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ABSTRACT
Background
To evaluate changes in pain, function, and quality of life after treatment with injected micro-fragmented
adipose tissue (MFAT) for knee osteoarthritis in a large cohort of individuals treated at multiple centers.
Methods
One hundred ten individuals were recruited from three private outpatient clinics. Participants had to be
diagnosed with symptomatic knee OA (defined by persistent knee pain associated with clinical
symptoms of OA and/ or classic imaging findings) and who had not received prior knee surgery or
treatment with platelet-rich plasma, cortisone, or hyaluronic acid within the previous 6 weeks. Data from
120 knees were included in the analysis. Outcome measures included Knee Injury and Osteoarthritis
Outcome Score (KOOS) subscales (pain, symptoms, activities of daily living [ADL], sports and
recreation, quality of life [QOL]) and an 11-point Numerical Rating Scale (NRS) for average knee pain
over the past week. Outcomes were collected at baseline and 3, 6, and 12 months.
Results
Significant increases and decreases in KOOS subscale and NRS scores were observed, respectively, in the
cohort as a whole (p< .05). Lower BMI was associated with more significant improvements in pain,
sports/ recreation, and ADL KOOS subscale scores (p< .05). Greater age was associated with more
significant improvements in symptoms and QOL subscale scores (p< .05).
Conclusions
A single injection of MFAT improved pain, function, and QOL outcome measures up to 12 months in this
cohort for more than half of the participants. Greater BMI and lower age negatively influenced outcomes.
It is not known whether improvements continue after this timeframe or why many participants reported
little-to-no improvement.
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INTRODUCTION
Osteoarthritis (OA) is a degenerative disease
characterized by chondrocytes, cartilage destruction,
and inflammation that typically affects weight-bearing
joints such as the knee. Due to the ongoing obesity
epidemic and growing elderly population in the USA,
the prevalence of OA has expanded.1,2 Advancements
in imaging and diagnostic tools have likely also contributed to increased diagnosis rates. Over the next
20 years, the expected number of US adults with OA
is expected to reach 78.4 million, translating approximately to 1 in every 4 adults.3
Pain secondary to knee OA has a significant impact
on quality of life and can ultimately limit independence
in activities of daily living. The number of adults with
activity limitation secondary to OA is projected to reach
34.6 million (11.4% of all adults) over the next two decades.3 The US population with symptomatic knee OA,
one of the most commonly affected joints, has jumped
from 6.9% to 7.3% between the years 2007-2008 to
2001-2012.4 Risk factors for knee OA development in
adults include older age, obesity, and female gender.5
Though knee arthritis is one of the leading orthopedic conditions, management remains a challenge
due to limited effective treatment options.6 Treatment
for mild to moderate knee OA includes conservative
measures (weight reduction, exercise, orthotics, bracing), pharmacological treatment (anti-inflammatories
and/or analgesics), intra-articular injections (hyaluronic
acid, steroids, platelet-rich-plasma), and arthroscopic
lavage and debridement.7,8 Treatment is challenging
for those not responding to these measures, many of
which have poor long-term efficacy.8 Total knee arthroplasty has classically been used to treat patients with
moderate to severe pain.7,8 Arthroplasty is costly and a
majority of patients are either nonsurgical candidates
or decline surgical intervention, leaving a wide gap
in treatment options.9,10 Non-operative interventions
offered by the field of regenerative medicine are a
promising new alternative for these patients.
One of the most promising new approaches for
symptomatic OA is the use of biologics; for example,
micro-fragmented adipose tissue (MFAT). MFAT promotes immunomodulatory, trophic, and anti-apoptotic
actions within the affected joint, which are effects

attributed to high concentrations of mesenchymal
stromal cells and pericytes native to adipose tissue.11–15
Its regenerative properties were first noted with cosmetic fat grafting, which revealed improvements in
the quality of aging, scarred, and damaged skin.16 The
methods of harvesting, refinement, and placement
of MFAT were subsequently refined and used as a
therapeutic option for various orthopedic conditions,
including meniscal tears17 and osteochrondral talar
defects.18 Harvested tissue for these procedures is
micro-fragmented and washed of pro-inflammatory
oil and blood residues using mild mechanical forces.19
The process is relatively simple and does not require
any enzymes, additives, or separate centrifugation,
which is imperative given the complex regulation of
these therapies.20–22
Recent studies on MFAT for knee OA are limited
but support its safety and potential efficacy.15,23,24
There is inadequate research defining the impact of
MFAT on the burden of osteoarthritis and the patient
demographics for which this intervention may be
most effective.25 This study aims to bridge these
gaps in the literature with a multi-center, retrospective analysis of intra-articular MFAT injections for
symptomatic knee OA. It was hypothesized that a
single, ultrasound-guided injection of MFAT into the
knee joint would improve knee pain and function 12
months post-injection. Changes in pain and function
were measured using a pain numerical rating scale
(NRS) for pain and Knee Injury and Osteoarthritis
Outcome Score (KOOS) subscales.
METHODS
Study Population
Data were collected from participants at three
private outpatient clinic sites located in Carlsbad,
California, Atlanta, Georgia, and Cedar Knolls, New
Jersey, between October 2014 and October 2019.26
Participants included in the study were at least 25
years old, had received a diagnosis of symptomatic
knee OA as defined by persistent knee pain associated with clinical symptoms of OA (crepitus on active
motion, restricted movement, bony tenderness or
enlargement, morning stiffness, no palpable warmth
of synovium) or classic imaging findings (joint-space
narrowing, osteophytes). Exclusion criteria included
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contraindications to liposuction; prior knee surgery;
pathology requiring surgical management (e.g., endstage OA requiring total knee arthroplasty); treatment
with platelet-rich plasma, cortisone (oral or injected),
or hyaluronic acid injection within the past 6 weeks;
malignancy within 5 years; or any disease or condition that may hinder treatment. Diseases or medical
conditions that could hinder treatment included signs
of infection, unstable medical conditions such as hypertension or diabetes, bleeding disorders, or severe
anatomic malalignments (Varus/Valgus).
Individuals who opted for the procedure, met
the study criteria, and agreed to participate were
consented and enrolled. Participants completed a
survey that included demographic information (age,
sex, BMI) and baseline KOOS and NRS scores after
giving informed consent. They then received an intraarticular injection of MFAT in the affected knee(s).
Follow-up KOOS and NRS scores were collected at
3, 6, and 12 months.
The KOOS is a valid, reliable, and responsive
outcomes index widely used in research and clinical
practice for short-term and long-term follow up of
several types of knee injuries, and conditions including OA.27–30 It is self-administered and assesses five
outcomes: pain, other symptoms, function in daily
living (ADL), function in sport and recreation, and
knee-related quality of life (QOL).30 The KOOS is costeffective, has a high reproducibility rate, and captures
symptoms that are important to the patient.31,32 The
minimal clinically significant difference (MCID) for
the KOOS subscales is approximately 8–10.29
The NRS is also commonly used in research and
clinical practice to quantify the pain intensity. Patients
are asked to indicate using an 11-point scale their average pain level. The scale ranged from 0 to 10 with 0
indicating “no pain” and 10 indicating “worst possible
pain.”33 The NRS is highly reliable, easy to use, and
effective at detecting changes in pain.33,34 It has an
MCID of 2 for patients with pain secondary to knee
OA.34 One site asked participants to list their “best”
and “worst” pain; these values were averaged together.
Surgical Procedure
The Lipogems® processing kit was used to harvest
MFAT for this study. This disposable kit can be used
to aspirate, process, and re-injection autologous
MFAT without expansion or enzymatic treatment.11

Patients were placed supine on the procedure table,
and an area for fat harvesting, typically the abdomen,
was marked in an oval with a surgical marker. In
patients with limited abdominal adipose the lateral
lower spine area or postero-lateral thigh was used to
aspirate adipose tissue. Tumescent anesthesia was
prepared by combining 50 cc 1% lidocaine with 1 cc
of 1:1000 epinephrine and 500 cc of normal saline.
Chloroprep was used to disinfect skin, and the area
was bordered with sterile drapes. The lidocaine
mixture was injected using an 18-gauge needle for
local anesthesia. A #11 blade was used to make a
small incision, and a 17-gauge blunt cannula was then
inserted at the same entry point and used to diffuse
60–120cc of tumescent subcutaneously below Scarpa’s
fascia at the harvest site. While wait-ing 20 minutes
for the anesthetic to take effect, the Lipogems® kit
was assembled and prepared. A bag of 1000 cc of
sterile saline and a waste bag was attached at either
end. The saline was used for flushing the
compartments and creating an airless, closed system.
The procedure was continued and a 13-gauge
blunt end cannula was used to obtain 30 to 80 mL of
lipoaspirate. The lipoaspirate was then injected into
the device while passing through a reduction filter,
which helped relieve blood and oil residue. Once in
the central compartment, the device was shaken for
thirty second intervals. Stainless steel ball bearings
within the central compartment created mechanical
forces that further fragmented and washed the
lipoaspirate. The residue was flushed into the waste
bag, and the resulting MFAT was drawn into 3-cc
syringes for injection.
The joint line and areas of degeneration secondary
to OA were visualized using a high-frequency linear
ultrasound transducer. If a large effusion was
identified, it was aspirated before MFAT injection.
Joint space was assessed for the most suitable
injection approach given the presence of joint space
narrowing and osteophyte pathology typical of OA.
MFAT was then injected under direct ultrasound
guidance into the joint using a 1.5 inch -22g or 3 inch18 g needle.
Participants were educated on post-injection guidelines. These included weight-bearing restrictions and
avoidance of non-steroidal anti-inflammatory drugs for
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the first few weeks, with a progression to unrestricted
activity (as tolerated) by 6–8 weeks. There was no
specific post-treatment rehabilitation protocol that
was instituted after the treatment.
Statistical Analysis
All statistical analyses were conducted using SPSS
version 21 (IBM, Inc., Armonk, New York, USA).
Statistical significance was determined as p<.05 for
all analyses. Participants with missing data at baseline
were excluded, as were those with data only at baseline
and no other time point. Standard descriptives were
calculated, including means and standard deviations
for continuous variables and frequencies for categorical variables. Missing data were determined not to
be missing at random and thus were imputed using
the Multivariate Imputation by Chained Equations
(MICE) package in R version 3.5.1 (R Foundation for
Statistical Computing, Vienna, Austria).35 The data
were analyzed using mixed-effects models because
of the repeated measurements and non-uniform time
points at which the data were collected. Time was
considered a fixed effect, and BMI, age, and gender

were included as covariates in these models. Random
intercepts were included in all models to account for
variance in subject baseline scores. Post hoc analyses were conducted with Bonferonni corrections to
determine significant differences in outcomes at each
time point compared to baseline.
Secondary analyses were conducted to evaluate
characteristics of those deemed “responders” and
“non-responders.” Responders were participants who
improved beyond the MDIC for each respective outcome
measure (10 for each KOOS subscale and 2 for the
NRS), while non-responders were those who did not.
Logistic regression models were built to determine
whether participant age, BMI, and gender impacted
the odds of being a responder or non-responder for
each outcome measure. Baseline KOOS subscale and
NRS scores were included in the respective regression
models to control for disease state.
RESULTS
A total of 110 individuals were included in the
study, and 120 knees were injected. Participants were
on average

Figure 1. Changes in KOOS subscales (symptoms, pain, function in
activities of daily living [ADLs], function in sports/recreation, and
quality of life [QOL]) between baseline, 3 months, 6 months, and 12
months post-injection. Error bars indicate 95% confidence intervals.
* Significant difference with respect to baseline, p< .05
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on average 64.3±10.3 years of age (range, 31–83
years) with an average BMI of 30.0±4.7 kg/m2
(range, 20.2 – 46.2 kg/m2) and consisted of 55.3%
females. Significant improvements in all KOOS
subscale and NRS scores were noted after baseline
(p<.001). With respect to baseline, KOOS subscale
and NRS scores showed significant improvement at
3, 6, and 12 months post-treatment (p<.001, Figure
1). Descriptive statistics and percentages of
participants with clinically meaningful 12-month
improvements in KOOS subscales and NRS scores
are presented in Tables 1 and 2, respectively.
Lower BMI was associated with greater improvements in pain (B = -0.47, SE B = 0.22, B 95%CI=
-0.92 – -0.03, p<.05), sports/recreation (B = -1.0, SE
B = 0.38, B 95%CI = -1.8 – -0.29, p<.01), and ADL (B
= -0.64, SE B = 0.21, B 95%CI = -1.1 – -0.22, p<.01)
KOOS subscale scores. Greater age was associated
with greater improvements in symptoms (B = 0.27,
SE B = 0.11, B 95%CI = 0.04 – -0.49, p<.05) and
QOL (B = 0.33, SE B = 0.15, B 95%CI = 0.04 – 0.62,
p<.05) subscales. No other covariates were associated
with NRS scores.
Results of the secondary analysis suggested females
were more than four times more likely to be responders
for the pain (OR: 4.1, OR 95%CI: 1.6-10.5, p<.01)

KOOS subscale. Participants who were older were
5% and 8% less likely to be responders for sports/
recreation (OR: 0.95, OR 95%CI: 0.91-1.0, p<.05)
and QOL (OR: 0.92, OR 95%CI: 0.87-0.97, p<.001)
subscales, respectively. Participants with higher BMIs
were 12% and 9% less likely to be responders for ADL
(OR: 0.88, OR 95%CI: 0.78-0.98, p<.05) and sports/
recreation (OR: 0.91, OR 95%CI: 0.82-1.0, p<.05)
subscales, respectively. No factors were associated with
NRS response. Percentage changes between baseline
and 12 months post-treatment in non-responders and
responders are presented in Table 3.
DISCUSSION
Conservative measures and surgery have classically
defined treatment of symptomatic knee OA.7,8 These
options are often ineffective or unsuitable for a large
subset of patients, particularly those who have failed
conservative therapy yet are not surgical candidates,
creating a significant gap in treatment options.10 Recent
advancements in regenerative medicine have provided
promising results for these patients. This retrospective, multi-center, longitudinal study examined the
application of ultrasound-guided intra-articular MFAT
therapy as a potential option for symptomatic knee

Table 1. Descriptive Statistics of Knee Injuries and Osteoarthritis Outcome Scale Subscales and Numerical
Rating Scale Scores Up to Twelve Months Post-Treatment
a

Baseline

Month 3

Month 6

Month 12

54.0 (18.3)

69.8 (16.9)

75.1 (17.1)

71.4 (18.8)

b

Pain

54.5 (17.8)

69.9 (15.0)

75.9 (14.8)

71.3 (17.7)

ADLc

58.0 (18.8)

76.3 (16.3)

80.4 (16.4)

78.8 (18.3)

27.5 (26.7)

46.7 (30.8)

51.2 (28.5)

45.3 (29.6)

26.4 (19.9)

45.6 (24.1)

51.5 (23.9)

52.6 (24.3)

5.4 (2.2)

4.4 (2.9)

3.2 (2.6)

3.4 (2.4)

Symptoms

d

Sports/Recreation
QOL

e

f

NRS

Notes. Means and standard deviations are presented for each scale, as well as linear mixed model statistics for the main effect of
time on the respective outcome variable. ADLs = Activities of daily living subscale. QOL = quality of life subscale.
NRS = numerical pain rating scale.
a

F(3,357)=57.4, p<.001

b

F(3,357)=50.0, p<.001

c

F(3,357)=59.5, p<.001

d

F(3,357)=22.3, p<.001

e

F(3,357)=49.1, p<.001

f

F(3,357)=22.5, p<.001
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Table 2. Percentages of Participants with
Clinically-Meaningful Improvements in Each Outcome Measure
≥25%

≥50%

≥75%

Symptoms

56.7

35.0

25.8

Pain

56.7

36.7

25.0

ADLs

56.7

35.8

30.8

Sports/Recreation

55.4

48.9

43.5

QOL

68.0

56.0

49.0

NRS

62.7

42.4

19.5

Notes. N=120. Data are presented as percentages of participants
with greater than or equal to a 25%, 50%, or 75% improvement
at 12 months with respect to baseline in each of the Knee
Osteoarthritis and Injuries Outcome Score (KOOS) subscales and
Numerical Rating Scale (NRS) scores. Percentages of participants
with changes greater than established Minimal Clinically
Important Differences (MCID) are also presented. KOOS
subscales include symptoms, pain, function during activities of
daily living (ADL) and sports and recreation, and knee-related
quality of life (QOL).

OA. Overall, participants reported positive outcomes
compared to baseline, verifying the application of
MFAT for knee OA.
Participants reported less knee pain, improved
function, and greater QOL at six and twelve months
post-treatment according to the KOOS subscale and
NRS scores. More than half reported greater than
25% improvement in all subscales, with nearly 70%
reporting this level of improvement in knee-related
QOL. Moreover, between 63% and 72% of individuals

reported improvements in each KOOS subscale more
significant than the established MCID of 10 points.
Improvements more significant than the MCID across
all subscales clinically suggest that patients can expect to see improvements in pain and their function
and ability to participate in activities that may have
been limited before treatment. Discrepancies were
noted between changes in KOOS subscale and NRS
scores, which were not as impressive despite the fact
that both scales measure similar constructs. This may
be due to different collection methods between sites.
For example, one site collected least and worst pain
for both knees, which then had to be averaged for a
final “average” NRS score. Another site collected a
single KOOS subscale and NRS data point regardless
of whether one knee was injected or both. The final
site collected NRS scores for either one or both knees
depending on whether one or both knees were injected,
while collecting a single KOOS score for each subscale.
Future multi-center outcomes data collection efforts
should strongly consider standardizing collection
methods between locations to improve accuracy and
interpretation of statistical findings.
Participants with lower BMI had more significant
improvements in pain, function, and QOL, and were
less likely to respond to the treatment with respect to
function. These results are not surprising given the
association of BMI and OA in adults5 and the reported
differences in outcomes post-arthroplasty between
obese and non-obese individuals.36,37 There are several
potential explanations for this association; for example,

Table 3. Changes in Outcome Measures At 12 Months between Responders and Non-Responders to Treatment
% Participant
Responders

Outcome Changes at 12 Months (%, % SD):
Non-Responders

Responders

Symptoms

63.3

-9.4 (20.4)

86.4 (90.3)

Pain

63.3

-10.6 (16.6)

127.3 (301.5)

ADLs

65.8

-11.8 (17.3)

80.1 (72.5)

Sports/Recreation

60.8

-36.0 (36.6)

316.0 (321.3)

QOL

71.7

-28.2 (35.9)

233.7 (247.2)

NRS

53.3

-22.3 (96.4)

65.8 (24.2)

Notes. N=120. Responders are those participants whose improvements were greater than or equal to the minimal clinically significant
difference for each outcome measure. Frequencies of participants considered responders are described as percentages of the total number
of participants. The average percentage changes (and standard deviations) in each outcome measure are also presented for “responders”
and “non-responders.” ADLs = Activities of daily living subscale. QOL = quality of life subscale. NRS = numerical pain rating scale.
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more significant joint loading, psychosocial factors, and
the heightened inflammatory state associated with pain
and obesity, all of which may have attenuated positive
responses to the treatment.38 The environment local
to adipose tissue in obese individuals (e.g., hypoxia,
chronic low-grade inflammation) has been shown to
alter adipose-derived MSCs in vitro,39,40 which could
potentially translate to worse clinical outcomes. Also,
synovial fluid levels of different adipokines – proteins
that are often dysregulated in obese individuals – have
been found to correlate with varying severity levels
of OA.41–43 It is also possible that participants with
lower BMI were generally more active before their
treatment. The MFAT treatment may have improved
symptoms enough for these individuals to resume or
approach their normal activity levels, whereas those
with higher BMIs reported more limited changes.
This would explain why BMI was associated with
changes in function and sports/ recreation subscales
and not the symptoms or QOL subscales. Additional
research is necessary to understand the mechanisms
behind this relationship and additional markers that
could predict positive or negative responses to treatment with MFAT.
Female participants were more likely to respond
to the treatment with respect to improvements in
pain. Greater disease severity in women may create
a broader range for improvement in women than men
treated with MFAT; however, this pattern was still
evident after including baseline disease severity in the
regression models. One possible explanation for this
association is the different concentrations and turnover rates of systemic and synovial fluid adipokines
in males and females; such differences have been
shown to promote OA progression in women, and
it is likely that they also affect the efficacy of MFAT
treatment.44,45 Additional research is needed to explain
these pathways and their effects on MFAT treatment.
It is also possible that varying perceptions of pain
between genders may have affected the response to
treatment.46 This is unfortunately, one limitation of
the subjective scales utilized in this study, which is
difficult to avoid in trials designed to evaluate clinical outcomes that may not be quantified objectively.
Findings in the present study are limited by the
lack of blinding, randomization, and a control group,

which may have introduced a placebo effect and affected participants’ responses. As a result, the causality of the responses and effectiveness of the treatment
cannot be definitively evaluated. Future studies aimed
at determining the efficacy of MFAT for knee OA
would require incorporating these elements into their
designs. It is important to note that it would be ethically challenging to blind participants to the procedure
considering the method of harvesting the lipoaspirate.
Many participants were lost to follow up at one or
more time points. Statistical methods were utilized to
minimize the impact of missing data; however, the bias
inherent to dropout could not be avoided and should
be considered when interpreting the findings of this
study. Although procedural methods were identical, the
three sites collected their data independently, and thus
differences were present in their collection methods,
which likely introduced bias and error in the statistical outcomes. Staging of knee OA was not collected
across all sites, so it is difficult to determine whether
this variable influenced outcomes. One of the exclusion
criteria was receiving a PRP injection within the past 6
weeks, although the benefits of PRP may appear after
that timeframe. Information about prior PRP treatments
was not collected in this study. Larger, randomized
controlled studies with minimal loss to follow-up and
more coordinated data collection methods would likely
attenuate these limitations and improve study outcomes.
CONCLUSION
Research into alternative treatment options for knee
OA, such as those offered by the field of regenerative
medicine, is imperative to meet the demands of an
aging population. Participants with knee OA in the
current study self-reported improvement in pain, function, and QOL after a single, intra-articular injection
of MFAT. Furthermore, lower BMI, female gender,
and older age appeared to impact outcomes after the
injection positively. Such findings suggest the therapy
may be beneficial in ameliorating symptoms of OA,
and highlight the importance of studying MFAT with
adjuvant therapy and subject characteristics that may
predict better outcomes. Larger, randomized, controlled
studies comparing MFAT to knee OA standard-of-care
therapies are needed to validate the efficacy of MFAT
and clarify the clinical application of the therapy.
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