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Abstract
Background: Knee Osteoarthritis (KOA) is a common degenerative joint disease characterized by loss of
articular cartilage, osteophyte formation, resulting in disability and affecting the quality of life. There is
no treatment as on today to reverse the progression of KOA. The present available treatments for KOA are
palliative. Therefore, there is a need for an alternative treatment modality in the treatment of KOA during
the early grades, which should help in not only giving a symptomatic relief but also downturn the disease
process. Bone marrow aspirate concentrate (BMAC) has gained a considerable importance change in the
management/treatment of KOA in the recent times due to its potential advantages of disease modifying
and regeneration capacities. The latest studies on usage of Autologous BMAC injection in KOA showed
promising and encouraging results in terms of decrease in the pain, improved knee range of movement,
daily activities of living and thus improved expectations for good quality lives. The current study aimed to
assess the role of single injection- autologous BMAC as a therapeutic option in the treatment of KOA and
evaluate the functional and clinical outcome of KL grade II&III patients.

Methods: One Hundred and thirty-two patients with KOA (KL grade II&III) were included in the study as per
the inclusion criteria. Autologous Bone marrow aspiration was done and the separation was done using
density gradient centrifugation and �nal aspirate was injected into the knee joint.

Results: The clinical outcomes of the patients were evaluated at different time points both objectively
[Visual Analogue Scale (VAS) & WOMAC (Western Ontario Mac Master Universities Score)] and
subjectively (radiographs & MRI) and the follow up was done for a period of one year. At the end of the
study period, BMAC therapy showed promising results with encouraging clinical outcome.

Conclusion:BMAC therapy has more potential with satisfactory, e�cient and durable results in KOA.
BMAC/mononuclear cells with enriched stem cell therapy can be an alternative therapy as an early
intervention option for knee osteoarthritis. 

1. Background:
Knee Osteoarthritis (KOA) is degenerative disorder and progressive disabling disease affecting people in
4th decade and above age [Sharma, 2021]. Patients with symptomatic Knee Osteoarthritis (KOA), ranges
from 10–13% in the ages of 60 years and above [Azad et al, 2017]. KOA is typically characterized by pain
and limitations in joint mobility, dexterity and functional ability. Patients with KOA have reduced ability to
work and participate in social roles with associated impacts. The present non-surgical treatment
modalities of KOA are life style modi�cations, external bracing, non-steroidal anti-in�ammatory drugs
(NSAIDs), disease modifying Osteoarthritic drugs (DMODS) and intraarticular steroids and Hyaluronic
acid [Mora JC et al 2018]. Conventional clinical treatment in KOA may not address to get the �nal
successful outcome. The present available treatments for knee Osteoarthritis are palliative. Therefore,
there is a need for an alternative treatment modality in the treatment of KOA during the early grades,
which should help in not only giving a symptomatic relief but also downturn the disease process. The
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scope of autologous Bone marrow aspirate concentrate (BMAC-Stem cell therapy) has the potential to
help scientists and the clinicians devise an early interventional treatment for KOA. Current literature
reviews are showing that intra articular injection of autologous BMAC has a potential in decreasing the
symptoms and functional improvement of the osteoarthritic knee joint [Gobbi et al, 2011]. It may work by
modifying the underlying disease process and slackening the progress of KOA.

In recent years there is an increasing interest in usage of autologous Bone marrow aspirate concentrate
(BMAC)/stem cells in different musculoskeletal conditions [Zlotnicki et al, 2016, Laprade et al, 2016]. The
latest studies on usage of Autologous BMAC injection in KOA showed promising and encouraging results
in terms of decrease in the pain, improved knee range of movement, daily activities of living and thus
improved expectations for good quality lives. These results with autologous BMAC are long lasting than
other non surgical treatments and also showed better safety pro�les [Prodromos C et al, 2020; Kim GB et
al 2020; Gursoy S et al 2019; Oliver KS et al, 2019; Cavallo C et al, 2020].

Stem cells are the basic human cells that have potential to give rise to many different cell types, they are
simple and differentiated. These will help to create new cells in existing healthy tissue and may help to
repair in those structures that are injured or damaged. When they divide, they create progenitor cells and
these will become cells with more specialized tissue structures such as bone and cartilage. The two most
common sources of stem cells for clinical application in Orthopedics are bone marrow and adipose
tissue [GI Im2017].

BMAC is a combination of mesenchymal stem cells (MSC) and hemopoietic stem cells, endothelial
progenitor cells and growth factors [Gursoy S et al, 2019]. There is a strong evidence that MSC’s and the
growth factors present in BMAC helps in regeneration of the diseased cartilage with respect to increase in
cartilage volume [Acharya C et al, 2012]. In the current study single injection of intraarticular autologous
BMAC is given for patients with Primary Knee Osteoarthritis (KL grade II& III) and the clinical outcomes of
this treatment are studied.

The current study aimed to assess the role of single injection- autologous BMAC as a therapeutic option
in the treatment of knee osteoarthritis and evaluate the functional and clinical outcome of KL grade II&III
patients.

2. Methods:
Patients who received a single injection of BMAC for the treatment of symptomatic unilateral/bilateral
knee joint (s) between March 2013- October 2016 were recruited in this study.

2.1 Patient Recruitment:
One Hundred and thirty-two patients with KOA (KL grade II&III) [Figure 1] were included and the study was
conducted at Kamineni Hospitals LB Nagar & Yashoda Hospitals Malakpet, Hyderabad, India. The study
duration was between March 2013- October 2016. All Patients were counseled by a Lead Surgeon and
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Certi�ed Genetic Counselor about the autologous BMAC injection as a treatment option. Institutional
Stem cell Ethics Committee approved this study. The recruitment of all the patients was done after
obtaining a written consent [Figure-2].

Exclusion Criteria for the study:

KOA patients with KL grade 1 & 4

KOA Patients with deformities, knee instabilities

Infective Arthritis and

Metabolic Arthritis

2.2. Methodology:

2.2.1. Bone Marrow Aspiration:
In all the patients, autologous bone marrow was aspirated under sterile aseptic conditions and harvested
from posterior iliac crest. In operating room, patient was positioned in lateral position, the iliac wing is
covered under ‘O’ drape, under local anesthesia 60ml of bone marrow was aspirated using14 Gauge bone
marrow aspiration needle and collected into falcone tubes which were �ushed with ACD (Anticoagulant
citrate dextrose). Aspiration was done by single surgeon for all the cases (Fig. 3A). In cases of patients
with bilateral KOA, bone marrow was aspirated from both the iliac crests separately. The collected bone
marrow was processed by density gradient centrifugation method (Fig. 3B).

2.2.2. Density gradient centrifugation method for Separation
of mononuclear cells enriched with stem cells:
After the aspiration, bone marrow was transferred to sterile Falcone tubes �ushed with ACD and
processed using density gradient centrifugation method. Ficoll and sample was taken in 1:1 ratio and
centrifuged. Total RBC was settled at the bottom and the serum was separated on the top. Buffy coat
(creamy middle layer) was aspirated. Cell suspension was washed twice with the DPBS Cell yield was
counted. Approximately 7cc (6-8cc) of BMAC (�nal mononuclear cells enriched with stem cells) was
obtained [Themistocleous et al, 2018]. The obtained BMAC was injected into the knee joint through the
antero-lateral portal using 20 gauge needle while knee is in �exion under strict aseptic precautions. A
compression bandage was applied in all the patients following the injection and post injection knee ROM
(Range Of Movement) exercises were initiated for the uniform spread of BMAC intraarticularly. All the
patients were injected by a single Surgeon (Fig. 3C). During the initial part of the study, we had performed
�ow cytometry, to characterize MSC’s using speci�c CD markers (both positive and negative) in �nal
BMAC before injecting to the patient [Sundber et al, 2018]. Positive markers CD105, CD90 & negative
markers CD34, CD45 were used. We found an average of 85–90% of positive CD markers in all the
samples that were studied (Fig. 4).
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2.2.3. Outcome Measurements:
The patient outcome measurements were assessed by the following:

1. Subjective: Visual Analogue Score (VAS) and Western Ontario and Mc Master Universities
Osteoarthritis Index (WOMAC).

2. Objective: Standing Radiographs of knee and Knee MRI in 30% of patients to assess the cartilage
volume.

All the patients were assessed both subjectively and objectively at the end of 3rd, 6th and 12 months and
the results were assessed. In all the patients, post autologous BMAC injection selective COX2 inhibitors
were advised for pain as and when required. All patients were advised weight relieving exercises like
stationary bike/cycling.

VAS Score

VAS indicates the degree of pain intensity. It is indicated from 1 to 10 where 1 indicates no pain, 2–4 is
mild pain, and 5–7 is moderate pain and above 7 is considered as severe pain.

WOMAC Score

WOMAC is widely used in evaluation of Knee and Hip Osteoarthritis. WOMAC is a self-administered
questionnaire to assess sub scale of pain, stiffness and Physical/ functional activities- like sitting down,
bending to the �oor, walking on �at surface etc. WOMAC Index for the patients was scored for 96 points
which is subdivided and summed up, for Pain 0–20, stiffness 0–8 and for Physical function 0–68
(Overall WOMAC Index scored for 98). No patient had adverse effects following the injection. Standing
Radiographs of the knee joint were recommended for all the patients, however due to the cost constraints
MRI was performed in 30% of patients only.

3. Results
3.1 Baseline Characteristics: Total of 132 patients were included in the present study and evaluated
based on the eligibility criteria. Post injection, all patients were followed for one year and at interval 3rd,
6th and 12 months and evaluated by VAS, WOMAC scores. Standing knee radiographs were obtained at
the end of 12th month in all patients (Table 1).

3.2 Pain Score details: In all patients, the severity of pain was evaluated using VAS score and functional
knee score was evaluated by WOMAC at the end of 3rd, 6th and 12 months.

3.3 Functional and Clinical Outcome: The Symptoms of all patients were evaluated in both pre and post
injection up to 12 months. All Patients were followed up for a period of one year. The amount of reduction
in symptoms, regular daily activities like climbing stairs, rising from chair, squatting, walking comfort and



Page 6/18

the amount of activity of daily living that patient had regained back without any knee discomfort were
assessed.

3.4. Radiological Observations: All patients underwent radiographic examination of both knees (weight
bearing) anterio-posterior and lateral views before BMAC Injection and at the end of 12 months following
the injection. Radiographs were read and scored by radiologist and Orthopaedic Surgeon blinded to the
patient’s clinical information using KL grade system.

Table 1
Details of the study for autologous BMAC administration and �nal clinical outcome

S.
No

No of patients Treatment Harvest
Site

Delivery
Method/BMAC
Injected
Amount

Follow
Up
period

Outcome / Adverse
Events

1 Patients with
Unilateral KOA
(n = 106)

Single
Injection
of BMAC

Iliac-
crest

Intra-articular
injection

7 ml of BMAC

12
Months

There was
signi�cant
improvement in pain
and function.

No Adverse Events
were reported

2 Patients with
Bilateral KOA
(n = 26)

Single
Injection
of BMAC

Iliac-
crest

Intra-articular
injection

7 + 7 ml of
BMAC

12
Months

There was
signi�cant
improvement in pain
and function.

No Adverse Events
were reported

3.5. Clinical Outcome:

The total numbers of patients included were 132 and the percentage of females and males were 70% (92)
and 30% (40) respectively. The percentage of patients with unilateral and bilateral knees KOA are 80 %
(106) & 20% (26) respectively. Severity of knee osteoarthritis was scored by KL grading in all the patients.
50% (66) of patients were KL grade II and 50% (66) were KL grade III. All the patients with KL grade III had
a pre injection VAS score of 8and 9 with disability to attend most of their daily activities, where as 90% of
the KL grade II had a pre injection VAS score of 6 and 7 with di�culty in climbing stairs and perform high
demand activities of knee like squatting. After proper counseling and consent, BMAC injection was
administered to the patients. Patients were suggested post injection weight relieving (stationary bike and
swimming) and pain medication as anwhen necessary (selective COX2 inhibitors). Following the BMAC
injection all patients showed beginning in the improvement of pain as early as from the end of 3rd month
and showed steady improvement in their VAS scores and at the end of 6 months their VAS scores reached
as low as 0–1 and which is consistently lasted till the end (Fig. 5). At the end of one year 95% of the
patients got complete pain free and no individuals with severe pain indicating a signi�cant outcome with
this therapy/treatment (Fig. 6).
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In all 132 patients, improvement of pain was observed as early as at the end of 3rd month following
BMAC injection to an extent of 75% compared to pre injection by VAS and steadily improved to almost
complete relief of pain by the end of 6th months. This pain relief was lasted till the end of 12 months
(�nal follow up) in 95% of (125) them and remaining 5% (7) patients started experiencing pain (VAS 5 to
6) with high demand activities like climbing stairs and squatting during the �nal follow up. All these 7
patients belong to KL grade III.

WOMAC SCORE: Accounts for 7 (10%) patients with pain with high demand activities at the �nal follow-
up for KL grade III patients (N = 66) (Table 2).

Table 2
Percentage of clinical outcome of Knee Osteoarthritis patients assessed with WOMAC Score

  KL Grade II (n = 66) KL Grade III (n = 66)

WOMAC
Index
Score

(0–96)

Pre
Injection

Post Injection Pre
Injection

Post Injection

    3
Months

6
Months

12
Months

  3
Months

6
Months

12
Months

Mild (< 35) 0 100 100 100 0 60 100 90

Moderate
(36–75)

100 0 0 0 25 40 0 10

Severe
(75–96)

0 0 0 0 75 0 0 0

3.6. Objective assessment:
In all patient’s weight bearing knee Radiographs (both AP & lateral) were taken pre injection and at the
end of 12th month following the BMAC injection. There are 66 patients (50%) in KL II and 66 patients
(50%) KL III. At the end of 12th month following the BMAC injection initially, all patients with KL grade II
and 85% (56) of patients with KL grade III remained in the same KL grade, where as 15% (10) of patients
in KL grade III have improved to KL grade II with opening of medial joint space as shown in the �nal
radiographs (Fig. 7).

We have performed MRI of knee joint in 30% (40) of patients before injection and at the end of 12th
month following BMAC injection. All patients in whom MRI of knee was performed belonged to KL grade
III. Among these, in 10 patients there is improvement of cartilage volume by about 20 to 30% at the end of
12th month as compared to pre injection MRI of the patient. This evidences the regeneration of cartilage
and improvement of radiographic grade from KL grade III to II in these 10 patients after BMAC injection.

4. Discussion
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BMAC/ Stem cell therapy has opened a new horizon in the treatment of KOA and may in future shift the
paradigm in the clinical practice. Stem cell research arose from the need to explore the new therapeutic
possibilities for Orthopaedic related problems [Granero Molto et al, 2008, Davatchi.F et al, 2011].
BMAC/Stem cell therapy can be applied to the problems related to bone, cartilage and tendon
regeneration. In the Orthopedics �eld, for the diseases which current treatment modalities do not offer
satisfactory, e�cient or durable results may be targets of stem cell treatment [Sampson et al, 2015].
BMAC/Stem cell treatment may provide an innovative, cost effective and reliable therapy for knee
osteoarthritis [Im 2016; Vanatier et al 2009].

During the recent years there is an increasing interest in using intra articular BMAC injection in the
treatment of KOA. BMAC is essentially a combination of cellular component, soluble growth factors and
cytokines. The cellular component of BMAC contains various MSCs, haemopoietic precursors, monocytes
and endothelial cells. BMSCs exhibit immune modulatory, anti-in�ammatory, proliferative and chemo
attractive functions. Therefore, BMACs can induce the differentiation process of cellular regeneration in
the osteoarthritis knee joint. Various growth factors present in BMAC like TGF beta, VEGF, BMP2, IL 1ra
and platelet derived growth factors work on the various cellular pathways essential in the regulation of
cell catabolic and pathways [Cavallo C et al, 2020].

Therefore, the combination of cellular component and various biologically active proteins makes BMAC a
unique orthobiological treatment modality by not only reducing the pain in KOA, but also has the potential
to alter the disease progress.

The advantages of BMAC are ease of obtainability (aspiration from iliac crest), no need for culture and
cell expansion, no or reduced risk of infection (point of source processing and injection) and no risk of
allogeneic disease. With all these advantages the usage of BMAC as a treatment modality in KOA is
rapidly growing and gaining popularity [Cavallo C et al, 2020].

Earlier studies showed good results, where the bone marrow stem cells were used in Knee Osteoarthritis
(Tibiofemoral and patellofemoral joints) and isolated osteochondral lesions, with a follow up of 12–24
months [Wakitani et al, 2007; Kuroda et al, 2007; Haleem et al, 2010; Kasemijwattana et al, 2011; Giannini
et al, 2009; Giannini et al, 2010; Gobbi et al,2011; de Windt et al, 2016]. Latest studies in the literature have
uniformly emphasized on the safety and bene�t of intrarticular injection of autologous BMAC in KOA
[Mautner, 2019; Cavallo C et al, 2020].

In the current study, single injection of intraarticular autologous BMAC (rich in BMSCs) was administered
into the KOA joints in 132 patients (KL grade II and III) and evaluated the functional and clinical results
both objectively and subjectively for a period of 12 months. We found that there is a uniform
improvement of pain score and activity of daily living (quality of life) following the BMAC injection and
sustained relief of pain even at the end of 12 months in 125 patients. In 7 patients with KL grade III,
persistence of knee pain with high demand activities like stairs climbing and squatting needing to use
occasional COX2 inhibitors for pain relief.
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10 patients out of 132 (13%) showed increased knee joint space and improved KL grade from 3 to 2 in
Post BMAC injection weight bearing knee radiographs at the end of 12th month as compared to pre
injection radiographs (Fig. 7). Rest of the patients remained in the same KL grades. In 10 patients, the
follow up knee MRI at the end of 12th month, there is an increased cartilage volume (20 to 30%) of the
knee was also observed. No adverse events were observed in any of the patients following BMAC
injection. Therefore, the current study showed both subjective and objective improvement in all the
patients following single intrarticular autologous BMAC injection in KL grade II and KL grade III KOA
patients.

Other studies from the literature, Shapiro, 2016; Garay-mendoa, 2018; Mautner, 2019; also conducted
BMAC injection for KOA patients however, our study duration follow up was long i.e 12 months whereas
other studies followed up till 6 months. Recent study of Anz et al, 2020 was almost similar, but in the
current study both subjective assessment by VAS and WOMAC scores was done for the period of 12
months and objective assessment by X- rays and MRI was novel feature of our study.

4.1. The unique features / highlights of the current study:
We recruited KOA patients with KL grade II & III as compared to KL grade I&II in most of the studies in the
literature. The number of patients was equal in both KL grades groups. We have given a single injection
of autologous BMAC harvested from iliac crest. Post injection all patients were followed both subjectively
and objectively with weight bearing knee radiographs and in 30% of patients Knee MRI was done to know
the cartilage volume, where as in most of the studies only subjective assessment of post injection results
was done.

5. Conclusion:
BMAC therapy has potential implications in the treatment of mild to moderate KOA in terms of pain
reduction, avoiding the need of analgesics and slowing the degenerative process & regeneration in the
diseased cartilage with satisfactory, e�cient and durable results. BMAC/mononuclear cells with enriched
stem cell therapy can be an alternative therapy with early intervention option. This preliminary study
showed a promising result however, the study can be done in large cohort and different ethnic groups for
better understanding. To the best of our knowledge this is the �rst study in India.
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MRI: Magnetic Resonance Imaging
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Figures

Figure 1

Representative Knee Osteoarthritis X – ray images of KL Grade II (AP & Lateral) and KL Grade III (AP &
Lateral)
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Figure 2

Work �ow chart
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Figure 3

A) Harvesting of bone marrow from patient B) Separation of bone marrow aspirate C) Separated BMAC
D) Injection into the knee joint
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Figure 4

Flow-cytometric analysis of BMAC for both negative (CD 34 & 45 [A & B]) and positive markers
(CD105&CD90 [C & D]).

Figure 5

A) X- Ray image of pre injection with VAS score 8 (gross reduction of medial joint space) B) X-Ray image
of post injection with VAS score 2 to 3 (improved medial joint space indicating cartilage regeration) C)
MR image of knee -Pre injection showing KL grade III D) MR image of knee- Post Injection showing KL
grade II
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Figure 6

The percentage of clinical outcome of knee osteoarthritis group patients based on VAS

Figure 7

X- ray both knees weight bearing knees in 52/female, with right knee KL Grade III pre injection and post
injection KL Grade II after 12 months follow up (same patient) indicating improvement in KL grading in
right knee from grade III-II and left KL grade II maintained
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