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Abstract

Objective: Autologous Bone Marrow (ABMAC) is a promising
alternative therapy to conventional treatments for knee osteoarthritis,
with the potential to mitigate inflammation and improve joint function.
The aim of the study was to determine the safety and therapeutic
benefit at an average of twenty months (12-30) post procedure for
the treatment of knee osteoarthritis with a single autologous bone
marrow concentrate treatment combined with mechanical axis
deviation accomplished through off-loading and a physical therapy
protocol. Study participant-reported outcomes for Lower Extremity
Functional Scale (LEFS), International Knee Documentation
Committee (IKDC), Short-form 12 (SF12) and Visual Analog Scale
for pain were assessed prior to the procedure and at specific time
intervals during the treatment period.

Methods: 42 adult patients with an average age of 75 (57-90)
with Kellgren-Lawrence grade II-lll varus osteoarthritis of the knee
were treated at a single site by a single investigator (SAYIIl) in an
open label pilot study with ABMAC. Each knee in each patient was
treated with 6 mL bone marrow concentrate and 4 mL Nano-filtered
growth factor concentrate combined with 2 mL autologous thrombin
for activation of platelet dense granules.

Results: Patient reported outcomes data revealed 42 patients with
an average follow up of 20 months after receiving a single intra-
articular injection of autologous bone marrow concentrate. All
patients had Kellgren-Lawrence stage 2-3 OA. No serious adverse
events were reported with BMC harvest or injection in any patient.
There were no infections. There was meaningful improvement
in mean clinical outcome metrics from baseline in all patients
during the period studied. At 12 months minimum with 20 months
average, mean change in visual analog scale was from 5.8 to 2.3,
representing an absolute change of 3.5, exceeding the published
minimum clinically important difference of 2.5. The Lower Extremity
Functional Scale score mean change was +17.6 from 56.3 to

73.9 exceeding a published 9 point minimum clinically important
difference in scoring. The IKDC score mean change was +19.8
from 44 to 63.8 exceeding a published 8 point minimum clinically
important difference. Differences from baseline to follow up in the
SF-12 demonstrated improvement in both the physical component
and the mental component. The physical component improved
from 33.9 to 42.9 for a mean change of +9 exceeding the minimum
clinically important difference of 3.77. The mental component of the
SF-12 increased from 54.8 to 57.1 just falling short of the minimum
clinically important difference of 3.29. Two patients had a recurrent
effusion and pain at 3 months and were offered PRP augmentation
that successfully relieved their clinical symptoms for the duration of
the study.

Conclusion: Safety and efficacy for autologous bone marrow
aspiration, concentration and intra-articular bone marrow injections
for knee arthritis and catabolic knee pain syndrome provided
relief for at least an average of 20 months (range 12-30) based
on validated patient reported outcomes analysis. Further study is
indicated to determine the longevity and endurance of the procedure
in providing pain relief using a single intra-articular BMC injection
in this patient subset. Additional study is needed to determine the
best approach to the concentration and delivery of orthopaedic
immunobiologics in this setting.
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Introduction

Osteoarthritis (OA) is the most common musculoskeletal
condition causing significant social and health problems worldwide
[1]. Up to 35% of the world’s population over 60 suffers from
symptomatic disabling OA and the majority involves the knee joint
[2]. OA isa whole joint disease that begins with structural compromise
of the subchondral bone and synovium and leads to destruction
through sinister molecular processes where there is commitment to
catabolic pathways, consistent with a ‘catabolic knee pain syndrome
[3]. The clinical application of autologous anti-inflammatory and
immunomodulatory protein cytokines in the setting of osteoarthritis
serves to convert the destructive catabolic OA joint environment
to one favouring joint anabolism, potentially serving to limit the
progression of OA [4].

Musculoskeletal conditions causing disease comprise the most
prevalent chronic pain conditions with arthritis accounting for the
majority of disorders seen clinically [5]. Conventional treatments for
catabolic knee pain associated with osteoarthritis including physical
therapy, home exercise, activity modification, topical and oral non-
steroidal anti-inflammatory medications, viscosupplementation,
corticosteroids and platelet rich plasma have shown benefit in
reducing knee pain and improving quality of life and functionality,
usually for short periods of time rather than showing evidence of
long-lasting pain relief and functionality [6]. It is generally accepted
that immunobiologic treatments are not structure modifying when
delivered intra-articularly but do favourably modify the biochemical
milieu of the joint and joint fluid in the setting of osteoarthritis,
allowing for symptomatic patient relief [7]. Cell based therapies
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such as autologous bone marrow concentrates hold promise as a
nonsurgical joint-preserving treatment approach. ABMAC has
inherent advantages over other treatments commonly used for
catabolic knee pain syndrome. It is a point-of-care autologous
immunobiologic product that simultaneously delivers growth factors,
anti-inflammatory and immunomodulatory proteins and nucleated
marrow cells including signaling mesenchymal cells that modulate
the immune response in arthritic knee joints [8].

The integration of orthopaedic immunobiologics into clinical
practice has increased exponentially over the last fifteen years since
we first began to take advantage of the immunomodulatory and
anti-inflammatory nature of molecular treatments in orthopaedic
surgery. Clinical insight into the utility of these treatment modalities
has increased with basic scientific research more accurately defining
both canonical and non-canonical inflammatory cellular signalling
pathways involved in the pathogenesis of osteoarthritis [9]. Future
clarification of these signalling pathways and spatiotemporal control
mechanisms will lead to additional novel treatment modalities that
translate into relief for patients who suffer clinically, much in the
way that novel biologic and bio similar treatments have dramatically
changed the landscape in inflammatory arthritis [10].

Varus misalignment of the lower extremity increases the risk of
incident medial cartilage damage, OA onset and progression [11-
13]. The risk of lateral compartment OA incidence and radiographic
progression is increased in valgus misalignments and while these
patients can be candidates for the procedure, they were excluded
from this study group [14]. Point loading force concentration leads
to location-dependent development of subchondral sclerosis and
OA in the adult knee and to extend the duration of treatment relief,
consideration should be given to off-loading devices such as unloader
bracing and heel wedge orthotics that favourably affect mechanical
axes during gait. Cell-based therapies are strategic, molecular based
approaches that exploit natural biochemical pathways and can
provide relief in the setting of osteoarthritic pain syndromes.

Materials and Methods

A total of 42 adult patients with symptomatic varus gonarthrosis
who had failed conventional multimodality conservative treatments
were prospectively enrolled in the study.

We describe a cohort of patients treated by one orthopaedic
surgeon using a standardized method for concentrating autologous
bone marrow harvested from the ipsilateral anterior gluteal pillar in
an office procedure room setting. Our cohort consisted of 42 patients
with an average age of 75 (range 57-90) and an average follow up
period of 20 months (range 12-36 months). Patients were included
with unicompartmental osteoarthritis of the knee involving the
medial compartment (varus gonarthrosis). Patients were excluded
with tricompartmental OA and valgus gonarthrosis.

We sought to determine safety and therapeutic benefit using
this modality by applying validated and accurate outcomes
assessments including the short form-12 (SF-12), international knee
documentation committee score (IKDC), lower extremity functional
scale score (LEFS) and the visual analog score for pain (VAS pain) in
the pre- and post-procedure setting at pre-determined time points.
Patients were assessed at 2 weeks, 4 weeks, 12 weeks, 6 months, and
one year and yearly thereafter. On average there was improvement in
all outcomes analyses over the time-period studied. One patient had
a persistent flexion contracture and required total knee replacement

at two years. Two patients underwent PRP injection at three months
each for recurrent effusion after ABMAC that relieved their symptoms
for the remainder of the study period.

Procedure

Patients were deemed appropriate candidates for the ABMAC
OA knee procedure where they had unicompartmental varus
gonarthrosis that had failed standard multimodality conservative
treatments and their other alternatives were pain management, total
knee arthroplasty, unicompartmental knee arthroplasty, or living
with their disease, which they were unwilling to do. The patients in
our series did not want to undergo a surgical procedure. A subset
of patients could have been appropriate for unicompartmental knee
arthroplasty, but declined that option. There was an age limitation
that precluded consideration of high tibial osteotomy in our study
group. Patients understood that the procedure was experimental
and not FDA approved for any orthopaedic surgical indication and
was being used “off-label”. The Kellgren-Lawrence classification
system was used to define the degree of arthritis in all cases [15,
16]. We narrowed our selection criteria to patients with varus,
unicompartmental disease so that the affected medial compartment
in this setting could be offloaded with medial unloader bracing add
3/8”before lateral heel wedge orthotics orthotics that were custom
constructed in point-of-care fashion by a physical therapist with
expertise in gait analysis.

Patients gave informed consent for bone marrow aspiration
from the ispilateral anterior gluteal pillar with concentration and
intra-articular injection in isolation although for the last five years
we have favoured a combination approach with medial tibial
subchondroplasty and intra-articular injection. Patients were advised
that the procedure was considered off-label, experimental and not
FDA approved for any orthopaedic indication to date.

All patients were placed into the supine position in preparation
for the BMC procedure. Each patient was admitted to the clinic with
their driver. One hour prior to arrival, the patient self-dosed with 5
mg oxycodone, 0.5 mg Xanax and 150 mg Clindamycin and written
instructions were provided for the pre- and post-procedure setting.
The patient performed Chlorhexidine 3% scrub at home the evening
before the procedure and this morning, to the harvest and target sites
in addition to carefully scrubbing the feet and lower legs.

The patient was given oversized paper shorts to wear to the clinic
and presented accordingly. We positively identified the ipsilateral
anterior gluteal pillar as the harvest site and affected knee joints as
the primary target surgical site. In bilateral cases both knees were
marked. Indelible marker was used to mark the targets with the
MDs initials. The patient was prescribed an Ossur® cartilage rebound
medial unloaded brace and LHW orthotics to wear for a minimum
of three weeks prior to their procedure. Patients used the MUB for
six weeks continuously while gravity dependent after the procedure
and then for an additional six weeks during impact activities. LHW
orthotic wear was prescribed for lifetime use.

The patient’s vitals were taken and found to be stable and within
normal range, consistent with the prior clinical visit metrics. Once the
patient was deemed appropriate to proceed for preparation, they were
transported to the procedural suite via wheelchair and helped onto
the procedure table into a seated position. A ‘time-out’ assessment
was then called and the op site was confirmed by the attendant staff
and surgeon. Patient confirmed allergy status.
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The patient was then placed into the supine position, with the
head supported by clean, paper covered pillows. Vital signs monitor
was stationed in the procedural suite. The patient was carefully
positioned for the marrow aspiration procedure. Surgical scrub
was accomplished using 3% chlorhexidine by the patient prior to
presentation. Full sterile isolation barriers were used during the
procedure following the prep. In each setting, DuraPrep® sponges
were used to paint the intended harvest and target sites followed by
application of sterile sticky drapes. The anterior gluteal pillar of the
right hemi-pelvis was marked four fingerbreadths back (7 cm) from
the ASIS at the thickest part of the crest. Carefully, 10 ml of local
anesthetic containing 10 ml

Lidocaine 1% plain and marcaine 0.25% with epinephrine mixed
1:1 was used to infiltrate the skin, subcutaneous tissue and periosteum
about the right anterior iliac crest at the level of the gluteal pillar. We
let the local anaesthetic take full effect so that it could be obviously
demonstrated before proceeding. The average VAS pain score for
aspiration was graded at 4 (range 2-8) at conclusion. The appropriate
entry site for the patient was identified and marked, coinciding with
the thickest portion of the anterior crest at the gluteal pillar. Skin
was retracted cephalad and a 3 mm shallow stab incision was made
using a #11 blade. A Jamshidi needle was carefully advanced to the
subcutaneous iliac crest that was easily palpable at the gluteal pillar
with care taken to avoid the LFCN and cluneal nerves.

The Jamshidi was aimed towards the femoral neck. Using a
260 gram mallet, the Jamshidi was gently and carefully advanced
approximately 2.0-3.0 cm across the cortical iliac bone and into the
core of the anterior pillar. (Figure 1) The obturator was removed
revealing the expected slow, but immediate egress of bone marrow.
Six 9-10 ml syringes were used to aspirate bone marrow in sequential
fashion with care taken to reposition the needle tip with rotation
and/or advancement using a fanning technique after each 9-10 ml
aspiration to ensure the most efficient mesenchymal cell capture from
the marrow. 10 mL of marrow aspirate was extracted last for Arthrex®
thrombinator processing to extract autologous thrombin for scaffold
activation and platelet degranulation. Following completion of the
bone marrow aspiration the Jamshidi obturator was replaced and the
Jamshidi was removed uneventfully.

Pressure was held for 2-3 minutes followed by application of a
sterile pressure dressing with 2% Bactroban ointment on a flexible
fabric band-aid. The wound was checked prior to discharge of the
patient from the clinic and noted to be dry in each case. The syringes
totaling approximately 60 ml autologous marrow were sequentially
handed off as drawn to the assistant who immediately injected them
through the clot/particulate filter into the sterile Arthrex® Angel
cell processor in preparation for isopycnic centrifugation (Arthrex
Corporation, Naples, FL). The cell separator component of the
procedure was activated for approximately 25 minutes to achieve three
distinct layers of product put out by the Angel®. The Angel® separator
produces BMC in isolation from platelet poor plasma containing
growth factors that were then concentrated. Upon completion of final
centrifugation, following removal of the 6 mL cellular component,
the platelet poor plasma fraction was then complexed with Euflexa®
Hyaluronic acid 2.5 mL to capture and activate TSG-6. Next the
PPP was actively passage through the A2M nanofilter (Minntech®,
Minneapolis, MN) to capture and concentrate the GFC into a total
of 4 mL ensuring elimination by size of sub 65 kD pro-inflammatory
nanomolecules. Next the 6 mL of BMC was transferred to the syringe
containing 4 mL GFC. The autologous thrombin was kept in a
separate syringe for intra-articular injection.

A superolateral injection site was used in each case with ultrasound
confirmation. BMC and GFC fractions were co-administered
followed by 2 ml Thrombin injection and platelet activation.

The knee was then placed through a range of motion including
flexion, extension and patellofemoral mobilization. Patients were all
ambulatory after their procedure and the medial unloaded brace was
applied prior to their leaving the clinic.

Patients all underwent a physical therapy protocol that we have
published elsewhere previously [17].

Results

We evaluated the outcomes data including validated, accurate
patient reported outcome measures for a subset of patients with
varus gonarthrosis consisting of 42 patients with an average follow
up of 20 months after receiving a single intra-articular injection
of autologous bone marrow concentrate for osteoarthritic knee
pain and catabolic knee pain syndrome. Average patient age was
75. Eight patients had bilateral symptoms for a total of 46 knees
available for study analysis.

All patients had Kellgren-Lawrence stage 2-3 OA on plain film
radiographs corresponding to definite mild to moderate osteophytes,
definite narrowing of joint space and some sclerosis of bone ends,
particularly on the concave side of the joint (tibia).

No serious adverse events were reported with treatment in
any patient. There was meaningful improvement in mean clinical
outcome metrics from baseline in all patients during the time period
studied. Mean change in visual analog scale was from 5.8 to 2.3,
representing an absolute change of 3.5, exceeding the published
minimum clinically important difference of 2.5.

The Lower Extremity Functional Scale score mean change was
+17.6 from 56.3 to 73.9 exceeding a published 9 point minimum
clinically important difference in scoring. The IKDC score mean
change was +19.8 from 44 to 63.8 exceeding a published 8 point
minimum clinically important difference. Differences from baseline
to follow up in the SF-12 demonstrated improvement in both the
physical component and the mental component. The physical
component improved from 33.9 to 42.9 for a mean change of +9
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Figure 1: Aspiration autologous bone marrow concentrate.
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exceeding the minimum clinically important difference of 3.77. The
mental component improved from 54.8 to 57.1 which did not exceed
the minimum clinically important difference of 3.29 [18].

T2 wet map MRI sequences were obtained pre procedure
and at 1 year with notable improvement in subchondral signal
suggesting improvement in marrow pathology. Diffusion signal
was improved in some patients undergoing the intra-articular
procedure (Figures 2-4).

Figure 2: Pre-procedure imaging demonstrating subchondral stiffening

on both sides of the tibiofemoral joint. ) . . .
Figure 4: Pre and post procedure T2 MRI wetmap imaging with

improvement in medial compartment diffusion signal.

Discussion
M FROTOCOL - With aging and an increasingly obese population, OA is more
SCHEENSAVE v prevalent now than ever and novel treatment strategies are being

2019 10 ':101:::;;:1 ;’w sought to meet the growing demand for treatment in these patients.

T In addition to orthopaedic immunobiologics, there has been growing
interest in wnt-inhibitors in recent years as the drugs move into
phase three trials [19, 20]. We avoid indicating patients with medial
and lateral compartment disease and have found that patients with
patellofemoral disease in isolation or combination with medial and/
or lateral compartment disease do not typically exhibit long periods

of symptomatic relief (typically two years or less).

Autologous bone marrow concentrates have been introduced
clinically over the last two decades and recent literature has
supported their use for the treatment of osteoarthritic knee pain
[21-23]. The catabolic mechanisms underlying knee osteoarthritic
pathways are becoming better understood and novel, disease-
modifying systemic drugs are being developed for the treatment of
OA [24, 25]. These molecules target the molecular pathways that
lead to joint destruction, potentially limiting the progression of OA.

Autologous Bone Marrow Aspirate Concentrates (ABMAC) are a
Figure 3: Post procedure imaging one year later demonstrating recovery natural source of small molecules that direct anti-inflammatory and
of subchondral bone and improvement in diffusion weighted signal on T2 R
wetmap imaging. immunomodulatory responses at the molecular level. Autologous
cell therapy treatments consist of a cellular component and a plasma
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protein component that play distinct roles in combatting catabolic
joint osteoarthritis and auto-inflammation [26]. Nucleated signalling
cells from the harvested bone marrow function through cell receptor
mediated signalling mechanisms that often involve a second
messenger to activate anti-inflammatory and immunomodulatory
pro-anabolic genes favourable to joint health [27]. Hyaluronic acid
complexed platelet poor plasma concentrates can be filtered through
size exclusion using 55-65 kD Nano pore filaments to eliminate pro-
inflammatory molecules and water, and retain anti-inflammatory and
immunomodulatory molecules like TSG-6, TGF-B, IRAP and A2M
(Minnetech®, Minneapolis, MN) in a growth factor concentrate. An
autologous growth factor concentrate (GFC) matrix can be elaborated
from the platelet poor plasma to function as nucleated autologous
bone marrow concentrate cell scaffolding for knee osteoarthritis when
mixed with autologous thrombin to activate platelet dense granules,
which can be particularly useful when subchondral injections are
contemplated in the setting of subchondral sclerosis and bone
marrow edema [28]. (Thrombinator®, Arthrex®, Naples, FL).

In the osteoarthritic joint, catabolic complexes dominate the
synovial fluid and lead to a continuous cycle of load-based joint
destruction [29]. Pro-inflammatory protein molecules found in
catabolic knee pain syndrome include interleukin one, tumor
necrosis factor alpha, interleukin 6, interleukin 8, interleukin 17,
interleukin 18, leukemia inhibitory factor, oncostatin M (OSM),
Matrix Metalloproteinase 13 (MMP-13), ADAMTS and some
prostaglandins [30,31]. These molecules lead to cartilage matrix
and cellular degradation from mechanical overload of the knee
joint compartment affected [32]. Inflammatory cells make up
approximately fifteen to twenty percent of the synovial lining of the
knee joint and include immune signalling cells that function through
adaptive autocrine and paracrine signalling mechanisms [33]. Other
nucleated cells that play a role in combatting osteoarthritis include
hematopoetic and mesenchymal stem cells, endothelial cells and
pericytes functioning as a unit [34].

Osteoarthritis emanates from the dysfunction of the entire joint,
especially affecting synovium, cartilage and subchondral bone as well
as tissues with close mechanical and molecular biological interactions
[35, 36]. Understanding the biochemical and biophysical signaling
underlying the genesis of osteoarthritis will continue to lead to
additional discovery of novel treatment strategies for symptomatic
knee arthritis and likely have wide application to other joint
arthritides like the hip or shoulder joint [37]. Autologous cell-based
therapies combat destructive intra-articular immune complexes using
a cellular and molecular based approach including mesenchymal
signaling cells.

To date there is no therapy that has been shown to effectively
halt the structural deterioration of cartilage and bone or is able to
successfully and consistently reverse any existing structural defects
in the setting of knee osteoarthritis [38]. However, many treatment
options exist for the treatment of the symptomatic catabolic pain
syndrome associated with arthritis of the knee. While conventional
treatments including physical therapy, CBD preparations, topical
and oral NSAIDs, steroids and viscosupplementation have been
used extensively and, with the exclusion of endocannabinoids, have a
known track record, there is some question regarding the treatment
safety, efficacy and endurance of orthopedic immunobiologics like
platelet rich plasma and autologous bone marrow concentrates. This
study used validated, accurate patient reported outcomes to clarify the
role for bone marrow concentrates in the setting of knee osteoarthritis

to determine safety and efficacy at an average of 20 months (12-30
months). While all the patients in our study were treated with a single
intra-articular injection of bone marrow concentrate, we currently
favour a combined autologous bone marrow concentrate intraosseous
and intra-articular injection in the setting of varus gonarthrosis that
has failed conventional treatment modalities, particularly when
subchondral edema (marrow pathology) is observed on MRI images
[39]. We have noted that subchondral edema typically begins on the
concave side of the join, where loss of Young’s modulus of elasticity
results in a stiff subchondral plate. Once the tibial bone is stiff, the
load is reflected to the convex (femoral condylar) side of the joint
that follows a similar pattern. By this time, the cartilage matrix and
cells are subjected to supraphysiologic loading and disintegrate into
the synovial fluid, prompting an insidious inflammatory response
that catabolically auto-regulates until the joint fails and patients are
appropriately indicated for arthroplasty.

What is not known is the best way to process these autologous
cell products or how to recapitulate the critical spatiotemporal
relationships between the cell signaling and their relationship to
available growth factors to achieve the best results. The continued
development of immunobiologics targeted against cartilage
osteoarthritis will require an understanding of the condition of joint
tissues at the time of intervention that may rely on synovial biomarkers
currently in the development and design stage [40]. It becomes less
likely that interventions will be successful if they are not applied at the
early stages of disease before considerable structural and functional
deterioration of the joint develop. Currently, immunobiologics are
not typically sought or offered until patients present having failed
all other conventional multimodality conservative interventions.
Often, these patients have been given the choice between living
with their disease and total knee arthroplasty. Understandably,
patients can be hesitant to undergo joint replacement when only
one compartment of the knee is involved and there is a chance
for successful management that could last for 2-5 years in spite of
out-of-pocket expenses.

There is some controversy as to whether introducing serine
proteases like autologous thrombin counter the anti-auto-
inflammatory effects of the autologous bone marrow product. Some
authors have recommended lysing platelet dense granules to release
growth factors using calcium chloride as part of the cell processing
rather than administering thrombin to avoid this issue. With intra-
articular injection this makes sense. However, with intraosseous
injection, thrombin use provides a superior handling product that
can be expected to stay where it is injected in the subchondral bone.

Conclusion

Limitations of the study include the relatively short follow up
period of twenty months and a limited number of participants
studied. There is significant patient bias any time an out-of-pocket
procedure is contemplated. Patients are more likely to be educated
and have access to more disposable income in this setting and as
such, significant bias is introduced into any study where patients
are paying personally for these procedures. Continued, limited-bias,
high-quality studies are necessary to determine the clinical utility
of bone marrow concentrate in the setting of knee osteoarthritis.
In particular, standardization is needed regarding optimal patient
selection, autologous cell product processing, and sample testing and
reporting of both functional and imaging-based outcomes. Future
studies should focus on these endpoints.
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