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Abstract: Osteoarthritis (OA) is the most common complex musculoskeletal disorder, resulting from
the degeneration of the articular cartilage and characterized by joint pain and dysfunction that
culminate in progressive articular cartilage loss. We present our experience in the management of
hip and knee OA by means of the intra-articular injection of fat micrograft, describing our approach,
which was developed from the belief in the powerful reparative effect of autologous fat graft on
damaged tissue, as well as its natural lubricating effect on the joints. Inclusion criteria were as follows:
men and women, aged 20 to 80 years, that referred articular pain of the hips and/or knees, showing
initial-stage degenerative OA. From October 2018 to July 2023, a total of 250 patients underwent
treatment with the Sefficare® device (SEFFILINE srl, Bologna, Italy). The Superficial Enhanced Fluid
Fat Injection device was used to perform autologous regenerative treatments in a safe, standardized,
easy, and effective way on 160 women, 64%, and 90 men, 36%. A total of 190 procedures (76%)
involved the knees, with 20 patients who were bilaterally treated, while 60 procedures, all unilateral,
involved the hips (24%). The mean age at treatment was 52.4 years. Before treatment, each patient
had undergone X-rays and Magnetic Resonance Imaging (MRI) of the painful hip/knee to evaluate
and grade the articular OA. Postoperatively, each patient was assessed after one, three, six, and
twelve months. The donor site postoperative course was uneventful other than minimal discomfort.
Clinically, the ROM (range of motion) of the treated knee/hip increased an average of 10 degrees
3 months after treatment, but the stiffness was reduced, as reported by the patients. The VAS (Visual
Analog Scale) was submitted at 3, 6, and 12 months, demonstrating a progressive reduction of
pain, with the best score obtained at six months postoperatively. In total, 85% of patients were
satisfied one year after treatment, with a considerable improvement in pain and quality of life. The
satisfactory outcome of this minimally invasive procedure indicates that the intra-articular injection
of fat micrograft can replace or considerably delay the need for the classical major joint replacement
surgery, thanks to its impact on the quality of life of patients and financial cost.

Keywords: osteoarthritis (OA); autologous micro-fragmented adipose tissue; intra-articular injection;
stromal vascular fraction (SVF); pain reduction; regenerative medicine

1. Introduction

Osteoarthritis (OA) is the most common complex musculoskeletal disorder, resulting
from the degeneration of the articular cartilage and characterized by joint pain and dys-
function that culminate in progressive articular cartilage loss [1]. OA mainly involves the
weight-bearing joints (i.e., knees and hips) due to chronic high stress. Risk factors for OA
include age, heredity, lifestyle factors, obesity, and local conditions (such as biomechanical
consequences of joint injury, joint laxity, or malalignment). Its occurrence is expected
to increase exponentially as the world population ages and obesity increases [2]. The
usual patient presentation is joint pain, swelling, morning joint stiffness, progressively
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restricted movements, and major disability, generally with a deterioration in quality of
life [3]. Goals for conservatively treating OA are largely palliative and include approaches
to relieve pain, to reduce the decline progression, to improve joint biomechanics, to increase
muscle strength and conditioning, to delay total arthroplasty, and to preserve functional
independence, mobility, and quality of life. Current treatments include physical therapy,
weight loss, lifestyle changes, pharmacologic therapies, steroid injections, intra-articular
hyaluronic acid injections, and, finally, surgery [4]. None of these treatments reverses or
repairs the degenerative nature of the disease [5]. With this focus, stem cell therapies are
rapidly emerging as a potential strategy for tissue repair and regeneration in many fields of
medicine. In orthopedics, cartilage repair has played a pioneering role in the translational
application of cell therapy, and stem cells have already been used in orthopedic applications
in the treatment of avascular bone necrosis, osteochondral defects, pseudoarthrosis, and
traumatic cartilage defects [6]. In 2001, Zuk et al. described the human adipose tissue as
a source of multipotent mesenchymal stromal cells (MSCs) like those found in the bone
marrow [7-9]. The regenerative effect is due to the presence of adipose-derived stem cells
(ADSCs), cytokines, growth factors, pre-adipocytes, and mature adipocytes, that led to a
growing interest in the use of fat graft as a regenerative treatment. In particular, ADSCs
show the capacity to differentiate into multiple cell types, including adipocytes, chon-
drocytes, myocytes, hepatocytes, and endothelial cells, and display the ability to secrete
bioactive molecules which stimulate angiogenesis and have antifibrotic, antiapoptotic, and
immunomodulatory properties [10-13].

In this paper, we present our experience in the management of hip and knee OA by
means of an intra-articular injection of fat micrograft, describing our approach, which
was developed from the belief in the powerful reparative effect of autologous fat graft on
damaged tissue, as well as its natural lubricating effect on the joints.

2. Materials and Methods

This observational retrospective study was conducted under the Declaration of Helsinki
guidelines. As the study was carried out in the senior authors’ private practices, interna-
tional review board approval was not required. Before any treatment was performed, all pa-
tients received detailed information regarding the procedure and provided written consent.

Inclusion criteria were as follows: men and women, aged 20 to 80 years, that referred
articular pain of the hips and/or knees, showing initial-stage degenerative OA. OA was
radiographically graded according to the Tonnis classification [14] for the hip and the
Kellgren-Lawrance (KL) classification [15] for the knee.

The Tonnis grading scale consists of four progressive degrees of degenerative changes
to the hip, from grade 0 (absence of arthrosis) to the most severe grade 3 (large cysts, severe
narrowing of the joint space, severe femoral head deformity, and avascular necrosis) [16]
(Table 1).

Table 1. Tonnis grading scale of hip osteoarthritis.

Grade Radiographic Features
0 - no signs of osteoarthritis
1 - slight narrowing of joint space

- slight lipping at joint margin

- slight sclerosis of the femoral head or acetabulum
2 - small cysts in the femoral head or acetabulum

- increasing narrowing of joint space

- moderate loss of sphericity of the femoral head
3 - large cysts

- severe narrowing of joint space

- severe deformity of the femoral head

- avascular necrosis
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The KL classification is typically applied specifically within the context of knee OA
and is correlated with an increasing severity of OA, with Grade 0 signifying the absence of
OA and Grade 4 signifying severe-stage OA [17] (Table 2).

Table 2. Kellgren-Lawrance (KL) classification.

Grade Radiologic Findings
0 no radiological findings of osteoarthritis
I doubtful narrowing of joint space and possible osteophytic lipping
II definite osteophytes and possible narrowing of joint space

moderate multiple osteophytes, definite narrowing of joint space, small
pseudocystic area with sclerotic walls and possible deformity of bone contour
large osteophytes, marked narrowing of the joint space, severe sclerosis and
definite deformity of bone contour

III

v

Patients with an OA of grade 1-2 according to the Ténnis grading scale and grade
I-1IT according to the KL classification were included (as well as one patient with grade IV).
All patients had previously undergone conservative treatment, such as anti-inflammatory
systemic medicines and/or physical therapy and/or injections (corticosteroids or viscosup-
plements), without receiving a real benefit on pain.

Exclusion criteria were any patient parameters falling outside of the inclusion criteria
parameters and any current oral or parenteral steroid or blood thinner use; patients with
deformities, infections, necrosis, and tumors were excluded; and patients with stiffness
more then 50% of the articular range of motion were excluded.

Before treatment, each patient had undergone radiologic evaluation with anteroposte-
rior and lateral X-rays of the hip or knee and Magnetic Resonance Imaging (MRI) of the
painful hip/knee to evaluate and grade the articular OA that was classified for each patient
using the classifications reported above.

Then, we divided the population into a Knee Group (KG) and a Hip Group (HG). For
the follow-up, 3 months were consider the minimum time to see results, and then clinical
control was performed after 6 and 12 months.

For the analysis of the measurements, it must be taken into account that we treated mild
or moderate pathologies conservatively, and so we did not expect differences in mobility as in
cases of total replacement for severe stiffness, but small increases in movement. For this reason,
we decided to measure the improvement in range of motion as an overall increase greater
than 10° (considering abduction + adduction + flexion-extension + rotations). The patient’s
orthopedic status was clinically evaluated by the main investigator, prior to injection and
postoperatively at 3 months. Joint pain and mobility were clinically assessed by measuring
the difference in range of motion (ROM) more than 10°, measuring the stiffness during
the visit according to stimulated pain or not, and then evaluating the patient’s ability to
rapidly rise from a chair, move rapidly 2 m from the chair, turn, return, and sit without
help. Each patient was preoperatively administered a Visual Analogue Scale (VAS) with a
10-point validated pain scale questionnaire [18]. In the postoperative period, the VAS was
submitted at 3, 6, and 12 months. Each patient filled in the SF-12 questionnaire at 12 months
postoperatively, except patients treated last year. Global patient satisfaction was assessed
at the end of the follow-up by asking the patient “are you completely satisfied with the
treatment, would you do it again?”. We did not consider repeat postoperative X-rays as
necessary. The Microsoft Excel (Excel 16.85) mathematical basis of statistical models was
used. The SF-12 questionnaire was filled in by 198 patients (79%).

2.1. Technique
2.1.1. The Guided SEFFI Device and Procedure
Guided SEFFI is the acronym for Superficial Enhanced Fluid Fat Injection and Seffi-

care™ is produced by SEFFILINE S.r.l., Bologna, Italy; it is a CE-marked class IIA medical
device used to perform autologous regenerative treatments in a safe, standardized, easy,
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and effective way. The device is all-in-one and disposable: it includes all materials needed
for the whole procedure and both a harvesting cannula and a guide. The guide aims to
standardize the procedure and to guarantee that tunneling is performed in the subcuta-
neous tissue adjacent to the dermis (15 mm depth); the superficial adipose tissue (SAT) has
been proven to hold more mesenchymal and vascular stem cells [19,20] (Figure 1).

Cc

Figure 1. (A) Guided cannula introduction (15 mm depth); (B) guided tissue harvesting (15 mm); and
(C) guided tissue harvesting in the SAT (superficial adipose tissue).

The device aims to collect micro-fragmented adipose tissue naturally containing
stromal vascular fraction cells (SVFc) and mesenchymal stem cells ADSCss [21-23]. The
SEFFI technique is based on the rationale that a highly fluid preparation of adipose tissue
clusters can be generated in the harvesting step without any need for further manipulation.
Any mechanical tissue manipulation leads to a reduction in stemness and cell viability; a
study proved that tissue harvested with this technique (without substantial manipulation)
leads to a tissue with higher viability and higher growth rate [24] compared to other
techniques involving the mechanical manipulation of the harvested tissue [25]. In fact,
the adipose tissue is dissociated in small clusters by harvesting with a cannula with small
side-port holes. The Sefficare™ device includes one harvesting cannula (15 cm in length
and 2 mm in diameter), provided at its tip with 15 side-port holes of 1 mm that collect the
micro-fragmented adipose issue (Figure 2).

All patients were maintained under local anesthesia and monitored. Every procedure
was performed under complete aseptic technique and antibiotic prophylaxis for five days
after treatment. The surgical site of liposuction was carefully chosen based on the avail-
ability of fat and the patients’ wishes, typically from the abdomen, flanks, or lateral thighs.
Neither the type of surgical procedure nor the anatomical site of the subcutaneous adipose
tissue harvesting significantly affects the total number of viable cells that can be obtained
from the SVE.

The anesthetic solution is administered in the selected donor site using the same
system (syringe/cannula/guide) in order to standardize the injection in the same plane in
which the harvesting procedure will be performed. No tumescent technique is required.
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Figure 2. SEFFICARE™ guide and harvesting cannula.

Saline solution (20 mL) was mixed with lidocaine 2% (10 mL /200 mg), sodium bicar-
bonate (2 mL), and epinephrine (0.3/mL/mg), and then injected into the selected donor
site with a ratio 1:1 of the average amount of harvesting tissue. The superficial adipose
tissue (SAT) was manually aspirated using the same system (syringe/cannula/guide), with
a target volume of approximately 20 to 30 mL of aspirate (Figures 3 and 4).

Figure 3. (A—C) Administration of 30-40 mL anesthetic solution; after 10 min, standardized harvesting
procedure; (D) guided introduction of the cannula 15 mm under the skin; (E) guided harvesting
procedure of the superficial adipose tissue (SAT); (F) fluid tissue in the VacLock™ syringe.

The harvesting procedure was stopped when approximately 5-8 mL of tissue was
obtained into the harvesting syringe, and then the tissue was transferred into a syringe for
decanting; this was then filled with saline solution, capped, and positioned in standing
position into the slot for decanting. After an average of one minute, the tissue separated
from the washing liquid, the liquid was discharged, and the tissue was ready for injection.
The harvesting and washing procedure described above was repeated an average of three
times (5-8 mL x3) in order to obtain the amount of tissue required for the procedure. The
tissue was ready to be injected with a 18 G needle; in case a smaller injecting needle is
required, it is possible to perform 2-3 passages of the washed tissue from one syringe to
another to obtain optimally fluid microcellular clusters, ready to be injected, without any
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need for further manipulation. Finally, the osteoarthritic joint was injected with autologous
intra-articular fat micrograft via needles or cannulas under local anesthesia.

A study proved that tissue harvested with minimal pressure (syringe instead of
aspiration device), washed by means of decantation (instead of centrifuge), subjected to
minimal manipulation, and minimally exposed to ambient air, results in a higher rate of
viable cells [26].

Figure 4. (G) Tissue is transferred to decanting syringe; (H) the syringe is filled with saline solution;
(I) the syringes are inserted into the slot for decanting; (L) the washing liquid is discharged; (M) the
tissue is ready to be injected and it is transferred into a smaller syringe (3 mL luer lock).

2.1.2. Postoperative Indications and Evaluation

The patient was given a compression bandage for 3 days over the donor site in order
to reduce the risk of hematoma, and it was suggested that they do not practice sport for
60 days after treatment.

2.2. Statistical Analysis

Count data were summarized as absolute numbers and proportions; continuous data
as means and ranges. Data were analyzed using Excel for Mac (Microsoft Corporation
Redmond, Washington, DC, USA). No inferential statistical analyses were performed.

3. Results

From October 2018 to February 2023, a total of 250 patients underwent treatment with
the Sefficare® device. Women were the majority (160 women, 64%; 90 men, 36%). In total,
190 procedures (76%) involved the knees, with 20 patients who were bilaterally treated
(every bilateral case was evaluated as if the conditions of the knees were comparable),
while 60 procedures, all unilateral, involved the hips (24%). The mean age at treatment was
52.4 years, with an age range of 32 to 80 years.

The Knee Group (KG) included 190 patients, 127 women (67%) and 63 men (33%).
Osteoarthritis according to the KL classification had an average score of 1.6; 84 patients
(44%) had grade 1 (51 women and 33 men), and 106 (56%) patients had grade 2 (70 women
and 36 men).

The Hip Group (HG) included 60 patients, 33 women (55%) and 27 men (45%). Os-
teoarthritis according to the Tonnis classification had an average score of 1.5; 29 patients
(49%) had grade 1 (14 women and 15 men), and 31 patients (51%) had grade 2 (19 women
and 12 men).

Postoperatively, every patient was assessed after three, six, and twelve months.

Clinically, the ROM of the treated knees increased an average of 10 degrees after
treatment, but the difference in range of motion before and after the treatment was not
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significant because the OA included in the study was a low-grade one, but results were
satisfactory in 139 patients out of 190 (73%) in KG, 96 women and 43 men. The mean age in
this positive group was 50.9 years old (range 22—-64) and the mean KL classification was 1.4;
the VAS at 6 months was an average of 2.0 (range 1-3).

On the other hand, no clinical difference was observed in 51 patients (27%), 31 women
and 20 men, in KG; the mean age in this negative group was 59.9 years old (range 45-80)
and the mean KL classification was 2; the VAS at 6 months was an average of 2.3 (range
1-4). The same results were deduced in terms of reduction in stiffness (painless movements)
and the clinical test of rising from a chair, moving rapidly 2 m from the chair, turning,
returning, and sitting without help. The study cohort was not very large and this has
several limitations, as there was no control group, but results look promising.

Clinically, the ROM of the treated hip increased an average of 10 degrees after treat-
ment at 3 months after surgery in 45 patients in HG (75%). The increase in movement
was measured overall by adding the improvement in abduction, adduction, rotations,
and flexion-extension (23 women and 22 men); the mean age in this positive group was
50.9 years old (range 44-61) and the mean Tonnis classification was 1.4; the VAS results at
6 months decreased to a value of 2.1 (range 1-3).

On the other hand, no clinical difference in ROM was observed in 15 patients (25%),
(10 women and 5 men) in HG; the mean age in this “negative” group was 57.1 years old
(range 51-66) and the mean Tonnis classification was 1.6; however, we observed a reduction
in pain expressed in the VAS at 6 months, with an average value of 2.1 (range 1-4).

The same results were deduced in terms of reduction in stiffness (painless movements)
and the clinical test of rising from a chair, moving rapidly 2 m from the chair, turning,
returning, and sitting without help.

The VAS was submitted at 3, 6, and 12 months, demonstrating a progressive reduction
in pain, with the best score obtained at six months postoperatively for KG and at twelve
months for HG.

In KG, the mean preoperative VAS was 7.5 (range 7-9), 7.4 for women and 7.6 for men;
the 3-month VAS was 5.8 (range 4-7), 5.7 for women and 5.8 for men; after 6 months, the
VAS was 2.1 (range 1-4), 2.1 for women and 2.1 for men; and the 12-month VAS was 2.2
(range 1-3), 2.2 for women and 2.2 for men.

In HG, the mean preoperative VAS was 7.35 (range 6-9), 7.4 for women and 7.2 for
men; the 3-month VAS was 5.3 (range 3-7), 5.4 for women and 5.3 for men; the 6-month
VAS was 2.0 (range 1-3), 2.1 for women and 1.9 for men; and the 12-month VAS was 1.4
(range 1-2), 1.3 for women and 1.4 for men.

The results are presented in Table 3.

Table 3. Results according to clinical improvement related to OA classification.

Improvement ROM (or Stiffness) Post Operative (n) and VAS
N >ROM  <Stiffness VAS VAS

3-Month 3-Month 3-Month 6-Month VAS-pre
Knee patients
Tot 190
KL grade 1 84 78 78 57 1.9 7.5
KL grade 2 101 61 61 5.9 22 7.5
KL grade 3 4 0 0 59 2.3 8
KL grade 4 1 0 0 6 25 8.5
Hip patients
Tot 60
Tonnis grade 1 29 26 26 53 2.0 7.1

Tonnis grade 2 31 19 19 5.3 2.2 7.5
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The SF-12 questionnaire was filled in by 198 patients (79%), of whom 157 were in
KG (83%), where the mean average was 54.36 (range 51-56) for PCS-12 and 56.85 (range
55, 61-58, 74) for MCS-12. The SF-12 was filled in by 41 patients (68%) in HG. The mean
average was 54.48 (range 48-56) for PCS-12 and 57,12 (range 54, 61-57, 74) for MCS-12.

The results could be resumed in “Not limited in moderate activities; Not limited in
moderate activities; Accomplished as much work as would like (unaffected by physical
health); Not limited in any kind of work or other activities in last week (unaffected by
physical health); Accomplished as much work as would like (unaffected by emotional
problems); Works as carefully as usual (unaffected by emotional problems); No interference
of pain with normal work; Had a lot of energy all of the time; Felt downhearted and blue
none of the time; In general, health is very good; Felt calm and peaceful most of the time;
Physical or emotional health interferes with social activities a little of the time” [27-30].

We asked patients the question “are you completely satisfied with the treatment,
would you do it again?” In total, 212 patients (85%) answered “yes” and were satisfied
one year after treatment, with a considerable improvement in pain and quality of life.
The remaining 25% continued to follow-up with conservative and surgical therapies in
particular: by the five-year follow-up, only 12 patients (4.8%), 11 men and 1 woman, had
undergone surgery, in particular, 9 knee replacements and 6 hip replacements; all patients
were more than 65 years old and were treated with stem cells in the previous 2 years.

The donor site postoperative course was uneventful other than minimal discomfort,
edema, and ecchymosis, and no adverse events, including pain and infection, and no major
complications were observed.

The injected site postoperative course was only characterized by swelling and a low-
grade pain for 3-7 days; no adverse events or infection were observed in the injected joint.
The injected material was well tolerated because it is autologous.

4. Discussion

OA is an active disease process with an imbalance between the repair and destruction
and degeneration of joints, with poor intrinsic healing power and regeneration due to poor
vascularization and the absence of direct access to progenitor cells of the bone marrow.
Autologous Regenerative Therapy (ART) is an innovative medical discipline that aims to
regenerate injured tissues or to stimulate their repair, using the same natural principles of
tissue engineering with an easy, reproducible, and fast procedure. The technique utilizes
the patient’s own cells (autologous MSCs) in a single medical procedure. The characteristic
of a mesenchymal cell is to differentiate depending on the signals it receives from the
surrounding environment and specific growth factors. This ability makes it the ideal
element to stimulate the healing of many lesions that involve different tissues. ADSCs are
especially found in the stromal vascular fraction (SVF) of the adipose tissue [31], and they
are frequently used in the orthopedic field thanks to their intrinsic capacity to regenerate
cartilage, tendons, and bones.

In this paper, we presented our cohort of patients, treated for hip and knee OA by
means of an intra-articular injection of fat micrograft with Sefficare® devices. (SEFFILINE
srl, Bologna, Italy)

We demonstrated that the harvesting of donor adipose tissue, the isolation of the SVE,
and its intra-articular injection in knees and hips constitute a relatively simple procedure
which can be performed in a session of approximately 60 to 70 min.

The study court is not very large and this has several limitations, as there is no a
control group, and the technique still appears to be spreading on a large scale; however,
we can deduce that the best clinical results were obtained in younger patients with lower
OA grade, according to the classifications used. The clinical results, in terms of increase
in ROM and reduction in stiffness appear around 3 months, while the reduction in pain
measured on the VAS begins at 3 months but reaches its peak after 6 months for the knee
and after 6-12 months for the hip (Figure 5). Similarly, the worst clinical results in terms of
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Vas scale

mobility are observed in older patients and with more severe OA, but even in these cases, a
reduction in pain is observed.

VAS scale

— knee = hip

Pre-op

TIME

3m 6m 12m
Figure 5. Mean value of VAS.

In the postoperative period, we observed an improvement regarding globally pain
and quality of life of patients, who demonstrated a general level of satisfaction according
to other studies [32]. In contrast, neither the type of procedure nor the anatomical site of
the subcutaneous adipose tissue harvesting significantly affects the total number of viable
cells that can be obtained from the SVF [33].

Clinical improvement in terms of pain reduction and the improvement of joint per-
formance seems most related to a less severe preoperative condition. However, even in
the most serious conditions, pain reduction has been observed with good clinical satisfac-
tion [34,35]. Best results in terms of pain reduction have been observed around six months,
which means that it takes time for the clinical benefit, while movement and stiffness appear
to benefit in the shorter time. Patient’s age evidently correlates with a more severe OA
condition; however, there are no particular age limits in which the treatment does not cause
a benefit.

It would be advisable to expand the study with a control group and adding more data,
for example, the presence of length discrepancy, other systemic pathologies, axis defects,
previous trauma, etc., in order to give major and more targeted indications. However, a
low complication rate was observed so we can say that treatment with mesenchymal stem
cells is recommended as a good option for an improvement in quality of life in patients
with mild or moderate OA or, in the most severe cases, for patients who refuse surgical
treatment. However, results are variable and not yet predictable [36,37].

The donor site postoperative course was uneventful other than minimal discomfort,
edema, and ecchymosis, and no adverse events, including pain and infection, and no major
complications were observed.

The injected site postoperative course was only characterized by swelling and a low-
grade pain for 3-7 days; no adverse events or infection were observed in the injected joint.
The injected material was well tolerated because it is autologous.

The Hip Group patients treated with stem cells appeared to have better results in
terms of pain reduction at 6 and 12 months compared to the Knee Group patients treated,
but the difference was not significant. We had more female patients, and women always
have better clinical results; we also had a lower percentage of patients requiring joint
replacement; this may be due to a greater propensity of women for conservative treatments
and less postoperative wear (for example, more use of oral supplements, weight control,
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physiotherapy, etc.). For this and other reasons, other studies with more variables are
required; however, the preliminary results obtained appear encouraging.

5. Conclusions

With the results we obtained, as previously described in the literature, we confirmed
that the use of autologous adipose-derived SVF for the treatment of OA was safe and
feasible [38—40]. The satisfactory outcome of this minimally invasive procedure indicates
that the intra-articular injection of fat micrograft can replace or considerably delay the need
for the classical major joint replacement surgery, thanks to its impact on the quality of life
of patients and financial cost.

This study presents diverse limitations. Its retrospective nature and the limited number
of cases are the main limits. Furthermore, a longer follow-up period may be necessary. In
the future, more studies on this treatment are needed.

6. Patents
The guide in the SEFFICARE™ device is patented in Italy.
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