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Abstract
Purpose The objective of this study was to evaluate the safety and the efficacy of intra-articular injections of autologous 
micro-fragmented adipose tissue in patients affected by early or moderate ankle osteoarthritis (AOA).
Methods A total of 31 symptomatic patients, aged 28–71 years, affected by AOA, were treated with 5 ml of autologous 
micro-fragmented adipose tissue. Clinical evaluations before the treatment and after six, 12, and 24 months were performed 
through American Orthopaedic Foot and Ankle Society (AOFAS) scale, the Foot and Ankle Disability Index (FADI), and 
Visual Analogue Scale (VAS) scores. Adverse events were recorded.
Results No severe complications were noted during the treatment and the follow-up period. A statistically significant 
improvement from basal evaluation to the six, 12-, and 24-month follow-up visit was observed, whereas a statistically sig-
nificant worsening from the 12-month to the 24-month follow-up visit was showed.
Conclusion The autologous micro-fragmented adipose tissue for the treatment of pain in ankle osteoarthritis seems safe and 
able to provide positive clinical outcomes, potentially offering a new minimally invasive therapeutic option for patients who 
are not eligible for more invasive approaches. Further high-quality studies are needed to confirm these findings.

Keywords Ankle osteoarthritis · Autologous micro-fragmented adipose tissue · Prospective study · Adipose-derived 
mesenchymal stem cells

Introduction

Ankle osteoarthritis (AOA) is rarely idiopathic. Numerous 
clinical and epidemiological studies have pointed out that 
previous trauma represent the most common cause of oste-
oarthritis [1]. Malleolar fractures, ankle sprains in sports, 
congenital or acquired deformity, rheumatic diseases, car-
tilage, and osteochondral lesion are identified as main risk 
factors for AOA development. Therefore, patients affected 
by AOA are generally younger with high functional request 

[2–6]. AOA is heavily debilitating, and guidelines of treat-
ment are not currently available. Non-operative treatments 
consist of anti-inflammatory drugs, physical therapy, and 
intra-articular injections (steroid, viscosupplementation, or 
platelet-rich plasma) [7]. However, the published data are 
limited and confined for early AOA [8]. Recently, a great 
interest about biological procedures in early degenerative 
disease has aroused. Intra-articular injection of adipose-
derived mesenchymal stem cells (ADMSCs) represents an 
innovative approach to treat patients with knee OA. ADM-
SCs are traditionally obtained after enzymatic digestion 
and prolonged expansion in vitro [9]. However, their use 
is strictly regulated by complicated legislation. Therefore, 
in the last years, several strategies have been developed for 
ADMSCs use, resulting in the currently crucial concept of 
“minimal manipulation” [10]. The majority of these strate-
gies are based on the principle that ADMSCs are contained 
in the micro-fragmented adipose tissue and do not need to 
be isolated to be activated. The micro-fragmented adipose 
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tissue could be obtained by mechanical disaggregation of 
lipoaspirate and represents the ideal environment for cell 
preservation and activation [11–15]. Intra-articular injection 
of micro-fragmented adipose tissue represents an innova-
tive approach to treat patients with knee OA. Indeed, the 
short-term clinical evaluation on knee osteoarthritis appears 
very promising [16–18]. On the other hand, to the best of 
our knowledge, only one report retrospectively analyzed the 
effect of arthroscopic debridement and autologous micro-
nized adipose tissue injection in the treatment of advanced 
stage AOA [19]. The purpose of the present study was to 
prospectively assess the safety, clinical effectiveness, and 
feasibility of intra-articular injections of micro-fragmented 
adipose tissue in unilateral post-traumatic AOA in order to 
assess the improvement of symptoms and delay the necessity 
for invasive surgical procedures.

Materials and methods

This prospective open-label, single-centre, uncontrolled, 
pilot study was conducted with the highest respect for indi-
vidual participants. The procedures followed were in accord-
ance with the ethical standards of the responsible commit-
tee on human experimentation (institutional and national) 
and with the revision of the Declaration of Helsinki, 2014. 
Before the beginning of any study-related activities, each 
study participant signed informed consent. The present 
study was approved by the Ethics Committee of Verona and 
Rovigo, Italy (protocol n. 61,386–19/09/2018).

Inclusion and exclusion criteria were summarized in 
Table 1. Standard weight-bearing anteroposterior and lateral 
views of the foot and mortise view of the ankle were per-
formed to determine the grade of osteoarthritis by Kellgren-
Lawrence (KL) classification (grade 1, doubtful narrowing 
of joint space and possible osteophytic lipping; grade 2, defi-
nite osteophytes and possible narrowing of joint space; grade 
3, moderate multiple osteophytes, definite narrowing of joint 
space; and grade 4, large osteophytes, marked narrowing of 
joint space, severe sclerosis, and definite deformity of bone 
contour). Patients were evaluated before the treatment and 

prospectively after six, 12, and 24 months from the injection. 
American Orthopaedic Foot and Ankle Society (AOFAS) 
scale score, the Foot and Ankle Disability Index (FADI) 
score, and Visual Analogue Scale (VAS) scores were used 
for clinical evaluations. Adverse events were also recorded. 
Baseline characteristics (age, sex, weight, height, employ-
ment status as light workers or heavy labourers, side of 
involvement, and disease duration) were recorded before 
the first injection.

Harvesting the adipose tissue

The patient was placed supine. After local anaesthesia, a 
small incision was made to insert a 17G blunt cannula (con-
nected to a luer-lock 60-cc syringe), and Klein sterile solu-
tion (containing saline, lignocaine, and epinephrine) injected 
into the subcutaneous fat. Approximately, 150–200 ml of 
this solution was injected in 50-ml aliquots into the lower 
abdominal area. Adipose tissue (approximately 50 ml) was 
then harvested manually via a 13G blunt cannula connected 
to the syringe. The area of fat harvest was tailored to the 
body habitus of each patient (normally lower abdomen or 
flank areas).

Processing the lipoaspirate and injecting 
the micro‑fragmented adipose tissue

The lipoaspirate was processed using the Lipogems® system 
[20] following manufacturers’ instruction. This is a dispos-
able and single-use device constituted by a transparent plas-
tic cylindrical container with stainless steel ball. The device 
is prefilled with saline. The lipoaspirate is introduced in a 
closed and aseptic manner. Through mechanical agitation 
of the container, the balls mechanically fragment the fat. 
The chamber is then flushed with saline to wash out impuri-
ties. The resulting product is then filtered through a 500-μm 
micron filter to obtain the micro-fragmented adipose tissue.

The skin was sterilely dressed, and the infiltration 
was performed through an anteromedial approach with a 
22-gauge needle under ultrasound guidance (15–6 MHz 

Table 1  Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

Age > 18 years old Systemic cardiovascular and coagulation disorders or anticoagulant 
therapy

Degenerative joint changes (KL 1–3) Degenerative joint changes (KL 4)
Failure of previous conservative treatment (anti-inflammatory, physical 

therapy, intra-articular steroid, viscosupplementation, and platelet-rich 
plasma)

Intra-articular steroid or viscosupplementation injections performed 
within the last 3 months

History of chronic (≥ 4 months) pain or ankle swelling with limitation of 
daily activities

Rheumatic diseases and septic ankle arthritis

Completed follow-up Cutaneous infection in abdomen and/or ankle
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linear transducer). All patients received 5 cc of micro-frag-
mented adipose tissue and a series of instructions after every 
injection. In case of ankle pain during the treatment, they 
were recommended to use cold therapy and to rest for at least 
24 hours. Otherwise, mild activities and a gradual resump-
tion of normal sport or recreational activities were allowed 
as tolerated. An abdominal binder was then applied to the 
adipose tissue harvest site for two weeks.

The Student’s t test was performed for AOFAS, FADI 
scores, and VAS to compare pre-operative and post-opera-
tive values. Data are expressed as a mean, standard devia-
tion (SD), and 95% confidence interval (CI), and p < 0.05 
was considered significant for one-tailed tests. The statisti-
cal software SPSS (version 17.0) was used for biometric 
analysis.

Results

From September 2018 to January 2019, 45 patients were 
assessed for eligibility. The study sample consisted of 31 
patients. Patient’s characteristics were summarized in 
Table 2.

The Student’s t test was performed for AOFAS, FADI and 
EQ VAS scores to find statistically significant differences 
(p < 0.05 for one-tailed tests) comparing pretreatment with 
after six months, pretreatment with after 12 months, pre-
treatment with after 24 months, six months with 12 months 
results, six months with 24 months results, and 12 months 
with 24 months results.

The results showed that the micro-fragmented adipose 
tissue was statistically effective (Table 3 and Fig. 1). In fact, 
for AOFAS values, the results were significant at p < 0.0005 
after six months (t = 6.83, n = 31), after 12 months (t = 7.12, 
n = 31), and after 24 months (t = 2.35, n = 31) (Table 3 and 
Fig. 1).

Moreover, the same statistically significance was found 
for FADI scores after six months (t = 4.85, n = 31), after 
12 months (t = 6.03, n = 31), and after 24 months (t = 3.39 
n = 31) using the same test.

Furthermore, for EQ VAS values, the related t test on the 
data, after six months (t = 13.90, n = 31), after 12 months 
(t = 18.19 n = 31), and after 24 months (t = 9.09, n = 31), 
showed significant results at p < 0.005 (Table 3).

A significant worsening between follow-up at 12 and 
24 months was also assessed using the related t test. In 
fact, for AOFAS (t = 4.86, n = 31), FADI (t = 3.45, n = 31), 
and EQ VAS scores (t = 4.58, n = 31) obtained at 12 and 
24 months, the results were significant at p < 0.005 (Table 3).

No severe complications related to the infiltrations were 
observed during the treatment and the follow-up period. 
Only minor side effects were detected in five patients (16%), 
such as transitory intra-articular burning sensation immedi-
ately after the injection or mild articular pain for a few days.

Discussion

The present study originally evaluated the safety and efficacy 
of autologous micro-fragmented adipose tissue in the man-
agement of symptoms of AOA. To the best of our knowl-
edge, we found only one recent report that evaluates the effi-
cacy of intra-articular injection of micro-fragmented adipose 
tissue in the treatment of the painful ankle. However, the 
authors considered only late stage of AOA and the micro-
fragmented adipose tissue injections were included with an 
ankle arthroscopy and debridement. Therefore, any clinical 
results are unable to be attributable solely to the injection 
[19]. Although it could be argued that what is needed is an 
appropriate randomized clinical trial to assess the clinical 
effectiveness of micro-fragmented adipose tissue in AOA 
treatment, the presented pilot step is essential.

Table 2  Patient’s characteristics

Data are mean (standard deviation, SD); F, female; M, male; L, left; R, right

Characteristics Ankle OA (N = 31) Range

Age (years) 51.04 (15.49) 28–71
Sex (F/M) 12/19
Weight (kg) 67.4 (9.6) 48–87
Height (cm) 168.8 (5.8) 158–188
Employment status (light worker/heavy labor) 18/13
Etiology of OA (idiopathic/traumatic) 4/27
Radiographic stage (Kellgren-Lawrence)

  Grade I 3
  Grade II 15
  Grade III 13

Disease duration, years (SD) 6.4 (2.3) 4–9
Side of ankle OA (L/R) 14/17
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The most important finding of the present research is 
that autologous micro-fragmented adipose tissue is a safe 
and effective treatment of pain and ankle function in AOA. 
Regarding our primary aim, we observed no severe com-
plications related to the injections during the treatment 
and follow-up period, but only minor side effects were also 
common to other infiltration therapies [21].

Moreover, we found a positive effect on ankle function 
at short and medium follow-up, adding promising results to 
the available evidence about the use of micro-fragmented 
adipose tissue on clinical symptoms of osteoarthritis.

Indeed, both in vitro and in vivo studies reported that 
the micro-fragmented adipose tissue contains stromal and 
stem cells characterized by anti-inflammatory and regen-
erative properties through a plethora of bioactive elements 
as growth factors and cytokines [22].

It is relevant to highlight that all the patients included 
in the study had just been treated with other conserva-
tive therapies as physical therapy, medications, PRP, and 
HA infiltration without significant benefits. Therefore, 
autologous micro-fragmented adipose tissue may represent 

Table 3  Global AOFAS, 
FADI, and EQ VAS scores 
at basal (PRE), 6-month (6 
MO), 12-month (12 MO), and 
24-month (24 MO) evaluations 
after treatment

Statistically significant differences (p < 0.05 for one-tailed tests) from basal evaluation to the follow-up vis-
its were assessed using the Student’s t test

Variable Follow-up Values t value p

AOFAS PRE 56.4 (17.52) PRE versus 6 MO 6.83  < 0.005
6 MO 80.97 (9.01) PRE versus 12 MO 7.12  < 0.005
12 MO 84.17 (12.23) PRE versus 24 MO 2.35  < 0.005
24 MO 66.5 (15.71) 6 MO versus 12 MO 1.15 0.25

12 MO versus 24 MO 4.86  < 0.005
FADI PRE 59.47 (16.99) PRE versus 6 MO 4.85  < 0.005

6 MO 75.05 (8.78) PRE versus 12 MO 6.03  < 0.005
12 MO 82.0 (11.39) PRE versus 24 MO 3.39  < 0.005
24 MO 71.83 (10.88) 6 MO versus 12 MO 2.13 0.04

12 MO versus 24MO 3.45 0.001
VAS PRE 7.03 (0.95) PRE versus 6 MO 13.90  < 0.005

6 MO 3.61 (0.92) PRE versus 12 MO 18.19  < 0.005
12 MO 3.26 (0.63) PRE versus 24 MO 9.09  < 0.005
24 MO 4.35 (1.25) 6 MO versus 12 MO 1.96 0.06

12 MO versus 24MO 4.58  < 0.005

Fig. 1  Health status evaluated 
with AOFAS and FADI scores 
(0 to 100). Using the Student’s 
t test and considering p < 0.05 
significant for a one-tailed test, 
statistically significant improve-
ments from basal evaluation 
to the six, 12- and 24-month 
follow-up visits were observed, 
whereas a significant worsening 
from the 12- to 24-month fol-
low-up visits was noted. Black 
line, median; cross, mean; box 
limit, quartiles; extreme values, 
minimum–maximum; PRE, 
pretreatment; MO, months; 
AOFAS American Orthopaedic 
Foot and Ankle Society score; 
FADI, Foot and Ankle Disabil-
ity Index score
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another option to treat AOA in order to postpone invasive 
procedures especially in younger patients.

From our results, it is noted that the duration of treat-
ment effectiveness lasts six months or up to one year with 
gradual worsening over a longer time similarly to vis-
cosupplementation treatment [21]. Indeed, we began to 
observe a decrease of clinical improvement by 12 months, 
which may represent the start of a diminishing benefit 
from the treatment. It is unclear whether these patients’ 
symptoms would continue to worsen to pre-injection levels 
or remain at this improved, but less than maximal, level. 
However, the improvement of symptoms even for just 
12 months must be considered a success.

The present study has several limitations. One is the 
absence of a control group. However, we aimed to report a 
first pilot study. The results were not analyzed on the basis 
of age, severity of OA, pre-injection functional levels, or 
body mass index (BMI) because the numbers of patients 
studied were relatively small. The post-injection period 
was also not controlled for subject activity level or assis-
tive devices usage. These variables might establish which 
patients would benefit most from this treatment and might 
help the physician to determine the best overall treatment 
plan for these patients.

In conclusion, the intra-articular injection of micro-
fragmented adipose tissue represents a safe and effective 
treatment for AOA symptoms, offering a low-demanding 
and minimally invasive therapeutic option for patients who 
are not eligible for more invasive approaches as arthrode-
sis or arthroplasty. Further high-quality studies are needed 
to confirm these findings.
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