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Abstract 

Purpose: 

To perform a systematic review of clinical outcomes in patients who underwent 

treatment for symptoms with micro-fragmented aspirated fat (MFAT). 

Methods: 

Medline, Embase, Scopus, and Google Scholar were screened for studies from 2000 

to 2023. Risk of bias (ROB) was assessed using the Cochrane Collaboration’s tools 

and the ROBINS-I tool. Study quality was assessed with the modified Coleman 

Methodology (CMS) and MINORS score. Heterogeneity was assessed using χ² and I2
 

statistics.  

Results: 

21 studies were included. One study had a high ROB, one had a critical ROB, 3 had 

serious ROB and 16 had a moderate ROB. The mean Coleman score was 58 

demonstrating fair study quality; the MINORS score a mean value of 13 indicating 

overall fair quality. Best evidence synthesis revealed moderate evidence. VAS score 

improved from 5.2 to 3.2 at 6 and 12 months. KOOS subscale ADL improved from 

58.8 to 70.2 at 6 months and 67.5 at 12 months. KOOS subscale pain improved from 

54.3 to 70.2 at 6 months and 72.4 at 12 months. KOOS subscale QOL improved from 

33.1 to 43.6 at 6 months and 42.9 at 12 months. KOOS subscale sports improved from 

23.7 to 43.6 at 6 months and 57.4 at 12 months. KOOS subscale symptoms improved 

from 55.3 to 70.1 at 6 months and 67.9 at 12 months. KOOS subscale pain improved 
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from 54.3 to 70.2 at 6 months and 72.4 at 12 months. The WOMAC score steadily 

increased from 61.8 at baseline to 78.4 at 12 months.  

Conclusion: 

MFAT injection therapy for the treatment of symptomatic knee osteoarthritis is 

effective and improves pain and functional outcomes. Moderate study quality 

combined with a moderate risk of bias, moderate certainty of evidence and moderate 

best synthesis evidence reduces external validity. Therefore, the results should be 

interpreted with a degree of caution.  

 

Keywords: 

adipose lipoaspirate; micro fragmented adipose tissue; knee osteoarthritis; biologics; 

platelet-rich plasma; bone marrow aspirate 

 

Introduction 

Osteoarthritis (OA) is a progressive condition caused by the degeneration of cartilage, 

and when occurring in the knee, can lead to significant morphological and functional 

changes in the knee joint. 1 The global prevalence of knee osteoarthritis in individuals 

aged 15 years and older was reported to be 16% and was increasing to 23% in 

individuals aged 40 years and older. 2 Initial management includes body weight 

management, exercise programs, topical and systemic anti-inflammatory drugs and 

intra-articular injections with hyaluronic acid and corticosteroids. 3 Patients who do 

not respond to conservative treatment ultimately require total knee replacement. 4 

 

However, many patients who are unresponsive to non-surgical treatment refuse to 

undergo surgery or are not appropriate candidates for more invasive surgical 
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procedures. 5 This interval has been termed “the treatment gap in knee osteoarthritis 

management” emphasizing the need for safe and effective treatment modalities for 

these patients with symptomatic moderate to severe osteoarthritis. 5 In theory, 

orthobiologics have the potential to bridge this gap offering options such as platelet-

rich plasma (PRP), autologous-conditioned serum (ACS), and cell-based approaches 

including bone-marrow aspirate concentrate (BMAC) and micro-fragmented adipose 

tissue (MFAT) injections. 6 

 

MFAT comprise a mixture of collagen, clustered cells of pericytes, microvascular 

networks, adipocytes and mesenchymal stromal cells. 7 These cells can be harvested 

by a simple lipoaspiration procedure and can be prepared at the “point of care” 

without further cell isolation or culture expansion.  8 Numerous clinical studies have 

already shown short-term improvements in pain, function, and quality of life in knee 

OA patients treated with MFAT. 7,9-12  Two recent randomized controlled trials have 

also reported significant improvements in clinical and functional outcomes but failed 

to demonstrate superiority over PRP. 13,14 

 

The purpose of this study was therefore to perform a systematic review of clinical 

outcomes in patients who underwent treatment with micro-fragmented aspirated fat 

(MFAT) for symptoms of knee osteoarthritis. It was hypothesized that MFAT would 

result in substantial clinical improvement.     
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Methods  

This study was conducted in accordance with the guidelines provided by the Preferred 

Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) guidelines, 15 

and the updated guidelines described in the Cochrane Handbook. 16 

 

Eligibility criteria 

The published literature was screened for all studies from 2000 to 2023 reporting on 

treatments for knee osteoarthritis with MFAT. Level I and II studies comparing 

micro-fragmented adipose tissue (MFAT) injections to other orthobiologic injections 

like platelet-rich plasma (PRP) and bone marrow aspirate concentrate (BMAC), as 

well as synthetic agents (hyaluronic acid) and corticosteroid injections were included 

if they fulfilled the inclusion and exclusion criteria. LOE III and IV studies were 

included if they reported on clinical outcomes of MFAT injections, had a minimum 

follow-up of 6 months, patient age above 18 years and included at least one validated 

functional and clinical outcome score. Studies of a laboratory based or experimental 

nature, conference proceedings or abstracts, expert opinions (level V), systematic 

reviews, meta-analysis, case reports, and review articles were all excluded. 

Nonetheless, these articles were scrutinized for relevant references that met the 

inclusion criteria. While it is acknowledged that the omission of data from the “grey” 

literature could potentially result in publication bias, this approach also serves to 

reduce selection bias. In cases where the level of evidence was not explicitly stated 

within the study, the level of evidence was ascertained using the research pearls 

guidelines published in the Journal of Arthroscopy. 17 
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Literature search  

A systematic review of the literature was performed to identify all publications in 

English and German, screening the databases Medline, Embase, Scopus, and Google 

Scholar. These databases were screened using the following terms and Boolean 

operators: “orthobiologics” AND/OR “platelet-rich plasma” AND/OR “PRP” 

AND/OR “bone marrow aspirate concentrate”; AND/OR “BMAC” AND/OR 

“hyaluronic acid” AND/OR “adipose stem cells injections” AND/OR “micro-

aspirated fat tissue” AND/OR “MFAT”; AND/OR “knee osteoarthritis”; AND/OR 

“degenerative knee”.  For the Medline search the MeSH term “osteoarthritis, knee” 

was used with the following qualifiers: drug therapy and therapy. One reviewer 

conducted independent title and abstract screening. Disagreements between reviewers 

were resolved by consensus, and if no consensus was reached, they were carried 

forward to the full-text review. All eligible articles were manually cross-referenced to 

ensure that other potential studies were identified.  

 

Data extraction and quality assessment 

An electronic data extraction form was used to collect a comprehensive set of data 

from each article: level of evidence, country, age, gender, length of follow-up, sample 

size, clinical outcome scores, range of motion, and complications. Risk of bias for 

randomized-control LOE I and II studies was assessed with the Cochrane 

Collaboration’s Risk of Bias Tool (RoB Version 2). 16 For LOE III and IV studies, 

risk of bias was assessed using the ROBINS-I tool. 18 The following domains of bias 

were accounted for: confounding, selection, classification, intervention, missing data, 

measurement, and reporting bias. 18 Each domain was then assessed with one of the 

following responses: “yes”, “probably yes”, “probably no”, and “no”, with probable 
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responses having similar implications as “yes” or “no”. The categories of judgement 

for each study are low, moderate, serious, and critical risk of bias. 18 

 

Study quality was evaluated with the modified Coleman Methodology Score 19 and 

the Methodological Index for Non-Randomized Studies (MINORS) scoring system. 20  

The modified Coleman Methodology Score ranges from 0-100 and the final score was 

categorized as excellent (85-100 points), good (70-84 points), fair (55-60 points), and 

poor (<55 points). 19 The MINORS score contains 12 items which are graded on a 

scale from 0-2. 21 The interpretation of study quality for non-comparative studies is as 

follows: 0-4 very low, 5-8 low, 9-12 fair and 13-16 high quality. 21 For comparative 

studies the scores are interpreted as follows: 0-6 very low quality; 7-12 low quality; 

13-18 fair quality and 19-24 high quality. 21 

 

Statistical analysis 

Heterogeneity within and between studies was assessed with the I2 statistic. For data 

analysis, best evidence synthesis, as suggested by Slavin 22 was utilized. Applying the 

guidelines for systematic reviews in the Cochrane Collaboration, 23 we adopted the 

levels of evidence devised by van Meer et al. 24 Strong evidence was defined as two 

or more studies with low risk of bias, and with >75% of the studies reporting 

consistent finding. Moderate evidence was defined as one low risk of bias study and 

two or more high risk of bias studies, with consistent findings in more than 75% of 

the included studies. Limited evidence was defined as one or more high risk of bias 

studies or one low risk of bias study, with >75% of the studies reporting consistent 

findings. Conflicting evidence was defined as contradictory findings, with less than 

75% of the studies reporting consistent findings. No evidence was defined if none of 
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the included studies provided any evidence. Publication bias was assessed using 

funnel plots and Egger’s test. Funnel and forest plots, and all statistical analyses, were 

performed using STATA SE (Version 13.0; StataCorp, College Station, Texas, USA) 

for Windows, and the comprehensive meta-analysis software package (CMA), version 

4 (Biostat Inc, Englewood, NJ, USA).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Figure 1: PRISMA Flow Diagram. From the initial 216 records, 21 studies were included in 

the quantitative synthesis. 
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Results 

Study selection and characteristics 

The initial literature search identified 216 studies for consideration. Of those, 49 

studies were excluded for duplication and one study could not be retrieved. The titles 

of the remaining 167 publications were scrutinized leading to the exclusion of 118 

studies. The abstracts of 49 studies were evaluated and additional 14 studies were 

excluded.  Of the remaining 35 studies, the full text manuscripts were examined. 

Seven (n=7) studies provided reports on outcomes related to other joints, while five 

(n=5) studies documented MFAT following knee arthroscopy. Two (n=2) studies 

were found to be either animal or laboratory-based studies and were consequently 

excluded. Five (n = 5) LOE I and II studies. 13,14,25-27   and 16 LOE IV studies 7,9,10-12,28-

38  met all the eligibility criteria and were included in the analysis (Figure 1). All 21 

studies were published in English between 2017 and 2023 covering a cumulative total 

of 1214 cases; of which 179 cases were treated with other biologics. The study 

characteristics are summarized in Table 1 and 2.  

 

 Risk of bias, quality assessment and publication bias 

The findings of the risk of bias assessment are summarized in Table 3 and 4.   

 

Risk of bias Cochrane Assessment Tool Version 2 

One study 25 was deemed to carry a high risk due to its retrospective design and 

absence of randomization. The remaining four studies 13,14,26,27   were found to possess 

some risk of bias stemming from either randomization issues or deviations from the 

intended interventions (Table 3.1). Overall, there was some risk of bias across studies 

in 80% and high risk of bias in 20%. (Table 3.2) 
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Table 1: Summary of the Study Characteristics of Level I and II studies 
 
 Authors  LOE  Country  MFAT  Patients (n)

 
Control Patients (n)

 
Follow‐Up
(months) 
 

Outcomes MFAT‐Control

Mautner 2019  II  USA   30 ml 
lipoaspirate 
Lipogems®  
9 ml MFAT 
Injection 

N=35
F=23, M=12 
Mean age 
63+11 

60 cc BMAC
8cc BMAC 
Injection 
 

N=41 
F=17 M=24 
Mean Age 
5911 

6  VAS 
Base: 4.3+.038 
6/12: 2.8+0.38   
KOOS Pain 
Base: 51.4+2.87 
6/12: 70.4+3.69  
KOOS Symptoms 
Base: 54.9+3.21 
6/12: 67.6+4.12  
KOOS ADL 
Base: 57.2+3.2 
6/12: 75.6+3.4 
KOOS Sport 
Base: 21.3+4.63 
6/12: 46.3+6.33 
KOOS QOL 
Base: 29.4+3.3 
6/12: 48.0+4.3  

Dallo 2021  II  Italy  60 ml 
lipoaspirate 
Lipomas®  
? ml MFAT 
Injection 

N=25
F=16, M=9 
Mean age 
61.5+9.5 

LP‐PRP + HA
Regenlab® 
3ml PRP/2ml 
HA 

N=25
F=11, M=14 
Mean age 
62.5+11.3 

12  VAS
Base 5.18+1.42 
6/12: 3.44+1.66 – 3.2+2.09 
12/12: 3.4+2.24 – 2.64+2.0 
KOOS Pain 
Base: 59.5+12.89 
6/12: 81.78+17.48 – 77.4+18.63 
12/12: 78.6365+21.62 – 73.78+17.49 
KOOS Symptoms 
Base: 62.6+13.63 
6/12: 80.97+15.76 – 74.62+15.62 
12/12: 77.97+17.47 – 77.3+13.41 
KOOS ADL 
Base:65.05+11.36 
6/12: 83.62+14.73 – 76.45+18.82 
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12/12: 82.38+17.49 – 78.15+17.19
 
KOOS Sport 
Base:33.3+21.31 
6/12: 50.0+27.36 – 40.95+26.01 
12/12: 52.13+32.06 – 48.87+29.29 
KOOS QOL 
Base: 36.25+21.34 
6/12: 60.43+18.7 – 55.98+19.76 
12/12: 61.8+24.4 – 57.0+23.25 

Baria 2022  I  USA  30 ml 
lipoaspirate 
Lipogems®  
8 ml MFAT 
Injection 
 

N=28
F=20, M=20 
Mean age 
MFAT 
56.1+1.7 
 

156 ml blood
Angel PRP 
Arthrex ® 
8 ml PRP 
injection 

N=30
F=10, M=20 
Mean age 
51.9+2.4 

6  VAS
Base 48.97+22.46 
3/12: 16.0+18.8 – 20.57+21.29 
6/12: 14.59+19.8 – 19.74+21.65 
KOOS Pain 
Base: 51.48+9.78 
3/12: 81.48+15.24 – 77.32+17.99 
6/12: 81.61+16.37 – 80.38+16.07 
KOOS Symptoms 
Base: 49.64+17.38 
3/12: 74.05+17.49 – 76.19+17.78 
6/12: 75.37+19.45 – 76.38+17.78 
KOOS ADL 
Base: 62.11+16.99 
3/12: 88.19+12.52 – 83.63+16.86 
6/12: 88.85+15.05 – 88.19+12.52 
KOOS Sport 
Base: 28.5+19.57 
3/12: 63.67+22.05 – 64.17+23.05 
6/12: 65.86+25.6 – 64.52+27.67 
KOOS QOL 
Base: 30.21+19.98 
3/12: 65.0+18.76 – 59.17+23.14 
6/12: 68.1+24.41 – 63.71+21.97 
 

Kaszynski 2022  I  Poland  100 ml 
lipoaspirate 
Lipogems®  
10 ml MFAT 

N=26
F=?, M=? 
Mean age 
55+8 

40 ml blood
Centrifuge: 
7min@2320g
3 ml PRP 

N=28
F=?, M=? 
Mean age 
57+8 

12  VAS 
Base: 5.2+1.9 
3/12: 3.7+2.5 – 3.2+2.4 
6/12: 3.1+2.2 – 3.2+2.4 
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Injection 
 
 

injection 12/12: 2.8+2.2 – 3.0+2.2
KOOS Pain 
Base: 57.8+15.8 
3/12: 75.8+12.6 – 76.2+21.8 
6/12: 75.1+13.2 – 79.3+17.2 
12/12: 78.9+13.2 – 81.5+17.1 
 
KOOS Symptoms 
Base: 57.7+17.6 
3/12: 75.0+11.8 – 76.3+19.7 
6/12: 75.4+16.2 – 75.7+16.9 
12/12: 78.9+16.9 – 79.3+16.3 
KOOS ADL 
Base: 63.7+17 
3/12: 79.1+11.3 – 78.7+20.3 
6/12: 79.3+15.8 – 83.4+15.0 
12/12: 84.0+11.6 – 83.6+18.0 
KOOS Sports 
Base: 35.5+24.6 
3/12: 53.1+18.2 – 55.8+30.4 
6/12: 54.8+23.7 – 60.8+25.3 
12/12: 66.1+21.2 – 61.5+28.8 
KOOS QOL 
Base: 38.8+7.2 
3/12: 51.3+9.1 – 57.8+23.5 
6/12: 55.9+17.0 – 54.1+18.6 
12/12: 62.2+18.2 – 59.2+20.5 
Womac 
Base 63.9+16.2 
3/12 79+11.6 
6/12 78.9+14.3 
12/12 83.6+11 

Zaffagnini 2022  I  Italy  60 ml 
lipoaspirate 
Lipogems®  
5 ml MFAT 
Injection 
 
 

N=53
F=25, M=28 
Mean age 
54.5+12.1 

150 ml blood
Centrifuge: 
6 min@1480 
rpm 
15 
min@3400 
rpm 

N=55
F=19, M=36 
Mean age 
54.1+10.6 

24  VAS
Base: 6.6+2.0 
3/12: 5.0+2.5 – 4.3+2.7 
6/12: 4.2+2.6 – 4.0+2.6 
12/12: 5.3+2.4 – 4.3+2.8 
KOOS Pain 
Base: 58.4+15.9 

12



 

 

?ml PRP 3/12: 48.9+18.7 – 54.9+15.7
6/12: 41.6+16.4 – 51.2+17.9 
12/12: 47.0+16.4 – 40.9+18.7  
KOOS Symptoms 
Base: 60.8+17.5 
3/12: 52.8+16.6 – 63.2+15.5 
6/12: 49.8+16.8 – 51.7+17.5 
12/12: 49.4+16.4 – 48.9+18.7 
KOOS ADL 
Base: 66.7+18.3 
3/12: 57.5+17.7 – 58.3+19 
6/12: 55.7+16.8 – 55.7+17.5 
12/12: 57.4+20.1 – 55.2+21.2 
KOOS Sport 
Base: 30.6+23.9 
3/12: 19.7+27.8 – 19.5+23.7 
6/12: 14.9+28.8 – 16.5+24.4 
12/12: 18.0+29.6 – 16.1+24.9 
KOOS QOL 
Base: 30.1+16.7 
3/12: 15.2+20.1 – 32.0+17.1 
6/12: 11.0+21.2 – 19.3+19.2 
12/12: 14.2+20.5 – 18+22.5 
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Table 2: Summary of the Study Characteristics of Level III and IV studies 
 
 Authors  LOE  Country  MFAT  Patients (n)

 
Follow‐Up
(months) 
 

Outcomes MFAT

         
Adriani 2017  IV  Italy  20 ml fat from abdomen 

decanted to 6 ml 
Kellgren: not included
N=30 
F=18, M=12 
Mean Age 63.3+5.3 
 

12 VAS 
Base: 7.7+1.2  ‐ 3/12: 4.3+1.0 ‐ 12/12: 5.0+1.1 
WOMAC 
Base: 89.9+1.7 ‐ 3/12: 68.6+1.7 ‐ 12/12: 73.3+1.8 
Complications: 
N=3 haematoma abdomen 
N=2 joint swelling aspiration required 
N=3 mild joint swelling 

Russo 2017  IV  Italy  60 ml lipoaspirate
Lipogems 
9 ml MFAT Injection 

Kellgren: not included 
Degenerative 
chondral lesions 
N=30 
F=9, M=21 
Mean Age 43 (23‐60) 

12 VAS 
Base: 70 (18‐84) – 12/12: 30 (0‐70) 
KOOS 
Base: 54 (18‐90) ‐ 12/12: 82 (42‐99) 
IKDC 
Base: 30 (24‐85) ‐ 12/12: 60 (24‐90) 
Complications: 
N=2 haematoma abdomen 
N=1 recurring effusions 

Panchal 2018  IV  USA  Lipogems  Kellgren III+IV
N=17 
F=7, M=10 
Mean Age 68.3+7.43 

12 VAS 
Base: 5.7 – 6/52: 3.2 – 6/12: 3.0 ‐ 12/12: 4.35 
KSS 
Base: 74.0 – 6/52: 82.0 – 6/12: 79.6 ‐ 12/12: 81.6 
LEAS 
Base: 36.6 – 6/52: 48.0 – 6/12: 47.1 ‐ 12/12: 42.0 
Complications: 
Minor adverse effects resolved 48‐72 hours, frequency not described 

Barford 2019  IV  Denmark  60 ml lipoaspirate
Lipogems 
10 ml MFAT Injection 

Kellgren I‐IV
N=20 
F=?, M=? 
Mean Age 49.0+9 

12 KOOS 
Pain Base: 57+18 – 3/12: 69 – 6/12: 66 ‐ 12/12: 71 
Symptoms Base: 64+18– 3/12: 69 – 6/12: 71 ‐ 12/12: 71 
ADL Base: 63+17 – 3/12: 74 – 6/12: 75 ‐ 12/12: 76 
Sports Base: 24+23 – 3/12: 35 – 6/12: 35 ‐ 12/12: 43 
QOL Base: 31+16 – 3/12: 48 – 6/12:44 ‐ 12/12: 46 
Complications: 
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N=1 cosmetic changes abdominal tissue
Hudetz 2019  IV  Croatia  60 ml lipoaspirate

Lipogems 
10 ml MFAT Injection 

Kellgren III‐IV
N=20 
F=5, M=15 
Mean Age 40‐85 

12 VAS 
Base: 4.06+2.35 – 12/12: 3.38+1.89 
KOOS 
Pain Base: 38.69+17.34 ‐ 12/12: 64.57+15.38 
Symptoms Base: 47.76+17.88 ‐ 12/12: 69.84+15.91 
ADL Base: 39.6+19.5 ‐ 12/12: 64.25+17.84 
Sports Base: 16.25+15.55 ‐ 12/12:34.69+20.85 
QOL Base: 13.28+12.68‐ 12/12: 36.7+19.24 
WOMAC 
Base: 55.338+18.83 ‐ 12/12: 32.25+14.62 
Complications: 
Not reported 

Roato 2019  IV  Italy  Liposuction 
35 ml adipose tissue 
lipoaspirate centrifuged 
@3000 rpm 

Kellgren I‐IV
N=20 
F=11, M=9 
Mean Age 59.6+10.5 

12 VAS 
Base: 7.05+.04 ‐ 3/12: 3.33+0.49 ‐ 6/12: 3.01+0.5 – 12/12: 3.34+0.6  
WOMAC 
Base: 45.9+2.8 ‐ 3/12: 72.527.5+3 ‐ 6/12: 15.8+2.5 – 12/12: 13.0+2.3  
Complications: 
Most unable to move freely for 1/12 
N=1 swelling for 2/12 
N=2: persistent pain, underwent TKR 

Heidari 2020  IV  UK  50 ml lipoaspirate
Lipogems 
6‐8 ml MFAT Injection 

Kellgren I‐IV
N=110 
F=50, M=60 
Mean Age <50‐>80 

12 VAS 
Base: 70 [IQR 20] – 12/12: 30 [IQR 58] 
OKS 
Base: 25 [IQR 11] ‐ 12/12: 33 [IQR 16] 
EQ‐5‐D 
Base: 0.62 [IQR 0.41] ‐ 12/12: 0.69 [IQR 0.28] 

Bistolfi 2021  IV  Italy  Lipogems 
? ml MFAT Injection 

Kellgren I‐III
N=78 
F=43, M=35 
Mean Age 59.5+10 

24 KOOS 
Pain Base: 41.1+14 ‐ 24/12: 75.7+14.5 
Symptoms Base: 46.2+16.5 ‐ 24/12: 78.3+21.9 
ADL Base: 45.8+14.5 ‐ 24/12: 79.5+22.3 
Sports Base: 18+19.4 ‐ 24/12:55.6+34.1 
QOL Base: 40.9+14.6‐ 24/12: 72.5+25.5 
KSS 
Symptoms Base: 16.9+3.9 ‐ 24/12: 9+4.5 
Satisfaction Base: 15.9+7.1 ‐ 24/12: 27.6+10.3 
Expectation Base: 13.5+3.1 ‐ 24/12:9.4+3.7 
Functional Activities Base: 48.8+15.6 ‐ 24/12: 76+22.9 
Complications: 
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Most patients reported swelling up to 6 weeks
N=2 venous thrombosis 
N=1 delayed wound healing 
N=4 persistent pain underwent TKR 

Caforio 2021  IV  Italy  Lipocell lipoaspirate
6 ml MFAT Injection 

Kellgren II‐IV
N=30 
F=13, M=17 
Mean Age 60 (36‐77)  

12 VAS 
Base: 6+0.5 ‐ 3/12: 3.23 – 6/12/12: 5.0+1.1 – 12/12: 1.02+2 
WOMAC 
Base: 58+2 ‐ 3/12: 74+2 – 6/12/12: 83+3 – 12/12: 83+2 
Complications: 
Not reported 

Van Genechten 
2021 

IV  Belgium  Lipogems 
10 ml MFAT Injection 

Kellgren: 
symptomatic OA 
N=64 
F=33, M=31 
Mean Age 54.2+9.1 

12 KOOS 
Pain Base: 45.9+12 – 3/12: 62+24 – 6/12: 60+20 – 12/12: 59+21 
Symptoms Base: 52+18.2 ‐ 3/12: 67+18 – 6/12: 65+17 – 12/12: 62+20 
ADL Base: 53.6+16.9 ‐ 3/12:68+23 – 6/12: 65+20 – 12/12: 63+23 
Sports Base: 15.4+15.9 ‐ 3/12: 32+26 – 6/12: 28+26 – 12/12: 25+26 
QOL Base: 26.3+13‐ 3/12: 37+22 – 6/12: 36+21 – 12/12: 35+20 
Complications: 
79% swelling, pain, stiffness resolved after 16=13 days 

Gobbi 2021  IV  Italy, USA, 
UAE 

Lipogems 
5‐21 ml MFAT Injection 

Kellgren: II‐IV
N=75 
F=49, M=26 
Mean Age 69.6 

24 KOOS 
Pain Base: 52.4 – 6/12: 72 – 12/12: 74 – 24/12: 75 
Complications: 
49% adipose tissue donor site pain (mean time 3 days) 
28% donor site swelling and bruising (mean 7 days) 
13% knee pain and swelling (mean 6 days) 

Lopez 2022  IV  Spain  Lipocell lipoaspirate
6 ml MFAT Injection 

Kellgren: I‐IV
N=24 
F=15, M=9 
Mean Age 63.8+11.4 

9 VAS 
Base: 8.3+1 – 3/12: 6.5+1.4 – 6/12: 5.1+1.9 – 9/12: 4.5+2.1  
WOMAC 
Base: 44.6+12.9 – 3/12: 56.1+10.9 – 6/12: 62.5+13.6 –9/12: 65.5+12.8  
Complications: 
No adverse effects 

Screpis 2022  IV  Italy  Lipogems 
8 ml MFAT Injection  

Kellgren: I‐IV
N=202 
F=105, M=97 
Mean Age 54.0+9.0 

24 VAS 
Base: 5.0 (0‐10) – 6/12: 1.1 (0‐7.5) – 12/12:2.3 (0‐10) – 24‐12:5.5 (0‐10)  
KOOS Pain 
Base: 63.9 (47‐78) – 6/12: 80.6 (69‐92) – 12/12: 83.3 (67‐94) – 
24/12: 83.3 (68‐94)  
Complications: 
Not reported 

Bakowski 2023  IV  Poland  No details provided Kellgren: I‐IV
N=37 

24 Pain [NRS] 
Base: 4.95+2.15 – 4.05+2.01 
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F=16, M=21
Mean Age 57.8+7.4 

KOOS 
Index Base: 58.6+17.4 – 24/12: 66.49+16.05 
Symptoms Base: 64.17+21.3 – 24/12: 71.43+19.27 
Pain Base: 63.01+18.47 – 24/12: 70.88+16.24 
ADL Base: 67.87+19.42 – 24/12: 75.71+15.1 
Sports Base: 26.76+23.99 – 24/12: 35.44+28.4 
QOL Base: 39.53+17.62 – 24/12: 47.8+21.51 
IKDC 
Base: 49.25+8.75 – 24/12: 51.39+9.98 
WOMAC 
Base: 67.65+18.87 – 24/12: 75.06+15.01 
Complications: 
Not reported 

Ferracini 2023  IV  Italy  Lipogems 
10 ml MFAT Injection 

Kellgren: II‐III
N=91 
F=47, M=44 
Mean Age 62.8+10.1 

12 Lysholm
Base 63.0+14.2 – 6/12: 80.5+13.4 – 12/12: 86.3+13.8 
WOMAC 
Base 68.6+15.1 – 6/12: 86.7+14.2 – 12/12: 91.5+13.2 
VAS 
Base 6.1+1.5 – 6/12: 3.2+1.6 – 12/12: 2.3+1.7 
Complications: 
Swelling, inflammatory changes within 3 weeks not considered as 
complications. 
4.4%: intra‐articular loose painful adipose bodies 
1%: painful effusions 

Yu 2023  IV  China  Lipogems 
6‐8 ml MFAT Injection 

Kellgren: not 
specified 
N=20 
F=8, M=12 
Mean Age 55+3.9 

18 VAS 
Base: 4.2+1.42 – 3/12: 1.8+1.08 – 6/12: 1.27+0.8 – 12/12: 0.87+0.64 – 
18/12: 1.73+0.88 
WOMAC 
Base: 24.87+15.44 – 3/12: 13.87+8.7 – 6/12: 10.0+7.04 – 12/12: 
7.93+6.44 – 18/12: 17.13+12.33 
KSS 
Base: 77.73+11.71 – 3/12: 89.4+7.9 – 6/12: 93.53+6.03 – 12/12: 
95.2+4.54 – 18/12: 90.6+6.49 
HSS 
Base: 79.73+8.91 – 3/12: 91.33+6.22 – 6/12: 95.93+4.27 – 12/12: 
91+5.26 – 18/12: 89.07+6.98 
Complications: 
No adverse effects 
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Table 3.1: Risk of Bias Cochrane Risk of Bias Assessment Within Studies for LOE I-II Studies  
 
Authors  LOE  Bias from 

Randomization   
Bias from
Deviations from 
Intended Interventions  

Bias due to Missing 
Outcome Data 

Bias in Measurement of 
the Outcome 

Bias in Selection of the 
Reported Results 

Overall Risk of Bias 

Mautner 2019    High  Some Low Low  Low High
Dallo 2021    Some  Some Low Low  Low Some
Baria 2022    Low  Some Some Low  Low Some
Kaszynski 2022    Low  Some Low Low  Low Some
Zaffagnini 2022    Low  Some Low Low  Low Some
 

 

 

 

Table 3.2: Risk of Bias Cochrane Across Studies for LOE I-II Studies  
 

Bias from Randomization                                         
Bias Deviations                                          
Bias Missing Outcome Data                                         
Bias Measurement Outcome                                         
Selection Reported Results                                         
Total Bias                                         

           25%         50%         75%         100% 
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Table 4: Risk of Bias Assessment of LOE III-IV Studies with the ROBINS-I tool 
 
 
 Authors  BIAS  Confounding 

Bias 
Selection Bias Classification 

Bias 
Intervention 
Bias 

Missing Data 
Bias 

Measurement 
Bias 

Reporting Bias

       
Adriani 
2017 

Critical  Critical  Serious  Low Low Low Moderate Low

Russo 
2017 

Serious  Serious  Serious  Low Moderate Low Moderate Moderate

Panchal 
2018 

Serious  Serious  Serious  Low Low Low Moderate Moderate

Barford 
2019 

Serious  Serious  Moderate Low Low Low Moderate Moderate

Hudetz 
2019 

Moderate  Serious  Moderate Low Low Moderate  Moderate Moderate

Roato 
2019 

Moderate  Moderate  Moderate Low Low Moderate  Moderate Moderate

Heidari 
2020 

Moderate  Moderate  Moderate Low Low Moderate   Moderate Moderate

Bistolfi 
2021 

Moderate  Low  Moderate Low Low Moderate  Moderate Moderate

Caforio 
2021 

Moderate  Moderate  Moderate Low Moderate Low Moderate Moderate

Van 
Genechten 
2021 

Moderate  Moderate  Moderate Low Low Moderate  Moderate Moderate

Gobbi 
2021 

Moderate  Moderate  Moderate Low Low Moderate  Moderate Moderate

Lopez 
2022 

Moderate  Serious  Moderate Low Moderate  Low Moderate Moderate

Screpis 
2022 

Moderate  Serious  Moderate Low Low Moderate  Moderate Moderate

Bakowski 
2022 

Moderate  Moderate  Moderate Low Low Low Moderate Moderate

Ferracini 
2022 

Moderate  Moderate   Moderate Low Moderate Moderate  Moderate Moderate

Yu 2023  Moderate  Moderate  Moderate Low Low Low Moderate Moderate
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Risk of bias ROBINS – I Tool 

None of the included studies had a low risk of bias (Table 4). Of the included sixteen 

studies, twelve  7,10-12,31-38  exhibited a moderate risk of bias, three studies 9,29,30 had a 

serious risk of bias and one study 28 was identified as having a critical risk of bias. 

These assessments primarily related to confounding bias, measurement bias and 

reporting bias. Given that 75% of the included studies were evaluated with moderate 

risk of bias, one might infer that the studies were sound for a non-randomized study 

but cannot be considered comparable to a well performed randomized trial. 18 

 

Quality Assessment  

The mean modified Coleman score was 58 indicating overall fair study quality. Only 

two studies 10,36  were of good quality, twelve studies were of fair quality  7,11,12,13,27,29-

35,38  and six studies were of poor quality.  (Table 5). 9,14,25,26,28,37  The Minors score for 

the included non-comparative studies ranged between 9-15. Ten studies had low study 

quality 9,10,12,28-33,38   and six studies  7,11,34-37 had fair quality. From the five included 

comparative studies one study 25 was assessed to have poor quality, one study 14 had 

fair quality and three studies  13,,26,27   had high quality (Table 6). Best evidence 

synthesis revealed moderate evidence, with five studies exhibiting a high, critical or 

serious risk of bias while over 75% of the included studies maintained consistency in 

their findings.  

 

Publication bias 

Egger’s regression intercept was 5.966 with a p-value of 0.098. However, the funnel 

plot exhibits asymmetry, suggesting the possibility of some publication bias despite 

the lack of statistical significance (Figure 2).  
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Table 5: Study Quality Assessment with the modified Coleman Score 
 

Authors  Total 
Points  Study Size  Mean 

Follow‐Up 

Percent of 
Patients 
with 

Follow‐Up 

Number of 
Interventions  Type of Study  Diagnostic 

Certainty 

Description 
of Surgical 
Technique 

Description 
Post Op 

Rehabilitation 

Outcome 
Criteria 

Procedures 
for 

Assessing 
Outcomes 

Description 
of Subject 
Selection 

           
Adriani 
2017  48  0  0  5  10  0  5  5  3  10  5  10 

Russo 
2017  47  0  0  5  0  0  5  5  5  10  7  10 

Panchal 
2018  61  0  0  5  10  10  5  3  3  10  5  10 

Barford 
2019  60  0  0  5  10  10  5  5  0  10  5  10 

Hudetz 
2019  60  0  0  3  10  10  5  5  0  10  7  10 

Mautner 
2019  42  10  2  0  0  7  5  5  0  5  3  5 

Roato 
2019  65  0  0  3  10  10  5  5  5  10  7  10 

Baria  
2020  49  4  0  0  0  7  5  5  0  5  8  15 

Heidari 
2020  70  7  0  5  10  10  5  5  3  10  5  10 

Bistolfi 
2021  55  7  0  3  10  0  0  5  5  10  5  10 

Caforio 
2021  60  0  0  5  10  10  5  5  0  10  5  10 

Dallo  
2021  59  7  2  0  0  7  5  5  0  10  8  15 

Van 
Genechten 

2021 
62  4  0  3  10  10  5  5  0  10  5  10 

Gobbi 
2021  57  4  0  5  10  0  5  5  3  10  5  10 

Kaszynski 
2022  53  4  0  0  0  10  5  5  0  10  8  15 
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Lopez 
2022  55  0  0  5  0  10  5  5  5  10  5  10 

Screpis 
2022  70  10  0  5  10  10  5  5  0  10  5  10 

Zaffagnini 
2022  69  10  2  0  0  10  5  5  0  10  12  15 

Bakowski 
2023  45  0  0  5  10  0  5  0  0  10  5  10 

Ferracini 
2023  67  7  0  5  0  10  5  5  5  10  5  15 

Yu 2023  67  0  0  5 10 10 5 5  0 10 12 10
Total 
(Mean)   58                       
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Table 6: Quality Assessment with MINORS 
 
 Authors  Total 

Points 
Clearly 
Stated 
Aim 

Inclusion of 
Consecutive 
Patients 

Prospective 
Data 
Collection 

Endpoints 
appropriate 
 

Unbiased 
Assessment
 

Follow‐
up Period 

Loss to 
Follow‐
Up 

Prospective 
Sample Size 
Analysis 

Adequate 
Control 
Group 

Contemporary 
Control Group 

Baseline 
Group 
Equivalence 

Adequate 
Statistical 
Analysis 

           
Adriani 
2017 

9  2  2  1  2 0 1 0 0  0 0 0 1

Russo 2017  10  2  2  1  2 0 1 0 0  0 0 0 2
Panchal 
2018 

10  2  1  2  2 0 1 0 0  0 0 0 2

Barford 
2019 

12  2  2  2  2 0 1 2 0  0 0 0 1

Hudetz 
2019 

12  2  2  2  2 0 1 1 0  0 0 0 2

Mautner  
2019 

12  2  1  0  2 0 1 0 0  0 2 2 2

Roato 2019  11  1  2  2  2 0 1 1 0  0 0 0 2
Baria 2020  19  2  2  2  2 0 1 1 1  2 2 2 2
Heidari 
2020 

12  2  2  2  2 0 1 1 0  0 0 0 2

Bistolfi 
2021 

12  2  2  2  2 0 1 1 0  0 0 0 2

Caforio 
2021 

13  2  2  2  2 0 1 2 0  0 0 0 2

Dallo  
2021 

20  2  2  2  2 0 1 1 2  2 2 2 2

Van 
Genechten 
2021 

12  2  2  2  2 0 1 1 0  0 0 0 2

Gobbi 2021  13  2  2  2  2 0 2 1 0  0 0 0 2
Kaszynsnki 
2022 

18  1  2  2  2 0 1 0 2  2 2 2 2

Lopez 2022  13  2  2  2  2 0 1 2 0  0 0 0 2
Screpis 
2022 

13  2  2  2  2 0 2 1 0  0 0 0 2

Bakowski 
2022 

13  1  2  2  2 0 2 2 0  0 0 0 2
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Ferracini 
2022 

12  2  2  2  2 0 1 1 0  0 0 0 2

Zaffagnini 
2022 

20  2  2  2  2 0 1 1 2  2 2 2 2

Yu 2023  15  2 
 

2  2  2 0 1 2 2  0 0 0 2

Mean  13.4         
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Figure 2: Funnel Plot for Publication Bias: The funnel plot exhibits asymmetry suggesting possible publication bias.  
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Figure 3: Vas Clinical Outcomes: Pain improved for the first six months and then slightly increased at 12 months.   
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Outcome scores:  

VAS 

The clinical outcomes for VAS for all studies improved from a mean score of 5.2 at 

baseline to 3.2 at six and twelve months (Figure 3, Supplement 1).   

 

KOOS 

The KOOS sub-score activities of daily life (ADL) improved from 58.5 at baseline to 

70.2 at six months and then decreased to 67.5 at 12 months (Figure 4, Supplement 2). 

The KOOS sub-score pain improved from 54.3 at baseline to 67.4 at 3 months and 

then slowly increased to 70.2 at six months and 72.4 at 12 months (Figure 5, 

Supplement 3). The KOOS sub-score quality of life (QOL) improved from 33.1 at 

baseline to 44.5 at 3 months and then gradually decreased to 43.6 at six months and to 

42.9 at 12 months (Figure 6, Supplement 4). The KOOS sub-score sport improved 

from 23.7 at baseline to 41.3 at three months, plateaued at 6 months and then further 

increased to 57.4 at 12 months (Figure 7, Supplement 5). The KOOS sub-score 

symptoms improved from 55.3 at baseline to 67.9 at three months, increased further to 

70.1 at six months and then decreased to 67.7 at 12 months (Figure 8, Supplement 6)  

WOMAC 

The WOMAC score steadily increased from 61.8 at baseline to 78.4 at 12 months 

(Figure 9, Supplement 7). 
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Figure 4: KOOS ADL: ADL improved steeply during the first 6 months and then decreased.  
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Figure 5: KOOS Pain: Pain improved substantially over the first three months and then slowly increased.  

29



 

Figure 6: KOOS QOL: QOL improved for the first 3 3 months and then gradually decreased over the 12-month period.  
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Figure 7: KOOS Sport: KOOS Sport improved during the first 3 months, plateaued at 6 months and steeply increased further at 12 months.  
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Figure 8: KOOS Symptoms: Symptoms improved during the first 6 months and then slightly worsened at 12 months.  
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Figure 9: WOMAC: The WOMAC score steadily increased over the 12 months period. 
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Discussion 

The results of this systematic review demonstrated that MFAT injections are effective 

to improve pain and clinical outcomes as measured by VAS, KOOS and WOMAC 

scores.  Kelly showed that a clinically significant difference in VAS pain scores is 0.9 

mm and not related to gender, age, or cause of pain. 39 Stauffer et al. reported a 

minimal clinically important difference (MCID) between 1.9-2.9 units for a baseline 

pain score between 50-65. 40 The pooled data demonstrated a baseline pain score of 

5.2 which reduced to 3.2 after twelve months reflecting a notable improvement by 2 

units. This certainly indicates that the calculated results are clinically relevant. While 

it is technically inappropriate to strictly apply MCID to pooled data, it can still serve 

as a potentially useful indicator to aid interpretation of these results. Like the VAS 

score, the KOOS sub-score for pain showed notable improvement, increasing by 13 

points at three months, reaching 70 points at six months and further progressing to 72 

points at the twelve-month mark. MCID for KOOS pain is 16.7 and substantial 

clinical benefits is 27.7. 41 When considering these variables, the pooled data could 

not demonstrate any significant clinical benefit from the injections initially but did 

achieve MCID at twelve months.  In contrast, the KOOS symptom score surpassed 

the significant change benchmark of 10.7 at three, six and twelve months. 41 The 

KOOS symptom score assesses stiffness, knee swelling, grinding, catching and 

extension/flexion. 42 Hudetz et al. documented an elevation in glycosaminoglycan 

content within cartilage. 43 Theoretically, this increase could contribute to a reduction 

in mechanical symptoms over pain, potentially elucidating the improvement observed 

in the symptom score compared to the pain scores.  
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The clinical reduction in pain is mirrored in the sub-scores related to quality of life, 

activities of daily living and sports. The KOOS QOL score initially increased at three 

months, followed by stabilization at 6 and 12 months. Likewise, the KOOS ADL 

score demonstrated improvement up to 6 months with a slight decline observed at 12 

months. Interestingly, the KOOS sports score consistently improved throughout the 

12-month period implying that the reduction in pain facilitated return to physical 

activity. The WOMAC score assesses pain, stiffness and physical function. 44 Physical 

function holds the highest weight at 68% followed by pain at 20% and stiffness at 8%. 

44 The WOMAC score exhibited a consistent improvement increasing by 17 points 

over the 12-month period. Similar enhancements in this aspect are not surprising, 

considering that the WOMAC score is embedded in the KOOS score, with the KOOS 

score essentially serving as an extension of the WOMAC score. 45 The substantial 

clinical benefit for KOOS QOL has been documented at 31, for ADL it is 25 and for 

sports it is 30. 41 In this context, only the KOOS sports score has surpassed the 

benchmark by increasing 34 points at the one-year-mark. Certainly, the moderate 

improvement in pain scores enabled patients to resume physical activity. However, it 

does not necessarily imply that they were entirely symptom-free during exercise; they 

may have simply tolerated certain symptoms.  

 

The outcomes of MFAT injections should be evaluated in comparison to the effects of 

other orthobiologics and knee injections in the context of knee osteoarthritis. For 

instance, several authors have reported on functional outcomes and reduction of pain 

in patients treated with other orthobiologic injections. 46-48 Jivan et al. compared 

platelet-rich plasma (PRP) to hyaluronic acid injections and documented significant 

improvement in both VAS pain scores and KOOS scores for both treatment 
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modalities over a 12-month period. 49  Guillibert reported on a single injection of high 

volume PRP over a 6-month period resulting in significant improvement of the KOOS 

total and their subscales over the observation period. 48 When comparing the pooled 

outcomes from our study with the data from these PRP studies, there were no 

discernible differences between PRP and MFAT at face value. In addition to PRP, 

hyaluronic acid and corticosteroid injections are also widely employed in clinical 

practice. Tammachote et al compared corticosteroids and reported similar 

improvements in pain control and functional improvement in both groups. 50 Another 

orthobiologic frequently employed in the management of knee osteoarthritis is bone 

marrow aspirate concentrate (BMAC). In a recent systematic review BMAC was 

compared to other orthobiologics and saline injections. 51 The authors could not 

demonstrate clinical superiority to other commonly used biologic therapies. 51 In a 

systematic review and meta-analysis Bolia et al. compared BMAC to stromal vascular 

fraction (SVF) injections and showed that both are effective with a slight advantage of 

SVF over BMAC. 52 In summarizing the current evidence, three studies utilized 

network meta-analysis consolidating the effectiveness of intra-articular knee 

injections for osteoarthritis. 53-55 The consistent conclusions drawn from their analyses 

indicate that PRP was the most effective option. 53-55 Based on these facts, one could 

conclude that MFAT does not exhibit any discernible advantage over other options for 

injection therapy, notwithstanding the considerable enhancements in both pain 

reduction and functional improvement as revealed by our systematic review. 

 

However, the findings of this systematic review must be interpreted within the 

framework of study quality and risk of bias of the included studies. The mean 

modified Coleman score revealed fair study quality with just two of the twenty-one 
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studies meeting the criteria for good quality. Likewise, the MINORS score identified 

only three studies as high quality, while the remaining studies were categorized as low 

quality (52%), fair quality (33%) and poor quality (5%). Among the included studies, 

five were evaluated as having a high, critical or serious risk of bias, whereas 76% 

exhibited either some or moderate risk of bias. According to the Cochrane Handbook, 

the overall risk of bias assessment suggest that the potential limitations are likely to 

influence the certainty in the estimate of the effect and plausible bias that raises some 

doubt about the results. 16 This aligns with best evidence synthesis, which suggest that 

the evidence provided is only of moderate quality.  

 

Limitations 

This systematic review has certain limitations. Variations in volume of MFAT 

injected among studies were observed, contributing to heterogeneity across studies. It 

is theoretically plausible that these differing volumes may have influenced the varied 

outcomes.  The amalgamation of risk of bias, study quality and a moderate rating in 

the best evidence synthesis decrease the study’s validity. Future research has the 

potential to alter the direction of the treatment effect estimate in either direction. 

Language bias may exist as only studies in English and German were included raising 

the possibility that significant research conducted in other languages might have been 

overlooked. Furthermore, the search engines utilized were optimized for English-

language queries, potentially missing other language studies. Despite the non-

significant results of the Egger’s test, the interceptor value was not zero and the 

asymmetry evident in the funnel plot raises the possibility of publication bias. Since 

publication bias is associated with an over-estimated treatment effect, the certainty of 

evidence might be lower than indicated.  
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Conclusions 

MFAT injection therapy for the treatment of symptomatic knee osteoarthritis is 

effective and improves pain and functional outcomes. Moderate study quality 

combined with a moderate risk of bias, moderate certainty of evidence and moderate 

best synthesis evidence reduces external validity. Therefore, the results should be 

interpreted with a degree of caution.  
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