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Background: Platelet-rich plasma (PRP) has been established as safe and effective for knee osteoarthritis (OA). Another
orthobiologic therapy, microfragmented adipose tissue (MFAT), has gained attention because of its heterogeneous cell population
(including mesenchymal stem cells). However, prospective comparative data on MFAT are lacking. Because of the safety, efficacy,
and simplicity of PRP, new therapeutics such as MFAT should be compared directly with PRP.

Purpose: To compare patient-reported outcomes of a single injection of PRP versus MFAT for knee OA.

Study Design: Randomized controlled trial; Level of evidence, 2.

Methods: A total of 58 patients with symptomatic knee OA (Kellgren-Lawrence grades 1-4) were randomized to receive a single
injection of either leukocyte-rich PRP or MFAT under ultrasound guidance. PRP was created by processing 156 mL of whole blood.
MFAT was created by harvesting 30 mL of adipose tissue via standard lipoaspiration. Scores for the Knee injury and Osteoarthritis
Outcome Score (KOOS) subscales and visual analog scale for pain with Activities of Daily Living (VAS-ADL) were recorded at
baseline and at 1, 3, and 6 months after the injection. The primary outcome was the KOOS–Pain subscore at 6 months after the
injection.

Results: The PRP group (n ¼ 30) had a mean volume of 5.12 ± 1.12 mL injected. This consisted of a mean platelet count of
2673.72 ± 1139.04 � 103/mL and mean leukocyte count of 25.36 ± 13.27 � 103/mL (67.81% lymphocytes, 18.66% monocytes, and
12.33% neutrophils). The MFAT group (n ¼ 28) had a mean volume of 7.92 ± 3.87 mL injected. The mean total nucleated cell count
was 3.56 ± 4.62 million/mL. In both groups, KOOS subscale and VAS-ADL scores improved from baseline, and there was no
significant difference between the PRP and MFAT groups in the final KOOS–Pain subscore (80.38 ± 16.07 vs 81.61 ± 16.37,
respectively; P ¼ .67) or any other outcome score.

Conclusion: A single injection of either PRP or MFAT resulted in a clinically meaningful improvement for patients with knee OA
at 6 months, with no difference between treatment groups.

Registration: NCT04351087 (ClinicalTrials.gov identifier).

Keywords: knee osteoarthritis; platelet-rich plasma; microfragmented adipose tissue; mesenchymal stem cell

Platelet-rich plasma (PRP) is a solution of densely concen-
trated platelets that can be used to treat osteoarthritis
(OA).14 It is created by harvesting autologous whole blood
and centrifuging it to concentrate the platelets. This solu-
tion is rich in anti-inflammatory and anabolic proteins and
has been shown to induce chondroprotection, leading to its
use for the treatment of degenerative conditions such as

OA.3,29,30,36,37 For knee OA, several randomized controlled
trials and meta-analyses have demonstrated the safety and
efficacy of PRP.5,12,31,34,42

Although the efficacy of PRP for the treatment of knee
OA has been demonstrated, other autologous therapeutics
that have been developed to treat OA have not undergone
the same degree of clinical study. One of these options is
microfragmented adipose tissue (MFAT). It is created by
performing lipoaspiration at the point of care to obtain
autologous adipose tissue. Adipose tissue is then rinsed
with saline to remove blood and oil and passed through a
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filter to make it easier to inject.15 MFAT is composed of a
heterogeneous cell population including fibroblasts, macro-
phages, adipocytes, and mesenchymal stem cells.19 Animal
models have demonstrated that MFAT promotes cartilage
repair.41 Early human studies have demonstrated that
MFAT injections for knee OA result in improved patient-
reported outcomes (PROs).22,28,39

Dallo et al17 found that a single injection of MFAT
resulted in superior 6-month outcomes compared with a
series of 3 PRP þ viscosupplement injections. While this
was the first prospective randomized trial comparing these
interventions, several factors in the PRP þ viscosupple-
ment group complicated the study’s conclusions. First, the
device used produced low-concentration, leukocyte-poor
PRP. This concentration has been reported as not superior
to placebo for knee OA.6 Second, while PRP þ viscosupple-
ment therapy holds promise, its clinical efficacy is still
debatable.4 To date, no study has compared the clinical out-
comes of single injections of MFAT versus PRP alone for
knee OA.

We conducted a prospective randomized trial comparing
a single dose of PRP versus a single dose of MFAT for the
treatment of knee OA. This article presents early results
(6 months after the injection). We hypothesized that both
treatment methods would result in significantly improved
PROs at 6-month follow-up compared with baseline.

METHODS

The study protocol was approved by our institutional
review board and is registered at clinicaltrials.gov. The
study design was a prospective, randomized comparative
study of PRP versus MFAT for knee OA. From June 2020
through July 2021, patients seen in the sports medicine
clinic for knee OA were screened and recruited for
enrollment.

Patient Selection

Patients were screened according to the inclusion and
exclusion criteria presented in Table 1. Patients who met
the criteria for enrollment and provided written consent
were randomized using a 1:1 allocation ratio according to

a computer-generated block randomization scheme.
Patients were randomized to receive a single injection of
either PRP or MFAT. Because of differences in harvest
between the 2 groups, none of the patients, investigators,
or research staff was blinded.

Outcome Measures

Demographic data collected from all patients included age,
sex, body mass index, and Kellgren-Lawrence grade of OA
in the index knee. The PRO measures administered
included the following: (1) Knee injury and Osteoarthritis
Outcome Score (KOOS) subscales (Pain, Symptoms, Activ-
ities of Daily Living [ADL], Sport and Recreation [Sport/
Rec], and Quality of Life [QoL]), (2) visual analog scale for
pain with Activities of Daily Living (VAS-ADL; 100-point
scale), and (3) Tegner activity scale. PRO scores were
recorded at baseline and at 1, 3, and 6 months after the
injection. In addition, patients were monitored for adverse
events over the same intervals (with an additional 2-week
wound check for the MFAT group).

The primary outcome was the KOOS–Pain subscore at
6 months after the injection. The responder rate was also
reported using the Patient Acceptable Symptom State
(PASS) for each KOOS subscale.8

Procedural Details

After randomization, all patients were instructed to avoid
nonsteroidal anti-inflammatory drugs (NSAIDs) and aspi-
rin 7 days before the procedure, avoid exercise the day
before and the day of the procedure, and arrive for the
procedure well hydrated.24-26 Patients then underwent
either the PRP or the MFAT procedure according to their
allocation.

PRP Procedure

For the PRP procedure, 156 mL of whole blood was har-
vested by venipuncture from the antecubital fossa and
mixed with 24 mL of Anticoagulant Citrate Dextrose Solu-
tion, Solution A (Citra Labs). This solution was concen-
trated using double-spin centrifugation (Angel cPRP
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system using the 2% hematocrit setting; Arthrex).3 For
both whole blood and the final PRP, 0.5 mL was analyzed
immediately for complete blood counts using a hemoanaly-
zer (XN-350; Sysmex). The aliquot of PRP that underwent
cell counts was then frozen at –80�C. At the conclusion of
the study, all PRP samples underwent growth factor anal-
ysis by enzyme-linked immunosorbent assay.

After the aliquot of 0.5 mL was taken for analysis, the
remaining PRP (up to a maximum volume of 8 mL) was
injected using an ultrasound-guided superolateral
approach with a 25-gauge, 1.5-inch needle. All injections
were performed by the same physician (M.B.), who has
extensive experience with interventional ultrasound.

MFAT Procedure

For the MFAT procedure, adipose tissue was aspirated
from subcutaneous tissue of the abdomen or flank (depend-
ing on the ease of harvest determined by the patient’s body
habitus). Under sterile precautions, the aspiration site was
injected with 10 mL of 1% lidocaine. A small incision was

made with a No. 11 scalpel blade, and 120 mL of Klein
solution was injected into the adipose layer bilaterally. The
solution was allowed to sit for 15 minutes to achieve proper
anesthesia and vasoconstriction. Then, 30 mL of adipose
tissue was aspirated (15 mL from each side) using a 13-
gauge cannula. The lipoaspirate was rinsed with sterile
saline and resized via mechanical agitation using the Lipo-
gems system.15 Once all adipose tissue had been processed
according to manufacturer guidelines and in accordance
with minimal manipulation, up to 8 mL was transferred
into a syringe for the injection. The knee injection was car-
ried out using the same approach described for the PRP
group, except that a 21-gauge needle was used because of
higher viscosity. Any remaining MFAT that was not
injected was sent for a total nucleated cell count.

Postinjection Care

For pain control, patients were permitted to ice and use
acetaminophen and NSAIDs as needed. Patients were
allowed to bear weight as tolerated. They were instructed

TABLE 1
Inclusion and Exclusion Criteriaa

Inclusion Criteria

& Age of 25-75 years
& Body mass index <40 kg/m2

& Symptomatic knee OA (primary and posttraumatic)
& Radiographic evidence of OA in the target knee (Kellgren-Lawrence grades 1-4)
& Continued pain in the target knee despite at least 6 weeks of one of the following nonoperative treatment options: activity modification,

weight loss, physical therapy, or NSAID/acetaminophen
& KOOS–Pain subscore of 20-65
& Working knowledge of the English language (to be able to complete all outcome measures)
& Ability to attend all follow-up appointments

Exclusion Criteria

& Isolated patellofemoral OA
& 3þ effusion in the target knee (stroke test grading system)
& Valgus or varus deformities >10�

& Steroid injection in the target knee in the past 3 months
& Viscosupplementation in the target knee in the past 6 months
& PRP in the target knee in the past 1 year
& Other cellular/orthobiologic treatment in the index knee (bone marrow, amniotic suspension, etc) at any previous time
& Participation in any experimental device or drug study within 1 year before the screening visit
& Oral or intramuscular steroids for the past 3 months
& Medical condition that may affect outcomes of the procedure, including anemia, thrombocytopenia, bleeding disorders, systemic

inflammatory disorders (rheumatoid arthritis, lupus, etc), diabetes, history of cancer (other than nonmelanoma skin malignancies),
anticoagulant therapy (that could not be held 1 week before the procedure), and immunosuppression

& Previous cartilage repair procedure on the injured cartilage surface
& Previous surgery in the target knee within the past 1 year
& Any degree of cognitive impairment
& Symptomatic OA in either hip
& Symptomatic OA in the contralateral knee
& Pregnancy, lactation, or intent to become pregnant during the treatment period
& History of gout
& History of infections or current infections in the affected joint
& Smoking

aKOOS, Knee injury and Osteoarthritis Outcome Score; NSAID, nonsteroidal anti-inflammatory drug; OA, osteoarthritis; PRP, platelet-rich
plasma.
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to avoid high-impact and sporting activity for 1 week and
then were allowed to resume activities as tolerated.
Patients allocated to the PRP group were scheduled for
1-month follow-up, whereas the MFAT group was sched-
uled for an additional 2-week wound check. The remaining
follow-up visits were performed at the same intervals (1, 3,
and 6 months).

Cellular Analysis

The PRP group underwent routine complete blood count
analysis using the hemoanalyzer as described above. At the
conclusion of the study, all frozen PRP aliquots were ana-
lyzed for platelet-derived growth factor, insulin-like growth
factor–1, vascular endothelial growth factor, and trans-
forming growth factor–b. The concentrations were deter-
mined in duplicate aliquots of all samples and standards
using enzyme-linked immunosorbent assay kits specific for
each growth factor (R&D Systems) according to manufac-
turer recommendations.

MFAT Processing for Total Nucleated Cell Count

MFAT samples were processed for stromal vascular frac-
tion (SVF) isolation to ensure accurate quantification of the
total nucleated cell count, as previously described.1,7 The
samples were washed twice with phosphate-buffered saline
for the removal of residual blood via centrifugation at 250g
for 3 minutes. The liquid phases were removed between
washes. The MFAT samples were digested in collagenase
A (1 mg/mL) solution under gentle agitation for 1 hour at
37�C. The collagenase digest was neutralized by the addi-
tion of an equal volume of Dulbecco’s modified Eagle
medium (DMEM) containing 10% fetal bovine serum and
centrifuging at 800g for 5 minutes to separate the SVF
pellet from the adipocytes. The SVF was washed twice with
phosphate-buffered saline and centrifuged at 800g for
5 minutes after each wash. The cell suspension was filtered
through a 40-mm cell strainer. The supernatant was dis-
carded, and the cell pellet termed the SVF was resuspended
in 5 mL of DMEM containing 10% fetal bovine serum. Cell
viability was determined via trypan blue dye exclusion. The
total nucleated cell count was calculated by counting an
aliquot of the resulting suspension using a hemocytometer
and an inverted light microscope.

Statistical Analysis

Continuous variables were summarized as means with
standard deviations, and categorical variables were
reported as frequencies and percentages. The KOOS sub-
scale and VAS-ADL scores were summarized by treatment
group (PRP vs MFAT) at baseline and follow-up time
points, and scores were compared between the treatment
groups with unpaired t tests at the 6-month time point.
Repeated-measures analysis of variance was performed to
detect the effect of treatment and/or time on the VAS-ADL
and KOOS subscale scores.

Using the established PASS for each KOOS subscale
(Pain, 73.6; Symptoms, 71.2; ADL, 84.5; Sport/Rec, 47.5;

and QoL, 47.0),8 the proportion of patients in each treat-
ment group who reached the PASS were summarized and
compared using the Fisher exact test. Additionally, the
mean volume of whole blood and PRP injected; cell counts
for platelets, red blood cells, white blood cells, and leuko-
cytes; and percentage differential of each cell line were
summarized to include means, standard deviations, and
ranges. MFAT volume, SVF, and percentage viability were
summarized to include means, standard deviations, and
ranges.

An a priori power analysis was undertaken based on
the minimal clinically important difference (MCID) for
the KOOS–Pain of 9 points between baseline and final
follow-up.8 With an alpha error of .05 and an anticipated
SD of 15 points for the KOOS–Pain subscore, a total of 88
patients (44 per treatment group) would be required to
detect a 9-point difference between treatment groups with
80% power. The initial study design was to enroll 110
patients (55 per group) to account for up to 20% loss to
follow-up. Owing to a change in regulatory requirements
during the study, enrollment was halted after 71 patients.
A repeated power calculation demonstrated that the study
achieved 56% power to detect a between-group difference in
excess of the 9-point MCID for the KOOS–Pain.

RESULTS

Patient Demographics

A total of 79 patients were assessed for eligibility. After
consent and screening, 71 patients were randomized (36
to PRP and 35 to MFAT). At the primary endpoint of
6 months, 58 patients (82%) had completed 6-month
follow-up (30 in the PRP group and 28 in the MFAT group)
and were analyzed in the final data set (Figure 1).

Baseline patient demographics are presented in Table 2.
There was no significant difference between the groups
regarding age, body mass index, or race. However, more
men were randomized to the PRP group and more women
to the MFAT group.

The cellular composition of each group is presented in
Table 3. The mean volume of PRP injected was 5.12 ±
1.12 mL. The mean platelet count in PRP was 2673.72 ±
1139.04 � 103/mL. PRP was leukocyte rich (white blood
cells: 25.36 ± 13.27 � 103/mL for PRP vs 5.43 ± 1.49 �
103/mL for whole blood). The leukocyte differential consisted
of 67.81% lymphocytes, 18.66% monocytes, and 12.33%
neutrophils. The mean volume of MFAT injected was
7.92 ± 3.87 mL, with a mean total nucleated cell count of
3.56 ± 4.62 million/mL and 97.96% cell viability.

Outcome Scores

For the primary outcome (KOOS–Pain), no difference was
noted between the PRP and MFAT groups at 6 months
(80.38 ± 16.07 vs 81.61 ± 16.37, respectively; P ¼ .67). Both
groups experienced statistically and clinically significant
improvements at 6 months on all KOOS subscales and the
VAS-ADL, with no significant differences between groups
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noted (Figure 2). The only statistically significant difference
between the groups was observed at 1-month follow-up in
the KOOS–Symptoms subscore. For both treatment groups,
the MCID for the KOOS–Pain was exceeded at 1-month
follow-up and maintained for 6 months (Table 4).

The 6-month responder rates according to PASS criteria
for the KOOS subscales are presented in Table 5. There was

no statistical difference between the PRP and MFAT
groups in the number of patients crossing the PASS thresh-
old for any subscale.

DISCUSSION

The most important finding of this study was that both PRP
and MFAT resulted in clinically and statistically signifi-
cant improvements on all outcome measures for knee OA
at 6 months after the injection, with no difference between
treatment methods. Patients in both groups reported sim-
ilar improvements in pain, mechanical symptoms, func-
tional ability, and quality of life. These improvements
were observed within 1 month and were stable to the
6-month primary endpoint. Both treatment methods
resulted in a mean KOOS–Pain subscore improvement of
approximately 30 points, which far exceeded the MCID of 9
points. The responder rates were also similar between
groups, ranging between 67% and 71%, for the KOOS–
Pain; interestingly, higher responder rates (80%-86%) were
noted for the KOOS-QoL. The study findings are important
because the growing availability of biologic interventions is
outpacing the ability to properly study them. This is the
first randomized study to compare PRP to MFAT, and the

TABLE 3
Composition of Cellular Productsa

PRP: Cellular Composition (Versus Whole Blood)

Injection volume, mL PRP: 5.12 ± 1.12
Platelet, 103/mL PRP: 2673.72 ± 1139.04

Whole blood: 177.56 ± 43.74
WBC, 103/mL PRP: 25.36 ± 13.27

Whole blood: 5.43 ± 1.49
RBC, 106/mL PRP: 0.37 ± 0.73

Whole blood: 3.66 ± 0.75
Neutrophil, % PRP: 12.33 ± 13.37

Whole blood: 57.29 ± 9.67
Lymphocyte, % PRP: 67.81 ± 12.45

Whole blood: 30.75 ± 8.34
Monocyte, % PRP: 18.66 ± 6.11

Whole blood: 8.75 ± 1.65

PRP: Growth Factor Composition

TGF-b, ng/dL 126.07 ± 7.17
VEGF, ng/dL 1037.52 ± 774.08
IGF-1, ng/dL 47.60 ± 20.88
PDGF, ng/dL 31.22 ± 10.39

MFAT: Cellular Composition

Volume, mL 7.92 ± 3.87
Total nucleated cell count,

million/mL
3.56 ± 4.62

Viability, % 97.96 ± 1.33

aData are reported as mean ± SD. IGF-1, insulin-like growth
factor–1; MFAT, microfragmented adipose tissue; PDGF, platelet-
derived growth factor; PRP, platelet-rich plasma; RBC, red blood
cell; TGF-b, transforming growth factor–b; VEGF, vascular endo-
thelial growth factor; WBC, white blood cell.

Assessed for eligibility 
(n = 79)

Analyzed (n = 30)
-Excluded from analysis (n = 0)

Excluded (n = 8)
-Did not meet exclusion criteria (n = 8)

-Declined to par�cipate (n = 0)
-Other reasons (n = 0) Randomized (N = 71)

Allocated to PRP (n = 36)
-Received allocated interven�on (n = 33)
-Did not receive allocated interven�on 

(n = 3) (voluntary withdrawal) 

Allocated to MFAT (n = 35)
-Received allocated interven�on (n = 31)
-Did not receive allocated interven�on 

(n = 4) (voluntary withdrawal) 

Lost to follow-up (n = 0)
Discon�nued interven�on (n = 3)
(surgery/injec�on a�er interven�on)

Lost to follow-up (n = 1)
(could not reach)

Discon�nued interven�on (n = 2)
(surgery/injec�on a�er interven�on)

Analyzed (n = 28)
-Excluded from analysis (n = 0)

Figure 1. CONSORT (Consolidated Standards of Reporting
Trials) flow diagram. MFAT, microfragmented adipose tissue;
PRP, platelet-rich plasma.

TABLE 2
Patient Demographicsa

PRP
(n ¼ 30)

MFAT
(n ¼ 28) P Value

Age, y 51.9 ± 2.4 56.1 ± 1.7 .17
Body mass index, kg/m2 31.0 ± 0.8 31.0 ± 0.9 .90
Sex, n (%) .01

Male 20 (66.7) 8 (28.6)
Female 10 (33.3) 20 (71.4)

Race, n (%) .99
White 24 (80.0) 24 (85.7)
Black 4 (13.3) 3 (10.7)
Other 2 (6.7) 1 (3.6)

Kellgren-Lawrence grade, n .16
1 6 2
2 8 5
3 12 11
4 4 10

aData are reported as mean ± SD unless otherwise indicated.
Boldface P values indicate a statistically significant difference
between groups (P < .05). MFAT, microfragmented adipose tissue;
PRP, platelet-rich plasma.

The Orthopaedic Journal of Sports Medicine PRP Versus Microfragmented Adipose Tissue 5



Figure 2. Outcomes at baseline and follow-up times for the Knee injury and Osteoarthritis Outcomes Score (KOOS) subscales and
visual analog scale (VAS) for pain with Activities of Daily Living (ADL). lb/ub, lower bound/upper bound; MFAT, microfragmented
adipose tissue; PRP, platelet-rich plasma; QoL, Quality of Life; Sport/Rec, Sport and Recreation.

TABLE 4
Patient-Reported Outcome Scoresa

Baseline 1 mo 3 mo 6 mo

KOOS–Pain
PRP 50.90 ± 11.64 75.72 ± 14.54 77.32 ± 17.99 80.38 ± 16.07
MFAT 51.48 ± 9.78 73.80 ± 11.48 81.48 ± 15.24 81.61 ± 16.37

KOOS–Symptoms
PRP 53.92 ± 18.86 72.24 ± 17.85b 76.19 ± 17.78 76.38 ± 17.87
MFAT 49.64 ± 17.38 63.10 ± 13.01b 74.05 ± 17.49 75.37 ± 19.45

KOOS-ADL
PRP 58.63 ± 15.20 82.45 ± 15.79 83.63 ± 16.86 87.38 ± 13.27
MFAT 62.11 ± 16.99 80.54 ± 12.12 88.19 ± 12.52 88.85 ± 15.05

KOOS–Sport/Rec
PRP 28.23 ± 19.35 60.16 ± 26.31 64.17 ± 23.05 64.52 ± 27.67
MFAT 28.50 ± 19.57 53.83 ± 19.99 63.67 ± 22.05 65.86 ± 25.60

KOOS-QoL
PRP 31.45 ± 14.39 58.47 ± 22.80 59.17 ± 23.14 63.71 ± 21.97
MFAT 30.21 ± 16.98 50.63 ± 15.51 65.00 ± 18.76 68.10 ± 21.41

VAS-ADL
PRP 50.10 ± 21.73 22.97 ± 22.43 20.57 ± 21.29 19.74 ± 21.65
MFAT 48.97 ± 22.46 21.57 ± 18.02 16.00 ± 18.83 14.59 ± 19.80

Tegner
PRP 3.06 ± 1.55 4.06 ± 1.73 3.93 ± 1.14 4.00 ± 1.59
MFAT 3.00 ± 2.05 3.73 ± 1.39 4.23 ± 1.38 4.34 ± 1.47

aData are reported as mean ± SD. ADL, Activities of Daily Living; KOOS, Knee injury and Osteoarthritis Outcome Score;
MFAT, microfragmented adipose tissue; PRP, platelet-rich plasma; QoL, Quality of Life; Sport/Rec, Sport and Recreation; VAS, visual analog scale.

bStatistically significant difference (P ¼ .03).
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results can aid physicians and patients in understanding
and selecting treatment options.

Numerous randomized trials and meta-analyses support
the use of PRP for knee OA compared with placebo, steroid,
and viscosupplement.# These data have established PRP as
the gold standard of orthobiologic interventions.14 There-
fore, from a pragmatic clinical perspective, new orthobiolo-
gics should be compared with PRP as a benchmark to
compare efficacy and determine if the increased cost and
invasiveness are justified. The distinct cell populations in
MFAT, including mesenchymal stem cells, may pique the
interest of patients and clinicians. Additionally, the proces-
sing methods used to create MFAT are technically more
complex than PRP, which could lead to the assumption that
this technique is more advanced. However, this present
study demonstrated that PRP is equally effective compared
with MFAT at 6 months. This is important because the PRP
procedure is simpler to perform, does not require additional
training (including lipoaspiration), is less expensive, and is
easier to repeat as needed.

The only other study to compare PRP with another ortho-
biologic was performed by Anz et al.2 They randomized
90 patients, who were not blinded to the treatment alloca-
tion, to receive either leukocyte-rich PRP or bone marrow
aspirate concentrate (BMAC) for knee OA. The rationale for
using BMAC is similar to PRP; it contains a large quantity
of anabolic and anti-inflammatory proteins that may be
useful in treating OA. However, the study by Anz et al
found no difference between the groups at any time point
for 1 year. When we consider the breadth of comparative
PRP studies, not only has PRP demonstrated superiority to
placebo and standard-of-care treatment options (steroid
and viscosupplement), but the work of Anz et al and the
present study also demonstrate that PRP results in similar
outcomes to more invasive treatment options such as
BMAC and MFAT. There may be clinical scenarios in which
individual patients could see benefits from BMAC and
MFAT, but for the general patient population, PRP should
be the orthobiologic treatment of choice.

Before our current study, the only other randomized
study using MFAT for knee OA was performed by Dallo

et al.17 There were 50 patients randomized, in an unblinded
fashion, to receive a single MFAT injection or a series of 3
PRP þ viscosupplement injections. At 6 months, there was
a statistical difference in the KOOS–Symptoms subscore,
favoring MFAT. However, this difference did not cross the
established MCID threshold. At 1 year, there was no differ-
ence between the groups for the VAS pain or KOOS. While
both Dallo et al and the present study used the same MFAT
preparation system, the PRP arm was significantly differ-
ent. In our study, we used a single injection of PRP (alone)
with a higher platelet dose. This reduces the number of
injections required, eliminates the need for combining PRP
with viscosupplement, and achieves similar outcomes com-
pared with MFAT.

Limitations

This study has several limitations that warrant a discussion.
The most important is that this study did not meet the power
determined a priori to be sufficient to detect a difference
between groups. This occurred because of evolving regulatory
perspectives within our institution. Initially, the investiga-
tors and our institutional review board agreed that because
these products were autologous, minimally manipulated, and
used in a same-day procedure, no additional regulation was
required. However, this viewpoint changed over time, and it
was concluded that these interventions represented a greater
than nonsignificant risk and therefore required oversight by
the US Food and Drug Administration (FDA). Because an
investigational device exemption application cannot be filed
in the middle of a trial, study enrollment was stopped. It
should be noted that there were no adverse safety events that
led to stoppage of the trial. This change was only because of
institutional perspective. While this outcome was unfortu-
nate, it demonstrates a dynamic that is likely not limited to
this trial and this institution. The regulatory landscape in
orthobiologics is often unclear and confusing. Given the evo-
lution of regulatory guidance, it may be best to seek the per-
spective (and risk determination) of the FDA through the
agency’s Q-submission program before initiating a similar
study in the future.

Additionally, 6-month outcomes are relatively short term.
However, approved standard-of-care injections such as ste-
roid and viscosupplement can be repeated at this same inter-
val, and trials studying biologics such as amniotic suspension
use the same timeline.20 Therefore, it is important to know
the clinical outcomes of PRP and MFAT at those same time
points. The unblinded design is another limitation. The need
for blood draw and lipoaspiration makes patient blinding
challenging, if not impossible. The same was noted in the
work by Anz et al2 and Dallo et al.17 While this is a limitation,
the greater placebo effect of increasingly more invasive pro-
cedures is well-documented. Therefore, one might expect
MFAT to outperform PRP in an unblinded study, but that
did not occur in our work or in that of Anz et al. This may
point to the comparative effectiveness of PRP.

Our use of leukocyte-rich PRP could be a point of cri-
tique. Earlier work has suggested that leukocyte-poor PRP
should be the standard for OA.33 However, this is largely
based on in vitro work demonstrating a negative effect of

TABLE 5
Patients Who Met the PASS for the KOOS at 6 Monthsa

PRP (n ¼ 30) MFAT (n ¼ 28) P Value

KOOS–Pain 20 (66.7) 20 (71.4) .78
KOOS–Symptoms 21 (70.0) 20 (71.4) .99
KOOS-ADL 19 (63.3) 21 (75.0) .40
KOOS–Sport/Rec 21 (70.0) 23 (82.1) .36
KOOS-QoL 24 (80.0) 24 (85.7) .73

aData are reported as n (%). ADL, Activities of Daily Living;
KOOS, Knee injury and Osteoarthritis Outcome Score; MFAT,
microfragmented adipose tissue; PASS, Patient Acceptable Symp-
tom State; PRP, platelet-rich plasma; QoL, Quality of Life; Sport/
Rec, Sport and Recreation.

#References 5, 9, 11, 13, 16, 23, 31, 34, 38, 40, 42.
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neutrophils and red blood cells on cartilage.32,36 Compara-
tive human studies have not demonstrated a deleterious
effect of leukocytes.21,27 Most recently, a double-blind ran-
domized trial by Di Martino et al18 demonstrated no differ-
ence in adverse events or patient outcomes between
leukocyte-poor and leukocyte-rich PRP. Therefore, there
is no comparative human study demonstrating that leuko-
cytes influence outcomes for knee OA.

The inclusion of end-stage knee OA is also worth discuss-
ing. It is established that PRP is most effective for earlier
stages of OA.10 While we counsel our patients on this point,
our sports medicine clinic treats younger patients with
more advanced OA. These patients are often not ready or
not ideal candidates for joint replacement; therefore, they
often seek alternative treatment methods to delay the time
to arthroplasty. It was therefore decided to include these
patients in the trial. Other notable randomized controlled
trials on PRP have included this population as well.13 Addi-
tionally, symptom severity does not correlate with radio-
graphic staging of OA, so there is no basis to exclude a
patient purely based on radiographic severity.35

This study was also limited by the lack of a placebo con-
trol group. This would be ideal because of the known pla-
cebo effect in OA trials.43 However, because there are
several treatment options with proven efficacy and superi-
ority over placebo, it is becoming increasingly impractical
and undesirable to use a placebo arm.31,34,42 Because PRP
is superior to placebo, that served as the control arm,
against which we compared the new intervention, MFAT.
The final limitation was that there was a significant differ-
ence in treatment allocation by sex. The randomization
scheme was reviewed and found to be appropriate. There-
fore, this difference represents a truly random occurrence.
A regression analysis was performed and demonstrated
that biological sex did not contribute to different perfor-
mance within each treatment group. Therefore, despite the
unequal allocation of men and women to each group, this
did not skew the clinical outcomes.

CONCLUSION

A single injection of PRP or MFAT resulted in a clinically
meaningful improvement for patients with knee OA at
6 months, with no difference between treatment groups.
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