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Objectives: This study aims to evaluate the effect of 
adipose-derived stromal vascular fraction (SVF) on 
osteochondral defects treated by hyaluronic acid (HA)-based 
scaffold in a rabbit model.
Materials and methods: Eighteen white New Zealand rabbits 
were randomly grouped into the experimental group (n=9) and 
control group (n=9). In all groups, osteochondral defects were 
induced on the weight-bearing surfaces of the right femoral 
medial condyles, and a HA-based scaffold was applied to the 
defect area with microfractures (MFs). In this study, 1 mL 
of adipose-derived SVF was injected into the knee joints of 
the rabbits in the experimental group. For histological and 
macroscopic evaluation, four rabbits were randomly selected 
from each group at Week 4, and the remaining rabbits were 
sacrificed at the end of Week 8. Macroscopic assessments of all 
samples were performed based on the Brittberg scoring system, 
and microscopic evaluations were performed based on the 
O’Driscoll scores.
Results: Samples were taken at Weeks 4 and 8. At Week 4, 
the O’Driscoll scores were significantly higher in the control 
group than the experimental group (p=0.038), while there was 
no significant difference in the Brittberg scores between the two 
groups (p=0.108). At Week 8, the O’Driscoll score and Brittberg 
scores were statistically higher in the experimental group 
than in the control group (p=0.008 and p=0.007, respectively). 
According to the microscopic evaluation, at the end of Week 8, 
the cartilage thickness was greater in the experimental group, 
and nearly all of the defect area was filled with hyaline cartilage.
Conclusion: Application of adipose-derived SVF with 
MF-HA-based scaffold was better than MF-HA-based scaffold 
treatment in improving osteochondral regeneration. Therefore, 
it can be used in combination with microfracture and scaffold to 
accelerate cartilage regeneration, particularly in the treatment of 
secondary osteoarthritis.
Keywords: Acellular matrix scaffold, adipose tissue, osteochondral 
defect, stem cell, stromal vascular fraction.
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Osteochondral lesions are frequently observed in 
the field of orthopedics, and caused by an acute or 
repetitive traumatic event.[1] The damage of articular 
cartilage can cause pain, effusion, osteoarthritis, and 
joint dysfunction. Articular cartilage defects have 
a limited intrinsic regeneration capacity, due to its 
inherent avascular, aneural, alymphatic, and having 
a low cellularity.[2] Even if a limited repair is achieved 
with conventional methods in the treatment of 
osteochondral lesions, it still poses many difficulties 
today. In general, the healing process results in the 
formation of fibrous cartilage that does not possess 
the same biomechanical features as the original 
hyaline tissue.[3,4] Many methods have been attempted 
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to accelerate the regeneration of cartilage and to 
increase the hyaline cartilage rate in the damaged 
area.

Establishing a therapy that alleviates symptoms 
of cartilage damage, sustainably halts disease 
progression, and reverses chondral tissue damage 
is one of the key challenges in clinical research.[5] 
The limited healing potential of cartilage tissue has 
brought stem cell therapies to the forefront. Recent 
studies have shown that autologous mesenchymal 
stem cells (MSCs) can differentiate into cartilage and 
bone in osteochondral lesions.[6] The MSCs are found 
in many human tissues, particularly in bone marrow 
and adipose tissue.[7]

Stromal vascular fraction (SVF) factors 
derived from adipose tissue lipoaspirates refer 
to stromal tissues containing various stem cells, 
as well as other supporting cells and signaling 
molecules.[8] The MSCs derived from adipose tissue 
in SVF secrete various anti-inflammatory agents 
such as interleukin-1 receptor antagonist, nitric 
oxide, transforming growth factor (TGF) 1, and 
stromal cell-derived factor 1. Thus, they alleviate 
joint inflammation.[9] The immunomodulatory 
effect of SVF, in particular, is promising for the 
regenerative treatment of osteoarthritis.[10] However, 
whether SVF contributes to the regeneration of 
cartilage tissue in the injected joints has not yet 
been fully elucidated. Although some studies have 
reported a significant cartilage regeneration,[11,12] 
others have not observed changes.[13]

In joint areas where there is little blood supply, 
scaffolds can be used to increase the attachment 
of cells to the damaged area. In addition, scaffolds 
stimulate the proliferation and differentiation of stem 
cells.[14] However, scaffolds should be biocompatible 
and biodegradable, should allow cell attachment and 
interaction, and should have suitable porosity.[15] In our 
study, we used hyaluronic acid (HA)-based acellular 
matrix scaffold to increase the adhesion, proliferation, 
and differentiation of stem cells to the defect area 
in the treatment of osteochondral defects. In the 
present study, we hypothesized that adipose-derived 
SVF could enhance the healing and regeneration of 
osteochondral defects treated with a combination 
of microfractures (MFs) and HA-based scaffold. We 
aimed to investigate whether adipose-derived SVF 
increased HA-based scaffold efficiency.

MATERIALS AND METHODS

This study was conducted with the approval of the 
Animal Research Ethics Committee of Abant Izzet 

Baysal University (No: 12.04.2017/16). The European 
laws on animal experimentation were strictly followed 
throughout the study. The animal experimental 
protocol was devised as per Turkey Law according to 
EC rules (Law by Decree, 2010/63/EU).

In this study, we used a popular method for 
studying cartilage repair techniques using 
biomaterials in experimental animals to create a 
defect in femoral condyles and trochlea. Rabbits 
represent a species that is extremely suitable for 
testing new biomaterials or new treatments, as they 
are relatively inexpensive and offer a good joint 
size for surgical procedures.[16] White New Zealand 
rabbits are suitable for the endurance tests of the 
traditional regulatory committee and recommended 
in the ISO 10993 guidelines. In this study, 18 rabbits 
weighing 2500 g (age >4 months) were procured 
from the Abant Izzet Baysal University Experimental 
Animal Care Center. The rabbits were randomly 
grouped into the experimental group (n=9) and 
control group (n=9). All animals were kept in light 
and dark with a relative humidity of 40 to 60% at a 
mean temperature of 20±3°C and a photoperiod of 
12/12 h. Each rabbit was placed in a stainless-steel 
cage with a bottom grid. The animals were fed on a 
pellet diet and had an access to tap water ad libitum.

The Lipogems® (Lipogems International SpA, 
Milan, Italy) is a simple system designed to collect, 
process, and transfer the refined adipose tissues. 
Using this technology, the adipose tissue is split into 
micro-fragments and purified from proinflammatory 
fat and blood residues without enzymes or other 
additives. This resulting product contains pericides 
and readily interacts with the receiving tissue 
following transplantation; thus, it is activated 
as MSCs.[17] This system works through a slight 
reduction in the size of a mechanical set of tissues 
in a completely closed system without the use of any 
enzymes and additives.[18]

The Hyalofast® comprises a single three-
dimensional fibrous Hyaff® (Fidia Advanced 
Biopolymers, Abano Terme, Italy) layer, a benzyl 
ester of HA, which is a natural component of the 
extracellular matrix. It can be cut and adjusted 
to irregular lesions given by its soft and non-
woven structure. The Hyalofast® can be implanted 
by mini-arthrotomy or arthroscopic surgery. Once 
implanted, it retains its structure, which promotes 
binding, proliferation and differentiation of MSCs to 
completely fill the lesion. As the Hyaff® degrades over 
time, it releases HA into the lesion area and creates an 
embryonic-like microenvironment rich in HA.[19]
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Surgical procedure

The right knees of all animals were treated. The 
hair on the surgical area of the right knees was 
shaved. The area was cleaned with povidone-iodine 
and covered with a surgical drape. After the skin 
incision, a 3-cm medial parapatellar incision was 
created, and the patella was everted. Osteochondral 
defects with a width of 4 mm and a depth of 5 mm 
were induced on the weight-bearing surfaces of 
the medial condyle using a sleeve-controlled drill. 
The critical size of a chondral defect in a rabbit 
knee was previously defined as 3 mm to prevent 
spontaneous healing.[20] A 1.5-mm Kirschner wire 
was used to induce MF on all defects. The MF was 
performed from exactly the center of the defect, 
and leakage of blood and adipose tissue from the 
medulla was observed. Consequently, 18 cylindrical 
osteochondral defects were induced on the condyles. 
Clot transposition from the subchondral tissue to 
the lesion site was observed, and the HA-based 
scaffold (Hyalofast®) with the same size was cut 
and placed on the defect. After the closure of the 
joint capsule, percutaneous adipose tissue aspirate 
was obtained from under the skin in the abdominal 
region of the rabbits in the experimental group. 
The adipose tissue aspirate was, then, mechanically 
processed to obtain adipose-derived SVF using an 
innovative technique (Lipogems®). The experimental 
group was injected with a single dose of 1 mL 
of adipose-derived SVF into the knee joints, and 
1 mL of saline was administered intraarticularly 
to the control group. All surgical procedures were 
performed under anesthesia and sterile conditions 
by an orthopedic surgeon with at least five years 
of experience. For anesthetic induction, ketamine 
(Ketavet®, Farmaceutici Gellini, Italy) and xylazine 
(Rompun®, Bayer, Leverkusen, Germany) were 
administered by intramuscular injection.

All animals were administered antibiotic 
prophylaxis intramuscularly with a single 
dose of cephalosporin sodium (20 mg/kg, 
Iespor®, Ibrahim Etem Ulagay, Istanbul, Turkey). 
Ekici et al.[21] demonstrated that no significant 
histopathological damage in the cartilage after 
intraarticular administration of dexketoprofen 
trometamol. Analgesia was achieved using 
dexketoprofen trometamol (Arveles®, Menarini, 
Italy), intramuscularly. After surgery, the rabbits 
were kept in small cages for two weeks and, after 
the knee joints were immobilized for 10 days with 
a splint, they were allowed to move freely. All 
animals randomly selected from the control and 
experimental groups and they were sacrificed at 

Weeks 4 (n=8) and 8 (n=10) after surgery using 
high-strength ether to facilitate removal of medial 
condyles for histological examination.

Histological analysis and histomorphometric 
analysis

Macroscopic examination of the implantation 
site was performed by observation of the tissue 
appearance and by photographic documentation. 
Any abnormalities in the repair zone were recorded 
with details of the location, color, shape and size, 
and grading was performed by using the Brittberg 
scoring. The Brittberg score is a macroscopic scoring 
system that evaluates the quality of defect repair 
tissue and its integration with surrounding cartilage, 
as well as the macroscopic appearance. Each part 
of this evaluation can score 0 to 4 points. The 
repair is, then, classified as Grade I (normal repair, 
12 points), Grade II (near-normal, 8 to 11 points), 
Grade III (abnormal, 4 to 7 points), or Grade IV 
(severely abnormal, 0 to 3 points).[22,23] From each 
implanted knee, tissue samples from the area of 
implantation were collected for hematoxylin-eosin 
and Masson’s trichrome staining. The histological 
assessment of the procedure site was performed 
by using the O’Driscoll scores.[24] The sections 
were scored by two pathologists blinded to the 

FIGURE 1. (a) A macroscopic view of experimental group at 
Week 4. (b) A macroscopic view of control group at Week 4. 
(c) A macroscopic view of experimental group at Week 8. (d)
A macroscopic view of control group at Week 8.
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study groups. The samples were scored according 
to the modification of the histological grading 
scale described by O’Driscoll et al.[24] This grading 
comprises five categories: cell morphology, matrix 
staining, surface regularity, cartilage thickness, and 
binding. The total score ranges from 0 to 16. Grading 
was performed at 100×magnification. All samples 
were evaluated by a LEICA DM LB2 light microscope 
(Leica Microsystems Wetzlar GmbH, Wetzlar, 
Germany) and photographed with the INFINITY 3 

ANALYZE Release 6.5 imaging system (Lumenera 
Inc., Ottawa, ON, Canada).

Statistical analysis

Statistical analysis was performed using the IBM 
SPSS version 22.0 software (IBM Corp., Armonk, 
NY, USA). Descriptive data were expressed in mean 
± standard deviation (SD) or median (min-max). 
The Mann-Whitney U test was used to compare the 
groups and condyle effects together at each time 
point. A p value of 0.05 was considered statistically 
significant.

RESULTS

In total, 18 animals were analyzed in the study, and 
no wound infection or death was observed. In the 
first seven days, mild edema and swelling were 
observed in the knee joint areas of all subjects. During 
sacrifice, all defect areas could be distinguished 
macroscopically from the surrounding cartilage 
tissues, and no synovitis or infective tissue was 
detected in the surgical area.

Macroscopic examination of tissue samples 
taken at Week 4 according to the Brittberg scoring 
revealed that the lesion groups were filled with 
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FIGURE 2. Macroscopic scoring of the groups (Brittberg 
score). The box represents 50% of the sample. Single line 
inside the box represents median values. Cross mark inside 
the box represents mean values.
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FIGURE 3. Microscopic views of the samples (H-E, ¥40: a, b, c, d; Masson trichrome, ¥4: e, f, g, h). (a, e) A microscopic view of 
control group at Week 4. (b, f) A microscopic view of experimental group at Week 4. (c, g) A microscopic view of control group at 
Week 8. (d, h) A microscopic view of experimental group at Week 8.
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repair tissue. At Week 4, a near-normal (Grade II) 
improvement was observed in the two samples 
taken from the experimental group, while three 
samples from the control group showed a near-
normal improvement. In the experimental group, a 
severely abnormal repair (Grade IV) was observed 
in one sample, while the other sample was repaired 
at an abnormal level (Grade III). Grade III repair 
was detected in the other sample from the control 
group. At Week 8, a near-normal improvement was 
seen in all samples from the experimental group, 
while two samples from the experimental group 
had Grade II and three samples showed Grade III 
improvement (Figures 1 and 2).

At Week 4, macroscopic improvement in the 
medial condyles was higher in the control group 
than the experimental group, although it was not 
statistically significant (p=0.108). Macroscopic 
improvement at Week 8 was significantly higher in 

medial condyles in the experimental group than the 
control group (p=0.007).

Histologically, the ratio of hyaline cartilage in the 
subchondral tissue regeneration area in the control 
group was higher than that in the experimental group 
at Week 4. At Week 8, the rate of cartilage tissue repair 
and hyaline cartilage tissue ratio was higher in the 
experimental group than the control group. While 
no significant difference was found between the 
groups in terms of surface regularity at Week 8, the 
resulting cartilage thickness was near-complete in the 
experimental group (Figure 3, Table I).

At Week 4, a histological improvement in the 
medial condyles was significantly higher in the 
control group than the experimental group (p=0.038). 
Histological improvement at Week 8 was significantly 
higher in medial condyles in the experimental group 
than the control group (p=0.008) (Table II).

TAbLE I
Histological scale which graded cartilage samples

Fourth Week Eighth week

Score Experimental Group Control Group Experimental Group Control Group

n n n n n
Cell morphology

Hyaline cartilage 4 3
Mostly hyaline cartilage 3 1 2 3
Hyaline and fibrocartilage 2 2 3 1
Mostly fibrocartilage 1 2 1
Mostly non-cartilage 0

Matrix staining
Same as the normal area 4 4
Slightly reduced 3 2 2 1 3
Reduced 2 1 2 2
Significantly reduced 1 1
None 0

Surface regularity
Smooth 2 3 4 4
Slightly irregular 1 1 1 1 1
Irregular 0 3

Thickness of the cartilage (%)
100 4 1 2 5
75 3 1 2 3
50 2 1 2
25 1 1
0 0

Bonding
Both edges integrated 2 2 4 5 5
One edge integrated 1 1             
Both edges not integrated 0 1
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DISCUSSION

As the most important finding in our study, 
adipose tissue-derived SVF injection increased 
the effectiveness of the combination of HA-based 
scaffold and MF. In addition, adipose tissue-derived 
SVF treatment increased the hyaline cartilage 
formation and cartilage thickness in osteochondral 
defects.

Although researches have established the ability 
of MSCs obtained from different tissues to produce 
cartilage, bone marrow and adipose tissues are 
considered the most important sources for the 
therapeutic use of MSCs in cartilage regeneration.[6,25,26] 
Nishimori et al.[27] used bone marrow-derived MSCs 
in the treatment of osteochondral defects and showed 
that histological scores were significantly better in 
the bone marrow mesenchymal stromal cell group 
than in other groups at all time points. Zhu et al.[28] 
also used a combination of bone marrow-derived 
MSCs and connective tissue growth factor in the 
treatment of cartilage damage and showed that the 
regenerated hyaline cartilage that was formed was 
similar to the normal hyaline cartilage. Another 
study showed that adipose-derived stem cells 
(ADSCs) were more stable than bone marrow MSCs 
and ADSCs were implicated as being a better cell 
source for osteoarthritis treatment.[29] In our study, 
we obtained adipose-derived-SVF using adipose 
tissues from the abdominal region of rabbits. As the 
main advantages, our method enabled harvesting 
of MSCs in a minimally invasive manner and, then, 
isolation and the time-consuming in vitro cell culture 
is not required, ultimately.

In the literature, adipose tissue-derived MSCs 
have been used in the treatment of osteochondral 
defects, except for bone marrow-derived MSCs. 
Fodor and Paulseth[30] used adipose-derived-SVF 
from the enzymatic degradation of lipoaspirate in 
osteoarthritic knees and showed that autologous SVF 
was safe and reduced pain in knee osteoarthritis. 
In this study, clinical pain relief was detected in 
all patients, although no significant difference was 

found radiologically. One of the advantages of our 
procedure is that enzymatic degradation is not 
required and it is not time-consuming. Additionally, 
we evaluated the histopathological effects of adipose-
derived-SVF and obtained statistically significant 
results.

In their study, Ceylan et al.[13] compared MF 
and combination of MF and adipose-derived MSCs 
in chondral healing. In this study, MF alone did 
not demonstrate a significant superiority to the 
combination treatment after Week 8. In our study, we 
compared MF-scaffold combination with MF-scaffold-
adipose-derived SVF combination. The groups were 
evaluated at Weeks 4 and 8 as early and late periods, 
respectively. We found a histologically significant 
difference in the MF-scaffold group at Week 4. On 
the other hand, at Week 8, we found a significant 
improvement in the MF-scaffold-oil-derived SVF 
group both microscopically and macroscopically.

The scaffold is a three-dimensional structure 
that can support cell colonization, proliferation, and 
differentiation of suitable cells. Both synthetic and 
natural scaffold types have been used as tools for 
cartilage engineering in the literature.[31,32] Among these 
scaffolds, bioavailable and biologically absorbable 
HA-based scaffolds, which have a suitable chemical 
structure for covalent binding of chondrocytes, are 
the most suitable implants. They also facilitate the 
production of collagen (Types 1 and 2) from MSC 
via TGF, which enhances chondrogenic recovery.[33] 
Oshima et al.[34] investigated the histological effects 
of three-dimensional scaffold-free allogeneic ADSCs 
implanted on osteochondral defects in a rabbit 
model. Although they could not find a significant 
difference in histological scoring between the 
control and experimental groups at Week 4, there 
was a significantly higher histological score in the 
experimental group at Weeks 8 and 12. In our study, 
we observed a histologically significant difference at 
Week 4 in the control group, while the histological 
and macroscopic scoring was significantly higher 
in the experimental group at Week 8. Yontar et 

TAbLE II
Mean and median O’Driscoll scores of the two groups

Experimental Group Control Group

Mean±SD Median Min-Max Mean±SD Median Min-Max p*

Fourth week 7.75±3.40 8.50 3.00-11.00 12.25±1.50 12.00 11.00-14.00 0.038

Eighth week 15.20±0.84 15.00 14.00-16.00 11.40±2.30 13.00 8.00-13.00 0.008

SD: Standard deviation; * Mann-Whitney U test.
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al.[35] applied MF-HA-based scaffold combination 
in the treatment of talus osteochondral defect and 
concluded that it was a safe and effective technique 
with good clinical results for lesions deeper than 
7 mm. In our study, adipose-derived SVF increased 
the efficacy of MF-HA-based scaffold combination 
used in osteochondral treatment, particularly in the 
late period, and we were able to show this effect 
macroscopically and histologically.

In our study, more stable cartilage formation was 
observed in MF-HA-based scaffold-SVF combination 
compared to the MF-HA-based scaffold treatment 
in both microscopic and macroscopic evaluations at 
Week 8. The macroscopic results of our study revealed 
that the regularity of the surface was smoother and 
the integration with the surrounding cartilage was 
greater, with higher average Brittberg scores in the 
experimental group than the control group at Week 8. 
In addition, microscopic examinations indicated that 
subchondral tissue and cartilage tissue regeneration 
was more organized and hyaline cartilage ratio was 
higher than the control group.

Nonetheless, this study is limited by the size 
of the osteochondral defect (4 mm), since creating 
a larger osteochondral defect could prevent 
healing. Therefore, we cannot clearly predict large 
osteochondral injuries that can occur in the knee. 
Our study showed an effect on the healing of acute 
osteochondral defects and, therefore, we cannot 
comment on chronic lesions. In addition, we used 
saline to reduce the effect of heat damage while 
creating an osteochondral defect; however, a custom-
made cylindrical chondrotome could be used to 
completely eliminate the heat effect. In this study, 
the thigh cartilage surface of the rabbit was selected 
to create a cartilage defect, as it resembles humans 
and provides easy access for surgery. Although 
additional time may be needed for chondral healing, 
we terminated the experiment in the eighth week 
based on the general practice in the literature 
(between six and 12 weeks). Long-term studies may 
be carried out to observe long-term changes. In 
addition, we could not determine any significant 
difference between the groups at Week 4 which may 
be due to the low number of animals at this time point. 
Therefore, it may be necessary to work with a large 
sample group. The study had an experimental design 
and, thus, we were unable to make comparisons in 
terms of clinical and functional outcomes. In our 
study, specific immunohistochemical staining could 
have been additionally performed to determine the 
type of collagen formed in the regeneration zone 
of cartilage damage. However, findings are limited 

to rabbits and must be confirmed in human clinical 
studies. In addition, our study could be supported by 
imaging methods.

In conclusion, our study results showed that 
adipose-derived SVF enhanced the healing of 
osteochondral defects treated with MF and HA-based 
scaffolds. Also, adipose tissue-derived SVF treatment 
increased hyaline cartilage formation and cartilage 
thickness in osteochondral defects. Therefore, the 
results of our study suggest that adipose-derived 
SVF increases regeneration of osteochondral defects 
treated with MF and HA-based scaffolds. However, 
we believe that long-term experimental studies are 
required to evaluate the long-term effects of adipose 
tissue-derived SVF and further large-scale studies can 
yield more accurate results.
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