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Abstract
Introduction  Regenerative therapy has shown promising results in the treatment of osteoarthritis (OA) knee with Kellgren–
Lawrence (KL) Grades I–III. We compared the safety, efficacy, functional, and clinical outcomes of intra-articular implanta-
tion of autologous adipose tissue-derived stromal vascular fraction (SVF) isolated using direct ultrasonic cavitation (Sahaj 
therapy–Cell Innovation Patented Technology) and saline injection in knee osteoarthritis.
Materials and Methods  The present prospective observational study was conducted over 3 years. We enrolled 120 patients 
in our study, where four patients got excluded as they did not meet the inclusion criteria. The remaining 116 patients were 
randomized into two groups, one with autologous adipose tissue-derived SVF and the other group with saline injection. A 
comparison of mean KOOS and VAS scores at different follow-ups was done using Paired ‘t’ test. A p value of < 0.05 was 
considered significant.
Results  The results show that the SVF group had significantly higher KOOS scores (78.49 ± 6.54 in the SVF group vs 
59.19 ± 5.14 in the saline group), respectively (p < 0.001). Similarly, the SVF group had significantly lesser VAS scores 
(3.17 ± 0.94 in the SVF group vs 3.89 ± 1.04 in the saline group), respectively (p < 0.001).
Conclusions  Autologous adipose tissue-derived SVF is a better choice for treating knee osteoarthritis. For individuals with 
degenerative osteoarthritis, autologous SVF grafting in the same surgical procedure is an innovative and promising treatment 
modality. Even after 3 years of follow-up, the study participants with OA knee have shown a good clinical and functional 
outcome.

Keywords  Osteoarthritis · Adipose tissue · Stromal vascular fraction · Saline

Introduction

Osteoarthritis (OA) of the knee is a chronic, degenerative 
disease in which there is a gradual loss of articular cartilage 
[1, 2]. According to the 2013–2015 National Health Inter-
view Survey (NHIS), the overall doctor-diagnosed arthritis 
in adults was 22.7% and the age-adjusted prevalence was 
23.5% in women and 18.1% in men [3]. They reported an 
increase in the prevalence of arthritis with an increase in age 
[3]. By 2040, CDC reported that there will be 78.4 million 
patients with doctor-diagnosed arthritis in the age group of 
18 years or more [4, 5]. The situation in India is much worse 
that more than 180 million patients with OA knee in India 
with an increasing trend [6, 7]. OA knee is the 10th leading 
cause of non-fatal burden with female preponderance with 
clinical evidence in 45% of women more than 65 years and 
radiological evidence in 70% of women more than 65 years 
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[6, 8]. The challenges of treating early OA in the’40 s,’50 s, 
and early’60 s prevail, where effective and proven treatments 
are absent. The presentation of OA knee varies with indi-
viduals, but these symptoms gradually become more severe 
with time progression or overuse of the knees [6, 9]. The 
symptoms seen in OA knee include gradual onset of knee 
pain, knee stiffness, swelling, and pain from sitting for long 
periods [9]. OA knee is commonly seen among females 
around the fourth or fifth decade of life [10, 11].

Radiological evaluation [X-rays and MRI] helps in 
assessing the grade of OA knee, which guides an ortho-
paedic surgeon to decide on the management which ranges 
from lifestyle modifications, pharmacological [analgesics 
(oral or injectables), nutraceuticals (glucosamine, dian-
cerin, chondroitin sulphate, collagen, ω3 and ω6 fatty acids), 
intra-articular steroids, and intra-articular viscosupplemen-
tation], physical [active quadriceps exercises, ankle pump 
movements, and wax bath], minimally invasive day-care 
procedures [intra-articular platelet rich plasma injection, 
intra-articular autologous conditioned plasma, intra-articu-
lar autologous protein solution, intra-articular gold induced 
cytokines, intra-articular injectable platelet rich fibrin, intra-
articular bone marrow aspirate concentrate, intra-articular 
stromal vascular fraction, intra-articular nanofat, intra-artic-
ular mircofragmented adipose tissue, intra-articular culture-
expanded mesenchymal stromal cells (MSCs), intra-articular 
MSC derived exosomes, allogenic MSCs, and prolotherapy] 
to surgical modalities [high tibial osteotomy, proximal fibu-
lar osteotomy, unicondylar knee replacement, and total knee 
replacement] [12–14]. For end-stage OA knee, total knee 
replacement is the mainstay of management which has its 
advantages and disadvantages.

With the robust development in biomedical technolo-
gies, regenerative medicine gained momentum in regen-
erating tissues. Mesenchymal stromal cells (MSCs) play a 
vital role in regenerating diseased or degenerated tissues. 
Among all the sources of MSCs, bone marrow is the most 
versatile source and is most commonly preferred by ortho-
paedic surgeons followed by adipose tissue [15]. Adipose 
tissue gives rise to various regenerative products such as 
adipose tissue-derived MSCs (AD-MSCs), microvascular 
fragments (MVF), microfat, nanofat, the stromal vascular 
fraction (SVF), and exosomes [16, 17]. Due to the robust 
regenerative potential rendered by adipose tissue products, 
researchers are interested to utilize in regenerating bone, car-
tilage, tendons, and ligaments. With the global acceptance 
of SVF biology, various groups explored the plausible role 
in terms of safety and efficacy in regenerating the cartilage 
in OA knee [18]. Currently, in India, there is very limited 
research using an autologous adipose tissue-derived SVF in 
the treatment of knee OA. The isolation of SVF using Sahaj 
therapy falls under “minimal manipulation of cells” category 
under government regulations. Therefore, considering these 

lacunae, the present study was undertaken to compare the 
safety, efficacy, clinical, and functional outcome of implan-
tation of autologous adipose tissue-derived SVF and saline 
injection done in a single surgical sitting in patients with 
knee OA.

Materials and Methods

The present prospective observational study was conducted 
on 231 knee joints of 116 patients suffering from OA knee 
with Kellgren–Lawrence (KL) grades I–III. The study has 
been registered with the Clinical Trial Registry of India 
(CTRI/2018/02/011844). Voluntary written informed con-
sent was obtained from the patient and/or his/her legally 
acceptable representative for participation in the study.

The patients with a history of idiopathic OA knee of age 
between 45 and 85 years, patients with more than 6 months 
of knee pain on the index side (left or right knee), patients 
with the severity of OA knee of KL grades I–III, patients 
with self-reported difficulty in at least one of the follow-
ing activities such as lifting and carrying groceries, walking 
400 m, getting in and out of a chair, or going up or down 
the stairs, patients with an adequate renal (serum creati-
nine < 1.5 mg/dl), cardiovascular, and respiratory functions, 
patients with PT/INR < 1.5 and normal APTT value, patients 
with an adequate immune system function and no known 
immunodeficiency diseases, and patients who have not 
received any intraarticular injection of steroid or hyaluronic 
acid within the last 3 months were included in the study.

The patients with ages less than 45 and more than 
85 years, patients with an active neoplastic disease diag-
nosed in the last 3 years, patients with knee deformity of 
more than 10° varus or valgus, patients with a BMI more 
than 35, patients with the history of any surgery including 
arthroscopy or major trauma to the affected knee joint in the 
last 12 months, patients with the signs of active infection 
or inflammation over the joint, patients with congenital or 
acquired diseases leading to significant knee deformities, 
patients taking corticosteroid medicines or hyaluronic injec-
tions in the last 3 months, patients with inflammatory joint 
diseases or laxity in joint, patients who are positive HIV, 
HbsAg, HCV or VDRL were excluded from the study.

After obtaining consent for participation and other con-
sents relevant to the treatment, the study procedures were 
initiated. Isolation and implantation of SVF into knee 
joints were performed as an in-patient procedure. Using 
n = Z1-α/2pq/d2, where p = 23.6% [3], d = 5% and adding 
5% attrition rate, the estimated total sample size is 120. 
We enrolled 120 patients in our study. Four got excluded 
as they did not meet the inclusion criteria. The remain-
ing 116 patients were double blinded and randomized into 
two groups concerning their joints. Among 116 patients, 
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231 joints were included. We assigned each participant a 
random number from 1 to 231. The first 115 participants 
were assigned numbers from 1 to 115 to the SVF group. 
The remaining 116 participants were assigned numbers from 
116 to 231 to the saline group (Fig. 1).

The whole procedure from harvesting the autologous 
adipose tissue to the isolation and implantation of SVF into 
the knee was done in the same surgical sitting which took 
around 60–90 min. The following steps were performed, as 
depicted in Fig. 2.

Lipoaspiration

The patient was prepared for the procedure with all asep-
tic precautions. Pre-procedural antibiotics, anxiolytics, 
and/or opioid-based pain medications were administered 
if needed. Under sedation/short general anesthesia, a stab 
incision on the abdomen using a #11 blade was made for 
cannula entry after local infiltration with 1% lidocaine with 
epinephrine 1:100,000. 40 ml of 2% lidocaine plus 1 ml of 
1% epinephrine was added to a 1000 ml bag of 0.9% nor-
mal saline and was infiltrated with the tumescent anesthesia 
on the infraumbilical area of the abdomen. Approximately 
200–300 cc of adipose tissue was aspirated into the patented 
sterile Lipoaspiration Jar (Design No. 316580-001) contain-
ing 0.9% sterile normal saline and sodium bicarbonate.

Recovery of the Autologous Adipose Tissue (ACRU 
Unit)

Approximately 200–300 cc of autologous adipose tissue was 
harvested. In Class II Bio-Hood, the sample was divided 
into 50 ml tubes, and tissue fragmentation was done using 
direct ultrasonic cavitation (Australian Patented Technology) 
which was used to separate the SVF from fat. These 50 ml 
tubes were centrifuged, a pellet being formed at the bottom 
of the tube. The tube was turned upside down after screwing 
a tube filter to the 50 ml tube. The pellet separated was the 
SVF or cellular fraction, which is the heterogeneous popula-
tion of cells. The cell count and viability were checked using 
the Muse Cell Flow cytometer.

Intra‑articular Grafting of the SVF or Cellular 
Fraction

Chlorhexidine was used for knee preparation. Then, the pre-
pared autologous SVF (5–8 cc with the cellular dosage of 
5.0 × 107 cells with the viability of > 85% SVF cells) was 
implanted intra-articularly in each joints.

Intra‑articular Saline Injection

Approximately 5–8 cc of saline injection was injected intra-
articularly in each joints.

Fig. 1   Consort diagram
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Follow‑Up

Though SVF/saline implantation was an in-patient proce-
dure, these patients were followed up on the following day 
or within the next 7 days. Patients were instructed to contact 
the surgeon in case of fever, pain, and any other adverse 
events. Patients were followed up regularly at 1, 6, 12, 24, 
and 36 months after the procedure by telephone, email, or 
in person for radiological documentation as depicted in 

Figs. 3 and 4. KOOS self-administered questionnaire and 
pain assessment using VAS were administered before the 
procedure and at all follow-ups.

Statistical Analysis

Statistical software such as GraphPad, Epi Info, etc. was 
used for statistical analysis. Descriptive statistics were 
presented as numbers and percentages. Paired ‘t’ test was 

Fig. 2   Preparation of Stromal 
Vascular Fraction (SVF) by 
Sahaj therapy. A Canister 
preparation, B marking of the 
abdomen for lipoaspiration, C 
lipoaspiration in the canister, 
D separation of the aqueous 
solution from adipose tissue, 
E adipose tissue disruption by 
ultrasonic cavitation process, 
F post-centrifugation cycles 
filtration process, and G intra-
articular SVF grafting in same 
surgical sitting

Fig. 3   Representative case of 
KL grade II OA knee. A Plain 
radiograph of bilateral knees–
AP view before SVF implan-
tation, B plain radiograph of 
bilateral knees–AP view 3 years 
after SVF implantation which 
evidence of maintenance of 
cartilage thickness
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applied to compare the preoperative KOOS and VAS scores 
at various follow-ups. A p value of < 0.05 was taken as sta-
tistically significant.

Results

Autologous adipose tissue-derived SVF was implanted in 
58 patients (115 knees). One patient had already undergone 
hemiarthroplasty, so implantation was done in 1 knee only. 
The harvesting of adipose tissue from the abdomen, isolation 
of SVF using ultrasonic cavitation (Sahaj therapy–Austral-
ian Patent technology), and implantation of SVF into the 
affected knee were done in the same surgical sitting. In our 
study, 5 (8.6%) patients were in the 45–50-year age group, 
9 (15.5%) in 51–55 years, 20 (34.5%) in 56–60 years, 7 
(12.1%) in 61–65 years, 7 (12.1%) in 66–70 years, 7 (12.1%) 
in 71–75 years and 3 (5.2%) in 76–80-year age group. There 
was a female preponderance in the study (62.1%). 1 (1.7%) 
patient was in the underweight group, 12 (20.7%) in normal, 
29 (50.0%) in overweight, 9 (15.5%) in Class I obesity, 6 
(10.3%) in Class II obesity, and 1 (1.7%) in Class III obesity 
group. 32 (55.2%) patients were having hypertension, 13 
(22.4%) had diabetes mellitus type-2, 4 (6.9%) had hypo-
thyroidism, and 1 (1.7%) each was having benign prostatic 
hyperplasia, bronchitis, bypass surgery, coronary artery dis-
ease, migraine, and previous hemiarthroplasty, respectively, 
as the comorbidities. 1 (1.7%) patient was in KL grade I, 8 
(13.8%) in grade II, and 49 (84.5%) were in grade III OA 
knee.

Saline was injected in 58 patients (116 knees). In 
our study, 5 (10%) patients were in the 45–50-year age 
group, 11 (20%) in 51–55 years, 20 (35%) in 56–60 years, 
5 (10%) in 61–65 years, 7 (12%) in 66–70 years and 8 
(13%) in 71–75 years. There was a female preponder-
ance in the study (70%). Three (5.2%) patients were in the 
underweight group, 16 (30.7%) in normal, 30 (52.0%) in 
overweight, 2 (4.5%) in Class I obesity, 3 (5.2%) in Class 
II obesity, and 2 (3.4%) in Class III obesity group. 26 
(45.2%) patients were having hypertension, 10 (17%) had 
diabetes mellitus type-2, 3 (5.4%) had hypothyroidism, 

and 2 (2.4%) each was having benign prostatic hyperpla-
sia, bronchitis, and coronary artery disease, respectively, 
as the comorbidities. Two (3.4%) patients were in KL 
grade I, 6 (10.34%) in grade II, and 50 (86.2%) were in 
grade III OA knee.

SVF Group

KOOS score: The mean overall preoperative KOOS score 
was 43.25 ± 12.13, 62.89 ± 11.82 at 1 month, 66.61 ± 9.90 
at 3 months, 71.76 ± 9.38 at 6 months, 78.02 ± 10.67 at 
12 months, 79.09 ± 7.74 at 24 months and 78.49 ± 6.54 
at 36  months. The mean preoperative pain score was 
49.63 ± 15.55, 73.34 ± 14.10 at 1 month, 77.10 ± 11.02 
at 3 months, 80.50 ± 9.53 at 6 months, 84.23 ± 11.97 at 
12 months, 85.01 ± 6.46 at 24 months and 85.58 ± 6.01 
at 36 months. The mean preoperative symptom score was 
46.45 ± 14.13, 64.21 ± 12.74 at 1 month, 71.16 ± 15.38 
at 3 months, 76.90 ± 14.38 at 6 months, 85.14 ± 16.73 at 
12 months, 89.65 ± 7.76 at 24 months and 87.75 ± 6.35 at 
36 months. The mean preoperative Quality of Life score 
was 36.02 ± 13.41, 54.15 ± 13.75 at 1 month, 60.14 ± 14.23 
at 3 months, 65.17 ± 14.41 at 6 months, 75.34 ± 12.76 at 
12 months, 75.32 ± 13.01 at 24 months and 75.97 ± 13.69 
at 36 months. The mean preoperative Activity of Daily 
Living score was 50.12 ± 14.83, 71.89 ± 16.47 at 1 month, 
75.30 ± 11.87 at 3 months, 79.70 ± 11.85 at 6 months, 
82.67 ± 12.74 at 12 months, 80.61 ± 9.10 at 24 months 
and 83.68 ± 7.94 at 36 months. There was a significant 
improvement in the overall KOOS score and KOOS sub-
scales–pain score, symptom score, quality of life score, 
and average Activity of Daily Living score from preopera-
tive level to 36 months (p = 0.001) (Table 1 and Fig. 5).

VAS score: The mean preoperative VAS score 
was 8.41 ± 0.56, 7.72 ± 0.52 at 1  month, 6.71 ± 0.68 
at 3  months, 5.29 ± 0.46 at 6  months, 4.24 ± 1.06 at 
12 months, 3.35 ± 0.95 at 24 months and 3.17 ± 0.94 at 
36 months. There was a significant improvement in the 
mean VAS score from the preoperative level to 36 months 
(p = 0.001) (Table 2 and Fig. 6).

Fig. 4   Representative case of 
KL grade II OA knee. A Plain 
radiograph of bilateral knees–
AP view before SVF implan-
tation, B plain radiograph of 
bilateral knees–AP view 3 years 
after SVF implantation which 
evidence of maintenance of 
cartilage thickness
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Saline Group

The mean overall preoperative KOOS score was 
35.15 ± 10.20, 37.13 ± 12.13 at 1  month, 39.31 ± 7.80 

at 3  months, 47.14 ± 7.15 at 6  months, 49.31 ± 8.15 at 
12 months, 54.13 ± 6.14 at 24 months and 59.19 ± 5.14 
at 36  months. The mean preoperative pain score was 
35.13 ± 11.25, 37.14 ± 12.15 at 1  month, 41.45 ± 9.12 
at 3 months, 46.13 ± 10.13 at 6 months, 49.10 ± 10.17 at 
12 months, 61.34 ± 2.64 at 24 months and 63.15 ± 3.29 at 
36 months. The mean preoperative symptom score was 
31.15 ± 12.30, 36.13 ± 10.45 at 1  month, 39.68 ± 10.80 
at 3 months, 49.10 ± 13.80 at 6 months, 52.40 ± 14.30 at 
12 months, 56.15 ± 6.60 at 24 months and 58.50 ± 5.15 at 
36 months. The mean preoperative Quality of Life score 
was 32.20 ± 10.14, 34.50 ± 12.50 at 1 month, 40.46 ± 9.30 
at 3 months, 45.72 ± 10.14 at 6 months, 49.40 ± 9.67 at 
12 months, 55.20 ± 9.01 at 24 months and 59.70 ± 7.69 at 
36 months. The mean preoperative Activity of Daily Liv-
ing score was 35.20 ± 12.30, 32.90 ± 13.70 at 1 month, 
39.29 ± 10.78 at 3  months, 45.78 ± 9.57 at 6  months, 
51.76 ± 7.43 at 12 months, 58.13 ± 6.78 at 24 months and 
60.18 ± 5.14 at 36 months. There was a significant improve-
ment in the overall KOOS score and KOOS subscales–pain 
score, symptom score, quality of life score, and average 
Activity of Daily Living score from preoperative level to 
36 months (p = 0.001) (Table 3 and Fig. 7).

VAS score: The mean preoperative VAS score was 
7.31 ± 0.26, 7.62 ± 0.12 at 1  month, 7.10 ± 0.34 at 
3 months, 6.16 ± 0.25 at 6 months, 5.42 ± 0.16 at 12 months, 
4.21 ± 0.13 at 24 months and 3.89 ± 1.04 at 36 months. 
There was a significant improvement in the mean VAS score 
from the preoperative level to 36 months (p = 0.001) (Table 4 
and Fig. 8).

Comparison Between SVF and Saline Groups

KOOS score: The mean KOOS score at the preoperative 
level and 1 month was not significant between the groups. 
At 3, 6, 12, 24, and 36 months, there was a significant 

Table 1   Comparison of average KOOS value at different time inter-
vals about preoperative value among autologous adipose tissue-
derived SVF (n = 115)

Paired t test was applied. All comparisons were done from preopera-
tive values
A p value of < 0.05 was taken as a statistically significant

Average KOOS Mean value [mean ± SD] ‘t’ value df P value

Preoperative 43.25 ± 12.13
At 1 month 62.89 ± 11.82 − 9.913 57 0.001
At 3 months 66.61 ± 9.90 − 13.701 57 0.001
At 6 months 71.76 ± 9.38 − 15.353 57 0.001
At 12 months 78.02 ± 10.67 − 17.869 57 0.001
At 24 months 79.09 ± 7.74 − 20.881 57 0.001
At 36 months 78.49 ± 6.54 − 20.211 57 0.001
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Fig. 5   Comparison of average KOOS value at different time intervals 
about preoperative value among autologous adipose tissue-derived 
SVF (n = 115)

Table 2   Comparison of pain at different time intervals about preop-
erative value in VAS among autologous adipose tissue-derived SVF 
(n = 115)

Paired t test was applied. All comparisons were done from preopera-
tive values
A p value of < 0.05 was taken as a statistically significant

Pain Mean value 
[mean ± SD]

‘t’ value df P value

Preoperative 8.41 ± 0.56
At 1 month 7.72 ± 0.52 7.716 57 0.001
At 3 months 6.71 ± 0.68 14.793 57 0.001
At 6 months 5.29 ± 0.46 31.643 57 0.001
At 12 months 4.24 ± 1.06 26.776 57 0.001
At 24 months 3.35 ± 0.95 33.944 57 0.001
At 36 months 3.17 ± 0.94 34.887 57 0.001
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Fig. 6   Comparison of average VAS score at different time intervals 
about preoperative value among autologous adipose tissue-derived 
SVF (n = 115)
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improvement in the mean KOOS score between the groups 
(p = 0.001) (Table 5).

VAS score: The mean VAS score at 1  month was 
not significant between the groups. At 3, 6, 12, 24, 
and 36 months, there was a significant improvement in 

the mean KOOS score between the groups (p = 0.001) 
(Table 6).

There were no serious adverse effects of either autolo-
gous adipose tissue-derived SVF or saline injection. Some 
patients experienced pain, swelling, and ecchymosis at the 
lipoaspiration site, which resolved in a short period with 
the use of icing and common analgesics. All the patients 
were followed up till 36 months after SVF and saline injec-
tion. The study results demonstrated good safety and efficacy 
and significant improvement in the functional outcome and 
reduction in the pain score with SVF throughout the study 
period.

Discussion

OA knee is characterized by the loss of articular cartilage 
leading to degenerative joint disorder which affects the qual-
ity of life significantly [9]. World Health Organization esti-
mated that 10% and 18% of men and women, respectively, 
aged over 60 years have OA knee [19, 20]. Cui et al. esti-
mated the global prevalence of OA knee was 22.9% (95% CI 
19.8% − 26.1%) in individuals aged > 40 years with female 
preponderance (21.7% [95% CI 19.0% − 24.5%]) [21]. Glob-
ally, the incidence of OA knee in individuals aged > 20 years 
was 203 per 10,000 (95% CI, 106–331) person-years. Man-
agement of OA knee has taken various dimensions with the 
recent technological developments in the healthcare indus-
try. With a profound shift in industrialization towards indus-
try 5.0, the novel biomedical and bioengineering technolo-
gies have revolutionized the dynamics of healthcare towards 
the improvisation of health indicators. Industry 5.0 deals 
with personalization and customization which form an inte-
gral part of Tissue Engineering and Regenerative Medicine 
(TERM) [22]. The debate on cartilage regeneration remains 
an unsolved technological development. In this connotation, 
MSCs paved a way for regenerating the cartilaginous tissue 
in a dose-dependent manner.

Table 3   Comparison of average KOOS value at different time inter-
vals about preoperative value among saline group (n = 116)

Paired t test was applied. All comparisons were done from preopera-
tive values
A p value of < 0.05 was taken as a statistically significant

Average KOOS Mean value [mean ± SD] ‘t’ value df P value

Preoperative 35.15 ± 10.20
At 1 month 37.13 ± 12.13 − 10.180 230  < 0.001
At 3 months 39.31 ± 7.80 − 15.920 230  < 0.001
At 6 months 47.14 ± 7.15 − 20.74 230  < 0.001
At 12 months 49.31 ± 8.15 − 24.80 230  < 0.001
At 24 months 54.13 ± 6.14 − 28.03 230  < 0.001
At 36 months 59.19 ± 5.14 − 30.21 230  < 0.001
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Fig. 7   Comparison of average KOOS value at different time intervals 
about preoperative value among saline group (n = 116)

Table 4   Comparison of pain at different time intervals about preop-
erative value in VAS among saline group (n = 116)

Paired t test was applied. All comparisons were done from preopera-
tive values
A p value of < 0.05 was taken as a statistically significant

Pain Mean value 
[mean ± SD]

‘t’ value df P value

Preoperative 7.31 ± 0.26
At 1 month 7.62 ± 0.12 − 11.66 230  < 0.001
At 3 months 7.10 ± 0.34 5.284 230  < 0.001
At 6 months 6.16 ± 0.25 34.339 230  < 0.001
At 12 months 5.42 ± 0.16 66.78 230  < 0.001
At 24 months 4.21 ± 0.13 114.58 230  < 0.001
At 36 months 3.89 ± 1.04 34.360 230  < 0.001
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Fig. 8   Comparison of average VAS score at different time intervals 
about preoperative value among saline group (n = 116)



1653Indian Journal of Orthopaedics (2023) 57:1646–1658	

1 3

The regenerative potential of adipose tissue was well-
accepted by various regenerative medicine experts and 
regenerative orthobiologists. Among the various transla-
tional products of adipose tissue, exosomes, and SVF pos-
sess an enhanced regenerative potential in terms of cartilage 
regeneration [16]. SVF is a collection of the non-expanded 
or uncultured cellular mixture obtained from lipoaspirate 
which is derived through either mechanical or enzymatic 
separation [23, 24]. SVF comprises a heterogeneous group 
of a cellular mixture such as MSCs (2–5%), AD-MSCs 
(1–15%), M2 macrophages/monocytes (10%), hematopoi-
etic cells (0.004%), pericytes (10–70%), T regulatory cells 
(5–70%), dendritic cells, fibroblasts, vessel-forming cells, 
such as endothelial and smooth muscle cells, and their pro-
genitors (7–30%), and extracellular matrix [25, 26]. SVF 
from adipose tissue contains 30% MSCs, 3% endothelial 
cells, and 14% endothelial precursor cells [27, 28]. The 
concentration of adipose-derived stromal cells in SVF var-
ies from lesser than 1% to greater than 15% which depends 
on age, sex, the health status of the individual, and the 

harvesting method of adipose tissue [26]. The concentration 
of pericytes in the SVF cocktail aids in tissue regeneration 
in response to any injury or inflammation [29]. SVF follows 
the criteria for MSCs as laid out by the International Society 
for Cell and Gene Therapy (ISCT) which express 2% hemat-
opoietic markers and 7% MSCs [30]. AD-MSCs in the SVF 
cocktail secrete various anti-inflammatory substances, such 
as IL-1RA, NO, TGF-β1, SDF-1, and LL37, which allevi-
ate the inflammatory environment in the diseased joint [31]. 
Actual cartilaginous regeneration by SVF cells is yet to be 
fully elucidated. A few studies reported quantifiable hyaline 
cartilage regeneration observed [32, 33], whereas few stud-
ies reported no cartilage regeneration on application with 
SVF cells [34, 35].

In the literature, various methods and modifications of 
SVF isolation have been mentioned [24, 28, 36, 37]. In our 
study, we followed the mechanical method of SVF isolation 
using Australian Patent technology. Koh et al. suggested the 
need for the SVF cellular dosage in cartilage regeneration 
[38]. Cytori Therapeutics reported the cellular mixture in 
SVF pellet as 37% with CD34 + /CD31 − cells, 23% with 
tissue macrophages, 22% with WBCs, 9% with smooth 
muscle cells, 7% with endothelial cells, and 2% with MSCs 
[39]. Aronowitz et al. reported measurable amounts of the 
cellular mixture in SVF pellets generated by various com-
mercial systems and hence a significant variability exists in 
the recovered viability of the cells [40].

Various studies demonstrated the use of SVF in OA knee 
as mentioned in Table 7. Yokota et al. reported a significant 
functional outcome in VAS, JKOM, and WOMAC scores 
with intra-articular injection of SVF in KL grade III and IV 
OA knee [41]. Tsubosaka et al. reported no significant differ-
ence in radiological evaluation of either lower (2.5 × 107 SVF 
cells) or higher (5.0 × 107 SVF cells) cellular dosage of SVF 
in OA knee but clinically the patients who received higher 
cellular dosage exhibited a superior pain relief than lower 
cellular dosage group [42]. Zhang et al. reported signifi-
cant improvement in VAS and WOMAC scores in patients 
treated with SVF than the hyaluronic acid group at the end 

Table 5   Comparison of average 
KOOS value at different time 
intervals between two groups 
(n = 116)

Independent t test was applied
A p value of < 0.05 was taken as a statistically significant

Average KOOS SVF mean value 
[mean ± SD]

Saline mean value 
[mean ± SD]

‘t’ value df P value

Preoperative 43.25 ± 12.13 35.15 ± 10.20 1.289 229 0.19
At 1 month 62.89 ± 11.82 37.13 ± 12.13 − 1.751 229 0.08
At 3 months 66.61 ± 9.90 39.31 ± 7.80 − 1.962 229 0.04
At 6 months 71.76 ± 9.38 47.14 ± 7.15 − 2.238 229 0.02
At 12 months 78.02 ± 10.67 49.31 ± 8.15 − 2.710 229 0.03
At 24 months 79.09 ± 7.74 54.13 ± 6.14 − 3.221 229 0.0015
At 36 months 78.49 ± 6.54 59.19 ± 5.14 − 1.680 229 0.003

Table 6   Comparison of pain VAS scores at different time intervals 
between two groups (n = 116)

Independent t test was applied
A p value of < 0.05 was taken as a statistically significant

Pain SVF mean 
value 
[mean ± SD]

Saline 
mean value 
[mean ± SD]

‘t’ value df P value

Preoperative 8.41 ± 0.56 7.31 ± 0.26 − 19.174 229  < 0.001
At 1 month 7.72 ± 0.52 7.62 ± 0.12 − 2.018 229 0.04
At 3 months 6.71 ± 0.68 7.10 ± 0.34 5.520 229  < 0.001
At 6 months 5.29 ± 0.46 6.16 ± 0.25 17.880 229  < 0.001
At 

12 months
4.24 ± 1.06 5.42 ± 0.16 11.854 229  < 0.001

At 
24 months

3.35 ± 0.95 4.21 ± 0.13 9.66 229  < 0.001

At 
36 months

3.17 ± 0.94 3.89 ± 1.04 5.518 229  < 0.001
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of 5 years. They concluded that bone marrow lesions and 
body mass index were independent predictors of the prog-
nosis [43]. Mehling et al. reported better outcomes in grade 
III OA knee and hip when treated with intra-articular SVF. 
At the end of the 12-month follow-up, 84.9% of patients 
demonstrated better pain relief and improved mobility with 
enhanced quality of life [44]. Desando et al. demonstrated 
the delayed progression of OA knee in surgically induced 
OA knee models in rabbits [45]. Boada-Pladellorens et al. 
in their systematic review explained the need for stand-
ardization of SVF isolation protocols to obtain a standard 
cellular count in SVF pellets. They concluded that SVF is 
a promising regenerative agent in terms of pain reduction, 
functionality, and anatomical structural improvement in OA 
knee [46]. Garza et al. reported no MRI changes in the car-
tilage thickness were observed after 12 months of follow-up 
with SVF treatment of varied dosages [47]. A quantitative 
T2 cartilage mapping sequence provides early detection of 
cartilage degeneration in OA knee [48]. T2 cartilage map-
ping detects the change in water and collagen content in the 
cartilage and reflects the degree of cartilage degeneration 
[49]. Hong et al. demonstrated increased cartilage thick-
ness quantitatively and qualitatively by magnetic resonance 
observation of cartilage repair tissue (MOCART) score at 
the end of 1 year with intra-articular injection of autologous 
adipose tissue-derived SVF in OA knee [50].

This comparative study of the VAS Score and KOOS 
Score between the autologous adipose tissue-derived SVF 
group and saline group indicates that the SVF group has 
better outcomes. The results show that the SVF group had 
significantly higher KOOS scores (78.49 ± 6.54 in the SVF 
group vs 59.19 ± 5.14 in the saline group), respectively 
(p < 0.001). Similarly, the SVF group had significantly lesser 
VAS scores (3.17 ± 0.94 in the SVF group vs 3.89 ± 1.04 
in the saline group), respectively (p < 0.001). This suggests 
that autologous adipose tissue-derived SVF may be a better 
treatment option for knee osteoarthritis. Furthermore, the 
SVF group had a significantly lower rate of adverse events 
compared to the saline group, which further demonstrates 
the superiority of SVF. Therefore, it can be concluded that 
autologous adipose tissue-derived SVF is the better choice 
for treating knee osteoarthritis.

In our study, we observed a statistically significant dif-
ference (p < 0.001) in clinical and functional follow-up with 
autologous adipose tissue-derived SVF implantation in KL 
grade I–III OA knee. We performed radiological documen-
tation in the form of a plain radiograph at every follow-up 
to demonstrate the maintenance of cartilage thickness. No 
adverse side effects were observed among the study popula-
tion who underwent autologous adipose tissue-derived SVF 
for OA knee. The limitations of the study are a) no MR car-
tigram documentation of increased cartilage thickness and 

b) No pre- and post-op arthroscopy done after autologous 
adipose tissue-derived SVF implantation.

Conclusions

The results of our study support the long-term safety and 
efficacy of autologous grafting of adipose tissue-derived 
SVF implantation in the same surgical sitting in patients 
with OA knee with KL grades I–III. There are level I and 
II evidences are present that support use of adipose tissue-
derived SVF for OA knee.
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