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Arthroscopic Implantation of Adipose-Derived ®
Stromal Vascular Fraction Improves Cartilage
Regeneration and Pain Relief in Patients With Knee
Osteoarthritis

Yong Sang Kim, M.D., Sun Mi Oh, B.S., Dong Suk Suh, M.D., Dae Hyun Tak, M.D.,
Yoo Beom Kwon, M.D., and Yong Gon Koh, M.D.

Purpose: To compare the pain relief and cartilage repair status of patients with knee osteoarthritis who received
arthroscopic treatment with or without stromal vascular fraction (SVF) implantation. Methods: We retrospectively
evaluated the patients who were examined with 12-month follow-up magnetic resonance imaging (MRI) after arthroscopic
treatment for knee osteoarthritis from September 2019 to April 2021. Patients were included in this study if they had grade 3
or 4 knee osteoarthritis according to the Outerbridge classification in MRI. The visual analog scale (VAS) was used for pain
assessment over the follow-up period (baseline and at 1-, 3-, 6-, and 12-month follow-ups). Cartilage repair was evaluated
using follow-up MRIs based on Outerbridge grades and the Magnetic Resonance Observation of Cartilage Repair Tissue
scoring system. Results: Among 97 patients who received arthroscopic treatment, 54 patients received arthroscopic
treatment alone (conventional group) and 43 received arthroscopic treatment along with SVF implantation (SVF group). In
the conventional group, the mean VAS score decreased significantly at 1-month post-treatment compared with baseline
(P < .05), and gradually increased from 3 to 12 months’ post-treatment (all P < .05). In the SVF group, the mean VAS score
decreased until 12 months post-treatment compared with baseline (all P < .05 except P = .780 in 1-month vs 3-month
follow-ups). Significantly greater pain relief was reported in the SVF group than in the conventional group at 6 and 12
months” post-treatment (all P < .05). Overall, Outerbridge grades were significantly greater in the SVF group than in the
conventional group (P < .001). Similarly, mean Magnetic Resonance Observation of Cartilage Repair Tissue scores were
significantly greater (P < .001) in the SVF group (70.5 £+ 11.1) than in the conventional group (39.7 £ 8.2). Con-
clusions: The results regarding pain improvement and cartilage regeneration and the significant correlation between pain
and MRI outcomes at 12-months follow-up indicate that the arthroscopic SVF implantation technique may be useful for
repairing cartilage lesions in knee osteoarthritis. Level of Evidence: Level III, retrospective comparative study.

from various sources have been evaluated extensively
for their ability to restore compromised articular carti-
lage and slow the progression of knee osteoarthritis.””
Since the pathogenesis of osteoarthritis is based on
degeneration and inflammation, the therapeutic prop-

Recently, cell-based therapies have emerged as a
potential therapeutic option for the management
of knee osteoarthritis." Mesenchymal stem cells (MSCs)
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erties of MSCs—including paracrine,”” anti-inflamma-
tory, and immunomodulatory effects’—may help
restore the intra-articular environment.” However,
MSC culturing is expensive and involves a delay of a
few weeks between isolation and application.
Adipose-derived stromal vascular fraction (SVF) cells
have received attention as an alternative stem cell for
the management of knee osteoarthritis at any stage.
Lipoaspirates are easy to obtain using a minimally
invasive procedure with a low complication rate and
minimal donor-site morbidity.”'? Adipose-derived SVE
comprises a heterogeneous cell population containing
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regenerative cells (such as adipose-derived MSCs),
macrophages, pericytes, fibroblasts, blood cells, and
vessel-forming cells (including endothelial and smooth
muscle cells) and their progenitors.'' This cell popula-
tion also includes cells with stem cell elements, which
are thought to have a synergistic effect with adipose-
derived MSCs.'? Adipose-derived SVF cells and MSCs
both result in comparable clinical improvement in
patients with knee osteoarthritis."’

Several authors have reported the use of adipose-
derived SVF cells for the treatment of knee osteoar-
thritis.'”'>'* In these studies, MSCs were administered
to knee joints with osteoarthritis via a simple intra-
articular injection, and favorable clinical outcomes
were obtained. However, no studies have evaluated
cartilage repair after SVF-based treatment. The appro-
priate delivery of SVF to the site of the cartilage lesion is
crucial for durable cartilage repair in the SVF-based
treatment of osteoarthritis. Therefore, we performed
arthroscopic SVF cell implantation for more effective
cartilage repair. We sought to compare the pain relief and
cartilage repair status of patients with knee osteoarthritis
who received arthroscopic treatment with or without
SVF cell implantation. We hypothesized that arthro-
scopic SVF cell implantation would result in greater
cartilage remodeling with better pain improvement than
arthroscopic treatment without SVF cell application.

Methods

Study Design and Participants

This study was reviewed and approved by the insti-
tutional review board of Yonsei Sarang Hospital. The
study is the result of analyzing the parts of participants
among the all subjects who were participated in
“Conditional Approval System of Health Technology”
grant, funded by the Ministry of Health and Welfare.
Informed consent was obtained from all participants
before enrollment in this study. We retrospectively
identified patients who were examined with 12-month
follow-up magnetic resonance imaging (MRI) after
arthroscopic treatment for knee osteoarthritis from
September 2019 to April 2021. Patients were included
in this study if they had grade 3 or 4 knee osteoarthritis
according to the Outerbridge classification'” on MRI at
12 months’ follow-up with symptoms of knee joint pain
and/or functional limitations, despite the nonoperative
treatments. Patients were excluded if they had previous
surgical treatment, knee instability, knee varus or
valgus malalignment, and other pathologic diseases
(including rheumatoid arthritis, hemophilia, and active
knee infections).

Isolation of SVF From Subcutaneous Adipose Tissue
Subcutaneous adipose tissue samples were obtained
through tumescent liposuction from the gluteal regions
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of patients 1 day before SVF cell implantation. We
collected 140 mL of adipose tissue, and this was sus-
pended in phosphate-buffered saline solution, placed in
a sterile box, and transported to the laboratory. A 120-
mL aliquot of the tissue was used for implantation.
Mature adipocytes and connective tissues were sepa-
rated from the SVF by centrifugation (Hanil Scientific
Inc., Gyeonggi-do, South Korea).'® Before implanta-
tion, bacteriologic tests including mycoplasma (iNtRON,
Gyeonggi-do, South Korea), endotoxin (Associates of
Cape Cod, MA), and gram stain kit (BD Biociences,
Franklin Lakes, NJ) were performed to ensure that the
samples were not contaminated, and cell viability was
assessed using the methylene blue dye exclusion test
(NanoEntek, Seoul, South Korea). The remaining 20
mL of adipose tissue was processed similarly and used
for laboratory analysis to examine the plastic-adherent
cells that form colony-forming unit fibroblasts (CFU-Fs)
and to confirm the multilineage differentiation of
adipose-derived stem cells.

Confirmation of MSC Characteristics

When plated at low densities, MSCs adhere to tissue
culture plastic and generate colonies.'”'® The CFU-F
assay was used to confirm the generation of mesen-
chymal progenitors of adipose-derived stem cells. The
cells were cultured in T25 flasks (16 cells/cm?) to
evaluate the frequency of mesenchymal-like pro-
genitors. Colonies of >50-cell aggregates were scored
under an optical microscope to assess their colony-
forming ability. Cells regularly seeded at 50 cells/cm?
were allowed to multiply and their flow cytometric
immunophenotype was examined using fluorescence-
activated cell sorting (FACS). MSC marker phenotyp-
ing was performed using CD14, CD34, CD90, and
CD105 antibodies according to an established proto-
col.'”?" FACS-based analysis of the flow cytometric
immunophenotype requires 2 x 10° cells per CD
marker. Therefore, we obtained 8 x 10° of cells for 4
CD markers through culture expansion. To confirm the
multilineage differentiation of MSCs, adipose-derived
stem cells were plated at 5 x 10> cells/cm? in Dulbec-
co’s modified Eagle’s medium (HyClone, Logan, UT)
supplemented with 10% fetal bovine serum (HyClone),
and allowed to adhere for 24 hours. The culture me-
dium was then replaced with specific inductive media
to determine the adipogenic, osteogenic, and chon-
drogenic differentiation potential.”’ We used CFU-F to
evaluate the capacity of human subcutaneous adipose
tissue to generate mesenchymal progenitors.

Surgical Procedures and SVF Application

The patients were positioned supine on the operating
table under spinal anesthesia, and a thigh tourniquet
was applied. All procedures in both groups were per-
formed by an experienced senior orthopaedic surgeon
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Fig 1. Arthroscopic implantation of stromal vascular fraction (SVF) cells loaded in fibrin glue. (A) An articular cartilage lesion in
the medial femoral condyle. (B) Acute debridement of all unstable and damaged cartilage in the lesion. (C) Application of the
SVF—thrombin—fibrinogen suspension to the lesion. (D) The SVF—thrombin—fibrinogen suspension is manipulated with a probe

to cover the cartilage lesion.

using the same technique. The surgeon performed
arthroscopic debridement of the damaged or under-
mined cartilage to obtain a smooth surface of the
cartilage lesion and firm edges facing the surrounding
cartilage. No marrow-stimulation procedures (such as
microfracture, subchondral drilling, or abrasion
arthroplasty) were performed. The fibrin glue product
from the Greenplast kit (Greencross, Seoul, South
Korea) was used as a scaffold for SVF implantation. The
product was administered in 2 syringes: 1 containing
lyophilized human plasma fibrinogen dissolved in the
aprotinin solution, and 1 containing thrombin dissolved
in calcium chloride solution in sterile packaging. The
fibrin glue product is designed to form a gel instanta-
neously when the 2 solutions in the syringes are mixed.
First, the SVF suspension was loaded into the thrombin
solution at a 1:1 ratio (v/v, SVF suspension:thrombin
solution). Next, the SVF—thrombin suspension was
mixed with the fibrinogen solution at a 1:1 ratio via a
Duploject syringe support system (included in the
Greenplast kit), and the solutions were simultaneously
added to each well on the surface of the cartilage lesion.
This implantation was performed under arthroscopic
guidance after the arthroscopic fluid had been extrac-
ted. The implanted SVF—thrombin—fibrinogen sus-
pension was manipulated with a probe to provide even
coverage to the surface of the cartilage lesion (Fig 1).

Outcome Assessments

All patients were evaluated clinically before surgery
and postoperatively at 1-, 3-, 6-, and 12-month
follow-up visits. The visual analog scale (VAS; range,
0-100) was used for pain assessment over the follow-up
period. Adverse events were recorded for safety eval-
uation. Preoperative and follow-up MRIs was per-
formed using a 3.0 T MRI scanner (Achieva 3.0 T SE;
Philips, Eindhoven, Netherlands) with a dedicated
8-channel knee coil. The following sequences were
used: (1) proton density (PD) spectral presaturation

with inversion recovery (SPIR) transverse images
(repetition time/echo time [TR/TE], 4,000/15 millisec-
onds): field of view (FOV), 150 x 150 mm; matrix,
308 x 249; slice thickness (SL), 3.5 mm (gap, 0.35
mm); (2) proton density SPIR coronal images (TR/TE,
3,500/15 milliseconds): FOV, 150 x 150 mm; matrix,
260 x 240; SL, 3.0 (gap, 0.5 mm); (3) T2 SPIR sagittal
images (TR/TE, 3200/70 milliseconds): FOV, 150 x 150
mm; matrix, 240 x 192; SL, 3.0 mm (gap, 0.3 mm); and
(4) turbo spin echo T1-weighted sagittal images (TR/TE,
600/20 milliseconds): FOV, 150 x 150; matrix, 240 X
240; SL, 3.0 mm (gap, 0.3 mm). To avoid potential bias,
an independent musculoskeletal-trained radiologist not
involved in the care of participants and blinded to the
intention of this study evaluated the MRI scans. During
preoperative MRI, the Outerbridge grade'’ was used to
select patients for inclusion in this study. Follow-up
MRIs were performed at 12 months postoperatively
for all patients, and tissue repair was evaluated ac-
cording to the Magnetic Resonance Observation of
Cartilage Repair Tissue (MOCART) scoring system as
described by Marlovits et al.>* (Table 1).

Statistical Analysis

The principal dependent variables were the VAS score
at final follow-up and the postoperative MOCART
score. Descriptive statistics were calculated as mean +
standard deviation (continuous variables) or fre-
quencies and proportions (categorical variables). The
Wilcoxon signed-rank test was used to compare pre-
and postoperative values over the follow-up period,
and the Mann—Whitney U test was used for inter-
group comparisons. The Fisher exact test was used to
compare categorical data. The Spearman rank-order
correlation test was used to analyze correlations be-
tween MOCART and VAS scores at final follow-up.
Statistical analyses were performed using SPSS,
version 13.0 (SPSS Inc., Chicago, IL), and statistical
significance was indicated at P < .05.
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Table 1. MOCART Scores at Follow-up MRIs
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Conventional (n = 54) SVFE (n = 43)
Variables Score n Mean n Mean P Value
1. Degree of defect repair and filling of the defect 6.0 £3.7 17.9 £ 3.1 <.001
Complete 20 0 27
Hypertrophy 15 3 15
Incomplete
>50% of the adjacent cartilage 10 12 0
<50% of the adjacent cartilage 5 32 1
Subchondral bone exposed 0 7 0
2. Integration to border zone 1.9 £ 25 7.7 £ 2.7 <.001
Complete 15 0 1
Incomplete
Demarcating border visible 10 0 21
Defect visible
<50% of the length of the repair tissue 5 21 21
>50% of the length of the repair tissue 33
3. Surface of the repair tissue 34 +4.2 2.6 £ 3.2 463
Surface intact 10 13 3
Surface damaged
<50% of repair tissue depth or total degeneration 5 11 26
>50% of repair tissue depth or total degeneration 0 30 24
4. Structure of the repair tissue 47 £ 1.2 4.9 £ 0.7 429
Homogenous 5 51 42
Inhomogeneous or cleft formation 3 1
5. Signal intensity of the repair tissue 94+73 21.6 £ 7.5 <.001
Normal (identical to adjacent cartilage) 30 0 19
Nearly normal (slight areas of signal alteration) 15 34 24
Abnormal (large areas of signal alteration) 0 20 0
6. Subchondral lamina 48 +£1.0 49 £0.8 .698
Intact 5 52 42
Not intact 0 2 1
7. Subchondral bone 48 £ 1.0 48 £ 1.1 .817
Intact 5 52 41
Not intact 0 2 2
8. Adhesions 32+24 3.5+23 .608
No 5 35 30
Yes 0 19 13
9. Effusion 1.5£23 19+24 433
No 5 16 26
Yes 0 38 27
Total 100 39.7 £ 8.2 70.5 £ 11.1 <.001

NOTE. Values are expressed as mean =+ standard deviation unless otherwise indicated.
MOCART, magnetic resonance observation of cartilage repair tissue; MRI, magnetic resonance imaging; SVF, stromal vascular fraction.

Results

Study Subjects and General Characteristics

A total of 198 patients with grade 3 or 4 knee oste-
oarthritis according to the Outerbridge classification'’
underwent the arthroscopic procedure. Among these,
54 were excluded and 144 were enrolled in this study.
Of the 144 patients, 82 received only the arthroscopic
procedure (conventional group), and 62 underwent the
arthroscopic procedure with SVF application (SVF
group). All patients were advised to undergo follow-up
MRY], and its purpose (to evaluate the cartilage lesion
and the other pathologic conditions) was explained
before surgery. Of the 82 patients in the conventional
group, 17 patients dropped out and 9 were lost to

follow-up. Of the 62 patients in the SVF group, 14
patients dropped out and 5 were lost to follow-up.
Therefore, 54 patients (conventional group) and 43
patients (SVF group) were finally enrolled in this study
(Fig 2). The baseline demographics of the patients are
summarized in Table 2. There were no significant dif-
ferences inter-group with respect to age, sex, body mass
index, side of involvement, preoperative Outerbridge
grade, or lesion size. Lesion size was measured on
preoperative MRIs by an independent observer. No
clinically significant adverse events were noted during
the 12-month follow-up. Although 2 patients in the
SVF group reported mild stifftness with swelling of the
knee joints, the condition resolved without
intervention.
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Assessed for eligibility (n = 198)

Inclusion criteria not met (n = 36)
Declined participation (n = 18)

v

Enroliment (n = 144)

Divided the patients according to the use of SVF treatment

Fig 2. Patient enrollment in this
study. (SVF, stromal vascular
fraction.)

v

v
Excluded from the study
* Drop out (n = 17)

« Follow-up loss (n = 9)

Conventional group analyzed (n = 54)

Isolation and Characterization of Cells

Adipose-derived stem cells comprised 9.5% (range
8.6%-11.2%) of the SVF cells. The SVF cells contained
an average of 7.0 x 10° stem cells (range 6.4-8.1 x 10°
cells), and an average of 7.4 x 107 SVF cells were used
for implantation. FACS analysis indicated positive ex-
pressions of CD90 (99.35%) and CD105 (94.23%) and
negative expressions of CD34 (5.37%) and CD14
(2.74%). The treated stem cells exhibited adipogenic,
osteogenic, and chondrogenic differentiation potential,
as revealed by staining assays.

Pain Scores

The mean VAS scores at baseline and at 1-, 3-, 6-, and
12-month follow-ups are summarized in Table 3.
Compared with the baseline, the mean VAS score in the
SVF group decreased progressively until the 12-month
follow-up (all P < .05 except P = .780 in 1-month vs
3-month follow-up; Fig 3). In contrast, the mean VAS

Patients who underwent arthroscopic
procedure without SVF treatment (n = 82)

v

Patients who underwent arthroscopic
procedure with SVF treatment (n = 62)

v

Excluded from the study
* Drop out (n = 14)
* Follow-up loss (n = 5)

SVF group analyzed (n = 43)

score in the conventional group decreased at 1-month
post-treatment compared with the baseline (P < .05),
and gradually increased from 3-month to 12-month
post-treatment (all P < .05) (Fig 3). Significantly
greater pain relief was reported in the SVF group than
in the conventional group at 6- and 12-month follow-
ups (47.3 + 5.9 vs 40.2 £+ 8.8 at 6 months and 50.8 +
6.3 vs 359 = 7.1 at 12 months, P < .05 for both;
Table 3). Although pain relief was more pronounced in
the conventional group during early follow-ups, the
SVF group eventually exhibited superior pain relief at
the 12-month follow-up.

MRI Outcomes

The Outerbridge grades before surgery and at final
follow-up are summarized in Table 4. Overall, Out-
erbridge grades improved in the SVF group, and sig-
nificant intergroup differences were found in follow-
up MRIs (P < .001). At the 12-month follow-up,

Table 2. Comparison of Baseline Demographics Between the Study Groups

Conventional (n = 54) SVF (n = 43) P Value

Age, v 63.4 + 5.6 63.4 + 4.1 .584
Sex, male/female, n 23/31 14/29 315
Body mass index 264 £ 2.7 26.0 £ 2.8 410
Side of involvement, right/left, n 26/28 21/22 .946
Outerbridge grade, n (%) 946

3 26 (48.1) 21 (48.8)

4 28 (51.9) 22 (51.2)
Lesion size, cm® 55+ 1.2 56+ 1.3 722

SVF, stromal vascular fraction.
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Fig 3. Changes in visual analog scale (VAS) values. Signifi-
cantly different from *baseline, {1-month follow-up, 13-
month follow-up, and §6-month follow-up. (SVF, stromal
vascular fraction.)

cartilage regeneration was observed in some patients
in the SVF group (Fig 4). The mean MOCART scores
(conventional group: 39.7 + 8.2; SVF group:
70.5 + 11.1; Table 1) were significantly different be-
tween groups (P < .001). Variables such as degree of
defect repair and filling of the defect, integration to
the border zone, and signal intensity of the repair
tissue were significantly different between groups (all
P < .001; Table 1).

Correlation Between Pain Scores and MRI
Outcomes

There were no significant correlations between pain
scores and MOCART scores in the conventional group
during the follow-up period (Table 5). Significant cor-
relations between the pain scores and MOCART scores
were not observed in the SVF group until at the 6-
month follow-up. There was significant correlation
between pain scores and MOCART scores at the 12-
month follow-ups in the SVF group (P = .002; Table 5).

Table 3. Comparison of Preoperative and Postoperative Pain,
as Assessed Using the Visual Analog Scale (VAS)

Conventional (n = 54) SVF (n =43) P Value

VAS
Baseline 78.2 £ 6.0 79.1 £ 6.9 532
1 month 41.2 £ 6.0 435 + 8.6 197
3 months 44.0 £ 7.1 433 £9.3 583
6 months 473 £ 5.9 40.2 + 8.8 <.001
12 months 50.8 £ 6.3 359+ 7.1 <.001

NOTE. Values are expressed as mean =+ standard deviation.

Y. S. KIM ET AL.

Discussion

The principal finding of this study is that pain
improvement and MRI outcomes were more favorable
in the SVF group than in the conventional group at 12-
months follow-up. The mean VAS scores decreased to a
similar extent in both groups until 1 month after sur-
gery, but increased significantly from 3 to 12 months
postsurgery in the conventional group. In contrast,
mean VAS scores in the SVF group decreased gradually
until 12 months post-treatment (Fig 3). Pain relief was
significantly greater in the SVF group than in the con-
ventional group at 6 and 12 months post-treatment (all
P < .05; Table 3). In addition, the Outerbridge grades
and MOCART scores indicated more favourable carti-
lage repair in the SVF group.

As osteoarthritis progresses, cartilage fibrillates release
debris into the joint, which induces synovitis (triggered
by the phagocytosis of detritus in the synovial fluid) and
causes pain.”” The removal of debris (such as articular
cartilage fragments and crystals), synovitis, and any
surface irregularities can improve pain in patients with
knee osteoarthritis. Arthroscopic debridement is
thought to offer symptomatic relief by reducing the
inflammatory response mounted against the debris that
accumulates in the synovial cavity.”*?> Edelson et al.*®
reported that arthroscopic debridement reduced pain
and other symptoms in patients with advanced knee
osteoarthritis at mid- to long-term follow-ups. How-
ever, Moseley et al.”” found that in patients with knee
osteoarthritis, outcomes after arthroscopic lavage or
arthroscopic debridement were not better than those
after a placebo procedure. In addition, most other
studies have indicated that the benefits of this treat-
ment are evident only in the short term,”**”**?” which
is consistent with our results. In the conventional
group, the mean VAS score decreased significantly at
1-month post-treatment compared with the baseline
(P < .05), but gradually increased from 3 months to 12
months post-treatment (all P < .05; Fig 3). Notably, the
mean VAS score at 12 months post-treatment was still
significantly better than the baseline value (P < .05),
although long-term results need to be further analyzed.

The SVF represents is a cell population that can be
retrieved with the enzymatic dissociation filtration and
centrifugation of adipose tissue.'® The SVF is a prom-
ising candidate for the regenerative treatment of oste-
oarthritis because it contains a significant proportion of
cells involved in immunoregulation.’””" It also contains
a variety of regenerative cells that may act synergisti-
cally with adipose-derived MSCs.’*”” In addition,
macrophages (which constitute 20% of SVF cells) are
known to be involved in anti-inflammatory activities.**
As mentioned previously, the mean VAS score in the
SVF group gradually decreased until 12 months post-
treatment (Fig 3). Unlike in the conventional group,
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Table 4. Outerbridge Grades of Both Study Groups, as Assessed Using Preoperative and Follow-up MRIs

Preoperative Follow-up
Conventional (n = 54) SVFE (n = 43) P Value Conventional (n = 54) SVFE (n = 43) P Value
Outerbridge grade, n (%) 946 <.001
1 0 0 0 2 (4.7)
2 0 0 0 21 (48.8)
3 26 (48.1) 21 (48.8) 21 (38. 15 (34.9)
4 28 (51.9) 22 (51.2) 33 (61.1 5 (11.6)

MRI, magnetic resonance imaging; SVF, stromal vascular fraction.

patients in the SVF group reported a steady improve-
ment in pain. We speculate that the pain improvement
up to 3 months postsurgery was mainly due to the
paracrine and anti-inflammatory effects of SVF cells
(including MSCs). Although there was no significant
improvement in pain at 3 months post-treatment
compared with 1-month post-treatment, significant
pain improvement was reported from 6 to 12 months
post-treatment. These results may be related to the ef-
fects of cartilage regeneration. MSCs stimulate chon-
drocyte proliferation and promote the synthesis of the
extracellular matrix in osteoarthritic joints, which helps
repair the damaged articular cartilage.”*>”® Apart from
MSCs, the SVF contains additional cell types that may
contribute to cartilage regeneration via tissue-specific
differentiation and by secreting the extracellular ma-
trix or various immune-modulating factors.””’® These
characteristics confer SVF cells the potential to differ-
entiate into adipogenic, osteogenic, chondrogenic, and
other mesenchymal lineages.”’” In these regards, several
authors have reported favorable cartilage regeneration
after SVF therapy in patients with knee osteoar-
thritis.””** Considering with these results, we suggest
that the short-term pain improvements were mainly
due to the paracrine and anti-inflammatory effects of
SVEF cells, rather than cartilage regeneration itself. This
is because cartilage regeneration would likely require a
longer time to occur after SVF therapy, although the

time required is difficult to estimate. Estimating the
degree of cartilage regeneration requires second-look
arthroscopy or follow-up MRIs to be performed peri-
odically, which is difficult in practice.

Because of its noninvasive nature, reproducibility,
and accuracy, MRI has been used as an effective and
objective tool to evaluate the healing of cartilage lesions
after surgical treatment.””**** Simunec et al.** re-
ported that cartilage regeneration was visible in a
16-month follow-up MRI after SVF treatment in a pa-
tient with knee osteoarthritis. Tran et al.*” allocated 33
patients with knee osteoarthritis into 2 groups; one
group received arthroscopic microfracture treatment
only, and the other received arthroscopic microfracture
treatment combined with SVF injection. The authors
evaluated the cartilage status based on Outerbridge
scores'” in follow-up MRIs 12 and 24 months after
surgery. They reported that the Outerbridge score
increased slightly after 12 months (2.7 £+ 1.3 vs 2.9 +
1.3), and that this trend was maintained for up to 24
months (3.2 + 1.1) in the patient group treated with
arthroscopic microfracture only. In contrast, in the pa-
tient group treated with arthroscopic microfracture
treatment combined with SVF injection, the Outer-
bridge scores at 12 (2.7 £ 0.7) and 24 (2.0 =+ 0.7)
months after surgery were lower than the preoperative
scores (3.0 £ 0.8). In addition, there was a significant
intergroup difference in Outerbridge scores at 24

Fig 4. Preoperative (A and B) and follow-up (C and D) coronal and sagittal proton density fat-saturated images of the right knee
of a 64-year-old female patient. (A and B) Cartilage loss is visible in the medial femoral condyle (arrows). (C and D) Complete
filling of the defect along with complete integration with the adjacent native cartilage (arrows; MOCART score, 75 points).
(MOCART, magnetic resonance observation of cartilage repair tissue.)
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Table 5. Correlation Between Pain Scores and MRI Outcomes

MOCART
Conventional (n = 54) SVFE (n = 43)
S rho P value S rho P value
VAS

Baseline 0.041 767 —0.148 344
1 mo —0.088 525 —0.203 191
3 mo —0.128 358 —0.228 142
6 Mo —0.110 429 —0.201 .196
12 mo —0.058 674 —0.463 .002

NOTE. Calculated using the Spearman rank-order test.

MRI, magnetic resonance imaging; MOCART, magnetic resonance
observation of cartilage repair tissue; SVF, stromal vascular fraction;
VAS, visual analog scale.

months after surgery (3.2 & 1.1 vs 2.0 £ 0.7; P < .05),
indicating better cartilage regeneration in the patient
group treated with arthroscopic microfracture treat-
ment combined with SVF injection. Hong et al.*’
injected autologous adipose-derived SVF and hyal-
uronic acid in patients with knee osteoarthritis after
arthroscopic debridement and performed 6- and
12-month follow-up MRIs to evaluate cartilage regen-
eration. In the patient group that received SVF treat-
ment, the mean MOCART scores were 54.06 £ 11.58
and 62.81 £+ 8.16 at 6- and 12-month follow-ups,
respectively, indicating significant improvement
(P < .01). However, in the patient group that received
only hyaluronic acid treatment, mean MOCART scores
were poor at 6 months (19.38 £+ 9.64) and at 12 months
(19.06 £ 7.79), showing no improvement between
follow-up visits (P = .924).

Similar MRI outcomes were observed in the present
study following SVF treatment in knee osteoarthritis.
The overall Outerbridge grades improved in the SVF
groups, and we found significant inter-group differences
in Outerbridge grades at follow-up MRIs (P < .001;
Table 4). In addition, the mean MOCART scores were
significantly higher in the SVF group (70.5 &+ 11.1) than
in the conventional group (39.7 £+ 8.2; P < .001). The
mean MOCART scores at the 12-month follow-up in
this study (70.5 £ 11.1) were greater than those re-
ported in a previous study by Hong et al.*’
(62.81 + 8.16). However, the preoperative status of
cartilage lesions should be considered when interpreting
these differences. We speculate that this outcome was
due to differences in the method of SVF application.
Due to limited cell retention and survival at the target
site, a simple injection of SVF cells is insufficient to
repair damaged articular cartilage. Studies using cell
tracking have shown that injected MSCs were mostly
situated in other parts of the osteoarthritic joint (such as
the synovium) rather than at the cartilage lesion site,
resulting in only limited cartilage formation via chon-
drogenic differentiation.””*® We suggest that the SVF

Y. S. KIM ET AL.

implantation technique used in this study is more
effective and efficient than a simple SVF injection in
delivering SVF cells to the site of cartilage lesion. This is
also supported by the significant differences in variables
of the MOCART score related to cartilage repair status,
such as degree of defect repair and filling of the defect,
integration to the border zone, and signal intensity of
the repair tissue (all P < .001; Table 1).

Our data revealed interesting correlations between
pain scores and MRI outcomes. In the SVF group, there
was significant correlation between pain scores and
MOCART scores only at 12 months after surgery
(P < .001; Table 5). Although we cannot estimate the
exact time required for cartilage regeneration, we
anticipate that regeneration is required for at least 12
months after SVF treatment before it results in pain
improvement.

Limitations

The present study has several limitations. First, the
number of patients was relatively small, and the follow-
up period was relatively short. A randomized compar-
ison of arthroscopic procedures with or without SVF
implantation with a larger sample size and longer
follow-up period would certainly improve statistical
support and allow for a more accurate evaluation of the
effects of SVF in knee osteoarthritis. Second, in this
study, we evaluated the pain score without any objec-
tive or subjective knee function outcomes. The evalu-
ation of knee function outcomes is required for more
precise evaluation of SVF treatment outcomes. Third,
although follow-up MRIs were performed at several
time points postoperatively, it is unknown how the
repaired cartilage will behave over time, and the exact
time period required for cartilage regeneration cannot
be predicted. Fourth, it is important to examine the
mechanical properties and biological functions of native
cartilage and compare the properties of current cell
localization approaches with those of native cartilage.
Therefore, studies that use power analysis and consider
histologic findings in combination with clinical and MRI
outcomes are necessary to fully elucidate the effects of
SVF treatment. Finally, the number of SVF implanta-
tions required to achieve the optimal outcome remains
unknown.

Conclusions
The results regarding pain improvement and cartilage
regeneration and the significant correlation between
pain and MRI outcomes at 12-months follow-up indi-
cate that the arthroscopic SVF implantation technique
may be useful for repairing cartilage lesions in knee
osteoarthritis.
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