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Abstract

fraction SVF in collagenase induced knee OA in rats.

respectively.

Background Osteoarthritis OA is a common progressive disabling disease. Current research aims at finding therapies
to prevent its progression. In this work, we assessed the therapeutic role of intra-articular injection of stromal vascular

Results Post right Knee OA induction in 42 Wistar rats, histopathological examination and quantification of articular
cartilage degeneration using Mankin's score revealed degenerative changes were significantly higher in untreated
Group Il compared to SVF treated Group lll at T month (10.75+0.50 and 2.50+0.53, P=0.001) and 2 months
(8.50+0.58,0.50+0.53, P=0.001), respectively. Morphometric computerized image analysis revealed a significant
difference between treated, untreated and healthy control group | regarding chondrocyte cellular count, articular
cartilage thickness and optical density OD of the cartilage (P<0.001). Group Il contained the least chondrocyte cel-
lular count. Also, articular cartilage thickness at 2 months was significantly less in Group Il compared to SVF treated
group (P<0.001). The OD in Safranin-stained slides, as an indicator of proteoglycan content of the matrix, was high-
est in Group | followed by Group Ill and lowest in Group Il with a highly significant difference between untreated

and treated groups at 1 month (67.32+4.25,81.77+3.09, P=0.000) and 2 months (71.60+3.49, 83.26 +5.47, P=0.000),

Conclusion Treatment with adipose-derived SVF decreased the development of articular cartilage degenerative
changes at early stages of induced OA in rats. Later, on follow-up, the preserved articular cartilage thickness, cellular
count and increased proteoglycan content rendered SVF a promising regenerative therapy for Knee OA.
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Background

Knee Osteoarthritis (OA) represents a global burden,
yet most of the available treatments are only sympto-
matic [1]. Stem cell-based therapeutics are promising
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regenerative modalities for Knee OA [2, 3]. During
in vitro chondrogenic differentiation of mesenchymal
stem cells (MSCs), normal components of articular car-
tilage like glycosaminoglycans and collagen type II are
produced [4]. Different sources of MSCs have been
examined for their regenerative capability on articular
cartilage and delaying Knee OA progression [5, 6]. Those
generated from the bone marrow have been linked with
improvements in pain, function, and restoration of nor-
mal articular cartilage morphology [7, 8]. However adi-
pose derived tissue, whether stromal vascular fraction
(SVF) or adipose-derived stem cells (ADSCs), has from
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100 up to 500 times more stem cells than the bone mar-
row [9]. Moreover, lipoaspirates are easier to obtain with
decreased incidence of complications and morbidity [10].

The SVF is an aqueous fraction obtained from the enzy-
matic digestion of lipoaspirate. It contains ADSCs, and
a combinations of endothelial progenitor cells (EPCs),
endothelial cells (ECs), macrophages, smooth muscle
cells, lymphocytes, pericytes and pre-adipocytes among
others [9]. It has shown beneficial results in regenera-
tive and reconstructive medicine [10, 11]. Although SVF
shares the same properties as ADSCs, it doesn’t need to
be cultured and can be isolated and freshly used in the
same setting [12].

Studies have shown the feasibility and safety of ADSCs
as an ideal option for Knee OA treatment [12, 13]. Yet,
the efficacy of using fresh SVF without expansion for OA
treatment is still under research. In this work we studied
the value of SVF treatment in experimentally induced
Knee OA in rats.

Materials and methods

All animal handling procedures and sacrifices in this
experimental study were approved by the Local Ethi-
cal Committee and have therefore been performed in
accordance with the ethical standards laid down in the
1964 Declaration of Helsinki and its later amendments.

Study procedure

This experimental study included 48 Wistar Albino rats;
42 female rats aged 8 to 10 weeks and weighing 150 to
200 g for OA induction. Adipose tissue, obtained from
inguinal pad of fat of 6 male rats, aged 6 to7 weeks and
weighing almost 100 g each, was processed to produce
SVE.

All rats were acclimatized for 1 week. Not more than 3
rats were kept in each cage. They were given free access
to food and water, a standard diet, and kept under con-
trolled temperature (22-24 °C). They were exposed to
12 h day/ night light cycle, not exposed to unnecessary
pain and only when necessary were sacrificed by over-
dose of anesthesia, the remnants disposed of by the
incinerator.

Induction of OA

Right Knee OA was induced in all 42 adult female rats
after they were anesthetized by injecting Ketamine
60 mg/kg intraperitoneal. Intra-articular injection of 50ul
of type II collagenase (Sigma, USA) solution at a concen-
tration of 0.4 mg/l dissolved in saline using 26 G insulin
syringe was inserted through the patellar ligament into
the joint space. One injection was received on day 0 and
day 7 [14].

Female rats were then grouped into:
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Group [: Healthy controls: Normal healthy left knees
were injected with saline. 10 samples were selected
randomly from rats from the other 2 groups.

Group II: Untreated Induced OA: 22 rats with
induced right Knee OA and not treated, act as OA
control group. Two rats were sacrificed for proof of
OA after 2 weeks of induction.

Group III: Treated SVF Group: 20 rats with induced
right Knee OA treated with SVF (100ul intra-articu-
lar after proof of OA induction at week 2)

Rats from untreated and treated groups were evenly
divided and 10 rats from each group were sacrificed
for assessment at 1 and 2 months post OA induction
respectively.

SVF preparation

After anesthetizing the six male rats, the inguinal pad of
fat was dissected under complete aseptic conditions and
placed in a falcon tube containing phosphate buffer saline
(PBS) with 2% penicillin/streptomycin. The specimens
were washed extensively with PBS and large blood vessels
in the tissue were excised. After wash, tissue was cut into
small fragments, digested with 0.1% collagenase type I
(Sigma, USA) for 45-60 min and incubated at 37 °C with
intermittent shaking every 10 min. Collagenase activity
was blocked by 10 ml of fetal bovine serum (FBS). Sus-
pension was then filtered by 100 um nylon mesh and cen-
trifuged at 1800 rpm for 10 min at 25 °C. After digestion,
cells were suspended in PBS. Each 3 gm of fat yielded 10°
cells/ ml counted manually. SVF was prepared in a way
that is not immunogenic to the recipient rats [15].

Flow cytometric characterization of isolated SVF:

The CDA45-FITC, CD44-FITC and CD34-FITC were
used to stain the SVF cells. The cells were suspended
in PBS and the count adjusted to 10° /ml. The Navios
software (Beckman Coulter) was used to analyze flow
cytometry data [15]. In this work flow cytometric analy-
sis and characterization of SVF cells revealed SVF stem
cells stained with hematopoietic markers (CD34 and
CD45) were negative and were positive for MSC markers
(CD44).

Detection of Y-chromosome in female rats using
quantitative PCR (qPCR)

After one month, 1 rat was sacrificed from untreated
group II and another from the treatment group III for
detection of Y chromosome in the female articular car-
tilage using PCR. After bone tissue was homogenized
and suspended in PBS, DNA was extracted and Gene
expression analyzed. Quantification of sex-determin-
ing region of the Y chromosome (SRY) was amplified
from extracted DNA using a specific sequence primer
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and the QuantiTect SYBR Green PCR Kit (Qiagen, Ger-
many) [16].

Histopathological and morphometric analysis
Whole knee joints were fixed in 10% buffered forma-
lin and decalcified in ethylenediaminetetraacetic acid
(EDTA). Samples were embedded by immersing in
fresh molten paraffin. Sections were cut by microtome
with 5 pum thickness mounted on glass slides. Slides
were stained with Hematoxylin and Eosin. Proteogly-
can content was examined by Safranin-O / Fast green
staining. Twenty-five to thirty images per sample were
taken by an Olympus B X61 microscope (Olympus).
Degenerative changes of the articular cartilage were
assessed and calculated:

Semi — quantitatively; using the slightly modified
Mankin’s histological score [17] where histological
evidence of cartilage degeneration was evaluated by
the structural changes of articular cartilage (0, nor-
mal; 1, surface irregularities; 2, surface irregularities
and pannus; 3, clefts to transitional zones; 4, clefts to
calcified zones; and 5, complete disorganization) and
the cell status (0, normal; 1, diffuse hypercellularity;
2, cloning; and 3, hypocellularity), matrix staining(0,
normal; 1, mild reduction; 2, moderate reduction;
3, severe reduction; 4, no staining), tide mark integ-
rity (0, intact; 1, destroyed). Total score ranged from
0-13, where 0 was normal and the higher the score,
the more severe the degeneration [18].
Quantitatively; using computerized image analysis
where chondrocyte count, articular cartilage thick-
ness and optic density of matrix were assessed.
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Statistical analysis

Data were analyzed using the Statistical Package for
Social Science (IBM SPSS) version 23. The quantitative
data were presented as mean, standard deviations. Com-
parison between more than two independent groups with
quantitative data and parametric distribution was done
using One Way ANOVA test, followed by post hoc analy-
sis using LSD test. For non-parametric data distribution,
it was done using Kruskall Wallis test followed by post
hoc analysis using Mann—Whitney test. The confidence
interval was set to 95% and the margin of error accepted
was set to 5%. The P-value>0.05 was non-significant
(NS), P-value <0.05: significant (S), P-value <0.01: highly
significant (HS).

Results

Expression of SYR gene in tested samples by real time PCR
(qPCR)

High expression of SYR gene was observed in the treated
female rat sample, while the untreated sample showed
negative expression of SYR gene.

Histopathological findings of the examined knee joint
specimens in the three groups revealed

Light microscopy results

The healthy group’s articular cartilage surface in group I
was smooth. The chondrocytes were grouped into four
typical zones: the superficial zone, which had chondro-
cytes arranged with their longitudinal axis parallel to
the articular surface; the middle zone, which had chon-
drocytes scattered and round-shaped; the deep cartilage
zone which had cells grouped into parallel columns per-
pendicular to the articular surface; and the calcified zone.
A transverse tidemark line separated the deep zone from
the calcified zone (Fig. 1A). The articular surface had
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Fig. 1 AThe histopathological examination of healthy control demonstrated that the surface of the articular cartilage was regular and smooth

(A). The chondrocytes are arranged into 4 zones: Superficial zone (S2); intermediate zone (12); deep zone (DZ); and calcified cartilage zone (C2).

A transverse tidemark (dashed line) can be noticed. B Section of Knee joint showing early degenerative changes in cartilage 2 weeks after induction
of arthritis. The surface of the articular cartilage shows fibrillations, irregularity (1) and areas with shed off apoptotic chondrocytes (arrowhead). The

cartilage matrix is pale stained (¥). (H&E x400)
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early degenerative alterations two weeks after OA induc-
tion. These changes included rough surface with erosions
and fibrillation, chondrocyte clusters formed, and apop-
totic chondrocyte shedding (Fig. 1B).

In the untreated Group II, one month after induction,
marked irregularities of the articular surface with com-
plete loss of chondrocytes organization and marked
degeneration was observed (Fig. 2A). After 2 months,
Group II articular cartilage still showed microscopic
signs of OA with surface irregularities, cellular disor-
ganization, and reduced knee hyaline cartilage thickness
(Fig. 2C).

At one month, Group III displayed partial articular
cartilage regeneration. The cartilage matrix was intact,
and the articular surface appeared regular. Although
chondrocytes were not highly structured, they nonethe-
less looked viable (Fig. 2B). However, after two months,
Group III displayed articular cartilage histological struc-
tural regeneration that was on par with the healthy
group. Smooth and normal articular cartilage was pre-
sent. The cartilage matrix remained intact, and viable
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chondrocytes filled in the lacunar spaces, forming the
ordinary four layers (Fig. 2D).

The synovial membrane of Group I showed a flat inti-
mal lining made up of one to two layers of synovial cells.
A few numbers of dispersed blood vessels and adipose
cells made up the subintimal connective tissue. The inti-
mal lining thickened and the subintimal connective tissue
had a significant inflammatory cellular infiltration with
dilated and congested blood vessels two weeks after OA
induction (Fig. 3a). Group II exhibited a noticeable thick-
ening of the intimal lining and a subintimal connective
tissue composed of thick collagen bundles that had been
invaded by inflammatory cells after one month. Group
III showed a comparatively thin intima lining, a few
dispersed inflammatory cells in the subintimal stroma,
and a noticeable decline in collagen fiber bundles. At
two months, Group II displayed thin intimal lining, but
thicker collagen bundles with dispersed inflammatory
cells and dilated blood vessels were still visible in the
subintimal connective tissue. Group III showed a com-
paratively thin intimal lining, few inflammatory cells,

Fig. 2 Sagittal Section in rat knee stained with H&E showing comparison between induced arthritis untreated group Il and treated group ll.

A Group Il at 1 month showing surface erosions (double headed arrows), loss of chondrocytes'arrangement into usual 4 zones, many lacunae
appear having degenerated chondrocyte with small darkly stained nuclei (&) or without nuclei (curved arrows), areas of chondrocytes'loss

(¥). Clusters of chondrocytes can be noticed near the articular surface (1). The tidemark is ill-defined. B Group Il at 1 month showing smooth

and regular articular surface, viable chondrocytes fill all the lacunae (A) but organized irregularly. Many isogenous clusters can be noticed

(1). Bvident tidemark (11) can be seen. € Group Il at 2 months still showed microscopic signs of osteoarthritis with surface irregularities

and chondrocytes appear degenerated with shrunken cytoplasm and pyknotic eccentric nuclei (curved arrows). Duplication of the tidemark line (1),
superficial fibrillation (head arrows), and subchondral cysts (*) are clearly seen. D Group Ill at 2 months showing cartilage regeneration is observed
with smooth articular surface. Chondrocytes are rearranged in the four usual zones (S2), (12), (DZ), and (CZ) with tidemark (arrows). (H&E, X400)
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Fig. 3 a A. Healthy group showing synovial membrane is covered by two layers of thin flat intimal cells (1). The subintimal connective tissue
consists of fat cells (&) with few blood capillaries (*). B. Group Il 2 weeks after osteoarthritis induction showing thickened synovial membrane
with stratified cell layers (1), and subintimal connective tissue infiltrated extensively by inflammatory cells (&) with many dilated congested blood
vessels (¥). (H&E, X400). b A. Group Il at 1 month showing thickened synovial membrane with stratified layers of intimal lining (1), and subintimal
connective tissue with thick collagen bundles (1), inflammatory cells infiltrate (A) and dilated congested blood capillaries (). B. Group Il
at 1 month showing synovial membrane with relatively thin intima consists of 2 layers of flat cells (1). Notice the subintimal connective tissue
is formed of irregularly arranged thick collagen bundles (1) and scattered few inflammatory cells (A). C. Group Il at 2 months showing synovial
membrane with moderately thin intima (1), but the subintimal connective tissue still contains thick collagen bundles (11), mononuclear cellular
infiltrate (A) with dilated blood capillaries (*). D. Group |l at 2 months showing synovial membrane with thin intima (1). The subintimal connective
tissue is formed of irregularly arranged thin collagen bundles (1) and scattered few mononuclear cells (A) with thin-walled blood capillaries (¥).
(H&E, X400)

thin collagen fibers, and a few dispersed blood vessels  (Fig. 4A). When compared to Group I, Group II's super-
(Fig. 3b). ficial and deep cartilage layers showed a noticeably faint

The uniform orange color of the articular cartilage staining intensity of Safranin O stain after one month
matrix was observed upon examination of Safranin  (Fig. 4B). Group III's staining intensity of the cartilage
O-stained sections from the healthy group (Group I) matrix seemed to have increased, particularly in the
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Fig. 4 Photomicrograph of section in adult female rat knee joint stained with Safranin O stain. A Healthy group showing regular and smooth
articular cartilage (1) with homogenous intense orange staining of the matrix of the articular cartilage (*) with apparent tidemark line (1)
separating the (DZ) from the (CZ). B Group Il at 1 month showing irregular surface and erosion of articular cartilage (1) with marked decrease
in orange staining of the matrix of the cartilage (¥). Notice duplication of tidemark (1). C Group Il at 1 month exhibits relative increased
intensity staining of Safranin O stain of the cartilage matrix particularly in the deep zone (*). D Group Il at 2 months still show faint staining
intensity of cartilage matrix (¥). Notice duplication of tidemark (11). E Group lll at 2 months revealed increase in intensity of the Safranin O
stain of the cartilage matrix both in the superficial and deep zones (*). Notice apparent tidemark line (11) separating the deep cartilage zone

from the calcified zone (CZ). (Safranin O stain, X 400)

deep zone after one month (Fig. 4C). After two months,
Group II continued to show slight staining intensity of
the cartilage’s matrix and apparent tidemark duplication
(Fig. 4D). However, group III showed that the cartilage
matrix’s Safranin O stain intensity had increased in both
the superficial and deep zones (Fig. 4E).

Modified Mankin score (MS)
There was a statistically significant difference between
the studied groups regarding MS with p-value<0.001. A

significant difference was observed comparing untreated
Group II to SVF treated group at 1 month (10.75+0.50
and 2.50+0.53, P=0.001) and 2 months (8.50+0.58,
0.50+0.53, P=0.001) respectively. The MS decreased sig-
nificantly in treated group after 2 months compared to
1 month; P=0.000 as seen in Table 1.

Morphometric computerized image analysis
Regarding cell count, there was a statistically sig-
nificant difference between the studied groups with
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Table 1 Comparison between the studied groups regarding Mankin Score
Groups Group | Group I Group Il Test valuet P-value Sig
a b a b
Mankin's Score 0.00+0.00 10.75+0.50 850+0.58 2.50+0.53 0.50+0.53 37.493 0.000 HS
mean=+SD
Post Hoc analysis by Mann Whitney test
P1 P2 P3 P4 P5 P6 p7 P8 P9 P10
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.008

Group I: healthy control, Group II: untreated, Group Ill: SVF treated, a: at 1 month, b: at 2 months, P-value < 0.01: highly significant (HS), $: Kruskal Wallis test, Vs: versus,
P1: Group lla Vs Group lIb, P2: Group lla Vs Group llla, P3: Group lla Vs Group b, P4: Group lla Vs Group |, P5: Group llb Vs Group llla, P6: Group lIb Vs Group lllb, P7:
Group llb Vs Group |, P8: Group llla Vs Group llib, P9: Group lla Vs Group |, P10: Group lllb Vs Group |

p-value<0.001. Group I had the highest cell count
(42.86+6.28 cells/ HPF) followed by treated Group III
while the lowest count was in untreated Group II. Post
hoc analysis showed that group II cell count was signifi-
cantly less than group III and Group I (P<0.001) both at
1 and 2 months. Cell count was comparable in treatment
Group III and group I both at 1 and 2 months, as seen in
Table 2.

As regards articular cartilage thickness, there was a
statistically significant difference between the studied
groups with p-value<0.001; the highest thickness was
found in Group I followed by Group III. The lowest car-
tilage thickness was found in Group II. Also, post hoc
analysis showed statistically significant difference at 1
and 2 months between untreated Group II and both
healthy and treated Group III (P=0.000, P=0.016) and
(P=0.019, P=0.009) respectively seen in Table 2.

As regards optical density (OD) of articular carti-
lage in sections of knee joint stained with Safranin- O;
the highest density was in Group I with a mean+SD of
94.66 £4.68 followed by Group III at 1 and 2 months
(81.77+3.09, 83.26 £+ 5.47 respectively) and the least den-
sity was in untreated Group II (67.32+4.25, 71.60+3.49
respectively) with highly significant statistical difference
between groups (P<0.001). Post hoc analysis showed
that OD in Group II at 1 and 2 months respectively was
significantly less than the treated Groups III and healthy
controls (P<0.001) as seen in Table 2.

Discussion
Regenerative medicine based on stem cells in adipose
tissue is considered a promising treatment modality for
many orthopedic problems [19]. This current study was
designed to find the possible regenerative power of adi-
pose derived SVF in OA through testing its efficacy for
treatment of induced OA in rats.

In our experiment, SVF cells were negative for
hematopoietic markers (CD34 and CD45) and positive

for mesenchymal stem cells markers (CD44) by flow-
cytometry consistent with previous studies [20-23].

It is worth noting that in the present work, quan-
titative PCR helped detect SRY- gene specific for Y
chromosome in a section of the knee from the treated
female rats, ensuring incorporation of cells of SVF ori-
gin obtained from the donor male rat 2 weeks after
injection with SVFE. Zhang et al.,, used SRY-gene for
tracing origin of cells in repaired cartilage defect in pigs
by in situ implantation of cartilage allograft [16].

Histo-pathology is the gold standard for the assess-
ment of OA changes in animal models [24]. In this
work, histopathological examination of the right knee
of the female rats 2 weeks after induction showed the
typical changes in cartilage and synovial membrane
characteristic of collagenase induced OA as in previ-
ous studies [14, 25]. These changes are quite similar to
those that happen in human OA [14].

In the present work, at 1 month after OA induction, the
untreated Group II showed continuous progressive OA
changes that persisted at 2 months with no evidence of
regeneration. This is in accordance with previous studies
that showed surface small fissures, superficial erosions
of the articular cartilage surface and chondrocytes clus-
ters 4 weeks after induction [25, 26]. In their work, Adaes
et al. [25], observed changes of established OA at week 6.

On the other hand, the SVF treated group III at
1 month, showed smooth articular surface with no
irregularities and abundant chondrocyte cells with via-
ble nuclei, although disorganized. This was similar to
the work of Desando et al. [26], in a rabbit OA model,
where treatment with SVF contributed to enhancing
the tissue quality after 1 month, though there was no
statistical evidence. At 2 months in our study, the SVF
treated group’s histopathological findings were almost
comparable to healthy control group and showed evi-
dence of regeneration with smooth surface of cartilage,
cells re-organized in zones, near normal staining of
matrix and tidemark well defined.
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According to a study by Van lent et al. [27], inflam-
matory cytokines are highest within the synovium
during the first 7 days post OA induction. In the pre-
sent work, the synovial lining appeared comparable to
normal healthy controls after treatment. Both at 1 and
2 months, it showed less inflammatory cells in com-
parison to untreated group. This could indicate SVF
has an anti-inflammatory role. According to a previous
study by Blom et al, [28] in collagenase induced OA,
thickened synovial lining observed comprised mainly
activated macrophages involved in mediating cartilage
destruction. Previous work revealed MSC in ADSCs and
SVF had anti-inflammatory properties [29, 30]. Moreo-
ver SVE, through its paracrine effect, could modulate
inflammation and initiate regeneration in joints [31].

In the current study, sections in knee joint stained
with safranin-O stain helped demonstrate the proteo-
glycan content in the cartilage. Proteoglycans, such as
aggrecans, are considered a major component in carti-
lage. Continuous loss of safranin-O stain is an indica-
tion of proteoglycan loss, hence, loss of cartilage [32].
There was marked decrease in staining of superficial
and deep layer of cartilage observed in Group II com-
pared to group III and confirmed by quantifying OD by
computerized image analysis. The OD in slides stained
with safranin was significantly decreased in untreated
compared to treated groups both at 1 and 2 months.
The study by Rothrauff et al,, [33] in a goat model of
meniscal injury treated with SVF showed more pro-
teoglycan content of cartilage in treated group com-
pared to untreated ones. Similarly, Desando et al,
[26] showed several areas of the Safranin O positive
cell clones and increased content of the extra-cellular
matrix (ECM) proteoglycan after 1 month of SVF treat-
ment. These previous studies are in accordance to our
findings that SVF treated groups showed increased
proteoglycan content in ECM.

It has been previously reported that combined therapy
of SVF with PRP in rat model [34] or hyaluronic acid in
sheep [35] was effective in cartilage regeneration through
inducing neo-cartilage formation and marked articular
ulcer alleviation which proves the potential value of SVF
in regeneration of cartilage and supports the findings in
our study.

In the present work, the significant difference observed
between untreated and treated groups regarding modi-
fied MS both at 1 month and 2 months denotes the
decreased progression of OA and cartilage degeneration
in the SVF treated group [17]. Moreover, there was a sig-
nificantly reduced articular cartilage thickness, decreased
cell count and drop in matrix OD in the untreated
group compared to the SVF treated group both at 1 and
2 months quantified by computerized image analysis. All
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these findings support the regenerative role of SVF in OA
as observed in previous studies [26, 30].

Thus, our study, together with previous studies sup-
port the therapeutic role of intra-articular SVF in OA.
Although early studies in humans with radiologic fol-
low up reported the beneficial effect of SVF therapy in
Knee OA [8, 36], still its safety, efficacy, in addition to its
possible role in reversing the degenerative changes with
respect to degree of severity is still debatable and under
study.

Limitations of the study and future research

In this work, we had the advantage of working on small
animal models, making it easier to observe histopatho-
logical changes after short and longer follow-up peri-
ods of treatment by SVE. Although beneficial prolonged
regenerative effect has been noticed with single injection
of SVE, future work should focus on more frequent injec-
tions or combined treatment. Furthermore, quantitative
monitoring of articular cartilage regeneration by ultra-
sound or magnetic resonance imaging in patients with
different degrees of Knee OA treated with SVF could fur-
ther improve our knowledge regarding its efficacy.

Conclusion

Treatment with adipose-derived SVF decreased the
development of degenerative changes at early stages of
induced OA in rats and later it promoted regeneration
with preserved cartilage thickness, cellular count and
increased proteoglycan content rendering it a potential
regenerative therapy for Knee OA.
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