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1. Abstract

1.1. Background: Knee osteoarthritis (KOA) is one of the most
widespread degenerative diseases that lead to pain and disability.
Oral NSAIDs and Intra-articular corticosteroid injections are usu-
ally used to relieve symptoms in patients with knee osteoarthritis.
In this study, we assessed the safety and efficacy of the combina-
tion of autologous adipose-derived mesenchymal stem cells (AD-
MSC) that is mechanically treated with a stromal vascular fraction
(SVF) and bone marrow aspirate concentrate (BMAC) injections
on pain reduction and improvement of functioning in patients with
KOA. The aim was to gain more information as there is a lack of
research on combinational orthobiologic treatment.

1.2. Methods: 302 knee joints of patients aged between 40 and 85
years with KOA, grade 3-4 of the Kellgren—Lawrence scale were
administered with a single intra-articular injection of BMAC+AD-
MSC combination. These patients were evaluated before and 12
months after BMAC +AD-MSC treatment using the Visual Analog
Scale (VAS) and Oxford Knee Score (OKS).

1.3. Results: After 12 months of follow-up, both VAS and OKS
scores improved significantly in the BMAC +AD-MSC group
from baseline after the injection (P < 0.05). No acute pain flares,
infections, or other adverse complications were reported during
this period.

1.4. Conclusion: A combination of BMC and AD-MSC was safe

and effective in improving patient-reported outcomes in patients
with moderate-to-severe KOA for the entire duration of 12 months.

2. Introduction

Knee osteoarthritis (KOA) is one of the most widespread chronic
progressive joint disorders that involves the steady deterioration
of the articular cartilage followed by the degeneration of liga-
ments and menisci, pain, stiffness, and loss of joint function [1].
However, none of the available treatments reverse or repair the
degenerative nature of the disease [2]. Hence, there has been sig-
nificant interest in injections classified as regenerative. Recently,
mesenchymal progenitor cells (MPCs), or mesenchymal stem cells
(MSCs), extracted from adipose tissue, umbilical cord blood, or
bone marrow, have been examined as potential therapeutic options
to treat knee osteoarthritis as they can differentiate into various
tissue types and self-renew [3,4]. The paracrine activity of these
stem cells facilitate anti-inflammatory, anti-fibrotic, anti-apoptot-
ic, mitogenic, angiogenic, immunomodulatory, and wound healing
properties [5]. These mesenchymal stem cells could stimulate new
cartilage-like cells in vitro [6], enhance repair, regenerate carti-
lage, and promote type II collagen production, unlike direct cell
engraftment and differentiation [7]. Clinical studies of intra-ar-
ticular injection of bone marrow aspirate concentrate (BMACs)
into the knee have demonstrated reduction of pain and improved
function with utmost safety and reliability [8-27]. Adipose-de-
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rived mesenchymal stem cells (AD-MSC) including mechanical-
ly treated stromal vascular fraction (SVF) could potentially treat
multiple disease processes through restoration and revival of acute
and chronically damaged tissues [9,10,24-26]. Recent studies on
animals and humans have shown the efficacy of adipose-derived
mesenchymal stem cells, including mechanically treated stromal
vascular fraction, to decrease inflammation and pain and increase
the range of motion (ROM) in joints [2]. Thus, the injections of
bone marrow aspirate concentrate (BMAC) and adipose-derived
mesenchymal stem cells (AD-MSCs) prove safer and more pro-
ductive to treat KOA for a short duration of 6-24 months without
any adverse complications [13]. To date, the majority of studies fo-
cus on either use of BMAC or SVF. However, no clinical study is
available on the combinational treatment involving AD-MSCs and
BMAC. Hence, the primary objective of this study was to assess
the efficacy of BMC and AD-MSCs in combination for knee OA
after a single injection, with validated patient-reported outcomes.

3. Methodology
3.1. Study Design

The current research was an interventional study involving an
intra-articular injection of BMAC and AD-MSCs in combina-
tion among patients with osteoarthritic knees. The duration of the
study was from July 2019 to March 2021. These patients were
then followed up to determine the efficacy of the combinational
treatment (BMAC + AD-MSCs) regarding pain and monitoring
adverse events, if any. For this study, the researchers selected the
participants from patients with knee pain who were referred to the
Medica Stem Cells clinic in the UK and Ireland. Every patient was
explained about the benefits, side effects and success rate of the
treatment. Study procedures were performed after signed consent
from each patient. Similarly, all patients were equally recommend-
ed on lifestyle modifications and appropriate exercises for knee
osteoarthritis (standard and basic treatments). All complications
were carefully followed.

3.2. Study Inclusion/Exclusion Criteria

The inclusion criteria of this study were males and females, aged
40 to 85 years, grade 3 and 4 (moderate to severe) of the Kellgren—
Lawrence scale in X-ray/MRI scan within the past 3 months, with
a symptom duration of more than 6 months. Visual Analogue Scale
of more than three, absence of any pathologic conditions around
the knee such as bursitis or cellulitis, having tried a regimen of
systemic anti-inflammatory medicines and physical therapy or in-
jections (corticosteroids or viscosupplements), and willingness to
participate in the study.

Exclusion criteria include any patient parameters falling outside
of the inclusion criteria, any current oral or parenteral steroid, on-
going cancer treatment such as chemotherapy, genetic disorder,
history of knee arthroplasty. Some of the other criteria include
pregnancy or breastfeeding; the presence of peripheral neuropathy,
active radiculopathy, or myopathy in lower limbs; severe hepat-

ic, gastrointestinal, respiratory, renal, cerebral, and cardiovascular
diseases; any condition with bleeding tendency; any severe local
infection were excluded.

4. Sample Preparation
4.1. BMAC

Bone marrow was harvested with the help of a multiport bone mar-
row aspiration needle extracted from the posterior superior iliac
crest. The total quantity of bone marrow harvested was 60 cc for
one knee and 100-120 cc for treating both knees. With the help of
the manufacturer’s preparation and processing protocol,bone mar-
row aspirate concentrate (BMAC) was preparedto utilize the Ar-
threx Angel centrifugation system. (Arthrex, Inc. https://www.ar-
threx.com/orthobiologics/arthrex-angel-system) The final quantity
of BMAC utilized differed from 5 cc to 7 cc per affected knee joint.

4.2. AD-MSCs

For the production of the adipose-derived mesenchymal stem cells
(AD-MSCs) stromal vascular fraction (SVF), the Adipose Tis-
sue Harvesting Kit in combination with BMAC end product was
used. - https://www.arthrex.com/orthobiologics/autologous-condi-
tioned-plasma. 160 ml of tumescence solution was penetrated the
target area for the liposuction procedure. This target region was
an abdominal wall. After waiting for 15 minutes, around 30 ml of
adipose tissue was harvested into two ACP double syringes in the
equal proportion of 15ml each with the help of the harvesting can-
nula from the Adipose Tissue Harvesting Kit. These ACP double
syringes were then centrifuged at 2500 rpm in the appropriate cen-
trifuge Rotofix 32Afor 4 minutes. This centrifugation step result in
a separation of the lipoaspirate into three layers. The oil and aque-
ous fractions were eliminated using the double syringe by leaving
only the fat graft behind. This fat graft was poured through the
swooshing device at least 30 times to dissociate the adipocytes me-
chanically. Second centrifugation for 4 minutes at 2.500 rpm was
carried out; the separated oil was eliminated, leaving behind the
SVF (cell pellet) in the ACP Double Syringe itself.Consequently,
ACP SVF, was prepared by re-suspending the SVF cell pellet in
BMAC.

5. Intervention

All patients confirmed the cessation of NSAIDs at least five days
before the procedure. Before injecting, the affected knee joint site
was infiltrated with a dilute solution of .00125% lidocaine pro-
vided/INGa significant anaesthetic effect on local soft tissues.
With the help of ultrasound guidance, intra-articular injections of
the combination of BMAC+AD-MSCs were given precisely into
the affected joint. The patients were also instructed to avoid oral
NSAIDs four to six weeks after the procedure. The patient was
also advised to avoid high impact activity for two weeks.

6. Outcomes

All patients were evaluated before and 12 months after treatment

by the Visual Analogue Scale (VAS) and Oxford Knee Scale
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(OKS) questionnaires. VAS assesses pain intensity with 10 de-
grees, starting from 0 (no pain) to 10 (most possible pain). 11 OKS
estimates the overall function of the patient’s affected region. It
includes 12 items with five scores, ranging from 0 to 4 (none: 4,
very mild: 3, mild: 2, moderate: 1, and severe: 0); the score of
0 points represents the worst function, and the score of 4 points
refers to the most outstanding performance.12The most important
demographic criteria were age and sex. Both BMAC and AD-MSC
procedures were performed to find a significant improvement in
knee joint pain and function.

7. Possibility of Adverse Events

While performing both BMAC and AD-MSC procedures, the pa-
tients were informed about the possibility of complications that
include pain at the injection site, bruising, allergy, infection, stiff-
ness, itching, nausea/vomiting, dizziness, bleeding, temporary in-
crease in blood sugar level, and nerve injury.

8. Statistical Analysis

All statistical analyses were performed using SPSS version 17.0
(SPSS, Chicago, IL, USA). The pre-and post-treatment scores af-
ter 12 months were considered using the Paired t-test. A value of
probability value p <0.05 was considered statistically significant.

9. Result

We assessed 400 patients with knee osteoarthritis pain who were
the candidates to participate in our study. Ninety patients had at
least one exclusion criterion: kidney disorder, cancer, and genetic
disorder, so they were omitted. Eight patients declined to partici-
pate. The remaining patients (n=302) were finally administrated
with the combinational treatment (BMAC+AD-MSCs). Mean age
was 60 years, ranging from 19 to 85 years, and there were 165
(54.64%) males and 137 (45.36%) females, 186 right knees, and
116 left knees (Table 1). The degree of the degenerative arthritis
was evaluated to be grade III-IV by K-L grade (Kellgren—Law-
rence grading scale) on standing anteroposterior (AP) view. 132
knees were evaluated as K—L grade 111, and 170 knees were evalu-
ated as K—L grade 1V, respectively. The results are summarized in
Table 2. Before the treatment, there was no significant difference
in age, sex (Table 1), VAS, and OKS scores (Table 2). After 12
months of follow-up, the VAS score showed 82% improvement in
males and 75% in females. Similarly, the OKS score showed 79%
improvement in males and females. The data analysis revealed the
improvement of the OKS scoreand the reduction ofthe VAS score
after 12 months of follow-up (value <0.05)(Table 3, Figure 1 & 2).
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Figure 1: VAS Score Analysis (Before v/s After 12 months of BMAC+AD-MSCs treatment).
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Figure 2: OKS Score Analysis (Before v/s After 12 months of BMAC+AD-MSCs treatment.

Table 1: Baseline characteristics of patients.

BMAC+AD-MSCs group

Sex

K-L grade II (132 knees); K-L grade III (170 knees)

Males 165 (54.64%); Females 137 (45.36%)

Age, mean + SD

60 + 8.63

Volume 5 | Issue 11



ajsccr.org

Table 2: Average % improvement in VAS and OKS scores.

BMAC+ AD-MSC:s (after 12 months of treatment)
Scores
Male Female
VAS 82% 75%
OKS 79% 79%

Table 3: Average % improvement in VAS and OKS scores.

BMAC+AD-MSCs(P-value <0.05)

Scores
Pre-treatment

Post-treatment (after 12 months)

VAS, mean + SD 8.2+1.38

2.1+1.1

23.69+11.1

OKS, mean + SD

42.41+7.8

10. Discussion

To our knowledge, this was the first direct novel insight on the
efficacy of the combinational treatment that involves BMAC and
AD-MSC, including mechanically treated SVF against knee OA.
Novelty of this study highlights a significant improvement in
clinical outcomes of VAS and OKS scores for the AD-MSCs and
BMAC groups 12 months after the injection. This study confirmed
the mode of action of regenerative medicine, which involved a
flow of events over time leading to an immunomodulatory effect
that can lead to tissue remodelling. The anti-inflammatory effect
and the improvement in knee pain, function, and cartilage qual-
ity may be associated with the soluble growth factors produced
by the mesenchymal stem cells [14]. There are established facts
about the ability of BMAC to culture or differentiate was, often
referred to as stem cells, with the potential of secreting a higher
volume of potentially beneficial chemokines and soluble growth
bioactive proteins. 1 SHowever, its clinical superiority was found to
be theoretical. 16 Although the full clinical potential of BMAC was
unclear, its clinical case series have shown promise for the treat-
ment of OA16-17, thereby recommending the role of BMAC in
open implantation for cartilage repair [19-22]. Similar to the effect
of AD-MSCs, improved function and reduced pain were observed
in patients treated with a bone marrow concentrate protocol re-
gardless of cellular dose [23]. The stromal vascular fraction (SVF)
extracted from adipose tissues was a heterogeneous cell popula-
tion that included a mesenchymal stem cell (6.7%) compartment,
an endothelial precursor cell compartment (2%), and a monocyte/
macrophage compartment (10%), among others [28]. These adi-
pose-derived mesenchymal stem cells have been shown to exhibit
anti-fibrotic and immunomodulatory properties, promote prolif-
eration and chondrogenic differentiation in co-culture through
the secretion of growth factors, and protect cells from oxidative
stress and apoptosis [29]. They exhibit protective and rejuvenating
properties and remain plentiful in supply as they are easily derived
from human lipoaspirate samples.28Autologous adipose-derived
mesenchymal stem cells were proven to be safe without any re-
jection risk. Hence, it could be a new potential therapy for de-

creasing pain for knee osteoarthritis conditions without adverse
events [2,30-31]. A single dose of BMAC or AD-MSCs injec-
tions as standalone treatments into the knee joint of patients with
knee joints resulted in significant improvement in symptoms for
12-month follow-up. However, AD-MSCs injection proved to be
more effective than BMAC in reducing knee pain, which is a cru-
cial finding to date [36]. The extraction of adipose tissues through
standard liposuction procedure under local anaesthesia was found
to have about 500-2500 times more mesenchymal stem cells when
compared with the same volume of bone marrow cells [32]. Ad-
ditionally, the number of stem cells present in the bone marrow
would be reduced with age, while the pool of stem cells in adi-
pose tissue would remain stable throughout life. Compared to bone
marrow-derived cells, adipose tissue-derived cells were found to
be genetically more stable, with longer telomere length, lower
senescence ratio, and more proliferative and differentiation capa-
bility [33-34]. In general, the combinational treatment involving
BMAC and AD-MSCs was considered a fairly simple procedure
that could be easily completed in an outpatient setting. Currently,
many studies are in progress to determine the lasting durability
of these procedures and probable alterations to get comparatively
better results. In this study, only the preliminary data was revealed
recommending the safety and long-term efficacy of a cost-effective
outpatient procedure of combinational administration of AD-MSC
and BMAC in the knee.

11. Study Limitations

The limitations of the present study include the lack of objective
assessment of the interventional outcomes and the lack of a place-
bo/control group. Earlier studies have revealed a remarkable pla-
cebo effect while evaluating the effects of biologics [35]. There
was an added criticism about the missing factor of a comparative
arm of steroids or HA, which would have significantly expanded
this study’s real-world applicability. There was no comparison of
BMAC + AD-MSCs combinational treatment outcomes for vari-
ous KL grades. No MRI assessment was performed to quantify the
regeneration in cartilage following the treatment as our priority
was clinical change as imaging assessment may disagree with clin-
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ical outcomes [36]. To date, there has been a lack of high-quality
research studies on the combination of BMAC and SVFs, for more
than two years with various trial settings for knee osteoarthritis
treatment [13].

12. Future Investigations

The duration of follow-up of the current study was only one year.
However, the current cohort study could be continued for the sec-
ond and third years, thereby reporting the outcomes of symptoms
and radiological investigations aimed at cartilage thickness in the
following research paper. Future studies aim to compare BMAC
+ AD-MSCs combinational treatment with corticosteroids, hyalu-
ronic acid injections, platelet-rich plasma, placebo, only BMAC,
and only AD-MSCs.

13. Conclusion

This study demonstrated that the combination of AD-MSCs and
BMAC was an effective and well-tolerated treatment method to
reduce pain and improve function significantly in patients with
moderate to severe knee arthritis for nearly 12 months. The results
of the current study were established based on subjective findings.
Further detailed research should be conducted to assess their effect
with different methods, long-term follow-up and objective find-
ings.

References

1. Loeser RF, Goldring SR, Scanzello CR, Goldring MB. Osteoar-
thritis: a disease of the joint as an organ. Arthritis Rheum. 2012;
64:1697-707.

2. Fodor PB, Paulseth SG. Adipose-Derived Stromal Cell (ADSC) In-
jections for Pain Management of Osteoarthritis in the Human Knee
Joint.AesthetSurg J. 2016; 36(2):229-236.

3. Sato M, Uchida K, Nakajima H, Miyazaki T, Guerrero AR, Wata-
nabe S, et al. Direct transplantation of mesenchymal stem cells into
the knee joints of Hartley strain guinea pigs with spontaneous osteo-
arthritis. Arthritis Res Ther. 2012; 14: R3.

4.  Noth U, Ander F, Steinert I. Technology insight: adult mesenchymal
stem cells for osteoarthritis therapy. Nat ClinPractRheumatol. 2008;
4(7):371-80.

5. Caplan AL Correa D. The MSC: an injury drugstore. Cell Stem Cell.
2011; 9(1):11-5.

6. Wang Y, Yuan M, Guo QY. Mesenchymal stem cells for treating
articular cartilage defects and osteoarthritis. Cell Transplant. 2015;
24(9):1661-78.

7. Freitag J, Bates D, Boyd R. Mesenchymal stem cell therapy in the
treatment of osteoarthritis: Reparative pathways, Safety and Effica-
cy: A Review. BMC MusculoskeletDisord. 2016; 17:230.

8. Centeno C, Pitts J, Al-Sayegh H, Freeman M. Efficacy of autologous
bone marrow concentrate for knee osteoarthritis with and without
adipose graft. Biomed Res Int. 2014; 2014:370621.

9. Lindroos B, Suuronen R, Miettinen S. The potential of adipose stem
cells in regenerative medicine. Stem Cell Rev. 2011; 7: 269-291.

10.

11.

12.

13.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Tremolada C, Palmieri G, Ricordi C. Adipocyte transplantation and
stem cells: plastic surgery meets regenerative medicine. Cell Trans-
plant. 2010; 19:1217-1223.

Price DD, McGrath PA, Rafii A, Buckingham B. The validation of
visual analogue scales as ratio scale measures for chronic and exper-
imental pain. Pain. 1983; 17(1):45-56.

Ebrahimzade MH, Makhmalbaf H, Birjandinejad AS, and Sol-
tani-Moghaddas SH. Cross-cultural adaptation and validation of the
Persian version of the Oxford knee score in patients with knee os-
teoarthritis. The Iranian Journal of Medical Sciences. 2014; 39(6):
529-535.

Pithadia P, Tulpule S, Rahman M, Singh M. BMAC and Adi-
pose-Derived MSCs Treatment for Knee Osteoarthritis: A System-
atic Review. International Journal of Clinical Case Reports and Re-
views. 2021; 7(4):1-11.

Iijima H, Isho T, Kuroki H, Takahashi M, Aoyama T. Effectiveness
of mesenchymal stem cells for treating patients with knee osteoar-
thritis: a meta-analysis toward the establishment of effective regen-
erative rehabilitation. NPJ Regen Med. 2018; 3:15.

Cassano JM, Kennedy JG, Ross KA, Fraser EJ, Goodale MB, Fort-
ier LA. Bone marrow concentrate, and platelet-rich plasma differ in
cell distribution and interleukin 1 receptor antagonist protein con-
centration. Knee Surg Sports TraumatolArthrosc. 2018; 26(1):333-
342.

Hauser RA, Orlofsky A. Regenerative injection therapy with whole
bone marrow aspirate for degenerative joint disease: a case series.
Clin Med Insights Arthritis MusculoskeletDisord. 2013; 6:65-72

Centeno C, Pitts J, Al-Sayegh H, Freeman M. Efficacy of autolo-
gous bone marrow concentrate for knee osteoarthritis with and with-
out adipose graft. Biomed Res Int. 2014; 2014:370621.

Centeno CJ, Al-Sayegh H, Bashir J, Goodyear S, Freeman MD. A
dose response analysis of a specific bone marrow concentrates treat-
ment protocol for knee osteoarthritis. BMC MusculoskeletDisord.
2015; 16:258

Buda R, Vannini F, Cavallo M, Grigolo B, Cenacchi A, Giannini
S. Osteochondral lesions of the knee: a new one-step repair tech-
nique with bone-marrow-derived cells. ] Bone Joint Surg Am. 2010;
92(suppl 2):2-11.

Giannini S, Buda R, Vannini F, Cavallo M, Grigolo B. One-step
bone marrow-derived cell transplantation in talarosteochondral le-
sions. ClinOrthopRelat Res. 2009; 467(12):3307-3320.

Gobbi A, Karnatzikos G, Sankineani SR. One-step surgery with
multipotent stem cells for the treatment of large full-thickness chon-
dral defects of the knee. Am J Sports Med. 2014; 42(3):648-657

Saw KY, Hussin P, Loke SC. Articular cartilage regeneration with
autologous marrow aspirate and hyaluronic acid: an experimental
study in a goat model. Arthroscopy. 2009; 25(12):1391-1400.

Centeno. A dose response analysis of a specific bone marrow con-
centrates treatment protocol for knee osteoarthritis. BMC Musculo-
skeletal Disorders. 2015; 16:258.

Lin G, Banie L, Ning H, Bella AJ, Lin CS. Potential of adiposede-

Volume 5 | Issue 11



ajsccr.org

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

rived stem cells for treatment of erectile dysfunction. J Sex Med.
2009; 3:320-327.

Lindroos B, Suuronen R, Miettinen S. The potential of adipose stem

cells in regenerative medicine. Stem Cell Rev. 2011; 7: 269-291.

Tholpady SS, Llull R, Ogle RC, Rubin JP, Futrell JW. Adipose tis-
sue: stem cells and beyond. Clin Plast Surg. 2006; 33: 55-62.

Themistocleous GS, Chloros GD, Kyrantzoulis IM. Effectiveness of
a single intra-articular bone marrow aspirate concentrate (BMAC)
injection in patients with grade 3 and 4 knee osteoarthritis. Heliyon.
2018; 4(10): ¢00871.

Riordan NH, Ichim TE, Min WP, Wang H, Solano F. Non expanded
adipose stromal vascular fraction cell therapy for multiple sclerosis.
J Transl Med .2009; 7: 29

Puissant B, Barreau C, Bourin P. Immunomodulatory effect of hu-
man adipose tissue-derived adult stem cells: Comparison with bone
marrow mesenchymal stem cells. Br J] Haematol. 2005; 129:118-
129.

Zhang. Intra-Articular Injection of Autologous Adipose-Derived
Stromal Vascular Fractions for the Cartilage Repair of Grade 2
and 3 Knee Osteoarthritis: A Confirmatory Clinical Trial. Research
Square. 1-19.

Michalek J. Autologous adipose tissue-derived stromal vascular
fraction cells application in patients with osteoarthritis. Cell Trans-
plant. 2015.

Aust I, Devlin B, Foster SJ, Halverson YD, Hicok K, du Laney T.
Yield of human adipose-derived adult stem cells from liposuction
aspirates. Cytotherapy. 2004; 6:7-14.

Strioga M, Viswanathan S, Darinskas A, Slaby O, Michalek J. Same
or not the same? Comparison of adipose tissue-derived versus bone
marrow-derived mesenchymal stem and stromal cells. Stem Cells
Dev. 2012; 21:2724-52.

Mirsaidi A, Kleinhans KN, Rimann M, Tiaden AN, Stauber M, Ru-
dolph KL, Richards PJ. Telomere length, telomerase activity and
osteogenic differentiation are maintained in adipose-derived stro-
mal cells from senile osteoporotic SAMP6 mice. J Tissue EngRegen
Med. 2012; 6:378-90

Shapiro SA, Kazmerchak SE, Heckman MG, Zubair AC, O’Con-
nor MI. A prospective, single-blind, placebo-controlled trial of bone
marrow aspirate concentrate for knee osteoarthritis. Am J Sports
Med. 2017; 45(1):82-90.

Bolia IK, Bougioukli S, Hill WJ. Clinical Efficacy of Bone Marrow
Aspirate Concentrate Versus Stromal Vascular Fraction Injection in

Patients with Knee Osteoarthritis: A Systematic Review and Me-
ta-analysis. Am J Sports Med. 2021; 3635465211014500.

Volume 5 | Issue 11



