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ABSTRACT

This study aimed to determine whether autologous orthobiologic tissue source affects pain and func-
tional outcomes in patients with symptomatic knee osteoarthritis (OA) who received microfragmented
adipose tissue (MFAT) or bone marrow aspirate concentrate (BMAC) injection. We retrospectively
reviewed prospectively collected data from patients who received BMAC or MFAT injection for symp-
tomatic knee OA. Patients completed baseline and follow-up surveys. Each survey included the Knee
Injury and Osteoarthritis Outcome Score (KOOS) questionnaire, Emory Quality of Life (EQOL) question-
naire, and Visual Analog Scale (VAS) for pain. The follow-up responses were compared with baseline
for all patients and between BMAC and MFAT groups. A total of 110 patients met inclusion criteria,
with 76 patients (BMAC 41, MFAT 35) and 106 knees (BMAC 58, MFAT 48) having appropriate follow-
up data. The BMAC group included 17 females and 24 males, with a mean age of 59 � 11 years. The
MFAT group included 23 females and 12 males, with a mean age of 63 � 11 years. Minimum follow-
up time was 0.5 years. Mean follow-up time was 1.80 � 0.88 years for BMAC and 1.09 � 0.49 years
for MFAT. Both groups had significant improvement in EQOL, VAS, and all KOOS parameters
preprocedure versus postprocedure (p < .001). There was not a significant difference when comparing
postprocedure scores between groups (p = .09, .38, .63, .94, .17, .15, .70, respectively). These data
demonstrate significant improvement in pain and function with both MFAT and BMAC injections in
patients with symptomatic knee OA without a significant difference in improvement when comparing
the two autologous tissue sources. STEM CELLS TRANSLATIONAL MEDICINE 2019;8:1149–1156

LESSONS LEARNED

• There were significant improvements in pain and function with both microfragmented adipose tis-
sue and bone marrow aspirate concentrate injections in patients with symptomatic knee osteoar-
thritis (OA), without a significant difference in improvement when comparing the two autologous
tissue sources.

• The results are important in that they will help us provide outcome knowledge to future patients.
• This will help guide patients toward the best treatment possible for symptomatic knee OA.

SIGNIFICANCE STATEMENT

This is the first study of its kind to compare clinical outcomes between autologous orthobiologic tissue
sources regardless of orthopedic condition. Furthermore, most nonoperative treatments for knee oste-
oarthritis provide only short-term improvement. These data show that both microfragmented adipose
tissue and bone marrow aspirate concentrate injections provide prolonged improvement (>1 year) in
pain and function without a difference in the extent of improvement when comparing tissue source.

INTRODUCTION

Osteoarthritis (OA) is a chronic degenerative dis-
ease of articular cartilage that is the leading
cause of joint disease in the United States. The

Centers for Disease Control currently estimates
that OA affects over 30 million U.S. adults [1],
with an associated treatment cost of
$185.5 billion per year [2]. Its incidence has dou-
bled in women and tripled in men over the last
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several decades [3]. Knee OA accounts for over 80% of the dis-
eases total burden [4] and affects at least 19% of the
U.S. population aged 45 or older [5]. Risk factors for OA include
age, obesity, trauma, genetics, muscle weakness, prior surgery,
and repetitive use among others [6–9]. Age and obesity are consis-
tently correlated with the prevalence of OA, with one epidemiologi-
cal study reporting that evidence of OA can be found in 44% and
42.6% of males and females over the age of 30, respectively [10].
Furthermore, Goulston et al. found that elevated body mass index
(BMI) was an independent risk factor for knee pain at baseline
and 15 year follow-up [11]. Given this information, treatment
options for OA will become more coveted as obesity rates
continue to rise and as the baby boomer generation, that
reached a mean age of 65 years in 2011, continues to age in the
United States [12].

At this time, conventional conservative interventions are
often not effective in preventing the progression of OA or pro-
viding long-term improvements in pain and function [13]. Tradi-
tional treatment recommendations for patients with knee OA
include weight loss, physical therapy, acetaminophen, non-steroi-
dal anti inflammatory drug (NSAIDs), corticosteroid injections,
hyaluronic acid injections, bracing, and orthotics among others.
Recent studies have examined the effect size (ES) of some of
these treatments. ES is a reporting measure to quantify treat-
ment efficacy. The closer the ES is to 1, the greater the efficacy.
The ES for various conservative therapies for knee OA is 0.1 for
therapeutic ultrasound, 0.2 for acetaminophen and arthroscopic
debridement/lavage, 0.3 for NSAIDs and knee strengthening
exercises, and 0.6 for short-term relief with intra-articular
hyaluronic acid injections [14]. Therefore, there is a definitive
treatment gap for those with symptomatic knee OA who have
failed these short-term conservative measures and who either
refuse or are not appropriate candidates for total knee
arthroplasty. It is estimated that 3.6 million Americans are in this
treatment gap at any given time and that for each patient, this
gap endures for an average of 20 years. This prolonged treat-
ment gap, where the patient suffers significant pain and spends
significant economic resources, highlights the need for other
nonsurgical options that can provide longer-term relief and can
slow the progression of OA. These options need to have excel-
lent safety profiles and high patient acceptance [15]. Recent
advances in cellular based therapies provide a promising treat-
ment option to fill in this gap moving forward.

Orthobiologic injections that include mesenchymal stem cells
(MSCs) as effector cells have recently been applied for the treat-
ment of OA. Autologous tissue sources have traditionally been the
referred source for orthopedic use, with the most common
sources being bone marrow (BM) and adipose tissue (AT) given
ease of accessibility. The use of autologous orthobiologic therapies
in the treatment of OA has been determined to be safe in a num-
ber of different studies [16], with a large multicenter prospective
analysis demonstrating no increased risk of neoplasm [17].

The investigation of intra-articular autologous bone marrow
aspirate concentrate (BMAC) and microfragmented AT (MFAT)
injections for the treatment of OA has increased in recent years,
yet there remains a tremendous need for further data and well-
conducted trials. Furthermore, there are no published studies
that directly compare outcomes between these two autologous
tissue sources. Therefore, the purpose of this study is to
determine whether autologous BMAC or MFAT injections pro-
vide significant pain and functional improvements in patients with

symptomatic knee OA and whether outcomes differ between tis-
sue sources. We expect that both treatments will provide signifi-
cant improvements in pain and function.

MATERIALS AND METHODS

We retrospectively reviewed prospectively collected data from
patients who received BMAC or MFAT injections for symptom-
atic knee OA. Patients completed baseline and follow-up surveys.
Surveys included the Knee Injury and Osteoarthritis Outcome
Score (KOOS) questionnaire, Emory Quality of Life (EQOL)
questionnaire, and Visual Analog Pain Scale (VAS). Follow-up
responses were compared with baseline in all patients. Follow-up
responses were also compared between BMAC and MFAT groups.
Baseline x-ray (XR) or magnetic resonance imaging (MRI) imaging
was evaluated for severity using the Kellgren–Lawrence
(KL) grading criteria.

The BMAC procedure protocol was as follows: during the
preoperative period, the patient again reviewed the procedure
and gave verbal and written consent. After sterile prep with
betadine/chloraprep and a sterile drape applied, the posterior
superior iliac spine (PSIS) was anesthetized with 10 cc of lido-
caine 1% and 10 cc of Marcaine 0.25%. Following this, 60 cc of
bone marrow aspirate (BMA) was harvested from the patient’s
unilateral PSIS using ultrasound guidance. Three separate sites
on the PSIS were used with 10 cc syringes (20 cc from each site).
The BMA was then processed on location in an Emcyte centri-
fuge, and approximately 8 cc of pure BMAC was obtained. The
patient was then positioned supine on the table and the knee to
be treated was prepped in a sterile manner using
betadine/chloraprep. A minimal amount of local anesthesia,
ropivacaine 0.2%, was used superficially and down to the joint
capsule only as necessary. The BM concentrate was then injected
to the patient’s knee joint using ultrasound guidance to ensure
proper placement. The procedure took 60 minutes to complete,
including the harvesting and creation of the BM concentrate.

The MFAT procedure protocol was as follows: the patient
was evaluated in the supine position to determine the harvest
site, which was then marked. The patient remained in the
supine position with attention to the lower abdomen. The skin
was cleansed using betadine/chloraprep. A 25 g × 2 in. needle
was used to anesthetize the superficial skin using 5–10 cc of
1% lidocaine. A small incision was then made using a #11 scal-
pel. A blunt tip anesthesia cannula was used with a 60-cc
syringe to infiltrate 120 cc of tumescent anesthesia to the AT
of the abdomen through the previously made incision. The
cannula was directed toward the umbilicus and then, if neces-
sary, posteriorly toward the flank through the same incision
site. The lipoaspirate cannula was then placed through the
incision site and 30 cc of lipoaspirate was obtained through
low-pressure vacuum. Care was taken to avoid any air in the
syringe. Approximately 30 cc of lipoaspirate in a syringe was
placed in a sterile cup to decant. The tumescent anesthesia
was removed and care was used to avoid any air to the graft.
The lipoaspirate was then transferred to the Lipogems manual
processing device to wash and mechanically breakdown to
allow injection. The final product was placed in 3-cc syringes
for the treatment. The puncture site was dressed with 4 × 4
sterile gauze and Tegaderm. Attention was then turned to the
treatment. A minimal amount of local anesthesia, ropivacaine
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0.2%, was used superficially and down to the joint capsule
only as necessary. Under sterile condition, 9 cc of MFAT was
injected into the knee joint. Ultrasound guidance was used to
ensure proper placement. The procedure took 60 minutes to
complete, including the harvesting and creation of MFAT.

A repeated-measures analysis of VAS pain score was performed
with a means model via the SAS MIXED Procedure (version 9.4;
SAS Institute, Cary, NC), providing separate estimates of the means
by time on study (preprocedure and postprocedure) and treatment
group (BMAC or MFAT). The statistical model included three pre-
dictors (treatment arm, time on study [categorical as preprocedure
and postprocedure] and the statistical interaction between treat-
ment arm and time on study). A compound-symmetric
variance–covariance form in repeated measurements was
assumed for VAS pain score and robust estimates of the standard
errors of parameters were used to perform statistical tests and
construct 95% confidence intervals [18]. The model-based means
are unbiased with unbalanced and missing data, so long as the
missing data are noninformative (missing at random). A p-value
≤.05 was considered statistically significant for the main effects
(treatment and time on study) and for the treatment by time on
study interaction effect from the repeated-measures analysis.

The statistical test for interaction between time on study and
treatment was used as the overall hypothesis test to determine
whether pain scores in the two study groups changed in signifi-
cantly different ways during follow-up (i.e., different temporal
patterns over time). If mean pain scores in the two treatment
groups were consistently different or similar over time (i.e., no
statistical interaction) then the main effect test for treatment
was used as the primary hypothesis test to compare the two
treatment groups (i.e., the time-averaged differences between
the two treatment groups). The primary study results from this
model were the mean VAS pain score and 95% confidence inter-
val for each of the two treatment groups and the treatment
mean difference and 95% confidence intervals. If a significant
interaction was detected, then t tests were used to compare the
differences between the model-based treatment means at each
time point and to compare differences over time within each
treatment arm. Specific statistical tests were done within the
framework of the mixed effects linear model. All statistical tests
were two-sided and unadjusted for multiple comparisons. For
multivariable analysis, the VAS pain score repeated-measures
model was refitted including the following baseline covariates:
treatment, time on study, the interaction between treatment
and time on study, location of pain (left or right), KL grading scale
(grades 1–4), the interaction between KL grading scale and treat-
ment, sex, and age (above or below the median age).

Similar analysis plans were implemented for the five KOOS
subscales and the EQOL outcome scores.

RESULTS

A total of 110 patients met inclusion criteria, with 76 patients
(BMAC 41, MFAT 35) and 106 knees (BMAC 58, MFAT 48) having
appropriate follow-up data. BMAC group included 17 females
and 24 males with a mean age of 59 � 1. The MFAT group
included 23 females and 12 males with a mean age of 63 � 11.
Minimum follow-up time was 0.5 years in both groups. Mean
follow-up time was 1.80 � 0.88 years for BMAC and 1.09 �
0.49 years for MFAT.

Appropriate preprocedure imaging (MRI or XR) was available
for 101 of the 106 treated knees upon chart review. KL grading
was as follows: grade 1: 5 knees, grade 2: 23 knees, grade 3:
55 knees, and grade 4: 18 knees. We then further identified each
knee as a “responder” or “nonresponder.” A “responder” was
defined as a knee with at least a 25% improvement in VAS pain
score at final follow-up post procedure. Peerbooms et al. previ-
ously used the 25% responder rate in the orthobiologics litera-
ture [19]. The responder rate by KL grade was as follows: grade
1: 100% (5/5), grade 2: 73.9% (17/23), grade 3: 47.2% (26/55),
and grade 4: 55.6% (10/18; Fig. 1). In the responder cohort, the
average percent improvement for the BMAC group was 78% and
69% for MFAT. The combined reduction in VAS for the responder
cohort was 73%.

Knee VAS pain scores in the two treatment groups changed
in similar ways (similar temporal patterns of reduced pain over
time) during follow-up (p = .89, test for interaction between time
on study and treatment group). Mean VAS in the two treatment
groups was similar (p = .38 for testing the time-averaged differ-
ences between the two treatment groups). The overall decrease
during follow-up in VAS pain scores was significant (p < .001, the
two treatment groups improved in VAS pain scores over time).
The decrease in mean VAS pain score was 1.5 points (mean = 4.1
and 2.6 at preprocedure and postprocedure). Both treatment
groups (BMAC and MFAT) demonstrated significant improve-
ment pre to postprocedure in VAS pain scores (p < .001;
Table 1). Previously, it has been reported that a change of 8–10
points represents the minimal perceptible clinical improvement
for all KOOS parameters [20].

Knee KOOS pain scores in the two treatment groups changed
in similar ways (similar temporal patterns reduced pain over time)
during follow-up (p = .56, test for interaction between time on
study and treatment group). Mean KOOS pain scores in the two
treatment groups were similar (p = .63 for testing the time-
averaged differences between the two treatment groups). The
overall improvement during follow-up in KOOS pain scores was
significant (p < .001, the two treatment groups improved in KOOS
pain scores over time). The mean KOOS pain score improvement
was 17.5 points (mean = 53.0 and 70.5 at preprocedure and
postprocedure). Both treatment groups demonstrated significant
improvement preprocedure to postprocedure in KOOS pain
scores (p < .001; Table 1, Fig. 2).

Knee KOOS other symptom scores in the two treatment
groups changed in similar ways (similar temporal patterns of
reduced other symptoms over time) during follow-up (p = .61,
test for interaction between time on study and treatment group).
Mean KOOS symptom scores in the two treatment groups were

Figure 1. Responder rate by Kellgren–Lawrence grade.
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similar (p = .94 for testing the time-averaged differences between
the two treatment groups). The overall decrease during follow-up
in KOOS symptom scores was significant (p < .001, the two
treatment groups improved in KOOS symptom scores over
time). The mean KOOS symptom score improvement was 14.0
points (mean = 54.0 and 68.0 at preprocedure and postprocedure).
Both treatment groups demonstrated significant improvement
preprocedure to postprocedure in KOOS symptom scores
(p < .001 for BMAC and p = .003 for MFAT; Table 1, Fig. 2).

KOOS activities of daily living (ADL) scores in the two treat-
ment groups changed in similar ways (similar temporal patterns
of improved ADL over time) during follow-up (p = .58, test for
interaction between time on study and treatment group). Mean
KOOS ADL scores in the two treatment groups were similar
(p = .17 for testing the time-averaged differences between the
two treatment groups). The overall improvement during follow-
up in KOOS ADL scores was significant (p < .001, the two treat-
ment groups improved in KOOS ADL scores over time). The mean
KOOS ADL score improvement was 17.0 points (mean = 60.4
and 77.4 at preprocedure and postprocedure). Both treatment

groups demonstrated significant improvement preprocedure
to postprocedure in KOOS ADL scores (p < .001 for BMAC and
p = .001 for MFAT; Table 1, Fig. 2).

KOOS sport and recreation scores in the two treatment
groups changed in similar ways (similar temporal patterns of
improvement over time) during follow-up (p = .79, test for
interaction between time on study and treatment group).
Mean KOOS sport and recreation scores in the two treatment
groups were similar (p = .15 for testing the time-averaged dif-
ferences between the two treatment groups). The overall
improvement during follow-up in KOOS sport and recreation
scores was significant (p < .001, the two treatment groups
improved in KOOS sport and recreation scores over time). The
mean KOOS sport and recreation score improvement was 26.3
points (mean = 24.9 and 51.2 at preprocedure and
postprocedure). Both treatment groups demonstrated signifi-
cant improvement preprocedure to postprocedure in KOOS
sport scores (p < .001; Table 1, Fig. 2).

KOOS knee-related quality of life (QOL) scores in the two
treatment groups changed in similar ways (similar temporal

Table 1. Univariable repeated-measures analyses: Longitudinal change in functional outcomes by treatment group for symptomatic knee
osteoarthritis patients

Preprocedure Postprocedure p values Change (pre–post)

Treatment n Mean � SEM n Mean � SEM Treat Time Treat by time Mean change (95% CI) p

VAS for pain

Pain BMAC 41 3.9 � 0.355 40 2.5 � 0.351 .38 <.01 .89 1.502 (0.780, 2.223) <.01

MFAT 35 4.3 � 0.385 35 2.8 � 0.376 – – – 1.411 (0.635, 2.186) <.01

Emory quality of life

Mobility BMAC 39 1.694 � 0.074 39 1.407 � 0.080 .45 <.01 .65 0.287 (0.103, 0.470) <.01

MFAT 32 1.732 � 0.082 32 1.508 � 0.088 – – – 0.223 (0.019, 0.428) .03

Self-care BMAC 39 1.187 � 0.057 39 1.050 � 0.037 .50 .06 .30 0.137 (0.015, 0.259) .03

MFAT 32 1.102 � 0.062 32 1.061 � 0.041 – – – 0.041 (‑0.094, 0.176) .55

Usual activities BMAC 39 1.646 � 0.083 38 1.494 � 0.094 .05 .02 .65 0.152 (‑0.071, 0.375) .18

MFAT 32 1.887 � 0.091 32 1.659 � 0.102 – – – 0.228 (‑0.016, 0.473) .07

Pain/discomfort BMAC 39 2.056 � 0.079 38 1.735 � 0.089 .28 <.01 .51 0.321 (0.129, 0.512) <.01

MFAT 32 2.215 � 0.087 32 1.799 � 0.097 – – – 0.416 (0.205, 0.627) <.01

Anxiety BMAC 39 1.210 � 0.070 37 1.164 � 0.079 .24 .49 .98 0.047 (‑0.129, 0.222) .60

MFAT 32 1.314 � 0.077 32 1.271 � 0.085 – – – 0.043 (‑0.148, 0.235) .65

Composite BMAC 39 0.727 � 0.027 37 0.835 � 0.027 .09 <.01 .98 ‑0.108 (‑0.162, ‑0.054) <.01

MFAT 32 0.667 � 0.030 32 0.774 � 0.029 – – – ‑0.107 (‑0.166, ‑0.047) <.01

Knee Injury and Osteoarthritis Score

Pain BMAC 39 54.6 � 2.674 40 70.6 � 3.313 .63 <.01 .56 ‑16.0 (‑23.1, ‑8.9) <.01

MFAT 34 51.4 � 2.867 32 70.4 � 3.692 – – – ‑19.1 (‑26.9, ‑11.2) <.01

Symptoms BMAC 39 53.7 � 2.992 40 69.4 � 3.702 .94 <.01 .61 ‑15.7 (‑23.2, ‑8.1) <.01

MFAT 34 54.9 � 3.209 32 67.6 � 4.120 – – – ‑12.7 (‑21.1, ‑4.4) <.01

ADL BMAC 39 63.6 � 2.946 40 79.2 � 3.053 .17 <.01 .58 ‑5.5 (‑22.5, ‑8.6) <.01

MFAT 33 57.2 � 3.202 32 75.6 � 3.401 – – – ‑18.4 (‑26.1, ‑10.7) <.01

Sport/recreation BMAC 29 28.6 � 4.224 26 56.1 � 5.831 .15 <.01 .79 ‑27.5 (‑40.2, ‑14.8) <.01

MFAT 24 21.3 � 4.634 22 46.3 � 6.333 – – – ‑25.0 (‑39.0, ‑11.0) <.01

QOL BMAC 39 28.6 � 2.995 40 52.0 � 3.858 .70 <.01 .45 ‑23.4 (‑31.7, ‑15.1) <.01

MFAT 32 29.4 � 3.302 32 48.0 � 4.303 – – – ‑18.6 (‑27.9, ‑9.3) <.01

Abbreviations: ADL, activities of daily living; BMAC, bone marrow aspirate concentrate; CI, confidence interval; MFAT, microfragmented adipose
tissue; QOL, quality of life; VAS, Visual Analog Scale.
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patterns of improvement over time) during follow-up (p = .45, test
for interaction between time on study and treatment group).
Mean KOOS QOL scores in the two treatment groups were similar
(p = .70 for testing the time-averaged differences between the
two treatment groups). The overall improvement during follow-up
in KOOS QOL scores was significant (p < .001, the two treatment
groups improved in KOOS QOL scores over time). The mean
KOOS QOL score improvement was 21.0 points (mean = 29.0
and 50.0 at preprocedure and postprocedure). Both treatment
groups demonstrated significant improvement preprocedure to
postprocedure in KOOS QOL scores (p < .001; Table 1, Fig. 2).

EQOL scores in the two treatment groups changed in simi-
lar ways (similar temporal patterns over time) during follow-
up (p = .98, test for interaction between time on study and
treatment group). Mean EQOL in the two treatment groups
were similar (p = .09 for testing the time-averaged differences
between the two treatment groups). The overall increase dur-
ing follow-up in EQOL scores was significant (p < .001, the two
treatment groups improved in EQOL scores over time). The
mean EQOL score improvement was 0.10 points (mean = 0.70
and 0.80 at preprocedure and postprocedure).

Both treatment groups demonstrated significant improve-
ment pre to post in EQOL (p < .001; Table 1).

DISCUSSION

The purpose of this study was to compare outcomes after MFAT
or BMAC injections in individuals with symptomatic knee osteoar-
thritis. Regardless of tissue source, our data demonstrate that

there are statistically significant improvements in pain and func-
tion after autologous orthobiologic injection for knee OA. For
the purpose of this discussion and to fully review the history of
these injections, we have included data from a breadth of BM
and AT-derived orthobiologic literature, much of it from culture-
expanded MSC products. It should be noted that the preparations
we used are, at best, MSC enriched and it is difficult to directly
compare our data with that of culture-expanded populations.

Centeno et al. first examined autologous BM-derived
orthobiologics for knee OA in two case studies conducted in
2008 [21, 22]. Since that time, multiple investigators have further
studied the safety and efficacy of autologous BM-derived injec-
tions for knee OA [23–33]. The study from Shapiro et al. is partic-
ularly noteworthy in that it is the first prospective, placebo-
controlled trial of BMAC treatment for knee OA against a pro-
posed saline placebo. Safety outcomes, pain relief, and function
were measured at 1 week, 3 months, and 6 months post-
intervention. Results revealed substantial pain relief in both
BMAC and saline treated knees; however, there was no statisti-
cally significant difference between the groups. This study is
often cited as evidence against the use of autologous BMAC;
however, limitations to this study include short follow-up period,
low number of patients, high variability in MSCs and effector
cells that were injected, possible systemic effects of MSCs that
may have affected the saline injected knee, as well as the fact
that normal saline is not a true placebo as multiple level I studies
have described the therapeutic effects of intra-articular normal
saline injections for knee OA [34]. The Shapiro study does further
expand the research demonstrating that autologous BM-derived

Figure 2. Knee Injury and Osteoarthritis Outcome Score at baseline and follow-up.
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orthobiologics are safe and can provide significant pain relief in
knee OA, but highlights the need for further studies in the field.

Korean research groups have been at the forefront of adipose-
derived orthobiologic use. Koh et al. published two papers in
2012 and 2013 that studied the use of adipose-derived MSCs
for the treatment of knee OA [28, 29]. The results revealed a
significant reduction in pain and increased QOL, with some
improvements extending beyond 2 years. Moreover, they
showed a positive correlation between the number of cells
injected and improvements in pain. Jo et al. also reported
similar results with injected adipose-derived MSCs for knee
OA. Their data showed a significant dose-dependent improve-
ment in pain and function for up to 2 years [35]. Furthermore,
two randomized, controlled clinical trials have recently been
published with both demonstrating significant improvements in
pain and function in knee OA patients after injection of autolo-
gous AT-derived MSCs when compared with controls [36, 37].
However, once again, it should be noted that these were
culture-expanded cells, which were not used in the current
study and cannot be used in the United States due to Federal
Drug Administration minimal manipulation regulations.

As mentioned previously, although here we have discussed
MSCs, the BMAC and MFAT injections used in the current study
are not bona fide MSC treatments as would be expected if we
were able to use culture expansion. Previous data shows that
MSCs collected from BMA make up only a small percentage of
mononuclear cells, approximately 0.001% to 0.02% [38, 39].
While this is fewer than what is obtained through culture expan-
sion, MSCs are present in BMAC and the number of MSCs needed
for clinical effect has not yet been determined. Thus, MSCs are
likely exerting some of the clinical benefit observed with BMAC
injections. Other cytokines and growth factors are also at work
with BMAC treatments. These include vascular endothelial growth
factor, transforming growth factor-β, platelet derived growth fac-
tor (PDGF), and interleukin (IL)1-RA [40]. Furthermore, BMAC has
a high concentration of platelets that can decrease pain through
peripheral endocannabinoid pathways, the NF-κB pathway, and
through enhancing the production of endogenous hyaluronic
acid [41–43].

MFAT treatments also include MSCs, but the total number of
MSCs present has not yet been estimated. Ceserani et al. note that
estimation of MSC number per milliliter of MFAT has proven to be
technically difficult [44]. However, MFAT is rich in microvessels and
pericytes, which are immature MSC progenitors [44, 45]. Multiple
investigators have clearly documented that pericytes give rise to
MSCs [46, 47]. Thus, the thought is that pericytes in MFAT prepa-
rations differentiate into MSCs specific to the pathological micro-
environment after injection, although this is difficult to prove in
situ. Previous data have shown that the majority of MSCs cul-
tured from MFAT are of pericyte origin [44]. In addition, MFAT is
also rich in angiogenic, anti-inflammatory, and immunomodula-
tory growth factors and cytokines such as IL1-RA, placental
growth factor, PDGF, dipeptidyl peptidase 4, Ang-1, Ang-2, matrix
metallopeptidase (MMP)-7, MMP-9, adiponectin, and HGF [44,
45]. MFAT has further anti-inflammatory properties through
blocking monocyte inflammatory functions [44].

Thus, in regard to both BMAC and MFAT injections, they are not
true MSC treatments since they are not isolated and culture-
expanded. Their clinical effects are most likely exerted through some
concentration of MSCs in combination with angiogenic, anti-inflam-
matory, and immune-modulatory cytokines and growth factors.

To date, there are no published studies comparing the effi-
cacy of BM and adipose-derived orthobiologic treatments, mak-
ing it impossible to draw a reliable conclusion about which is the
superior candidate for treating knee OA. Therefore, these are
unique data from a prospective comparison and outcome analy-
sis of patients who received either an MFAT or a BMAC injection.
It is noteworthy that both sources resulted in statistically signifi-
cant improvements in pain and function without a significant dif-
ference when the outcomes between the two tissue sources
were compared. Given that the safety and efficacy of injectable
autologous BM and adipose-derived orthobiologic injections
have already been evaluated independently for use in knee OA,
most notable here is our finding that improvements in pain and
function after autologous BMAC or MFAT injection for knee OA
do not significantly differ between the two tissue sources.

It will likely be determined that the decision of autologous
orthobiologic tissue source depends on a large variety of factors
including but not limited to patient age, BMI, comorbidities, OA
severity, and preference. Soler et al. excluded patients older than
65 and with severe OA, and found that WOMAC and Lequesne
scores decreased in parallel to VAS scores, ultimately leading
authors to surmise that younger patients with mild to moderate
OA are the ideal candidates for orthobiologic treatment. Other
investigators have arrived at a similar conclusion that high prog-
nostic value lies in appropriate patient selection (based on age
and OA severity) and earlier intervention [48, 49]. Specifically,
Kim et al. discovered that when classified according to the KL
grading scale, the VAS scores at 3-, 6-, and 12-month follow-
ups in the grade 4 group were significantly poorer than in the
grade 1–3 groups [49]. Our data also show that the likelihood
of achieving meaningful improvements in pain and function
was greater with earlier OA changes based on the KL scale
(grades 1 and 2) as opposed to more advanced knee OA
(grades 3 and 4; Fig. 1). This is an important clinical point that
should be addressed when counseling patients on what they
might expect following orthobiologic procedures, especially
those with advanced knee OA trying to delay or avoid total
knee arthroplasty.

It is worth mentioning that since we did not have multiple
follow-up points in our study, the responder rate (those with at
least 25% improvement in VAS) may have been higher if we had
analyzed responses at various time points. Some who may have
been early responders may have experienced waning improvement
at 1–1.5 year follow-up. Also of note, the average percent improve-
ment in VAS in the responder cohort was 73%, which is in line
with previous findings (71.4%) presented by Sampson et al. [43].

The limitations of this study are significant. Patients were
not randomized into BMAC or MFAT groups for the purpose of
this study. Furthermore, outcomes with BMAC and MFAT proce-
dures were not analyzed against a placebo or a more economi-
cal injection such as corticosteroid, saline, or hyaluronic acid.
Without a control group or randomization process, it is difficult
to know for sure if the results can be partially explained by a
placebo effect or preexisting characteristics of the subjects that
could influence the response. Furthermore, BMAC and MFAT
were not quantified for contents (MSCs, platelets, cytokines,
etc.) prior to injection. Therefore, it is possible that nonre-
sponders were injected with a lesser stimulus. In order to fur-
ther advance the data in this emerging field, future clinical
trials should focus on more rigid study designs with random-
ized and controlled head-to-head comparisons of autologous
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orthobiologic tissue sources, tissue analysis, the use of multi-
ple injections, and the use of varying MSC doses for patients
with knee OA and other orthopedic conditions.

CONCLUSION

This is a novel study that compares outcomes between BM and AT-
derived orthobiologic injections for symptomatic knee OA. Based on
our data, autologous tissue source does not affect outcomes as
both BMAC and MFAT groups had significantly improved pain and
function compared with their baseline without a significant differ-
ence in improvements between the two groups.
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