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Abstract 

Background:  The short-term safety and efficacy of stromal vascular fraction (SVF) in treating knee osteoarthritis 
(KOA) have been extensively studied but the mid-term and long-term prognoses remain unknown.

Methods:  126 KOA patients were recruited and randomly assigned to SVF group and hyaluronic acid (HA) group 
(control group). The scores of visual analogue scale (VAS) and the Western Ontario and McMaster University Osteoar-
thritis Index (WOMAC) were assessed and compared between the two groups 1, 2, 3, and 5 years after treatment. The 
endpoint was defined as surgeries related to KOA or clinical scores exceeding the patient acceptable symptom state 
(PASS).

Results:  The VAS and WOMAC scores in the SVF group were significantly better than those in the HA group during 
the 5-year follow-up after treatment. The average responsive time to SVF treatment (61.52 months) was significantly 
longer than HA treatment (30.37 months). The adjusted Cox proportional hazards model showed that bone mar-
row lesion (BML) severity, body mass index (BMI) and treatment were independent risk factors and that the use of 
SVF reduced the risk of clinical failure by 2.602 times. The cartilage volume was reduced in both the SVF and control 
groups at 5 years but reduced less in the SVF group.

Conclusions:  Up to 5 years after SVF treatment, acceptable clinical state was present for approximately 60% of 
patients. BML severity and BMI were independent predictors of the prognosis.

Trial Registry: This study was retrospectively registered at Chinses Clinical Trial Registry with identifier 
ChiCTR2100052818 and was approved by ethics committee of the First Affiliated Hospital of Zhejiang Chinese Medi-
cal University, number 2013-X-063.

Keywords:  Knee osteoarthritis, Stromal vascular fraction, Bone marrow lesion, Full-thickness cartilage defect, Mid-
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Background
Knee osteoarthritis (KOA), the most common clini-
cal degenerative disease, is characterized by cartilage 
destruction, subchondral bone damage, synovial inflam-
mation and osteophyte formation and affects 10% of 
men and 16% of women over age 60 worldwide [1]. As 
opposed to medications and physical therapy used to 
treat early-stage KOA and total knee arthroplasty where 
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KOA progresses to end-stage, emerging regenerative 
therapy has the potential to change this treatment para-
digm [2]. The stromal vascular fraction (SVF) obtained 
by adipose tissue enzyme digestion contains adipose-
derived stem cells (ADSCs) and progenitor cells with the 
ability to differentiate into a variety of cell types, such 
as chondrocytes, which can be a therapeutic option, 
and SVF is considered to be comparable to and some-
times even more effective than ADSCs due to the other 
functional advantages it provides over ADSCs, such as 
structural support [3, 4]. In recent years, several stud-
ies have addressed the short-term outcomes of SVF for 
KOA, demonstrating their analgesic effect and joint func-
tion improvement [5–7]. Nevertheless, owing to the high 
cost of SVF therapy and its hoped regenerative capacity, 
patients may not be content to achieve only a short-term 
improvement in symptoms, which can also be obtained 
with conservative treatment. Therefore, it is essential to 
clarify its mid-term efficacy, which is beneficial for the 
patient’s choice of treatment.

Indications for such regenerative therapy are unclear. 
For the most part, it is highly recommended for patients 
with apparent cartilage damage on MRI, but the extent 
to which cartilage damage is prognostically meaningful is 
not known. Tiny cartilage defects and thinned thickness, 
with a prevalence of > 80% among patients with sympto-
matic KOA, do not appear to be disastrous [8]. However, 
a previous study has shown that full-thickness cartilage 
defects are an independent risk factor for total knee 
arthroplasty in asymptomatic KOA [9]; the outcome of 
such cartilage defects in SVF treatment and their impact 
on prognosis are of concern. Instead of being a pure car-
tilage disorder, more joint structure abnormalities con-
tribute to the progression of KOA [10]. Upon reviewing 
the literature, it is also notable that bone marrow lesion 
(BML), characterized by bone marrow oedema, fibrosis, 
and necrosis, is tied to total knee arthroplasty failure [11, 
12]. The relationship between BML and cartilage loss and 
pain is becoming increasingly recognized [13].

Therefore, we conducted a single centre, parallel group, 
assessor blinded, and randomized controlled clinical trial 
to determine the mid-term outcomes and clinical failure 
of SVF for KOA and whether a number of factors, includ-
ing full-thickness cartilage damage and BML, are predic-
tive of prognosis.

Methods
Study design
The study is a single centre, parallel group, assessor 
blinded, and randomized controlled clinical trial, that 
was retrospectively registered at Chinses Clinical Trial 
Registry with identifier ChiCTR2100052818 and was 
approved by ethics committee of the First Affiliated 

Hospital of Zhejiang Chinese Medical University, number 
2013-X-063. KOA patients at the First Affiliated Hospital 
of Zhejiang Chinese Medicine University between May 
2013 and July 2015 were recruited in the study (Fig.  1). 
The criteria included the following: the diagnosis met the 
diagnostic criteria in the American Rheumatism Asso-
ciation Revised Classification Criteria for Knee Osteoar-
thritis [14]; Kellgren–Lawrence (KL) grade 2–3 [15]; age 
20–85  years; and no history of significant trauma. The 
exclusion criteria included the following: local infection 
of the knee joint; systemic diseases such as blood disor-
ders or diabetes; rheumatoid arthritis, gout, autoimmune 
disease, or malignancy in the past 5 years; prior injection 
or use of oral steroids within 3  weeks before screening; 
knee surgery within 6 months before screening; or pain 
attributed to displaced meniscal tear and torn ligaments.

Enrollment and randomization
Patients with KOA were recruited at the First Affiliated 
Hospital of Zhejiang Chinese Medical University. We 
obtained written informed consent from each eligible 
patient. Patients were randomly divided into the SVF 
group or hyaluronic acid (HA) group (control group). 
Randomization assignments were generated by using a 
computer generated, randomized number sequence, and 
kept the assessor who collected and analyzed outcome 
data blinded.

Preparation of therapeutic SVF
Adipose tissues of patients in SVF group were obtained 
from the abdomen by liposuction surgery performed by 
a skilled orthopaedic surgeon. The patient lay supine 
with full exposure of the abdomen. Routine sterilization 
and drape operation were performed. Local anaesthesia 
was applied to the abdomen with 10  mg/ml lidocaine 
(10  ml), two small incisions of approximately 5  mm 
were created around the umbilicus, and approximately 
40  ml of abdominal subcutaneous adipose tissue was 
aspirated through a sterile syringe. The incisions were 
closed with sutures, and the abdomen was wrapped 
with pressure. Harvested adipose tissue was stored in 
a small freezer and transported to the laboratory. The 
adipose tissue was washed 3–5 times with PBS contain-
ing penicillin at a 2% concentration and then centri-
fuged at 1000 rpm for 5 min. The upper layer of adipose 
tissue was removed and cut to chyme with sterilization 
scissors. The chylomicron adipose tissue was collected 
in a clean 15  ml centrifuge tube with the addition of 
an appropriate amount of 1% collagenase type IV at 
400 rpm and 37 °C for digestion. After that, the filtrate 
was collected through a 100-mesh cell sieve and centri-
fuged at 1200 rpm for 5 min, and the supernatant was 
removed, the residual SVF pellet at the bottom was 
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resuspend in PBS to a volume of 6  ml, in which 1  ml 
of the sample was retained for cell counting. The SVF 
was characterized by flow cytometry, and the con-
stituent cell subpopulations of live nucleated SVF cells 
were shown as a percentage of the total number of live 
nucleated cells, without counting RBCs (Table  1). The 
remaining 5  ml, with an average count of 4.84 ± 1.61 
million viable SVF cells according to the counting 
result, was used for injection. SVF was injected into the 
knee joint within one hour after successful preparation.

Intra‑articular injection
The patient was placed in the supine position with the 
knee straight. Local sterilization was performed. 5  ml 
of SVF was injected into the joint cavity via a superior-
lateral approach under sterile technique by percutane-
ous puncture with a disposable syringe once a month for 
a total of three times. After the injection, a local sterile 
dressing was applied, and the patient was instructed to 
bend and extend the knee joint several times. HA was 
injected in patients of control group as described above 
at a dose of 5 ml once a month for a total of three times.

Post‑injection protocol
Patients were instructed to be non-weight bearing for 
two days and to undertake only light activity and avoid 
previously painful activities for the first 3 weeks after the 
injection. Patients were informed of the possibility of 
adverse reactions, including fever, swelling, or skin rash, 
after the injection and were asked to contact their physi-
cian immediately if any adverse reactions occurred dur-
ing the follow-up period. Patients should inform their 
physician to evaluate pain and function if they suffer 

Fig. 1  Study flow diagram

Table 1  Cell characterization by flow cytometry

Subpopulation Avg (%) Type pf cells

CD45−/CD31−/CD34+ 33.1 SVF progenitor cells

CD45−/CD31−/CD34− 45.6 SVF non-progenitor cells

CD45−/CD31+ 9.3 Endothelial cells

CD45− 92.7 Stromal vascular cells

CD45+ 5.5 Leukocytes
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from knee pain and take pain medication during the fol-
low-up period.

Primary outcomes
Pretreatment baseline data, including sex, age, body 
mass index (BMI), etc. were collected from both groups 
of patients. Patients were followed up at 1, 2, and 3 years 
after treatment and every 2  years thereafter, and their 
pain and function were evaluated by a blinded and skilled 
orthopaedic surgeon using the scores of visual analogue 
scale (VAS) (0–10 cm) and Western Ontario and McMas-
ter University Osteoarthritis Index (WOMAC).

Second outcomes
X-rays were used to determine the KL grade change 
and mechanical axis at the time of assessment, and MRI 
(3.0  T) was performed to evaluate cartilage structure 
and volume, patella-femoral pathology and BML. MRI 
data: a T1-weighted image, repetition time 3000  ms, 
echo time 33 ms, 512 × 512-pixel matrix; sagittal images 
were obtained at a slice thickness of 1.5 mm without an 
interslice gap; (2) a T2-weighted image, repetition time 
4590  ms, echo time 62  ms, 320 × 320-pixel matrix; sag-
ittal images were obtained at a slice thickness of 3  mm 
with an interslice gap of 3.85 mm. Cartilage structure and 
volume and BML were assessed over the medial tibia, 
medial femur, medial patella, lateral tibia, lateral femur, 
and lateral patella.

The KL grade and mechanical axis were assessed by a 
skilled orthopaedic surgeon blinded to treatment alloca-
tion and clinical data.

Patella-femoral pathology was assessed by a skilled 
orthopaedic surgeon blinded to treatment allocation and 
clinical data.

Cartilage structure and volume was assessed by a 
skilled orthopaedic surgeon blinded to treatment alloca-
tion and clinical data. Measurement of individual carti-
lage plate volumes was performed using Rhinocero 5.0 
(Robert McNeel, USA) software. Contour tracing of car-
tilage boundaries was performed layer by layer of MRI 
images in isometric sections and separated from the total 
volume to create a cartilage 3D model [16], and the vol-
ume was calculated using the software. A full-thickness 
cartilage defect was defined as cartilage stripping to 
subchondral bone exposure, regardless of size. The full-
thickness cartilage defect area of each coronal and trans-
verse slice was measured and divided into three levels [9]: 
0, no defect; 1, defect < 2 cm2; 2, defect ≥ 2 cm2.

Subchondral BML was assessed on T2-weighted 
images by a skilled orthopaedic surgeon blinded to 
treatment allocation and clinical data and were defined 
as areas of high signal in the subchondral bone mar-
row, including cystic changes. BML size was scored by 

measuring the maximum area of the lesion (mm2) at 
baseline and follow-up [17]. The areas of BML in the six 
positions were added to determine the total size. BML 
severity was scored and summarized according to the 
number of slices covered by BML in each measurement 
site with reference to the previous method [18]: 0, no 
BML; 1, cover one slice, 2; cover two consecutive slices; 
3, cover three or more consecutive slices, score 0–18. It 
was scored 3 if more than one lesion was present at the 
same site (Fig. 2).

Definition of clinical failure
Clinical failure was defined as surgeries related to KOA, 
such as total knee arthroplasty, unicondylar knee arthro-
plasty and debridement under arthroscopy, or clinical 
scores exceeding the patient acceptable symptom state 
(PASS) (VAS > 3.23 or WOMAC function score > 31) 
[19]. Information about the surgery was collected at each 
follow-up. For patients who underwent surgery, clinical 
scores were not included in the final comparison analysis, 
but only the time of surgery was recorded for Kaplan–
Meier survival analysis. We use the term responsive 
to denote survival for Kaplan–Meier survival analysis, 
which represents the knee remains responsive to treat-
ment, i.e., the lasting impact of the treatment. To avoid 
overestimating responsive time, for patients with very 
poor clinical scores after 1 year, we carefully questioned 
the patient’s medical history prior to that time to deter-
mine the exact time beyond PASS.

Fig. 2  Three levels of bone marrow lesions in the red circle position. 
0, no BMLs; 1, cover one slice, 2; cover two consecutive slices; 3, cover 
three or more consecutive slices. A score of 3 was assigned if more 
than one lesion was present at the same site
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Statistical analysis
SPSS statistics 25 software (IBM, USA) was used to per-
form the statistical analysis, and the data are presented 
as the mean ± standard deviation and percentage. Dif-
ferences in baseline data were assessed by independent 
samples t-tests for continuous variables and chi-square 
tests for categorical variables. For the clinical score 
comparison, the main effect (within- and between-sub-
jects) and crossover effect were analysed by two-factor 
repeated-measures ANOVA. The separate effects were 
analysed by 2-way ANOVA for grouping factors at each 
time point and repeated measures ANOVA for time 
factors. With clinical failure as the endpoint, Kaplan–
Meier responsive curves were generated to compare the 
responsive probability of the two groups. The crude risk 
factors for clinical failure were obtained through uni-
variate Cox regression using the same endpoint, and 
the significance level was set at p < 0.10. After that, with 
diagnosing collinearity with variance inflation factor 
(VIF), a multivariate Cox regression was performed to 
exclude confounding factors for independent risk fac-
tors and to develop independent prediction models. KL 
grade, mechanical axis, patella-femoral pathology, full-
thickness cartilage defect, total cartilage volume and 
BML-related variables were mandatory to be included 
in the multivariate analysis. Differences were consid-
ered significant with p < 0.05.

Results
Study population
We enlisted 144 KOA patients between May 2013 and 
July 2015 who were accorded with inclusion criteria. 18 
patients declined to participate in the trial with prefer-
ence for alternative treatment. 126 patients were enrolled 
and randomly assigned: 56 patients in SVF group and 70 
patients in the control group. Two patients in the SVF 
group were lost to follow-up due to a change in contact 
details, and 9 patients underwent surgery during the 
follow-up period (3 in the SVF group and 6 in the HA 
group); these patients were included in the Kaplan–Meier 
responsive analysis but not in the comparison analysis 
of clinical scores (Fig.  1). There were no significant dif-
ferences in the baseline data between the two groups of 
patients (p > 0.05, Table  2). There were no adverse reac-
tions during postoperative follow-up in either group.

Primary outcomes
A total of 115 patients at 1  year, 2  years, 3  years, and 
5  years received a complete clinical score evaluation, 
including 51 in the SVF group and 64 in the HA group. 
The comparison of VAS scores and WOMAC scores 
between the SVF group and HA group before and after 
treatment is shown in Tables  3 and 4 and Fig.  3. There 
was a significant difference in clinical scores between 
time before and after treatment (VAS: F = 64.348, 

Table 2  Baseline data of included patients

SVF, stromal vascular fraction; HA, hyaluronic acid; BMI, body mass index; KL, Kellgren–Lawrence; VAS, visual analogue scale; WOMAC, Western Ontario and McMaster 
University Osteoarthritis Index; BML, bone marrow lesion

SVF (N = 56) HA (N = 70) p value

Sex 0.692

Male 14 (25%) 16 (22.9%)

Female 42 (75%) 54 (77.1%)

Age, years 53.98 ± 13.69 55.63 ± 12.18 0.790

BMI 23.73 ± 2.99 23.86 ± 2.55 0.447

Mechanical axis, ° Varus 1.63 ± 2.21 Varus 1.49 ± 2.12 0.715

KL grade 0.366

2 41 (73.2%) 46 (65.7%)

3 15 (26.8%) 24 (34.3%)

Full-thickness defect 0.069

0 40 (71.4%) 45 (64.3%)

1 6 (10.7%) 18 (25.7%)

2 10 (17.9%) 7 (10%)

Total cartilage volume (mm3) 16,377.16 ± 2692.40 15,851.51 ± 2143.45 0.225

BML severity 3.30 ± 4.34 2.77 ± 3.42 0.455

BML size (mm2) 127.68 ± 193.42 108.07 ± 149.89 0.522

Baseline VAS score 4.04 ± 1.46 3.64 ± 0.98 0.088

Baseline WOMAC score 34.57 ± 22.85 29.97 ± 19.87 0.229

Patella-femoral pathology present 28 (50%) 24 (34.3%) 0.075
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Table 3  Comparison of the VAS scores before and after treatment in the SVF and the control group

SVF, stromal vascular fraction; HA, hyaluronic acid
a F statistic and p value of main effect
b F statistic and p value of crossover effect
* p value < 0.05; **p value < 0.01; ***p value < 0.001; ns, non-significant (p value > 0.05), compared with pre-treatment

Before or after treatment

Group Pre-treatment 1 year 2 years 3 years 5 years Sum F p value

SVF 3.96 ± 1.46 1.69 ± 1.63*** 2.04 ± 1.78*** 2.43 ± 1.66*** 2.86 ± 1.83** 2.60 ± 1.84 75.990  < 0.001

HA 3.55 ± 0.91 3.42 ± 0.99ns 3.50 ± 1.39ns 3.73 ± 1.29ns 3.95 ± 1.23ns 3.63 ± 1.18 9.067  < 0.001

Sum 3.73 ± 1.19 2.65 ± 1.57 2.85 ± 1.73 3.16 ± 1.60 3.47 ± 1.61 3.17 ± 1.59a 64.378a  < 0.001a

F 2.414 42.441 30.065 23.921 16.751 18.030a (F = 49.319
p value < 0.001)b

p value 0.121  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001a

Table 4  Comparison of the WOMAC total score before and after treatment in the SVF and the control group

SVF, stromal vascular fraction; HA, hyaluronic acid
a F statistic and p value of the main effect
b F statistic and p value of the crossover effect
* p value < 0.05; **p value < 0.01; ***p value < 0.001; ns, non-significant (p value > 0.05), compared with pre-treatment

Before or after treatment

Group Pre-treatment 1 year 2 years 3 years 5 years Sum F p value

SVF 33.24 ± 21.93 18.02 ± 18.87*** 20.57 ± 20.13** 23.14 ± 21.03* 27.04 ± 22.47ns 24.40 ± 21.43 36.195  < 0.001

HA 28.44 ± 18.23 28.27 ± 21.07ns 31.28 ± 22.33ns 33.36 ± 22.88ns 36.05 ± 22.52ns 31.48 ± 21.54 46.619  < 0.001

Sum 30.57 ± 20.00 23.72 ± 20.68 26.53 ± 21.95 28.83 ± 22.57 32.05 ± 22.85 28.34 ± 21.7a 45.087a  < 0.001a

F 1.449 6.609 7.015 6.378 5.108 3.335a (F = 41.307
p value < 0.001)b

p value 0.229 0.010 0.008 0.012 0.024 0.070a

Fig. 3  Changes in the VAS score and the WOMAC score during the 5-year period before and after treatment in the SVF group and control group. 
A The mean VAS score change. B The mean WOMAC total score change. *p value < 0.05, **p value < 0.01, ***p value < 0.001, ns, non-significant (p 
value > 0.05), compared with pre-treatment
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p < 0.001; WOMAC: F = 45.087, p < 0.001), with sepa-
rate effect analyses in the SVF group (F[VAS] = 75.990, 
F[WOMAC] = 36.195) and HA groups (F[VAS] = 9.067, 
F[WOMAC] = 46.619), all at p < 0.001. The VAS and 
WOMAC scores in the SVF group were lowest after 
1  year and then increased annually but remained lower 
than pretreatment scores at 5  years. The VAS and 
WOMAC scores in the HA group did not change much 
from pretreatment at 1  year, then increased annu-
ally and were significantly higher than pretreatment at 
5 years. The post hoc tests were conducted for different 
time points in the HA and SVF groups. VAS scores in 
the SVF group were significantly lower than pre-treat-
ment at all post-treatment time points (p < 0.05), and 
WOMAC scores in the SVF group were significantly 
lower than pre-treatment at years 1, 2, and 3 post-treat-
ment (p < 0.05), but did not differ from pre-treatment at 
year 5 (p > 0.05). VAS scores and WOMAC scores in the 
HA group did not differ from pre-treatment at all post-
treatment time points (p > 0.05). The VAS scores in the 
SVF group were significantly lower than those in the 
HA group overall after treatment (F = 18.030, p < 0.001), 
and the WOMAC scores were not significantly different 
between the two groups in the overall effect (F = 3.335, 
p > 0.05). Due to a crossover effect between treatment and 
time (F[VAS] = 49.319, p < 0.001; F[WOMAC] = 41.307, 
p < 0.001). We performed an analysis of the separate 
effects for each time point. The VAS and WOMAC scores 
of the SVF group were significantly lower than those of 
the HA group at all time points after treatment (p < 0.05).

To observe the clinical outcome of each patient more 
accurately, the Kaplan–Meier responsive curves of all 
patients in the two groups were plotted and compared. 
The SVF group showed a responsive rate of 62.5% (35/56) 
at the 5-year follow-up, and the rate in the HA group 
was 20% (14/70). According to the log-rank analysis, the 
mean responsive time (61.52 ± 4.14  months) of the SVF 
group was significantly longer than that of the HA group 
(30.37 ± 2.69 months) (p < 0.001, Fig. 4).

Secondary outcomes
The radiological changes as secondary outcomes at 
5  years are documented in Table  5. At the final radio-
logical examination, the total cartilage volume was sig-
nificantly reduced in both groups from baseline to 5 years 
and was less in the HA group than in the SVF group at 
5 years. Compared to the HA group, a higher percentage 
of patients in the SVF group had a reduced or unchanged 
grade of full-thickness cartilage defects, and a lower 
percentage of patients experienced progression (Fig.  5). 
There was no significant difference in BML size, severity, 
patella-femoral pathology or mechanical axis from base-
line to 5 years and no difference between the two groups. 

There was no significant difference in the change in KL 
grade from baseline to 5 years between the two groups.

Univariate (unadjusted) risk factors
Univariate Cox regression results indicated age (per 
year increase, HR 1.032; 95% CI 1.013–1.051; p = 0.001), 
BMI (per point increase, HR 1.111; 95% CI 1.032–1.197; 
p = 0.005), treatment (SVF vs HA, HR 3.067; 95% CI 
1.849–5.089; p < 0.001), KL grade (2 vs 3, HR 1.718; 95% 
CI 1.277–2.311; p < 0.001), mechanical axis (per degree 
increase, HR 1.101; 95% CI 0.993–1.221; p = 0.068), 
full-thickness cartilage defect (per grade increase, HR 
1.581; 95% CI 1.177–2.123; p = 0.002), total cartilage vol-
ume (per mm3 increase, HR 1.000; 95% CI 1.000–1.000; 
p = 0.018), BML size (per mm2 increase, HR 1.002; 95% 
CI 1.001–1.003; p < 0.001) and BML severity (per point 
increase, HR 1.154; 95% CI 1.093–1.219; p < 0.001) as 
possible risk factors. Sex and patella-femoral pathology 
were not risk factors in the unadjusted analysis (p > 0.1). 
The results are shown in Table 6.

Independent risk factors
Linear regression showed no collinearity (VIF < 3) for 
age, BMI, treatment, KL grade, mechanical axis, patella-
femoral pathology, full-thickness cartilage defect, total 
cartilage volume, BML size or BML severity score. In the 
final multivariate Cox regression model, BML severity 
score (per point increase, HR 1.104; 95% CI 1.013–1.202; 
p = 0.024), BMI (per point increase, HR 1.096; 95% CI 
1.003–1.198; p = 0.043) and treatment (SVF vs HA, HR 
3.602; 95% CI 2.116–6.131; p < 0.001) were independent 
risk factors for prognosis. The use of SVF reduces the risk 
of clinical failure by 2.602 times compared with HA. Each 
score increase in BML severity increased the risk of clini-
cal failure by 0.104 times. Each score increase in body 
mass index increased the risk of clinical failure by 0.096 
times. Age, KL grade, mechanical axis, patella-femoral 
pathology, total cartilage volume, full-thickness cartilage 

Fig. 4  Kaplan–Meier responsive curve with clinical failure as the 
endpoint
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defects and BML size were not risk factors in the overall 
model (p > 0.05) after adjusting for confounding factors. 
The results are shown in Table 6.

Discussion
The most important finding of this study is that accept-
able clinical state was present for approximately 60% 
of patients after SVF treatment. In terms of change in 
pain scores, the SVF group was superior to the con-
trol group, and although the WOMAC scores did not 
show an advantage for HA in overall effect, a crossover 
effect of time and grouping was present, and we turned 
to assess the scores at each time point alone, which 
were superior to the control group. Although the dif-
ference in WOMAC scores was not significant in the 
SVF group compared to pre-treatment after 5 years, it 
was still better than the control group However, what is 
not sufficiently convincing is that reports based on the 
mean and standard deviation of clinical score changes 
often reflect the average level of the subject and do 
not address the individual patient’s perspective, mak-
ing it difficult to determine the efficacy [20]. Therefore, 
we defined clinical failure based on the above evalua-
tion and set it as KOA-related surgery and scores that 
did not meet the PASS, which fit the patients’ own 
willingness to accept the symptoms. Comparing the 

responsive curves of the two groups, the 5-year respon-
sive rate of SVF group was significantly better than 
that of the control group and exceeded 60%, indicat-
ing that patients treated with SVF were less likely to 
experience clinical failure in 5  years. Tran et  al. [5] 
observed an improvement in clinical symptoms in SVF-
treated patients after two years of follow-up, in which 
they attributed to paracrine mechanisms related to the 
anti-inflammatory effects of cell therapy. However, for 
mid-term prognosis, there is no evidence that the anti-
inflammatory effect could be sustained over such a long 
period of time, so cartilage changes remain a signifi-
cant consideration. Imaging of 5-years postoperative 
results revealed that cartilage volume was reduced in 
both groups compared to the preoperative period, but 
total cartilage volume was still higher in the SVF group 
than in the HA group, and a small proportion of SVF 
patients showed signs of repair of the full-thickness car-
tilage defect. This is consistent with a previous short-
term study in which Song et  al. observed an increase 
in cartilage volume in patients treated with ADSCs for 
72  weeks, which began to decrease at 96  weeks [21]. 
This phenomenon may be related to an unavoidable 
natural consequence of ageing [22, 23]. Regarding the 
mechanism of cartilage volume effect, we suggest that 
firstly, SVF may promote cartilage regeneration through 

Table 5  Changes in radiographic variables

SVF, stromal vascular fraction; HA, hyaluronic acid; KL, Kellgren–Lawrence; BML, bone marrow lesion

SVF (N = 51) HA (N = 64) p value

BML size, mm2 Baseline 123.48 ± 197.02 105.49 ± 151.12 0.581

5 years 90.33 ± 141.01 95.54 ± 146.76 0.848

p value 0.149 0.516

BML severity Baseline 3.02 ± 4.14 2.64 ± 3.34 0.588

5 years 2.59 ± 3.16 2.56 ± 3.30 0.966

p value 0.125 0.773

Total cartilage volume, mm3 Baseline 16,467.89 ± 2739.13 15,718.20 ± 2071.90 0.109

5 years 15,121.11 ± 3174.45 13,473.30 ± 2489.59 0.003

p value  < 0.001  < 0.001

Mechanical axis, ° Baseline Varus 1.48 ± 2.16 Varus 1.24 ± 2.02 0.536

5 years Varus 1.75 ± 2.11 Varus 1.40 ± 2.03 0.373

p value 0.164 0.208

Patella-femoral pathology Baseline 25 (49.0%) 22(34.4%) 0.112

5 years 30 (58.8%) 29 (45.3%) 0.150

p value 0.321 0.206

Full-thickness defect Decrease 3 (5.9%) 0 (0%) 0.043

No change 44 (86.3%) 52 (81.3%)

Increase 4 (7.8%) 12 (18.8%)

KL grade Decrease 0 (0%) 0 (0%) 0.524

No change 43 (84.3%) 51 (79.7%)

Increase 8 (15.7%) 13 (20.3%)
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Fig. 5  MRI evaluation of full-thickness cartilage defect changes at 5 years. A, C Coronal and sagittal images of the medial femur and tibia before 
injection of SVF. A grade 1 full-thickness cartilage defect can be observed in the circle. B Coronal and sagittal images of the medial femur and tibia 
5 years after SVF injection. The full-thickness cartilage defect in the circled area disappeared, and the cartilage edge was smooth

Table 6  Unadjusted and adjusted risk of clinical failure

HR, hazard ratio; CI, confidence interval; BMI, Body mass index; KL, Kellgren–Lawrence; BML, bone marrow lesion

Variable Univariate analysis Multivariate analysis

p value Unadjusted HR (95% CI) p value Adjusted HR (95% CI)

Sex (male vs female) 0.420 1.248 (0.728–2.139)

Age (per year increase) 0.001 1.032 (1.013–1.051) 0.140 1.014 (0.995–1.034)

BMI (per point increase) 0.005 1.111 (1.032–1.197) 0.043 1.096 (1.003–1.198)

Treatment (SVF vs HA)  < 0.001 3.067 (1.849–5.089)  < 0.001 3.602 (2.116–6.131)

KL grade (2 vs 3)  < 0.001 1.718 (1.277–2.311) 0.218 1.277 (0.865–1.885)

Mechanical axis (per degree increase) 0.068 1.101 (0.993–1.221) 0.689 1.023 (0.917–1.141)

Full-thickness cartilage defect (per grade increase) 0.002 1.581 (1.177–2.123) 0.403 1.158 (0.821–1.634)

Total cartilage volume (per mm3 increase) 0.018 1.000 (1.000–1.000) 0.919 1.000 (1.000–1.000)

BML size (per mm2 increase)  < 0.001 1.002 (1.001–1.003) 0.627 1.000 (0.999–1.002)

BML severity (per point increase)  < 0.001 1.154 (1.093–1.219) 0.024 1.104 (1.013–1.202)

Patella-femoral pathology 0.310 1.263 (0.805–1.981) 0.873 0.960 (0.578–1.592)
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specific differentiation and paracrine signalling of dif-
ferent cell groups [24], but there is no evidence that 
SVF cells can directly differentiate into chondrocytes 
or tissues in human body. Similar to this study, several 
short-term clinical studies have observed the repair 
of cartilage defects and the widening of joint space by 
MRI, which indicates the result of cartilage regenera-
tion but the processes involved need further study [5, 
6, 25]. Secondly, inflammatory factors such as IL-1 and 
TNF-α play an important role in the progression of OA, 
which can promote the release of matrix metallopro-
teinases and make the catabolism of articular cartilage 
[26, 27]. After injection of SVF into the knee joint, the 
ADSCs produced IL-1 receptor antagonists and the tis-
sue protective protein tumor necrosis factor-stimulated 
gene-6 (TSG-6), and exerted anti-inflammatory effects 
on chondrocytes and synovial cells via prostaglandin 
E2 [28, 29]. In addition, ADSCs promote the polariza-
tion of non-polarized macrophages and mature den-
dritic cells towards anti-inflammatory and phagocytic 
phenotypes [30]. Other substances in SVF may also 
play an anti-inflammatory role. Morris et al. [31] found 
that macrophages (CD11b) in adipose tissue accounted 
for 20% of the cells obtained from SVF, 70% of which 
were positive for CD301, a marker of M2 macrophages, 
which has anti-inflammatory and pro-angiogenic func-
tions. And in the fat grafting procedure performed 
by Dong et  al. [32], the inclusion of SVF resulted in 
increased expression of CD206 (another phenotypic 
marker of M2 macrophages) and negative regulation of 
the pro-inflammatory agents IL-1β and IL-6.The reduc-
tion in inflammation resulted in less cartilage damage, 
destruction, and cartilage regeneration occurred in the 
SVF group, but not in the HA group, ultimately causing 
less cartilage volume loss in the SVF group than in the 
HA group, although cartilage in both groups still inevi-
tably degenerated. In addition to ADSCs, SVF contains 
heterogeneous cell types and different factors with par-
acrine effects, which may result in more significant ben-
efits and cartilage healing potential [33]. Maintenance 
of existing MSCs and their functions through molecu-
lar and structural synergy is a possible mechanism. 
Traktuyev et al. [34] demonstrated that certain factors 
produced by MSCs in SVF, such as VEGF, enable bet-
ter migration and survival of endothelial precursor cells 
(EPCs), while EPCs, by producing PDGF-BB, in turn 
enable MSCs to proliferate and migrate to the site of 
injuried tissue. Other differentiated cells such as pro-
genitor cells in SVF may also promote cartilage regen-
eration. Zhao et al. measured the composition changes 
of articular cartilage in KOA patients before and after 
intra-articular injection of adipose-derived progenitor 
cells by multi-compositional MRI, and observed the 

improvement of articular cartilage [35]. We speculate 
that the cartilage volume advantage achieved by SVF 
treatment over controls may be more relevant to mid-
term clinical acceptable state.

Adipose-derived cell therapies commonly use culture-
expanded ADSCs and SVF. Agarwal et al. meta-analyzed 
18 studies of ADSCs and SVF for KOA and concluded 
that although the dose or number of injections of ADSCs 
or SVF varied, patients showed improvement in pain and 
function from 2 to 24 months postoperatively [36], which 
is consistent with our short-term results, suggesting that 
compared to ADSCs, less preparation for SVF injections 
may be an advantage, as both therapies have achieved 
good clinical outcomes. The amount of ADSCs in SVF 
tends to be less than culture-expanded ADSCs, but the 
effect of ADSCs dose on efficacy is controversial. Jo et al. 
found more significant improvement in KOA pain at high 
cell doses (1 × 108 cells) [37], while another study showed 
better results at lower doses (2 × 106 cells) [38]. There 
are few clinical studies directly comparing the two thera-
pies, only Yakota et al. conducted a study in this area and 
found that ADSCs were more clinically significant than 
SVF for KOA with more rapid action and fewer compli-
cations after a 6-month follow-up [39]. However, a recent 
animal study showed that SVF was more effective than 
culture-expanded ADSCs in the short-term repair of 
damaged cartilage and reduction of inflammatory factors 
such as IL-6 and TNFα in the synovial fluid [40]. Clinical 
studies on the differences in cartilage repair between the 
two therapies have not been reported. Therefore, more 
clinical studies are still needed to draw strong conclu-
sions about which treatment is better. Based on the avail-
able evidence in the literature, we need to be aware that 
SVF is still a good treatment option.

To the best of our knowledge, our study has a mid 
follow-up period and exploring the factors influencing 
prognosis for the first time. BML severity which reflects 
the depth of spread of BML in bone tissue at multiple 
MRI slices was an independent predictor of prognosis 
after adjusting for confounding factors rather than car-
tilage-related variables. The pathology of BML is often 
thought to be related to bone resorption, with contin-
ued progression of BML secondary to the expansion of 
the area of necrosis, fibrosis subchondral tideline drift 
and subchondral remodelling, leading to focal, vertical 
shear stresses [41–43], which accelerate loss of cartilage 
so that BML seem to be dominant. In this study, we also 
focused on BML size, as the largest area shown on a sin-
gle MRI slice, which was shown not to be an influencing 
factor, and we consider that the BML status at one level 
alone does not reflect the grade of BML and the impact 
on prognosis. Although a previous study found that SVF 
has the potential to reduce bone marrow lesions during 
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short-term treatment [5], we found, in the present study, 
that BML was not significantly improved at 5 years after 
SVF treatment compared with the preoperative results 
and compared with the data in the control group, sug-
gesting that SVF injection in the joint cavity does not 
seem to improve BML in the subchondral bone. Intra-
articular injections supplemented by subchondral injec-
tions may be an option to try. The most direct correlation 
between BML and clinical symptoms is pain, and intoler-
able pain is often the immediate cause of patients seeking 
medical treatment. A 6-month retrospective study [44] 
showed that the pretreatment presence of BML was also 
associated with daily activities and function in the short 
term, suggesting that BML is more responsive to PASS 
regardless of pain or function. Since preoperative car-
tilage factors are not influential factors in prognosis for 
clinical failure, we believe that sufficient attention should 
be given to BML severity in serial MRI slices, as this may 
imply a higher risk of failure with the treatment of SVF. 
Therefore, we continue to recommend active interven-
tion with BML.

The KL grade is the most widely used method in clini-
cal practice for assessing KOA severity. A 2-year follow-
up of 30 patients undergoing stem cell therapy found that 
the KOOS score of KL grade 2 was superior to that of 
grade 3 [45]. Another study showed that the KL3 group 
improved more than the KL2 group after SVF treatment 
[5]. We compared the prognosis of KL grades 2 and 3, 
which turned out not to be an independent risk factor. 
The KL grade may miss meaningful changes in the bone 
marrow and cartilage and therefore is not recommended 
for the evaluation of regenerative therapies [46].

It is well known that obese patients have an increased 
load on weight-bearing joints and thus an increased risk 
of KOA [47]. A cross-sectional study showed a dose–
response relation between high BMI and pain and func-
tion in patients with KOA [48]. This may also apply to 
prognostic analysis, where patients with high BMI are 
also at increased risk of clinical failure.

There are limitations in the present study. First, the 
efficacy of SVF in patients with KL grade 4 is unknown. 
Second, since we performed a simple intra-articular 
injection without lesion site localization, the exact desti-
nation of SVF cells in the joint is unknown, which limits 
our further understanding of the mechanism of action 
of SVF. Targeting SVF injections to specific lesion sites 
and tracking the localization of SVF cells under MRI is a 
direction for future research.

Conclusions
Up to 5  years after autologous SVF treatment, accept-
able clinical state was present for approximately 60% of 
patients with less cartilage volume loss. In addition, the 

high severity of BML and high BMI increased the risk of 
clinical failure. Intra-articular injection of SVF does not 
improve subchondral BML.
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