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Micro-fragmented Adipose Tissue Transplantation 
(MATT) for the treatment of acetabular delamination.  
A two years follow up comparison study with microfractures
Alessandro Ivone1, Alberto Fioruzzi1, Eugenio Jannelli1, Alberto Castelli1, Matteo Ghiara1, 
Enrico Ferranti Calderoni1, Andrea Fontana2

1 SC Ortopedia e Traumatologia, IRCCS Policlinico San Matteo, Pavia, Italy; 2 Ortopedia 1, COF Lanzo Hospital, Lanzo 
d’Intelvi (Co), Italy

Summary. Background: Delamination of acetabular articular cartilage is a common progressive abnormality in 
hips with femoroacetabular impingement. The aim of this study is to compare the effectiveness of two differ-
ent procedures for the arthroscopic treatment of acetabular delamination: microfractures (MFx) and micro-
fragmented autologous adipose tissue transplantation (MATT) technique. Methods: We carried out a con-
trolled retrospective study of 35 patients affected by an acetabular cartilage delamination in femoroacetabular 
impingement (FAI). In all the selected cases the size of the defect ranged from 1 to 2 cm2, with a mean size 
of 1.9 cm² in MFx group and 1.6 cm² in MATT group (p=0.1). Of these, 18 patients were treated with MFx 
while 17 patients were treated with MATT. The two groups were similar in terms of clinical, functional and 
radiological aspects. All the patients were assessed before and after the procedure, for pain and function, with 
the modified Harris Hip Score (mHHS). The mean preoperative mHHS was 50±5 for MFx group and 53±6 
for MATT group (p = 0.245). All the patients were followed-up for two years. Results: The final mHHS was 
76±12 in MFx group and 97.1±3 in MATT group (p<0.001). In both groups neither a conversion to total hip 
arthroplasty nor a revision hip arthroscopy was observed. Conclusions: The results of this study provide proof 
that MATT technique improves clinical outcomes with a mHH scoring significantly higher than MFx group. 
(www.actabiomedica.it)
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O r i g i n a l  a r t i c l e

Introduction

Treatment of hip cartilage disease is challenging 
and there is no clear algorithm to address this entity. 
With the growth of surgical skills in hip arthroscopy, 
cartilage restoration techniques are evolving in a fast 
and exponential manner (1). Biological and surgical 
treatments have been proposed to treat these patholo-
gies. Biological treatments include platelet-rich plas-
ma, stem cells or bone marrow aspirate concentration, 
hyaluronic acid and others (2-6). Surgical treatments 
include debridement, microfracture, autologous chon-

drocyte implantation, matrix-induced chondrocyte 
implantation, autologous matrix-induced chondro-
genesis, mosaicplasty, osteochondral allograft trans-
plantation and stem cells, injected or implanted in a 
matrix (stem cells in membranes/expanded stem cells) 
(7-20).

Cell-based therapies using either chondrocytes or 
mesenchymal stem cells (MSCs) represent an appeal-
ing alternative strategy. Different protocols of intra-
articular MSCs injection have been studied to treat 
chondral injuries in large animals such as sheep, pigs 
and horses. According to these interesting preclinical 
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results, support for MSCs-based therapies in clinical 
practice have been provided (21).

Recently some Authors reported on intra-articu-
lar injection of MSCs into the knee for the treatment 
of focal defect or more generalized cartilage loss in 
osteoarthritis, showing interesting results regard pain 
and clinical outcome (22).

The aim of this retrospective study is to compare 
two kind of treatment for acetabular delamination asso-
ciated to Femoro-Acetabular Impingement (FAI): mi-
crofractures (MFx) and micro-fragmented autologous 
adipose tissue transplantation (MATT) technique.

The treatment differs in that the MFx technique 
involves making multiple holes (microfractures) into 
the subchondral plate at the site of the chondral defect, 
allowing bone marrow derived pluripotent cells to fill 
the damaged area. The MATT procedure contrarily, 
after harvesting the subcutaneous adipose tissue from 
the perithrocanteric area of the operated hip, incorpo-
rates MSC into bioactive units that are injected into 
the joint to cover the chondral defect, in a single ar-
throscopic surgical step.

Materials and methods

From 2007 to 2015 we carried out 249 hip ar-
throscopies in patients where an acetabular delamina-
tion was associated with FAI. Chondral defects have 
been treated with MFx (in 58 cases) or MATT (in 91 
cases).

The institutional review board of the involved 
hospital decided that no ethical approval was neces-
sary as it was thought that for this retrospective study 
the informed consent of the patient was sufficient. This 
research has been ethically conducted according to the 
World Medical Association Declaration of Helsinki.

In order to select two homogeneous groups, to 
compare outcomes obtained using the two different 
techniques, we applied stringent inclusion and exclu-
sion criteria.

The inclusion criteria were: patients with sympto-
matic FAI; acetabular delamination; lesion size from 1 
to 2 cm2; less than grade 1 in degenerative radiological 
changes (Tonnis scale); patients’ age between 18 and 
60 years; a minimum follow up of two years.

The exclusion criteria were: osteoarthritis (OA) 
secondary to hip developmental diseases (develop-
mental hip dysplasia, Perthes disease, slipped capital 
femoral epiphysis); autoimmune disease; avascular ne-
crosis (AVN); coxa profunda; protrusio acetabuli; any 
other associated complementary surgical treatment as 
collagen membranes implantation or fibrin glue and 
bone marrow stem cells injection.

In determining criteria used to select the patients 
our objective was to obtain two homogeneous groups 
in terms of age, clinical aspects and degree, area and 
localization of chondral lesion.

Patients who strictly met inclusion and exclusion 
criteria were 35, reviewed retrospectively and divided 
in two groups (Table 1): 

-  A) 18 patients treated with arthroscopic MFx 
(12 male, 6 female) with a mean age at surgery 
of 36±13 years (range 19-59) and a mean le-
sion size of 1.9±0.3 cm² (range 1-2 cm²); in this 
group the FAI classified as Cam in 13 cases, 
Pincer in four cases and combined in one case.

-  B) 17 patients were treated with arthroscopic 
MATT (9 male, 8 female) with a mean age at 
surgery of 35±9 years (range 22-54) and a mean 
lesion size of 1.6±0.5 cm² (range 1-2 cm²); in 
this group the FAI classified as Cam in 12 cases, 
Pincer in two cases and combined in three cases.

All patients took standard antero-posterior (AP) 
X-ray of the pelvis, AP view and cross-table view of the 
affected hip preoperatively; an MRI (Magnetic Reso-
nance Imaging) and e CT (Cumputed Tomography)-
scan with a 3D reconstruction of the affected hip was 
performed to diagnose the labral injury, chondral de-

Table 1. Characteristics of patients enrolled

MFx MATT 

n° 18 
(6 F/12M) 

17 
(8 F/9 M) 

Mean age 36±13 
(range 19-59) 

35±9 
(range 22-54) 

Acetabular chondral 
lesion (cm²) 

1.9 ± 0.3 
 (range 1-2) 

1.6 ± 0.5 
(range 1-2) 

FAI 
13 Cam 
4 Pincer 
1 combined 

12 Cam 
2 Pincer 
3 combined 
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fects, bone deformities and other intra and extra ar-
ticular pathologies.

The modified Harris Hip Score (mHHS) was 
administered to all patients before surgery (T0) and 
postoperatively at six months (T1), one year (T2) and 
at final two years follow-up (T3).

Surgical technique

All hip arthroscopies were performed by the same 
operator (AF). The patient was positioned in lateral 
decubitus, under combined anesthesia (spinal anesthe-
sia and deep sedation). The affected hip was prepared 
and draped in the usual sterile fashion, and traction 
was applied to open the joint space. A first supra-thro-
canteric and a second anterior-supra-para-throcanter-
ic portal were used. The first portal was performed un-
der image amplifier guidance, while the second under 
direct arthroscopic visualization. A 70° arthroscope 
was used. To treat FAI deformities was performed an 
arthroscopic femoral head and/or acetabular rim resec-
tion, and any detached labrum was reattached to the 
acetabular rim with suture anchors while any fibrillar 
deterioration of the labrum was treated with radiof-
requencies. Acetabular delamination was detected and 
localized by using an arthroscopic probe. The wave or 
carpet sign was defined as the major arthroscopic evi-
dence of the delaminated area. Any detachment of the 
chondral fibrous mantel from the subchondral bone 
was assessed. In cases where the subchondral bone was 
exposed, the chondral defect was classified as a flap le-
sion and not as a delamination. The delaminated area 
was topographically localized according to the map-
ping system illustrated in Fig. 1.

MFxs were arthroscopically performed using a 
30° or 60° degree angled awl, carefully inserted in be-
tween the subchondral bone and the fibrous chondral 
layer. The subchondral surface was therefore trauma-
tized or scratched by hammering the awl, in order to 
allow the bleeding. Maximum care was taken not to 
interrupt the delaminated layer (Fig. 2).

The MATT procedure was as well performed as 
a single arthroscopic surgical step. About 40 ml of 
subcutaneous adipose tissue was harvested from the 
perithrocanteric area of the operated hip by manual 
liposuction. Mild mechanical forces were applied us-

ing a completely closed system (Lipogems®), avoiding 
enzymes, additives, and other manipulations. The har-
vested tissue was therefore manually microfragmented 
in order to remove blood and oil residuals and washed 
with saline solution. The product obtained (the trans-
plant), of about 7 ml, incorporates MSC into bioac-
tive units (23). One needle was inserted in between 
the subchondral bone and the fibrous chondral layer 
and the transplant injected directly in the delaminated 
area, after removing the arthroscopic fluids from the 
joint (Fig. 3).

Figure 1. Acetabular topographic localization mapping system

Figure 2. Intra-operative image of MFx. Subchondral bone was 
perforated by hammering the awl to allow bleeding
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Postoperative and Rehabilitation Protocol 

Postoperatively the patients in both groups fol-
lowed the same rehabilitation program.

Isotonic and isometric quadriceps and gluteus 
contractions started the first postoperative day as well 
as continuous passive motion, from 0°-40° to 0°-90° 
of flexion with a daily increase of 10°. Walking was 
allowed with the aid of two crutches with partial 
weight-bearing (30% of body weight) on the oper-
ated leg for three weeks. From post-operative day two, 
patients started gym bike up to speed “0” 15 minutes 
three times a day, and active exercises to regain the full 
range of motion. Swimming freestyle or on the back 
was allowed after two weeks. At four weeks post-op, 
walking with the aid of one crutch opposite to the 
treated leg was allowed for seven days, then normal 
walking thereafter. 

Resumption of normal work activities became 
possible 2/4 weeks after surgery. Impact sport activi-
ties could resume at three months post-op and com-
plete return to sport activities was allowed six months 
after surgery.

Statistical analysis

The data from this study was analyzed through 
the use of the SPSS statistics software program (SPSS 

Inc. Chicago, USA). A t test was used for normally 
distributed, continuous variables. The Mann-Whitney 
U test was applied for continuous variables, which 
were not normally distributed. 

A p value <0.05 was considered statistically sig-
nificant. Descriptive statistics are presented as mean 
(±SD).

Results

The median preoperative (T0) mHHS was 50±5 
for MFx group and 53±6 for MATT group. Both in-
creased at six months (T1) to 79±7 for MFx and 90±13 
for MATT, and at one year (T2) to 79.4±11 for MFx 
and 96.8±3 for MATT. 

At follow-up of two years (T3) we observed a 
progressive reduction of functionality in MFx group 
with a mHHS of 76±12 while in the MATT group 
mHHS score increased to 97.1±3.

In both groups neither a conversion to total hip 
arthroplasty nor a revision hip arthroscopy was ob-
served. No major complications or infections were re-
ported in both groups.

Differences in outcomes between the two groups 
were significant at T1 (p=.003), T2 and T3 (p<0.001) 
while there are no statistically significant differences at 
T0 (p=.245) (Table 2; Fig. 4)

Figure 3. Intra-operative image of MATT. Lipogems® injected 
directly in the delaminated area by a needle after water suction

Table 2. Results 

mHHS MFx MATT p 

T0 50±5 53±6 .245 

T1 79±7 90±13 .003 

T2 79.4±11 96.8±3 <0.001 

T3 76±12 97.1±3 <0.001 

A p-value <0.05 was considered statistically significant.
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Discussion

This is the first study to compare clinical out-
comes of using MFx and MATT in treatment of FAI-
induced early acetabular chondral lesion (24). 

We know that when compromised cartilage is 
associated with FAI, treatment which targets both 
pathological processes gives a better outcome (25), but 
anyway very few data are present in literature about 
chondral lesions of the hip and their treatment, and 
even less showing differences between two or more 
kinds of treatment (8). 

Several arthroscopic techniques have been used 
to treat hip chondral lesions, as an example the use 
of stem cells has been reported in preclinical studies 
(26), but only few studies report valuable outcomes (7). 
Therefore comprehensive evidence-based guidelines 
for the treatment of chondral lesions of the hip remain 
to be defined (27-29). 

MFx is still the treatment of choice for small 
chondral defects of the acetabulum and femoral head 
(30). Satisfactory clinical results after MFx for lesions 
in the hip, including those in athletes, have been re-
cently reported (31). Although MFx has been shown 
to be effective in management of lesion measuring less 

than 2 cm² in the knee, deterioration in the function 
of the knee in 47% and 80% of patients after a mean 
of two years has been reported in an evidence-based 
systematic analysis assessing a total of 3122 patients (7 
to 1200) (32). In the hip also the worst results were re-
corded in cases with chondral defect equal to or greater 
than 3 cm² (8, 33). 

These are the reasons why we strictly respected 
the inclusion criteria illustrated, enrolling exclusively 
patients with chondral defect equal to or inferior than 
2 cm², with no statistically significant differences in le-
sion size in the two treated groups (p=0.1).

In our study MATT appears to give more satis-
factory results. This technique exploits the regenerative 
potential of mesenchymal progenitor cells deriving 
from adipose tissue. In addition the microfragmenta-
tion of adipose tissue provides bio-active units able to 
supply the regenerating with a proper microenviron-
ment which support cells adhesion, growth and dif-
ferentiation (23).

Our results demonstrate a better outcome of 
MATT technique compared with microfractures at a 
short-median follow up. This demonstrates as well an 
intrinsic lack of biological effectiveness in the micro-
fractures technique, that must be carefully considered 

Figure 4. Evolution of clinical and functional scoring (mHHS) in two treatment groups (MFx Vs MATT)
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in our treatment options, especially in athletes or very 
young and active patients. 

Our results are exclusively based on clinical data 
and this must be considered as a limitation. Postopera-
tive MRI evaluation of the chondral defects could have 
been helpful in clarifying results, as well as a histologi-
cal evaluation. 

In our opinion this study also has two major 
limitations: firstly it was a retrospective observational 
not randomized study, secondly our clinical outcomes 
were evaluated using only one validated score system 
(mHHS).

Conclusion
 
The results of this study provide proof that MATT 

therapy improve clinical outcomes. The MATT group 
showed durable improvement at follow up of two years, 
with a scoring significantly better than MFx group, in 
which was observed a sensible reduction of the clinical 
scoring also.

However further studies involving even more 
patients with larger follow-up and others clinical and 
functional scores may be necessary. 

The work was done at COF Lanzo Hospital, Ortopedia 1, Lanzo 
d’Intelvi (Co) 22024, Italy
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