades were significantly better in the implantation group
(P = .041). In the injection group, 2 of the 20 lesions (10%) were grade I (normal), 5 (25%) were grade II (near normal), 8 (40%)
were grade III (abnormal), and 5 (25%) were grade IV (severely abnormal). In the implantation group, 6 of the 20 lesions (30%)
were grade I, 7 (35%) were grade II, 4 (20%) were grade III, and 3 (15%) were grade IV.
Conclusion: Utilizing the described method, MSC implantation for knee OA resulted in better clinical and second-look arthroscopic outcomes than an MSC injection.
Keywords: injection; implantation; mesenchymal stem cells; osteoarthritis; knee

Osteoarthritis (OA) is a joint disease resulting from the
failure of chondrocytes to repair damaged articular cartilage in synovial joints.4 Increased synthesis of tissuedestructive proteinases such as matrix metalloproteinases,
increased chondrocyte apoptosis, and insufficient extracellular matrix generation result in a cartilage matrix that is
unable to withstand normal mechanical stresses.6 This
leads to progressive cartilage loss, subchondral bone
remodeling, osteophyte formation, and synovial inflammation,17,33 resulting in significant disability and chronic
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pain. Restoration of diseased articular cartilage in patients
with OA is a challenge to researchers and clinicians.40
Recently, the cell-based tissue engineering approach has
addressed the issue of articular cartilage repair by filling
the cartilage lesion with a mechanically stable, hyaline
cartilage–like substance that does not deteriorate over
time and integrates well with surrounding tissue.47,48 Furthermore, mesenchymal stem cells (MSCs) have been suggested as a potential cell-based therapy for the treatment
of diseased articular cartilage on the basis of their ability
to differentiate into chondrocytes and owing to the paracrine effects of their secreted bioactive materials.4,5,14,41
The aim of using MSCs for OA treatment is to support the
self-healing process of knee joint cartilage, which results
in relief from OA symptoms.11,22,35 Although joint fluid contains MSCs, only a limited number of them can differentiate
into chondrocytes, and regenerated cartilage is very fragile
and can be destroyed by applying a minimal amount of
stress to the joint.16,27 Therefore, this self-regeneration of
cartilage is a slow process, producing cartilage tissue that
is not stable enough to withstand intensive use.51 It seems
likely that the regeneration process can be stimulated by
delivering MSCs to the knee joint affected with OA. Since
the first clinical study by Wakitani et al56 on the MSC-based
treatment of patients with OA, several reports on the clinical use of MSCs for OA have been published.19,21,23,24,26,42,56
In these studies, MSCs were administered to knee joints
with OA via a direct intra-articular injection or implantation with or without a scaffold. However, the most effective
method for MSC application in the treatment of knee OA
has not yet been established, and to our knowledge, no studies conducted to date have compared the methods of MSC
application in terms of their efficacy.
Therefore, the purpose of the current study was to compare clinical and second-look arthroscopic outcomes of an
arthroscopic MSC injection and arthroscopic MSC implantation in patients with knee OA. We hypothesized that patients
after arthroscopic MSC implantation would have better cartilage regeneration and, consequently, better clinical outcomes than those treated with an arthroscopic MSC
injection when matched by sex, age, and cartilage lesion size.

METHODS
Patient Selection
This study protocol was approved by the institutional review
board of our hospital, and all patients provided written
informed consent. The inclusion criteria were patients
with an isolated, full-thickness articular cartilage lesion
(Kellgren-Lawrence20 grade 1-2) and patients who had symptoms of knee joint pain and/or functional limitations despite
a minimum of 3 months of nonsurgical treatment. In all
cases, the final decision for arthroscopic surgery using
MSCs was made during routine arthroscopic surgery of the
affected knee joint based on prior magnetic resonance imaging diagnostics. Exclusion criteria were previous surgical
treatments or the presence of multiple cartilage lesions,
knee instability, varus or valgus malalignment of the knee

joint of 5°, metabolic arthritis, joint infections, or large
meniscal tears. Between October 2010 and August 2012,
a total of 182 patients with knee OA were treated with
arthroscopic surgery using MSCs. Among these patients, 17
patients were excluded, and 165 were enrolled in this study.
Of the 165 patients, the first 71 patients were treated with an
MSC injection from October 2010 to May 2011, and the next
94 patients underwent MSC implantation from June 2011 to
August 2012. We suggested to all patients that they undergo
second-look arthroscopic surgery, explaining its purpose (to
evaluate the MSC-injected or implanted site and the need
for additional arthroscopic procedures such as debridement
or synovectomy) before surgery and receiving written consent. Of the 71 patients in the injection group, 19 patients
refused second-look arthroscopic surgery, and of the 94
patients in the implantation group, 31 patients refused
second-look arthroscopic surgery. Therefore, 52 patients
(injection group) and 63 patients (implantation group) were
finally enrolled in this study. From this pool, 40 patients
were finally chosen after the matching process (Figure 1).
Twenty patients treated with an arthroscopic MSC injection
were identified and assigned to the injection group. Twenty
patients who underwent arthroscopic MSC implantation
were then matched by sex, age, and lesion size to the patients
treated with an arthroscopic MSC injection as described
below. Patient names were omitted, and they were individually matched by an independent scientist blinded to the
patient history and clinical complaints beginning with nominal parameters (sex) and followed by metric parameters (age
and lesion size). These selected patients were assigned to the
implantation group. The minimum follow-up time was
24 months for all the patients in this study. The final study
population included 14 men and 26 women with a mean
age of 59.2 years (range, 53-64 years), and there were no significant differences between the groups in body mass index,
side of involvement, follow-up period, and lesion location
(Table 1).

MSC Preparation
Sample collection and MSC isolation were performed as
described previously.21,24,25 The methodology describing the
isolation of MSCs from the stromal vascular fraction and
the subsequent results are described in the Appendix (available online at http://ajsm.sagepub.com/supplemental). In
brief, 1 day before arthroscopic surgery, adipose tissue was
harvested from the patient’s buttocks via tumescent liposuction. Mature adipocytes and connective tissue were separated
from the stromal vascular fraction by centrifugation as
reported by Zuk et al,58 and the cells were cultured to evaluate the frequency of mesenchymal-like progenitors in the
stromal vascular fraction. Thereafter, epitope profiles and
multilineage differentiation were assessed to characterize
the adipose-derived stem cells. MSC marker phenotyping
was performed with CD14, CD34, CD90, and CD105 antibodies as described previously,31 and the capacities to differentiate toward several cell lineages, including adipogenic,
osteogenic, and chondrogenic, were confirmed following
a published approach.31 After isolating and characterizing
the adipose-derived cells as described previously,21,24,25 we
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TABLE 1
Comparison of Baseline Demographics of the Study Groupsa
Injection Group (n = 20)

Implantation Group (n = 20)

P Value

59.4 6 3.1 (54-64)
7/13
26.7 6 2.4 (22.2-30.4)
9/11
28.5 6 4.8 (24-42)
5.44 6 1.4 (3.4-8.4)
13/6/1
4.07 6 0.36 (3.19-4.65)

59.1 6 3.5 (53-64)
7/13
26.9 6 2.4 (22.3-31.9)
10/10
28.8 6 4.0 (24-38)
5.8 6 1.8 (3.2-9.4)
14/5/1
3.96 6 0.31 (3.33-4.47)

.883
..999
.968
.759
.659
.602
.791
.279

Age, y
Sex, male/female, n
Body mass index, kg/m2
Side of involvement, right/left, n
Follow-up period, mo
Lesion size, cm2
Lesion location, MFC/LFC/trochlea, n
No. of applied MSCs, 3106

a
Values are expressed as mean 6 SD (range) unless otherwise indicated. LFC, lateral femoral condyle; MFC, medial femoral condyle;
MSC, mesenchymal stem cell.

the first blood sample collected. Thereafter, the samples
were centrifuged twice (at 1800 rpm for 15 minutes to separate erythrocytes and then at 3500 rpm for 10 minutes to
concentrate platelets) using a collection kit and a table centrifuge (Process Protocol) to yield 6 mL of PRP. The total
number of platelets per microliter of PRP was greater
than that in whole blood by a mean of 500%, and a mean
of 1.28 3 106 platelets/mL was administered at the lesion
sites during every injection. In all cases, calcium chloride
was added to the PRP unit before the injection to activate
the platelets.
For patients in the implantation group, the surgical procedures were performed as described previously.21 Before
MSC implantation, accurate debridement of all unstable
and damaged cartilage in the lesion was performed. The
prepared MSCs were loaded into the fibrin glue product
(Greenplast kit; Greencross), which was used as a scaffold
for MSC implantation. Next, the MSCs mixed with fibrin
glue were implanted under arthroscopic guidance after
arthroscopic fluid was extracted. A probe was used to apply
and manipulate the cells to coat the surface of the cartilage
lesion (Figure 2D). In both groups, no marrow stimulation
procedures such as microfracture surgery, subchondral
drilling, or abrasion arthroplasty were performed before
the injection or implantation of MSCs.
Figure 1. Flow diagram of patient involvement in the study.
confirmed that they contained MSCs, and finally, a mean of
4.01 3 106 stem cells (range, 3.19-4.65 3 106) were prepared.

Surgical Procedures and MSC Application
For patients in the injection group, accurate debridement
of all unstable and damaged cartilage in the lesion was performed before the injection of MSCs. In all patients, the
prepared MSCs were injected around the lesion sites along
with approximately 3.0 mL of platelet-rich plasma (PRP)
under arthroscopic guidance (Figure 2C). For PRP preparation, a 30-mL venous blood sample (collected in a bag
containing 4 mL of sodium citrate) was placed in glasscoated plastic tubes (Vacutainer; Becton Dickinson). The
complete peripheral blood count was determined using

Postoperative Rehabilitation
Participants in both groups underwent the same postoperative rehabilitation program. After the arthroscopic procedure, the knee was immobilized for 2 weeks with a knee
brace. The patients started to perform both active and passive range of motion exercises of the knee joint after the
sutures were removed. Partial weightbearing was initiated
at 2 weeks after arthroscopic surgery, and full weightbearing was permitted at 4 weeks postoperatively. Sports or
high-impact activities were allowed after 3 months, and
full return to normal sports or recreational activities was
allowed according to the individual recovery courses.

Outcome Assessments
All patients were evaluated clinically before surgery and at
follow-up. For the clinical evaluation, the International
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degree of integration of repair tissue with adjacent articular cartilage, and the macroscopic surface appearance of
the repair site. These subjective arthroscopic evaluation
criteria were each assigned a maximum score of 4 points,
which were then combined to obtain an overall grade.

Statistical Analysis
Statistical analysis was performed using SPSS version
12.0.1 (SPSS Inc), with significance defined as P \ .05.
The principal dependent variables for clinical outcomes
were the IKDC and Tegner activity scores at second-look
arthroscopic surgery and final follow-up. Descriptive statistics were calculated as mean 6 SD. The Wilcoxon
signed-rank test was used to evaluate differences between
the preoperative and second-look arthroscopic values and
between the second-look arthroscopic and final follow-up
values. Differences between the groups were analyzed
using the Mann-Whitney U test or the Kruskal-Wallis
test for multiple comparisons. The Fisher exact test was
used to compare categorical data. The Spearman rankorder correlation test and stepwise multivariate linear
regression test were used to analyze the correlation
between the number of applied MSCs and the clinical outcomes in both groups. The association between the ICRS
cartilage repair grades and the clinical outcomes at
second-look arthroscopic surgery was analyzed using the
Kruskal-Wallis test for each group.

RESULTS
Clinical Outcomes at Follow-up
Figure 2. Arthroscopic images of (A, C, E) 57-year-old and
(B, D, F) 59-year-old women. (A, B) Intraoperative arthroscopic surgery showed a cartilage lesion with osteoarthritic
changes in the femoral condyles. (C) Arthroscopic visualization of the injection of mesenchymal stem cells (MSCs) with
platelet-rich plasma into the lesion site. (D) An arthroscopic
view after the implantation of MSCs at the lesion site. (E)
Second-look arthroscopic surgery showed poor regeneration
of cartilage in the MSC-injected site (International Cartilage
Repair Society [ICRS] grade IV). (F) Second-look arthroscopic surgery showed complete coverage of the lesion
with cartilage after MSC implantation (ICRS grade I).
Knee Documentation Committee (IKDC) score18 and the
Tegner activity scale50 were used to assess joint function
and sports activities.
All second-look arthroscopic procedures were performed
by a single surgeon who had performed the index surgeries. During second-look arthroscopic surgery, the cartilage
lesions were evaluated using the International Cartilage
Repair Society (ICRS)7,43 grading system, a reliable and
relevant means of macroscopically assessing cartilage
repair after microfracture or autologous chondrocyte
implantation.53 This system consists of 3 criteria: the
degree to which a defect was filled by repair tissue, the

The clinical outcomes from the preoperative evaluation to
final follow-up (mean, 28.5 6 4.8 months [injection group]
and 28.8 6 4.0 months [implantation group]) of each group
are summarized in Table 2. The mean IKDC and Tegner
activity scores significantly improved at the time of
second-look arthroscopic surgery in both groups (P \ .001
for all) when compared with the preoperative values. At
final follow-up, the mean IKDC and Tegner activity scores
in the implantation group further improved (P \ .001 and
P = .035, respectively, when compared with the values at
second-look arthroscopic surgery). In contrast, no such significant improvements in the mean IKDC and Tegner activity scores were detected at final follow-up in the injection
group (P = .130 and P = .655, respectively, when compared
with the values at second-look arthroscopic surgery). At
final follow-up, there was a significant difference in the
mean IKDC scores between groups (P = .049).

Correlations Between the Number of
MSCs and Clinical Outcomes
After isolation of the adipose-derived stem cells, a mean of
4.07 3 106 stem cells (range, 3.19-4.65 3 106) were prepared in the injection group and a mean of 3.96 3 106
(range, 3.33-4.47 3 106) in the implantation group. The
flow cytometry analysis indicated a positive expression of

Downloaded from ajs.sagepub.com at TEXAS A&M UNIV TEXARKANA on September 4, 2015

Vol. XX, No. X, XXXX

Injection vs Implantation of MSCs for Knee OA

5

TABLE 2
Comparison of Clinical Outcomes of the Study Groupsa
Injection Group

Implantation Group

P Valueb

38.5 6 9.2
55.2 6 15.0
55.8 6 14.7
\.001
.130

36.6 6 4.9
62.7 6 14.1
64.8 6 13.4
\.001
\.001

.253
.201
.049

2.5 6 1.2
3.5 6 1.2
3.5 6 1.0
\.001
.655

2.3 6 0.9
3.6 6 1.1
3.9 6 1.0
\.001
.035

.583
.820
.289

IKDC score
Preoperatively
Second-look arthroscopic surgery
Final follow-up
P valuec
P valued
Tegner activity score
Preoperatively
Second-look arthroscopic surgery
Final follow-up
P valuec
P valued

a
Values are expressed as mean 6 SD. Boldface indicates statistical significance (P \ .05). IKDC, International Knee Documentation
Committee.
b
Mann-Whitney U test.
c
Wilcoxon signed-rank test for comparison of clinical outcomes at second-look arthroscopic surgery and preoperatively.
d
Wilcoxon signed-rank test for comparison of clinical outcomes at second-look arthroscopic surgery and final follow-up.

TABLE 3
Clinical Outcomes of the Study Groups According to ICRS Repair Grades at Second-Look Arthroscopic Surgerya
Injection Group
IKDC Score
n (%)
ICRS grade
I
II
III
IV

Mean 6 SD

Implantation Group

Tegner Activity Score
b

P Value

Mean 6 SD

.001
2
5
8
5

(10)
(25)
(40)
(25)

80.4
67.4
52.1
37.6

6
6
6
6

0.1
6.3
8.0
1.8

P Value

IKDC Score
b

n (%)

Mean 6 SD

.005
5.0
4.2
3.5
2.0

6
6
6
6

0.0
0.8
0.9
0.0

P Value

Tegner Activity Score
b

Mean 6 SD

.001
6
7
4
3

(30)
(35)
(20)
(15)

79.1
63.9
53.8
38.9

6
6
6
6

1.0
4.2
1.3
0.6

P Valueb
.002

4.7
3.6
3.0
2.0

6
6
6
6

0.5
0.8
0.0
0.0

a

Boldface indicates statistical significance (P \ .05). Fisher exact test for comparison of the ICRS repair grades between the groups: P =
.041 (statistically significant difference). ICRS, International Cartilage Repair Society; IKDC, International Knee Documentation
Committee.
b
Kruskal-Wallis test.

the surface markers CD90 and CD105 and a negative
expression of CD34 and CD14. The adipose-derived stem
cells treated with conditioned media demonstrated characteristics of adipogenic, osteogenic, and chondrogenic differentiation after staining.
There was no significant difference in the number of
applied MSCs between the groups (P = .279) (Table 1).
The Spearman rank-order correlation test revealed significant correlations between the number of applied MSCs
and postoperative clinical outcomes in the injection
group. In addition, similar to the IKDC and Tegner activity scores at second-look arthroscopic surgery and final
follow-up, favorable postoperative clinical outcomes
showed significant positive correlations with the number
of applied MSCs (P \ .05 in all cases) (Figure 3). In contrast, such correlations were not found in the implantation group.

Second-Look Arthroscopic Surgery Findings
Second-look arthroscopic surgery was performed at a mean
of 12.4 months postoperatively (range, 10-15 months) in
the injection group and a mean of 12.7 months postoperatively (range, 11-14 months) in the implantation group
(P = .602). Two of the 20 lesions (10%) in the injection
group were ICRS grade I (normal), 5 (25%) were grade II
(near normal), 8 (40%) were grade III (abnormal), and 5
(25%) were grade IV (severely abnormal). In the implantation group, 6 of the 20 lesions (30%) were grade I, 7 (35%)
were grade II, 4 (20%) were grade III, and 3 (15%) were
grade IV (Figure 2). There was a significant difference in
the ICRS grades between the groups (P = .041 according
to the Fisher exact test). Table 3 shows the IKDC and
Tegner activity scores at second-look arthroscopic surgery
stratified by ICRS grade. The quality of repaired cartilage

Downloaded from ajs.sagepub.com at TEXAS A&M UNIV TEXARKANA on September 4, 2015

6

Kim et al

The American Journal of Sports Medicine

Figure 3. Correlations between the number of applied mesenchymal stem cells (MSCs) and clinical outcomes (International Knee Documentation Committee [IKDC] and Tegner
activity scores) in the study groups.
increased with increasing IKDC and Tegner activity scores
in both groups (P \ .05 in all cases).

DISCUSSION
This is the first matched-pair study comparing the outcomes of an injection versus implantation of MSCs for
the treatment of knee OA. The principal finding of this
study was that a greater improvement of cartilage regeneration was achieved according to the ICRS cartilage repair
grades at second-look arthroscopic surgery and subsequent
improved clinical outcomes in patients with knee OA who
underwent MSC implantation with a fibrin glue scaffold
than in those who received an MSC injection with PRP.
The main pathogenesis of knee OA is associated with biomechanical and biochemical changes in cartilage of the knee
joint. The destructive process in the affected knee joint leads
to an inability to withstand normal mechanical stresses,
limited supply of nutrients and oxygen, inadequate synthesis of extracellular matrix components, increased synthesis
of tissue-destructive proteinases, overall apoptosis of chondrocytes, and synovial inflammation, which restrict cartilage repair.6,29 Therefore, the ideal treatment for OA

should restore the essential biomechanical and biochemical
properties of diseased cartilage to normal levels.12 Although
total joint replacement remains the definitive treatment for
end-stage OA, the limited life span of prostheses may
restrict their use in younger and more active patients. In
this regard, focal cartilage lesions in OA knees (KellgrenLawrence20 grade 1-2) are especially challenging because
of the combination of high functional demands and limited
indications for joint replacement.30 Therefore, there is
a need for new therapeutic approaches, including MSC therapy. MSC therapy has become a promising and fascinating
biological approach to cartilage repair via generating new
cartilage, releasing factors that stimulate cartilage formation by resident chondrocytes or other cells in the joint,
and inhibiting joint inflammation.12 However, the efficient
delivery of MSCs to the site of the cartilage lesion is crucial
for MSC-based therapies to emerge as a viable therapeutic
alternative. In the past decade, several studies have
explored the clinical use of MSCs for the treatment of
OA by delivering these cells to the knee joint via a simple
injection or implantation with or without a scaffold.19,21,23,24,26,42,56 In this regard, a simple injection might
be insufficient for adequate cell engraftment because of limited cell retention and survival at the target site.
Generally, MSCs can modulate and control inflammation, inhibit apoptosis, stimulate endogenous cell proliferation and repair, and improve blood flow in injured or
diseased joints by contributing to endogenous tissue
repair.54 In OA joints, MSCs are also known to stimulate
chondrocytes to proliferate and synthesize the extracellular
matrix for the repair of damaged articular cartilage.2,36,44,57
In the present study, second-look arthroscopic surgery
revealed a significant difference in the ICRS grades between
the injection and implantation groups (P = .041), confirming
our hypothesis that a single simple injection of MSCs is
insufficient for the repair of damaged articular cartilage
through engraftment and production of the cartilage matrix
because of limited cell retention and survival at the target
site. In this regard, studies utilizing cell tracking showed
that the injected MSCs were mostly situated in other parts
of the OA joint, such as the synovium, rather than at the
cartilage lesion site, resulting in only limited cartilage formation via chondrogenic differentiation.3,32,38 Thus, the
appropriate delivery of MSCs to the site of the cartilage
lesion is crucial for durable cartilage repair in the MSCbased treatment of OA. Furthermore, the proper number
of MSCs to be administered for optimal cartilage repair
remains to be established. In this study, better postoperative clinical outcomes significantly correlated with greater
numbers of administered MSCs in the injection group but
not in the implantation group (Figure 3). We therefore
believe that, for a given number of MSCs (a mean of 4.07
3 106 in the injection group and a mean of 3.96 3 106 in
the implantation group), implantation with a scaffold is
more effective than a simple injection for cartilage repair,
and a larger number of MSCs will be required to obtain
a comparable extent of repair by using an MSC injection.
This conclusion is in accordance with previous studies by
Jo et al,19 who performed intra-articular injections of
adipose-derived MSCs for knee OA. Their study included 3
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dose-escalation cohorts: low dose (1.0 3 107 cells), medium
dose (5.0 3 107 cells), and high dose (1.0 3 108 cells), with
3 patients in each. Radiological, arthroscopic, and histological evaluations revealed a decrease in articular cartilage
defects resulting from the regeneration of hyaline-like articular cartilage in the high-dose group. Further studies are
required to determine the optimal number of MSCs for better clinical outcomes of articular cartilage regeneration.
In this study, despite the fact that 65% of the lesions in
the injection group and 35% in the implantation group
were not adequately repaired (ICRS grade III or IV) (Table
3), the majority of the patients demonstrated improved
clinical outcomes. Although we cannot elucidate the exact
reason for the improved clinical results, they may be
attributed to the paracrine effects of MSCs. MSCs are
known to modulate inflammation and provide an environment for tissue regeneration either by the direct secretion
of bioactive materials or by controlling cytokine and
growth factor production from endogenous cells.4,8,45,55
Therefore, we believe that the delivery of MSCs to the joint
can stimulate the normally limited repair process and
ameliorate destructive processes. However, we find it
interesting that, although the clinical outcomes at the
time of second-look arthroscopic surgery were significantly
improved compared with the preoperative values in both
groups, further improvement at the time of final followup was observed only in the implantation group (Table
2). We believe that both the direct differentiation of
MSCs into chondrocytes and the paracrine effects contributed to the improved clinical outcomes at second-look
arthroscopic surgery, whereas the further improvement
observed exclusively in the implantation group might be
a result of a greater durability of repaired cartilage in
this group. Moreover, the more efficient cartilage repair
achieved in the implantation group compared with the
injection group (P = .041) (Table 3) may be a consequence
of better cell survival, proliferation, differentiation, and
matrix synthesis associated with greater initial mechanical integrity provided by resurfacing the lesion with seeding MSCs using a scaffold. This consideration is
supported by previous studies,15,46 according to which
chondrogenic effects were observed when scaffolds were
used in the MSC treatment of OA. In addition, we considered that it was possible that a placebo effect might have
been responsible for part of the improvement as previously
described.37
In the present study, we used PRP in the injection group
to accelerate the chondrogenesis of MSCs.34 The use of
PRP has been recently proposed as a strategy for enhancing cartilage regeneration,1,9,13,28 as it provides a complex
mixture of biological mediators essential to natural repair,
including transforming growth factor–b1, platelet-derived
growth factor, and insulin-like growth factor–1.39,49 However, in spite of using PRP, cartilage regeneration was
inefficient in the injection group compared with the
implantation group. In this regard, Chen et al10 reported
that cartilage fragments from an OA knee promote the
chondrogenesis of MSCs without exogenous growth factor
induction. We therefore suggest that, for the number of
MSCs used in this study, their efficient delivery to the

7

site of the cartilage lesion was more important for adequate cartilage regeneration than the additional injection
of PRP. Therefore, the implantation of MSCs with a scaffold
should be favored over an injection for MSC-based therapies to emerge as viable tissue engineering strategies for
an isolated articular cartilage lesion (Kellgren-Lawrence20
grade 1-2).
The present study has several limitations. First, the
number of patients was relatively small, and the data
were collected retrospectively. However, matching according to sex, age, and lesion size in combination with the
strict inclusion and exclusion criteria resulted in a quite
homogeneous distribution of all the parameters that can
potentially influence postoperative outcomes. Therefore,
given that no similar studies of this size have been published, we believe that these data are valuable for comparing the outcomes of an injection versus implantation of
MSCs in patients with knee OA. Second, the outcomes of
the MSC-based treatments were analyzed on the basis
of clinical and second-look arthroscopic assessments.
Although a histological evaluation after biopsy is the
most reliable method to examine the biomechanical properties of regenerated cartilage, we could not conduct biopsies
solely for research purposes because of ethical issues
related to possible morbidity. In addition, the ICRS grades
at second-look arthroscopic surgery were assessed by the
surgeon. Therefore, to avoid potential bias, assessment of
the ICRS grade by an independent observer who is blinded
to the surgical technique is required for a more objective
evaluation. Third, the reduction of pain is an important
factor in clinical scores used for evaluating clinical outcomes. In a randomized placebo-controlled trial, Moseley
et al37 found that in patients with knee OA, the outcomes
after arthroscopic lavage or arthroscopic debridement
were not better than after a placebo procedure. In addition,
van Buul et al52 reported that intra-articular injections of
MSCs reduced pain but not degenerative changes in an
OA model. Therefore, the role of the placebo effect in
MSC therapy needs to be evaluated in future studies,
and additional subanalyses within the injection group
need to be performed to assess pain. Fourth, the number
of MSCs required for an optimal response still remains
unknown.

CONCLUSION
This study revealed improved clinical outcomes in both the
injection and implantation groups at the time of secondlook arthroscopic surgery, which were significantly correlated with simultaneously obtained ICRS grades. However,
there was a significant difference in the ICRS grades
between the groups (P = .041), and further improvement
of the clinical outcomes from the time of second-look
arthroscopic surgery to final follow-up was observed only
in the implantation group. Furthermore, significant correlations between the number of administered MSCs and
postoperative clinical outcomes were found only in the
injection group. Therefore, within the range of MSC numbers investigated in this study, we recommend the
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implantation of MSCs rather than their injection to obtain
adequate cartilage repair in patients with knee OA.
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