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Abstract

BACKGROUND

Osteoarthritis (OA) is the most prevalent form of degenerative whole-joint
disease. Before the final option of knee replacement, arthroscopic surgery was the
most widely used joint-preserving surgical treatment. Emerging regenerative
therapies, such as those involving platelet-rich plasma, mesenchymal stem cells,
and microfragmented adipose tissue (MFAT), have been pushed to the forefront
of treatment to prevent the progression of OA. Currently, MFAT has been
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successfully applied to treat different types of orthopedic diseases.

AIM
To assess the efficacy and safety of MFAT with arthroscopic surgery in patients with knee OA (KOA).

METHODS

A randomized, multicenter study was conducted between June 2017 and November 2022 in 10 hospitals in
Zhejiang, China. Overall, 302 patients diagnosed with KOA (Kellgren-Lawrence grades 2-3) were randomized to
the MFAT group (n = 151, were administered MFAT following arthroscopic surgery), or the control group (n = 151,
were administered hyaluronic acid following arthroscopic surgery). The study outcomes were changes in the
Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) score, the visual analog scale (VAS)
score, the Lequesne index score, the Whole-Organ Magnetic Resonance Imaging Score (WORMS), and safety over a
24-mo period from baseline.

RESULTS

The changes in the WOMAC score (including the three subscale scores), VAS pain score, and Lequesne index score
at the 24-mo mark were significantly different in the MFAT and control groups, as well as when comparing values
at the posttreatment visit and those at baseline (P < 0.001). The MFAT group consistently demonstrated significant
decreases in the WOMAC pain scores and VAS scores at all follow-ups compared to the control group (P < 0.05).
Furthermore, the WOMAC stiffness score, WOMAC function score, and Lequesne index score differed significantly
between the groups at 12 and 24 mo (P < 0.05). However, no significant between-group differences were observed
in the WORMS at 24 mo (P = 0.367). No serious adverse events occurred in both groups.

CONCLUSION
The MFAT injection combined with arthroscopic surgery treatment group showed better mid-term clinical
outcomes compared to the control group, suggesting its efficacy as a therapeutic approach for patients with KOA.

Key Words: Osteoarthritis; Microfragmented adipose tissue; Lipogems; Arthroscopic surgery; Knee

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Microfragmented adipose tissue (MFAT) has been successfully applied to treat different types of orthopedic
diseases. To assess the efficacy and safety of MFAT with arthroscopic surgery in patients with knee osteoarthritis (OA). In
this study, patients’ own MFAT combined with arthroscopic surgery was used to promote recovery from OA. Our findings
provide evidence supporting the safety and feasibility of this approach in treating knee OA.

Citation: Wu CZ, Shi ZY, Wu Z, Lin WJ, Chen WB, Jia XW, Xiang SC, Xu HH, Ge QW, Zou KA, Wang X, Chen JL, Wang PE,
Yuan WH, Jin HT, Tong PJ. Mid-term outcomes of microfragmented adipose tissue plus arthroscopic surgery for knee osteoarthritis:
A randomized, active-control, multicenter clinical trial. Worild J Stem Cells 2023; 15(12): 1063-1076
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INTRODUCTION

Osteoarthritis (OA) is the most prevalent form of degenerative whole-joint disease, resulting in joint pain, stiffness, and
decreased function. It is also a leading cause of disability in adults, with an enormous and ever-increasing burden on
society[1,2]. Although several nonsurgical treatments are available for OA, such as physical therapy and medication,
current mainstream medicine mainly focuses on relieving symptoms and cannot prevent the disease from progressing to
the late stages of arthritis that require knee replacement[3]. Before this final option of knee replacement, arthroscopic
surgery was the most widely used joint-preserving surgical treatment. Available evidence suggests that arthroscopic knee
surgery temporarily improves pain or function in patients with mild arthritis; however, its long-term efficacy in treating
moderate-to-severe knee OA (KOA) has not been generally accepted[4-7].

In contrast to limited symptom relief therapy, emerging regenerative therapies, such as those involving platelet-rich
plasma (PRP), mesenchymal stem cells (MSCs), and microfragmented adipose tissue (MFAT), have been pushed to the
forefront of treatment to prevent the progression of OA[8-10]. MFAT is obtained with a Lipogems (Lipogems Int Spa,
Milan, Italy) device, which concentrates extracted autologous adipose tissue into small fragments using mild mechanical
forces[11]. This one-step procedure is simple, time-saving, cost-effective, and minimally invasive; hence, it eliminates the
need for complicated and time-consuming cell culture procedures. MFAT retains an intact stromal vascular niche
harboring abundant functional cells, including adipose-derived stem cells (ADSCs: CD90+CD45-, CD90+CD45-,
CD73+CD45-, CD73+CD45-, CD105+CD45-, and CD105+CD45-) and pericytes (CD146+CD34-), and secretes various
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functional molecules, such as growth factors, cytokines, and exosomes[12,13]. MFAT can match and sometimes even
outperform ADSCs due to its functional advantages over ADSCs; notably, the use of MFAT preserves the microenvir-
onment and the most primitive state of cells, MFAT can be conveniently and easily acquired, there are a wide range of
sources of MFAT, and autologous tissues are safe to use[14].

MFAT was initially used in the field of plastic surgery and then expanded to orthopedic procedures due to its antibac-
terial, anti-inflammatory, antiapoptotic, angiogenesis-promoting, and tissue repair functions[15-17]. Currently, MFAT has
been successfully applied to treat different types of orthopedic diseases, such as diabetic foot minor amputations, spinal
cord injury, cartilage defects, and articular disease[18-22]. Previous animal studies have successfully shown the benefit of
intra-articular MFAT therapy for OA in pain relief and functional improvement[23,24]. Moreover, several clinical trials
have reported an overall positive result for pain relief and functional improvement in patients with symptomatic KOA
following MFAT therapy[25-27].

However, these successful single-center clinical trials are insufficient to demonstrate widespread therapeutic utility.
Hence, well-controlled, high-quality scientific evidence to support the efficacy of MFAT is needed. This multicenter,
prospective, randomized controlled trial aimed to evaluate the efficacy and safety of a single intra-articular injection of
MFAT during arthroscopic surgery in a larger and more heterogeneous population of patients with KOA.

MATERIALS AND METHODS
Study design and participants

This was a prospective, randomized, controlled, single-blind (blind observer), multicenter trial performed in 10 hospitals
in Zhejiang, China, including the First Affiliated Hospital of Zhejiang Chinese Medical University, the First Affiliated
Hospital of Wenzhou Medical University, Ningbo First Hospital, Ruian Hospital of Traditional Chinese Medicine,
Taizhou Hospital of Zhejiang Province, Hangzhou Red Cross Hospital, Huzhou First Hospital, the First People’s Hospital
of Hangzhou Linan District, Xiaoshan Hospital of Zhejiang, and Zhuji First Hospital (Table 1). A 24-mo follow-up was
performed between June 2017 and November 2022. The inclusion criteria were participants aged 30-80 years with KOA
symptoms for over 6 mo, including mechanical (locking and grinding) or meniscal (pain with pivoting) symptoms;
Kellgren-Lawrence grades 2-3; and being unresponsive to conservative treatment. The exclusion criteria included local
infection of the knee joint; systemic diseases such as blood disorders or diabetes, rheumatoid arthritis, gout, autoimmune
disease, or malignancy in the past 5 years; prior injection or use of oral steroids within 3 wk before screening; and knee
surgery within 6 mo before screening. The trial was registered at chictr.org.cn (registration number ChiCTR2200055124).
All participants provided informed consent, and this study was approved by the Institutional Review Board of the First
Affiliated Hospital of Zhejiang Chinese Medical University.

Interventions

Enrolled patients were randomly assigned to the MFAT or control group at a 1:1 ratio using a computer-generated
method, stratified by hospital and patient age (30-55 and 56-80 years). The control group received arthroscopic and
hyaluronic acid (HA) treatment, while the MFAT group received arthroscopic surgery and MFAT therapy.

All participants underwent one or more of the following knee arthroscopic treatments: Debridement; abrasion or
microfracture of chondral defects; trimming of degenerative meniscal tears, fragments of articular cartilage, or chondral
flaps; and trimming of osteophytes that blocked full extension. Patients randomized to the MFAT group received an
MFAT injection during the same arthroscopic procedure. After subcutaneous infiltration with a solution (a total of 250 mL
of a saline solution mixed with 0.5 mL adrenalin 1:1000 and 25 mL lidocaine 0.02%) and resting for at least 15 min,
liposuction was performed to obtain abdominal fat. We then introduced the harvested fat into Lipogems® (Lipogems
International SpA, Milan, Italy) to produce MFAT according to the manufacturer’s instructions[12]. Finally, the processed
final product was transferred to 10 mL syringes and injected into the knee after the arthroscopic procedure. Patients in the
control group received three injections of HA at a dosage of 5 mL once every month, as previously mentioned.

Outcomes

All patients were clinically evaluated before surgery and during follow-up visits at 6, 12, and 24 mo. The primary
outcomes were the change in the total Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) score
from baseline to 24 mo. Secondary outcome measures included the WOMAC pain, stiffness, and function score from
baseline to 24 mo, the visual analog scale (VAS) score for pain, the Lequesne index score, and the Whole-Organ Magnetic
Resonance Imaging Score (WORMS).

Safety assessment

The safety assessment was based on adverse events reported by the patients and physical findings by the evaluators at
each follow-up. Mild adverse events were defined as the presence of infection, significant pain, or swelling. A serious
adverse event was defined as one that posed a life-threatening risk, was permanently disabling, or required hospital-
ization.

Statistical analysis
The sample size was based on the endpoint of the total WOMAC score at 24 mo. According to a previous pilot study, the
standard deviation of the total WOMAC score at 24 mo was 12.8 points. Considering a 2-sided error alpha of 0.05, a
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Table 1 Baseline characteristics of the patients

Characteristics MFAT group Control group P value
No. of knees 146 146
Age, yr 56.4 +£10.6 54.8 £10.1 0.183
Sex, 1 (%) 0.455
Female 95 (65.1) 101 (69.2)
Male 51 (34.9) 45 (30.8)
BMI, kg/m? 226+34 231+3.1 0.246
Kellgren-Lawrence grade, n (%) 0.833
2 80 (54.8) 93 (63.7)
3 66 (45.2) 53 (36.3)
Osteoarthritis site, 1 (%) 0.815
Left 70 (47.9) 72 (49.3)
Right 76 (52.1) 74 (50.7)
VAS pain 53+14 52+13 0.637
WOMAC score
Pain 0-20 98+27 95+2.6 0.264
Stiffness 0-8 23+14 22+13 0.519
Function 0-68 353+84 33.6+£10.2 0.115
Total 0-96 47.5+9.6 453 +11.0 0.071
Lequesne index 10.7£2.8 103 £2.6 0.215
WORMS 59.1+9.2 60.8+7.0 0.648

WORMS: Whole-Organ Magnetic Resonance Imaging Score; VAS: Visual analog scale; BMI: Body mass index; MFAT: Microfragmented adipose tissue.

minimum power of at least 0.9, a margin of 5.3 points on the total WOMAC, and a 15% drop-out rate, the final sample
size was 290 knees (145 for each group).

SPSS Statistics version 25.0 (IBM Corp., Armonk, NY, United States) was used for statistical analyses. The y? test or
Fisher’s exact probability test, was used to compare count data. The normal distribution of the data was evaluated using a
QQ plot and histogram. Different variables are described as the mean + SD. When comparing the means between groups,
a one-way ANOVA or Student’s ¢ test was used. Changes in primary and secondary outcome measures among the
baseline, 6-, 12-, and 24-mo follow-up evaluations were assessed using repeated-measures one-way ANOVA and the
Bonferroni post hoc test. A P-value < 0.05 indicated statistical significance.

Outcomes were assessed in an intention-to-treat analysis. The intention-to-treat population comprised all patients who
had received the injection and had undergone at least one postbaseline assessment; the last-observation-carried-forward
method was used to account for missing data.

RESULTS

A total of 322 patients were assessed for eligibility. Fifteen patients were not eligible, and five declined to participate;
hence, a total of 302 participants were randomized to either the MFAT group (n = 151) or the control group (n = 151). Four
patients (two in the MFAT group and two in the control group) withdrew consent, and six patients (four in the MFAT
group and two in the control group) were lost to follow-up after randomization. It was decided that two patients assigned
to the MFAT treatment group should not receive the procedure; according to the intention-to-treat principle, the results
from these patients were evaluated with the results of the MFAT group. Thirty-seven patients did not return for follow-
up visits; hence, 255 participants (87.3%) completed follow-up after 24 mo (Figure 1). The baseline characteristics of the
two groups were similar (Table 1).

Primary and secondary outcomes
A comparison of the WOMAC scores, VAS scores, and Lequesne index scores between the MFAT group and the control
group before and after treatment is shown in Table 2, Figures 2 and 3. In both groups, the WOMAC total score was
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Table 2 Primary and second outcomes of the trial from baseline to all follow-ups

MFAT group (n = 146) Control group (n = 146) F value P value
WOMAC total score
Baseline 483 +12.9 465+13.4 0.406' 0.233!
6 mo 235+86 29.8+10.9 20.002" <0.001"
12 mo 220+81 29.8 +10.7 24.479' <0.001!
24 mo 228+82 31.7£12.6 26.763" <0.001"
Fvalue 379.38! 141.916' 23.468
P value <0.001" <0.001" <0.001
WOMAC pain score
Baseline 9.8+27 95+26 1.544! 0.264!
6 mo 43420 57427 18.373! <0.001!
12 mo 40420 57+22 32.046' <0.001"
24 mo 40420 59+23 45115 <0.001"
Fvalue 676.741" 240.46' 36.69
P value <0.001" <0.001" <0.001*
WOMAC stiffness score
Baseline 32+17 33+20 0.003" 0.924!
6 mo 20+1.4 24+16 9.505! 0.054!
12 mo 1.7+13 23+14 13.737' <0.001"
24 mo 1.6+12 22+14 13.548' <0.001!
Fvalue 155.117" 29.140' 9.605
P value <0.001" <0.001" <0.001*
WOMAC function score
Baseline 353123 33.8+12.38 0.406" 0.304'
6 mo 171483 21.7+10.2 20.002' <0.001"
12 mo 163 +7.6 21.9+10.2 24.479" <0.001"
24 mo 17.2+78 23.6+11.8 26.763' <0.001!
F value 379.38' 141.915' 23.468
P value <0.001" <0.001! <0.001*
VAS pain
Baseline 53+14 52+13 0.257' 0.607"
6 mo 29+13 33+16 5.355 0.008"
12 mo 22413 27+15 5.937' 0.007"
24 mo 22+14 27+16 7.835 0.006
F value 581.206' 527.797" 11.921
P value <0.001" <0.001! <0.001*
Lequesne index
Baseline 10.7+28 103427 2.327" 0.217"
6 mo 77432 8.0+3.0 o' 0.458'
12 mo 72432 82+33 6.684' 0.012'
24 mo 72425 82+3.0 8.633 0.004
F value 216.554 45.136' 16.293
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P value <0.001' <0.001" <0.001°

1F statistic and P value of the main effect.
2F statistic and P value of the crossover effect.
WORMS: Whole-Organ Magnetic Resonance Imaging Score; VAS: Visual analog scale; MFAT: Microfragmented adipose tissue.

Assessed for eligibility
(n=322)

Excluded (n = 20)
Not fulfilling inclusion/exclusion
criteria (n = 15)
Decline to participate (7 = 5)

Assessed for eligibility

(n=302)

MFAT group (7 = 151) Allocation Control group (7 = 151)
Noncompliant (7 = 5) Noncompliant (7 = 5)
1 wished to withdraw | -| 3 wished to withdraw
4 lost to follow up 2 lost to follow up

MFAT group (7 = 146) Control group (7 = 146)

2 declined to inject MFAT | |
12 Lost to follow-up

23 Lost to follow-up

ITT population n = 146 ITT population n = 146
Completed n = 132 Completed n= 123
(90.4%) (84.3%)

DOI: 10.4252/wjsc.v15.i12.1063 Copyright ©The Author(s) 2023.

Figure 1 Participant enrollment flow diagram. ITT: Intention-to-treat; MFAT: Microfragmented adipose tissue.

significantly different between time before and after treatment, with separate effect analyses in the MFAT group (F =
379.38) and control group (F = 141.916) (all P < 0.001). The WOMALC total score in the MFAT group was lowest after 12
mo and then increased slightly but remained lower than the values at baseline. The WOMAC total score in the control
group decreased, with a maximum decline observed at 6 mo after treatment, and slightly increased at 24 mo. The overall
WOMAC total score in the MFAT group was significantly lower than that in the control group after treatment (F =
838.277, P < 0.001). There was also a crossover effect between time and treatment (F = 23.468, P < 0.001). We performed an
analysis of the separate effects for each time point. The WOMAC total score in the MFAT group was significantly lower
than that in the control group at the same time points during all follow-ups (P < 0.001) (Figure 2A, Table 2). These results
indicated the therapeutic benefit of MFAT injection combined with arthroscopy in patients with KOA.

Both groups had a significant reduction in WOMAC pain scores and VAS scores from baseline to posttreatment at 6 to
24 mo (Fyomacpuin = 676.741, F,5 = 581.206 for the MFAT group; Fyyouac pan = 240.46, F .5 = 527.797 for the control group; all
P < 0.001). The most significant decreases in the WOMAC pain score and VAS score from baseline to posttreatment were
observed at months 12 and 24 in the MFAT group and at month 12 in the control group. A significant difference in the
mean WOMAC pain score and VAS score was observed at all follow-ups in the MFAT group in comparison with the
control group (WOMAC pain: All P <0.001, VAS: All P < 0.01) (Figures 2B and 3A, Table 2). These results indicated that
MFAT injection combined with arthroscopy significantly improved pain in patients with KOA.

The WOMAC stiffness score, WOMAC function score, and Lequesne index score at all follow-ups progressively
decreased compared with their respective baseline values in both the MFAT group (Fyomac sigiess = 195,117, Friopmac unction =
379.38, F, =216.554, all P < 0.001) and the control group (Fyomac siuess = 29-140, Foniac punction = 141.915, Fp,pp. = 45.136, all
P <0.001). The WOMAC stiffness score and Lequesne index score in the MFAT group maintained a downward trend up
to 24 mo after treatment. Additionally, the WOMAC function score decreased most significantly at 12 mo and slightly
increased at 24 mo. The WOMAC function score and Lequesne index score in the control group were lowest after 6 mo
and then increased monthly, while the WOMAC stiffness score was lowest at 24 mo. The WOMAC stiffness score,
WOMAC function score, and Lequesne index score in both groups were lower than the values at baseline. However, the
WOMAC function score of patients in the MFAT group was still lower than that of the control group at all follow-ups (all
P <0.001) (Figure 2D, Table 2). Similar patterns were observed in the WOMAC stiffness score and Lequesne index score
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Figure 2 Trends of Western Ontario and McMaster Universities Osteoarthritis Index scores during the 24-mo follow-up for both groups. A:
Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) total score trends; B: WOMAC pain score trends; C: WOMAC stiffness score trends; D:
WOMAC function score trends. Statistically significant differences have been reported as 2P < 0.05 (microfragmented adipose tissue vs control). Results are
presented as the means + SD. WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index; MFAT: Microfragmented adipose tissue.
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Figure 3 Trends of the visual analog scale pain score, Lequesne index score, and Whole-Organ Magnetic Resonance Imaging Score
during the 24-mo follow-up for both groups. A: Visual analog scale pain score trends; B: Lequesne index score trends; C: Whole-Organ Magnetic
Resonance Imaging Score change (n = 10 for each group). Statistically significant differences have been reported as 2P < 0.05 (microfragmented adipose tissue vs
control). Results are presented as the means + SD. WORMS: Whole-Organ Magnetic Resonance Imaging Score; VAS: Visual analog scale; MFAT: Microfragmented
adipose tissue.

of the two groups at 12 and 24 mo (all P < 0.001), while there was no significant difference between the two groups at 6
mo (Pyomac signess score = 0-094, Propuicsne index score = 0-458) (Figures 2C and 3B, Table 2). The WOMALC stiffness score, WOMAC
function score, and Lequesne index score showed that MFAT injection combined with arthroscopy effectively improved
function and quality of life in patients with KOA.

The WORMS as an indicator of radiological changes at 24 mo is documented in Table 3. The mean WORMS at 24 mo
had significantly greater improvements than at baseline in the MFAT group (P = 0.020), while no statistically significant
difference was observed compared to the baseline score in the control group (P = 0.850). There were no significant
between-group differences in the WORMS at 24 mo (55.0 + 15.5 vs 62.1 £ 18.7, P = 0.367) (Figure 3C, Table 2). However, a
higher proportion of patients in the MAFT group had reduced femoral and tibia bone marrow lesions (BML), repaired
meniscus, and improved osteochondral defect compared with the control group (Figures 4 and 5).
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Table 3 Comparison of the Whole-Organ Magnetic Resonance Imaging Score before and after treatment in the microfragmented

adipose tissue and the control group

MFAT group Control group tvalue P value
Baseline 58.9+15.9 60.8 £19.0 0.243 0.811
24 mo 55.0+15.5 62.1+18.7 0.924 0.367
t value 2.814 -0.195
P value 0.0203 0.85

WORMS: Whole-Organ Magnetic Resonance Imaging Score; MFAT: Microfragmented adipose tissue.
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Figure 4 Magnetic resonance imaging evaluation of osteochondral defect changes at 24 mo. A: Sagittal images of the medial femur and tibia
before injection of microfragmented adipose tissue (MFAT); B: Sagittal images of the medial femur and tibia 24 mo after MFAT injections. The osteochondral defect in
the circled area was reduced, indicating articular cartilage regeneration at the site of the osteochondral defect.

Safety outcomes

No serious adverse events occurred in the two groups. A total of 17 non-serious adverse events were observed: In eight
knees (5.4%) in the MFAT group and nine knees (6.2%) in the control group, joint effusion, pain, or swelling were
reported for over 5 d. None of these adverse events led to trial suspension in either group.

DISCUSSION

This multicenter study prospectively analyzed the safety and potential benefits of using MFAT as an adjuvant in the
arthroscopic treatment of KOA. The results showed that over a 24-mo follow-up period, the injection of MFAT plus
arthroscopic surgery was superior to HA plus arthroscopic surgery across multiple outcome measures, including
reductions in the total WOMAC score and the scores for each subscale, VAS pain score, Lequesne index score, and
WORMS.

Comprehensive studies and characterization of the injected MFAT have been performed in vitro[11-13]. MFAT has been
shown to contains large amounts of cells; moreover, various bioactive molecules are released by these cells through a
paracrine mechanism to prime and preserve angiogenic, antifibrotic, antiapoptotic, antimicrobial, and immunomodu-
latory responses in the target tissue. Therefore, MFAT might be a novel source of cell therapy for KOA. Striano et al[28]
first showed that MFAT transplantation significantly improved the VAS score and expanded the joint space in a 59-year-
old male patient with severe knee pain. PRP is an established regeneration therapy for KOA treatment. Recently, a study
demonstrated that a single intra-articular injection of MFAT did not differ from an injection of PRP in terms of clinical
outcomes at up to 24 mo[29]. This study indirectly reflected the efficacy of MFAT in KOA. Several studies have also
confirmed the efficacy and safety of MFAT in the treatment of KOA, including four studies that used MFAT associated
with arthroscopic surgery for the treatment of KOA in humans[25,30-39]. The first clinical trial showed that a combination
of arthroscopy and a single intra-articular injection of MFAT improved the International Knee Documentation Committee
(IKDC) subjective score and total knee injury and OA outcome score (KOOS) in 30 patients affected by diffuse
degenerative chondral lesions at 12 mo posttreatment (70% and 67% of the patients improved by at least 10 points for the
IKDC subjective score and total KOOS, respectively)[32]. In another study, Cattaneo et al[37] reported on 38 patients
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Figure 5 Magnetic resonance imaging evaluation of bone marrow lesions and meniscus tear changes at 24 mo. A and C: Coronal and sagittal
images of the medial femur and tibia before injection of microfragmented adipose tissue (MFAT). The bone marrow lesions (BML) and meniscus tears can be
observed in the rectangle; B and D: Coronal and sagittal images of the medial femur and tibia 24 mo after MFAT injections. The BML in the rectangular area was
reduced, and the meniscus injury was repaired. ARF: Anterior right inferior.

treated with an arthroscopic procedure combined with an injection of MFAT. The results showed that all the patients
were satisfied with the treatment and that 92% of them had improved KOOSs on direct physical examination at the final
follow-up. A steady and statistically significant improvement in all KOOSs from the preoperative evaluation to the 1-, 3-,
and 6-mo follow-ups was observed. However, the KOOS slightly, but not statistically significantly, decreased at 12 mo.
The latest published trial in 2023 included two groups of 78 patients with severe KOA (Kellgren-Lawrence grade 3-4). The
study results indicated that compared to arthroscopic debridement (AD) alone, injection of MFAT along with AD was
more effective in improving the KOOS score, VAS score, WOMAC score, and KSS score at the 24-mo follow-up.
Additionally, magnetic resonance imaging (MRI) T2-mapping scores significantly improved in the medial and lateral
condyle compartments[39]. These studies preliminarily confirmed the efficacy of MFAT for treating KOA. However, the
results of efficacy trends at different time points following treatment were not consistent. In this multicenter, randomized,
placebo-controlled study, patients in the MFAT combined with arthroscopy group achieved better primary and
secondary endpoints at 24 mo following treatment than those in the control group. Furthermore, clinical symptoms
improved following MFAT treatment in a time-dependent manner, which suggested the efficacy of MFAT treatment for
patients with KOA. However, the improvement in clinical outcomes in patients in our MFAT group was smaller than
those reported in other studies, which might be explained by the heterogeneity of the enrolled participants.

In our study, arthroscopic surgery in the control group had a favorable mid-term outcome at 6 mo, but this efficacy
was not long-lasting, which was consistent with the findings of earlier trials[40]. Interestingly, injecting MFAT could
prolong the improving trend in most of the indicators to 24 mo. Regarding the mechanism of MFAT for KOA treatment,
we speculate that MFAT may first act through differentiation or paracrine action of the different cells it contains. There is
evidence that MFAT itself, not only its derived human MSCs, can directly differentiate into chondrocytes in vitro[20].
Other differentiated cells, such as pericytes in MFAT, may also play important roles since MFAT releases many more
growth factors and cytokines involved in tissue repair and regeneration than the enzymatically derived stromal vascular
fraction[41]. Second, matrix metalloproteinases and proinflammatory mediators, such as interleukin-1p and tumor
necrosis factor-o cause cartilage degradation and synovial swelling, stimulating synovial proliferative and inflammatory
responses of both resident synoviocytes and macrophages[42]. After co-cultivation of MFAT and inflamed synoviocytes,
the levels of macrophage-specific chemokines [C-C motif ligand 2 (CCL2)/monocyte chemoattractant protein-1 and
CCL3/macrophage inflammatory protein-lo) and the degradative marker matrix metalloproteinase-9 were downreg-
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ulated, and the mRNA levels of inflammatory factors were reduced, which was partially dependent on Toll-like receptor
4 and nuclear factor-kappaB signaling[43,44]. Additionally, other secreted molecules in MFAT may play anti-inflam-
matory roles. Ragni et al[42] identified extracellular vesicle-shuttled microRNAs (miRNAs) (miR-24-3p, miR-222-3p, and
miR-193b-3p) and soluble factors [tissue inhibitor of metalloproteinases-1 (TIMP1), TIMP2, PLG, and CTSS) as both
cartilage-protective factors and factors that trigger the switch from M1 to M2 macrophages in the secretome of adipose-
derived stem cells cultivated in vitro under inflammatory conditions. Third, preserving cartilage function and integrity is
a feasible mechanism. Chen et al[23] demonstrated that MFAT attenuated pain symptoms and protected chondrocytes
and cartilage extracellular matrix from damage in a monoiodoacetate-induced OA rat model. Another clinical trial also
indicated that the contents of cartilage glycosaminoglycans significantly increased in specific areas of the treated knee
joint by delayed gadolinium-enhanced MRI of cartilage[45]. Finally, MFAT may act as a natural scaffold and display
interesting mechanical properties, such as the infrapatellar fat pad[20,46].

MRI can provide a more accurate and reliable basis for assessing factors, such as the lesion location and morphological
organization, in patients. A 12-mo follow-up of 64 patients undergoing MFAT therapy revealed that BML was negatively
correlated with the therapeutic response rate at 12 mo[47]. Similarly, another study showed that BML was significantly
deceased 12 mo after surgery in the treatment group. However, the cartilage scores were nonsignificant between the
treatment and placebo groups, although the cartilage layer was thicker in the treatment group at 12 mo[48]. We compared
the MRI results of the MFAT group to those of the control group using WORMS, which revealed no significant
differences between these two groups at 24 mo. However, similar to the findings of a study by Nguyen et al[48], we found
that the WORMS at the 24-mo follow-up in the MFAT group had significantly reduced, while it was relatively increased
in the control group. Furthermore, MRI of a higher percentage of patients in the MFAT group showed signs of repaired
cartilage damage, meniscus repair, and reduced BML, supporting the therapeutic potential of MFAT from the perspective
of MRI findings. Additionally, the insignificant results at 24 mo might be partially explained by the limited number of
postoperative MRI results in this study due to economic reasons (1 = 10 for each group). Although it is well known that
BML is closely related to pain in the arthritic knee joint, the current conclusions about the imaging changes in MFAT in
the treatment of KOA and the association of imaging with clinical results are inconsistent[49]. Therefore, well-controlled
studies with larger sample sizes are needed.

In the current study, we only found a handful of mild adverse events with pain or swelling in the liposuction or
injection area, without severe adverse events or complications. This result is consistent with those of a previous study in
which only 5.8% of patients who were administered MFAT injections had a transitory hematoma of the abdominal region
that had no impact on the knee[50]. Likewise, Bisicchia et al[38] reported no adverse events related to MFAT injection at
the 12-mo follow-up, and there was only one case of knee effusion 3 d postoperatively in the microfracture control group,
demonstrating the safety of MFAT for clinical use.

A major strength of this study is that, as the first multicenter prospective randomized trial in a Chinese population, the
study’s sample size was relatively large. Moreover, the primary and secondary outcomes included both patient-reported
indexes and imaging technologies, and most patients completed the final 24-mo follow-up. However, our study has some
limitations. First, we only recruited patients with Kellgren-Lawrence grades of 2-3. We excluded a Kellgren-Lawrence
grade of 4 because it indicated marked joint-space narrowing and definite deformity, which may not be suitable for
arthroscopic treatment; however, other studies have demonstrated the efficacy of MFAT in patients with severe OA[33,
39]. Second, the patients and the surgeons who performed the surgeries could not be blinded to the patients” groups
owing to the extra liposuction in the MFAT group. Nevertheless, the operator who processed the data was unaware of the
patients” groups. Third, the follow-up time was short, and differences in the volume of MFAT were not examined.
Moreover, the differences in the intervention in the control and study groups may have influenced the results. In
addition, we should also consider cost-effectiveness since the cost of MFAT might be prohibitive for some patients.
Finally, this study was conducted in only Zhejiang, China, as a representative sample of the Chinese population. Long-
term studies on the potential dose-dependent effect, including more districts, should be conducted in the future.

CONCLUSION

In conclusion, our study demonstrates that MFAT injection combined with arthroscopic surgery is a safe and effective
approach for improving function and alleviating pain in patients with KOA. MFAT therapy produced longer-lasting,
statistically significant durations of efficacy at 12 and 24 mo in comparison to those of the control (HA) group. Based on
these results, MFAT injection combined with arthroscopic surgery may be considered a potential therapeutic option for
KOA.

ARTICLE HIGHLIGHTS

Research background

The most common kind of degenerative whole-joint disease is osteoarthritis (OA). Before the ultimate choice of knee
replacement, the most common joint-preserving surgical procedure was arthroscopic surgery. Mesenchymal stem cells,
platelet-rich plasma, and microfragmented adipose tissue (MFAT) are examples of emerging regenerative medicines that
have been thrust into the forefront of treatment to stop the progression of OA. MFAT is now being used to treat various
orthopedic diseases with effectiveness.
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Research motivation
Current mainstream medicine mainly focuses on relieving symptoms and cannot prevent the disease from progressing to

the late stages of arthritis that require knee replacement. MFAT as a novel way of treatment may be of great significance
in alleviating knee OA (KOA).

Research objectives
The present study aimed to assess the efficacy and safety of MFAT with arthroscopic surgery in patients with KOA.

Research methods

Patients diagnosed with KOA (Kellgren-Lawrence grades 2-3) were included in a multicenter, prospective, single-blind
randomized trial. In this trial, 302 patients were randomized into the MFAT group (n = 151, were administered MFAT
following arthroscopic surgery), or the control group (n = 151, were administered hyaluronic acid following arthroscopic
surgery). The study outcomes included changes in the Western Ontario and McMaster Universities Osteoarthritis Index
(WOMAC) score, the visual analog scale (VAS) score, the Lequesne index score, the Whole-Organ Magnetic Resonance
Imaging Score (WORMS), and safety, from baseline to 24 mo.

Research results

The changes in the WOMAC score (including the 3 subscale scores), VAS pain score, and Lequesne index score at 24 mo
showed significant differences in both groups between the posttreatment visit and baseline (P < 0.001). The MFAT group
exhibited significant decreases in the WOMAC pain scores and VAS scores at all follow-ups, suggesting the pain-
relieving potential of MFAT combined with arthroscopy compared to arthroscopy alone HA treatment (P < 0.05). The
significant differences in the WOMAC stiffness score, WOMAC function score, and Lequesne index score at 12 and 24 mo
after MFAT administration and surgery suggested the potential of MFAT combined with arthroscopy compared to
arthroscopy alone control group to improve function and quality of life (P < 0.05). There were no significant between-
group differences in the WORMS at 24 mo (P = 0.367). No serious adverse events occurred in the two groups.

Research conclusions

In summary, our study demonstrates that MFAT injection combined with arthroscopic surgery is a safe and effective
approach for improving function and alleviating pain in patients with KOA. Based on these results, MFAT injection
combined with arthroscopic surgery may be considered a potential therapeutic option for KOA.

Research perspectives
We demonstrated that MFAT injection combined with arthroscopic surgery had better clinical efficacy than control group
for treating KOA at a mid-term follow-up and could be a potential therapeutic approach for patients with KOA.
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