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Abstract

Osteoarthritis (OA) is one of the most prevalent conditions resulting to disability 
particularly in elderly population About 13% of women and 10% of men aged 60 years 
and older have symptomatic knee OA. The proportions of people affected with symp-
tomatic knee OA is likely to increase due to the aging of the population and the rate of 
obesity or overweight in the general population. There are multiple factors associated 
with this progressive disease such as obesity, female gender, and repetitive trauma. Pain 
is the most common symptom in knee OA, a leading cause of chronic disability, clinical 
diagnosis will be supported by certain radiological findings. There are numerous con-
servative therapies that help to relive symptoms depend on severity of Osteoarthritis, 
and knee replacement remains standard of care in advance disease. Fat Micrografting 
is evolving technique with promising result in selected patients with regenerative and 
reparative effect of adipocyte-derived stem cell toward damaged cartilage and bone, 
which supported by clinical evidence.

Keywords: autologous fat micrograft, knee osteoarthritis, intra-articular injection,  
cartilage degeneration, adipocyte stem cells

1. Introduction

Rheumatic and musculoskeletal diseases (RMDs) constitute a group of more 
than 150 Conditions that are commonly characterized by progressive lesions and 
painful symptomatology. Altogether, they account for the leading cause of morbid-
ity and disability worldwide, giving rise to tremendous health expenditures and 
professional incapacity. Osteoarthritis (OA), one of the RMDs, is a degenerative 
condition that principally involves the joint’s cartilage, leading to its progressive 
destruction. It is related to aging and lifelong continual stress on the most func-
tional articulations such as the knees, hips, and fingers, and the lower spine region. 
OA ranks among the ten most disabling conditions in developed countries. The 
global prevalence of symptomatic OA is estimated as 9.6% in males and 18.0% in 
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females over 60 years of age. Further, 80% of individuals with OA would experi-
ence significant movement limitations, and 25% would have serious handicap to 
perform routine activities of the daily life [1].

The prevalence of OA varies in different regions of the world, with rates ranging 
from 3.8–70%, depending on the methodology of studies, whether clinical, radio-
graphic, patient self- reporting, or physician diagnosis [2]. As the incidence and 
prevalence of OA increase with age, the extending life expectancy results in a grow-
ing number of people afflicted with OA, with a proportional risk of disability. In 
the United Kingdom, 20–30% of the elderly population (aged 60 years and above) 
are diagnosed with symptomatic OA [3]. In the Middle East countries, including 
Iraq, Yemen, Saudi Arabia, and Syria, more than one million people are estimated to 
have OA [4]. Approximately 85% of individuals over the age of 75 experience some 
symptoms of OA [5].

Knee pain represents more than 80% of the total burden of OA [6]. High body 
mass Index (BMI) has become an epidemic in the US in recent decades and is a well-
known risk factor for knee OA [7]. In Saudi Arabia, a clinically based epidemiologi-
cal study, at a primary healthcare clinic, by Al-Shammari et al. showed a prevalence 
of OA as high as 57.2%. Other data by Al Arfaj estimated the prevalence of knee OA 
as 53.3% and 60.9% in males and females respectively [8, 9].

The treatment of knee OA may use conservative measures including medica-
tions, Physiotherapy, and local injections, or surgical approach including total 
knee arthroplasty (TKA). TKA is highly effective in reducing articular pain and is 
associated with acceptable functional outcomes. The procedure of TKA is safe and 
is considered one of the most common and successful procedures in orthopedics.

2. Risk factors

Blagojevicy et al. did a systemic review and meta-analysis to study the risk 
factors of Knee OA in older patients. They included 85 out of 2233 studies screened. 
The main risk factors found were obesity, previous trauma, hand OA, female gender 
and older age [10].

High body mass index (BMI) is associated with development of knee OA, and it 
was proven that the physical disability of the patients affected by knee OA reduced 
after weight reduction [11].

Another meta analysis conducted by Muthuri et al. showed that knee injury’s his-
tory is one of the major risk factors associated with Knee OA and it should be included 
in any prevention program since it is preventable factor [12]. Genetic factor as shown 
in different studies is also associated with OA [13]. Increased loading or mal alignment 
of the joints is considered to be other factors that may lead to OA. So, in summary the 
risk factors can be classified into patient related factors like BMI, genetic, gender and 
age and joint related like previous injury, abnormal loading or malalignment [14].

3. Staging

In research, multiple variations of the Kellgren and Lawrence staging system 
have been used. However, the original one is: [15].

• grade 0 (none): definite absence of x-ray changes of osteoarthritis.

• grade 1 (doubtful): doubtful joint space narrowing and possible osteophytic 
lipping.
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• grade 2 (minimal): definite osteophytes and possible joint space narrowing.

• grade 3 (moderate): moderate multiple osteophytes, definite narrowing of 
joint space and some sclerosis and possible deformity of bone ends.

• grade 4 (severe): large osteophytes, marked narrowing of joint space, severe 
sclerosis and definite deformity of bone ends.

4. Management

General and clinical assessment of the patient will help in determining the 
appropriate. Treatment of osteoarthritis. The assessment of OA effect on patient’s 
function, daily activity, social relationship and quality of life should precede any 
treatment. The. Management plan has to be discussed with the patient thoroughly 
including the education of osteoarthritis, benefits and risks of various treatment 
options.

4.1 Non-surgical management

There are different non-surgical methods to treat joint OA. According to the 
Osteoarthritis Research society International (OARSI) guidelines published in 2019, 
patient education and land-based exercise with or without management of dietary 
weight are core treatments of knee related osteoarthritis. Non-steroid anti-inflam-
matory drugs (NSAIDs) are recommended in OA.

Management and its topical derivative are strongly recommended for patients 
with knee OA. COX-2 inhibitors or NSAIDs with proton pump inhibitor should be 
utilized in patients with gastrointestinal pathology. Oral NSAIDs are not recom-
mended for patients with cardiovascular diseases. Intraarticular injection with cor-
ticosteroids or hyaluronic acid is mainly used for knee OA. It is not recommended 
for poly articular or even hip OA. All these non-surgical methods are associated 
with different level of evidence in the literature [16].

4.2 Surgical management

Before surgical intervention is considered, the patient should have received the 
core conservative treatment. Arthroscopic debridement and lavage are not routinely 
recommended unless there is a clear justification such as mechanical block that can 
be resolved arthroscopically [17]. After failure of all non-surgical treatments and in 
advanced joint arthritis, the total joint arthroplasty using artificial joint is the best 
option. It should be done before the patient gets advanced functional limitations. It 
is very safe procedure and associated with sound outcome. Pre- and post-operative 
patient engagement in terms of having proper education and well-structured 
physiotherapy is crucial to end up with great results. The American Academy of 
Orthopedic Surgeons (AAOS) in their 2nd edition evidence-based guideline for 
the treatment of knee OA has published 15 recommendations. This includes self-
management exercise programs, weight reduction for painful knee and BMI < 25 
and NSAIDs (oral or topical) or tramadol for symptomatic patients. They could not 
recommend the use of glucosamine and chondroitin, Intra articular Hyaluronic 
acid injection and arthroscopic lavage and or debridement for patient diagnosed 
with knee OA. They were unable to recommend for or against the using of knee 
corticosteroid, growth factor, platelet rich plasma (PRP) intraarticular injec-
tions and arthroscopic partial meniscectomy for a torn meniscus in patients with 
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symptomatic OA. They also have stated that high tibial vulgus osteotomy might be 
performed for patients with painful medial knee joint OA [18].

5. Fat graft evolution

Neuber presented history of fat transplantation in literature initially in 1893 and 
he stated that smaller fat parcels tend to undergo less absorption [19], followed by 
communication from Czerny [20] Lexer [21], and Rehn [22]. In 1911, Bruning was 
the first to transfer autologous fat into the subcutaneous tissue for the purpose of 
soft-tissue augmentation [23]. 1950 Peer published 1st book about fat grafting in 
300 pages, mentioned that survival rate of fat graft could be 50% and determined 
the viability of fat tissue which injected [24], in 1980 s liposuction technique 
evolved which improved technically over time, 1985 Illouz [25] and Fournier [26] 
developed an comprehensive approach to fat transfer by syringe harvesting, called 
“microlipoinjection”. Fat harvest from liposuction became the simplest and easiest 
method to pursue fat grafting, which indicated to treat soft tissue depression and 
contour deformity. 1990 Coleman described steps of fat injection procedure and 
coins the term Lipostructure [27].

There is numerous indications for fat graft in esthetic and regenerative 
medicine, Fat grafting technique evolved over period of time and become 
standard of care use in esthetic and reconstructive cases, in era of regenera-
tive medicine, Lipoaspirate is consider source of fat micrograft which contains 
adipocyte derived stem cell (ADCS), growth factors, preadipocytes and cyto-
kines demonstrate promising clinical application in wide spectrum of pathology 
to regenerate and reform damaged biological structure and improve outcome as 
in Osteoarthritis which consider leading cause to disability particularly in elderly 
population [28].

6. The use of microfat graft for cartilage repair

Cartilage contain a small number of cells known as chondrocytes, which are 
responsible for maintaining a large extracellular matrix, 85% of cartilage consti-
tutes water and two categories of molecules: collagenous and noncollagenous [29], 
The main function of cartilage is to protect underlying bone from friction and act 
as gliding surface to enable motion, Articular cartilage is characterized as avascular, 
aneural, and alymphatic and, at maturity, of low metabolic activity [30], which 
entitle cartilage to special tissue with difficult task to repair it self, It has been 
demonstrated that early in the process of cartilage damage there is a rapid loss of 
glycosaminoglycans from the tissue [31], Thus, most large defects fail to heal, lead-
ing to a long-term prognosis of osteoarthritis [32].

7. Surgical technique to harvest fat

Fat is readily available and simple to harvest, with the fat grafting surgery itself 
shows a low donor-site morbidity, and is inexpensive and repeatable. Liposuction 
is considered one of the most frequently performed surgical procedures all over 
the world, Since its introduction in 1982 using a blunt cannula attached to a suc-
tion generating device, the procedure has been improved [33], Current technology 
for liposuction includes suction-assisted lipectomy, ultrasound-assisted, power-
assisted, laser-assisted, and radiofrequency-assisted liposuction [34].
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7.1 Harvesting of the adipose tissue

The first step in fat transfer to harvest fat by Many different liposuction tech-
niques, all with the aim of minimizing adipocyte damage and increasing its survival 
Chosen Donor site is pretreated with a tumescent solution which containing an 
anesthetic mixture of Lidocaine, Sodium bicarbonate to overcome the acidity of 
mixture and to reduce pain and discomfort at injection site,epinephrine to control 
bleeding by vasoconstrictive action and Normal saline, proportionally mixed 
according to surgeon preference, volume to be injected determine by the desire 
volume of fat harvest and accordingly 2–3 cc of tumescent mixture to each 1 cc of 
anticipated fat harvest.

There are a variety of suction methods from which one may choose. The stan-
dard techniques are the manual (Coleman technique) or suction-assisted liposuc-
tion (SAL). Negative pressure is applied With the Coleman technique and SAL in 
combination with gentle forward and backward movement of the cannula, causing 
physical disruption, thus allowing fat tissue harvest. These methods represent the 
current gold standard, and reports show a lack of stem cell damage and preserva-
tion of their regenerative potential [35].

There are multiple modifications of this method, including power-assisted 
liposuction (PAL), water jet- assisted liposuction (WAL), laser-assisted liposuc-
tion (LAL), ultrasound-assisted liposuction (UAL), and VASER (Vibration 
Amplification of Sound Energy at Resonance).

They all are developed to further facilitate the process of suctioning, with mini-
mal trauma to the donor site and maximal outcome in the requested esthetic result.

Large-bore cannulas decrease the mechanical sheer stress on the harvested cells, 
and subsequently increase the total number of viable aspirated cells, and Studies 
have showed an inverse relationship between cellular damage and the diameter of 
the instrument used to extract fat [36].

8. Processing of lipoaspirate

The goal of processing is to eliminate cellular debris, a cellular oil and excess 
of infiltrated solution [37]. These elements cause inflammation at the recipient 
site, which can be unfavorable for the fat graft. Also, blood must be removed as it 
accelerates the degradation of the transplanted fat.

Sedimentation: little traumatic and gives a large number of vital and intact 
adipocytes. However, this method contains smaller concentrations of stem cells 
and a substantial amount of cellular debris and thus making it harmful to graft 
survival [38].

Filtration techniques: more efficient in producing viable graft material for 
large-volume fat transfers. One example is Puregraft filtration system; which is a 
closed-membrane filtration system that was originally designed to prepare fat for 
isolation of the stromal vascular fraction. Another example of filtration is lipoaspi-
rate filtered with cotton gauze; this results in concentrating the fat and separating 
it from the infiltrated solution, oil and cellular debris. This method, as compared 
to centrifugation, showed no significant differences in the viability of transplanted 
fat cells.

Washing with normal saline: this preserves mesenchymal stem cells as well as a 
great number of adipocytes.

Centrifugation: considered the most frequently used technique. It separates 
fat from substances that increase the degradation such as blood, proteases, lipids, 
lipases, and it may concentrate the adipose stem cell fraction, potentially enhancing 
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graft survival, Coleman suggested a processing method where centrifugation speed 
is 3000 rpm for 3 min. This creates multiple layers; the upper level is composed 
primarily of oil, the middle portion is fatty tissue, and the lowest portion, which is 
the densest layer, is composed of fluids and blood. This method obtains the high-
est possible concentration of stem cells within aspirate. It has also the increased 
content of angiogenic growth factors such as fibroblast growth factor (FGF) and 
vascular endothelial growth factor (VEGF). To note that excessive centrifugal force 
may damage intact adipocytes and on the other hand better graft viability with low 
centrifugal forces.

9. Microfat graft preparation

Processing micro fat graft that require to process harvested fat graft through 
multiple micro pores filters that allow micro fat graft to pass through, these filters 
have different sizes that connected to Leur-leur 1–10 cc syringe.

10. Fat graft injection

Adipose tissue is injected in to the transplantation site through cannulas, where 
multiple tunnels are created on insertion, and fat is injected during withdrawal of 
the cannula. Graft through nutrition by tissue fluid absorption can survive up to 
48 h. Meanwhile, neovascularization is being established. Therefore, the diameter 
of the graft should not be more than 2 mm to avoid central necrosis. The osteoar-
thritic knee joint was injected with autologous intra-articular fat micrograft 15–20 
mL through the lateral approach according to the case in an amount that did not 
produce high pressure inside the joint and did not produce pain to the patients due 
to tension of the joint capsule [39].

11. Postoperative care

Postoperative care include antibiotics for one week, pain killers, and garment 
pressure dressing at injection and donor sites, encourage exercise and physiother-
apy, massage to reduce swelling.

12. Complications

Infection is the most devastating encounter complication which presented 
as redness, hotness, increase pain, and purulent collection, treatment depend 
on severity of infection ranging from I.V antibiotics in addition to incision and 
drainage.

13. Fat is source of adipocyte derived stem cells (ADSC)

Adipose tissue composed of mature adipocytes (>90%) and a stromal vascular 
fraction (SVF), which includes preadipocytes, fibroblasts, vascular smooth muscle 
cells, endothelial cells, resident monocytes/macrophages, lymphocytes, ADSC, 
cytokines and growth factors [40–46], led to a growing interest for the use fat 
graft as regenerative therapy for common bone and joint diseases, with promising 
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therapeutic clinical application of ADSC into skeletal system with underlying 
structure such as Muscle, cartilage, ligament, tendon, and bone with regenerative 
and reparative potential and ADCs are considered as an ideal source of cell therapy 
for different types of diseases including bone and joint diseases [47].

14. Adipocyte derived stem cell role in regenerate knee osteoarthritis

Adult stem cells, represented mainly by the mesenchymal stem cells (MSCs) 
are present in most organs and tissues of the human body; they intend to replace 
damaged cells as a normal process [48]. These stem cells do not have ethical or legal 
concerns as compared to the embryonic and fetal stem cells [49]. Mesenchymal 
stem cells are a promising tool for tissue regeneration. They are multipotent adult 
stem cells obtained from different sources like bone marrow (BM), adipose tissue, 
umbilical cord, placenta, synovial membrane [50]. These cells because they are 
located in fat and synovial membrane, they are most suitable for the treatment of 
osteoarthritis (OA) [51].

The International Society of Cellular Therapy (ISCT) defines mSCs by three 
characteristics [52]. They need to be plastic adherent, express specific markers like 
the CD105, CD90, and negative for CD34, CD45, HLA-DR [47, 53, 54]. MSCs can 
differentiate to mesodermal lineage cells (osteocytes, adipocytes, chondrocytes) 
[54]. These cells differentiate also into many other cell types, like myocytes, neu-
rons [55], cardiomyocytes and hepatocytes [56] in vitro and in vivo [57–59].

They are non-immunogenic cells as they lack the expression HLDR receptor, 
which makes them suitable for allogeneic transplantation [59]. These cells are 
capable of suppressing lymphocyte reactivity [60] and inhibit the production of 
inflammatory cytokines in vitro [61]. MSCs express cytokine and chemokine recep-
tors on their cell surface, which allows them to migrate to the site of injury [62]. 
The ability to suppress the immune response enabled their use in graft-versus-host 
disease and transplant rejection [63].

Each of the MSCs depending on their origins presents some differences. The 
BM-MSCs have high differentiation capability, but are difficult to get from bone 
marrow. The adipose MSCs are easily obtained from adipose tissue with high yield 
and strong suppressive capabilities [64]. The umbilical cord MSCs are easy to 
get after birth, they have high self-renewable and differentiation capacities. The 
synovial-MSCs have high proliferative and differentiation capacities and very low 
immunogenicity [64].

MSCs from BM from mouse and from human were the first to be identified 
and are the most studied [54, 58]. Adipose stem cells (ASCs) were first identi-
fied as stem cells in 2001, capable to differentiate into cartilage, bone and adipose 
cells [65].

The age of the donor reflects on the differentiation potential of the cells [66]. 
Umbilical cord MSCs (UC-MSCs) showed to be highly proliferative and with dif-
ferentiation potentials [67]. The drawbacks of the BM-MSCs are that the procedure 
to obtain the cells is painful, costly and does not yield high number of cells for cell 
therapy [49, 68, 69]. Besides, the procedure for BM isolation can result in potential 
infections [54].

Synovial-MSCs (S-MSCs) isolated and characterized first in 2001, are also prom-
ising tools for the treatment OA due to their natural homing in this site [70]. They 
were shown to have high chondrogenic differentiation capacities, high expression of 
type II collagen, compared to other sources of MSCs [71, 72]. S-MSCs are isolated in 
low numbers from different sites, like styloid fossa and paralabral synovium [73, 74]. 
They have low immunogenicity with high proliferation potentials [75, 76].



Rheumatoid Arthritis

8

The adipose MSCs (A-MSCs) represent many advantages compared to other 
sources of the MSCs. They are abundant in the adipose tissue, adipose tissue is 
easier to get compared to BM, they have strong immunosuppressive capacities [47].

More research is needed to unveil the differences in the traits of A-MSCs isolated 
from different sites and their implications in therapy. Previously, it was shown that 
A-MSCs could differentiate from one site to another in term of their cell markers. 
The A-MSCs isolated from abdominal adipose tissue had high expression in CD31, 
CD45 and HLA-DR compared to the cells isolated from orbital adipose and had 
lower expression of CD73, CD90, CD105 and CD146 [77]. MSCs from adipose tis-
sue represent a good and a promising alternative to bone marrow MSCs. They share 
the same phenotype as MSCs from bone marrow apart from few. They differenti-
ate similarly to BM-MSCs into the three lineages, chondrocytes, adipocytes and 
osteocytes. Most importantly, they are easily obtained from liposuction aspirate of 
patients undertaking plastic surgery [65]. Adipose tissue contains greater number 
of stem cells than bone marrow (10 times higher) [59]. A large number of cells are 
required for transplantation. Stem cells isolated from adipose tissue or another 
source like bone marrow, need to be scaled up. At least 2x106 of MSCs is required 
per kilogram body weight [78].

MSCs from different sites (BM, adipose) tissue are heterogeneous cell popu-
lation [79]. Although MSCs from bone marrow and from adipose tissue have 
similar differentiation potential, there are minor differences. ASCs showed higher 
chondrogenic potential than MSCs from bone marrow [80]. Other study however, 
showed no significant differences between these two populations for chondrogenic 
differentiation in 2D culture but the BM-MSCs showed higher chondrogenic 
differentiation in 3D culture [81]. Proliferative capacities and osteogenic dif-
ferentiation of the MSCs from bone marrow are reduced with age [82]. According 
to previous report, MSCs can be affected differently depending on the disease. 
For example, it was reported that the BM- MSCs from osteoporotic patients had 
reduced osteogenic activity [82], whereas the BM-MSCs from OA patients did not 
show any differences with the normal patient [83]. In another, the chondrogenic 
and adipogenic differentiation of the MSCs were reduced in OA patients but not the 
osteogenic differentiation [84].

The expression of CD36 differed between donors from no expression to highly 
expressed [85]. However, all ASC extracted from different donors showed the 
expression of the CD90, CD73 and CD105. ASCs markers can change in expres-
sion depending on the age of cells in culture. CD106 is expressed in MSCs from 
bone marrow but not in ASCs where this latter expresses CD49b [52]. ASCs and 
BM-MSCs express CD29 (beta-1 integrin, important factor in angiogenesis) [74] 
and CD44 (hyaluronate receptor, important for neoextracellular matrix) and 
CD49e (alpha-5 integrin, important for cell adhesion to fibronectin) [59]. ASCs and 
BM-MSCs have been shown to secrete angiogenic growth factors, like VEGF, P1GF, 
bFGF, angiogenin, GM-CSF, MCP-1 and SDF-1alpha (Rehman, 2004; Kinnaird 
et al.; 2004), these could be involved in increased angiogenesis in ischaemic tis-
sue [59]. CD117 (stem cell factor) a marker for totipotency and pluripotency, 
was expressed in ASCs and BM-MSCs [85]. Based on the International Society 
for Cellular Therapy, the minimum criteria to define mesenchymal stem cells are 
CD105 and CD90, their potential to differentiate to adipocytes, chondrocytes 
and osteocytes and they are plastic adherent [86]. The expression of the CD34 is 
only reported on the adipose derived mesenchymal stem cells but the expression 
decreases in culture [87, 88] and the expression of CD105 increases [89] (Braun 
et al.; 2013). CD34 is expressed on ASCs before they are isolated from the stromal 
vascular fraction (SVF) [89] (Braun et al., 2013). The International Society for 
Cellular Therapy (ISCT) and the International Federation for Adipose Therapeutics 
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and Science (IFATS) agreed on these changes in phenotype of ASCs in SVF (uncul-
tured) or when cultured [90]. The SVF is referred to the cellular pellet containing 
ASCs and endothelial progenitor cells without adipocytes and immune cells, [89]. 
When the SVF is plated, the ASCs adhere to the surface and the rest of the cell 
population including non-adherent and non-proliferating cells, are removed [89]. 
ASCs could be isolated from SVF by culture or by magnetic-activated cell sorting 
(MACS) [89]. The advantage of the MACS isolation is cells can be prepared in few 
hours as required in clinical application. When cells need to be expanded, isolating 
the ASCs with culture is the best method. ASCs and SVF could be used for trans-
plant but the number of cells obtained from patients could limit the use of SVF. 
ASCs could be expanded to a large number of cells, which could be used for autolo-
gous transplant or banked for allogeneic transplant [89]. These differences could be 
due to site differences or due to the lack of standardized isolation method [91].

14.1 Clinical trials with ASCs

MSCs showed to have a big potential in clinical applications. The first clinical tri-
als run on the application of bone marrow MSCs in patients with Hurler syndrome 
and metachromatic leukodystrophy (MLD) after allogeneic hematopeitic stem cells 
transplant, showed no toxicity secondary to the bone marrow MSCs transplant and 
the recovery of some of the symptoms were suggested to be due to the transplanted 
MSCs [92]. Since then, hundreds of MSCs clinical trials were run on many condi-
tions including neurological diseases, cardiovascular, autoimmune and bone and 
cartilage diseases [93]. So far, there have been few approved clinical application for 
the MSCs in different countries. Few examples, are the application of allogeneic 
MSCs for the treatment of graft versus host disease (GVHD) in Japan, autologous 
bone marrow MSCs for amyotrophic lateral sclerosis and autologous adipose MSCs 
for Chron’s fistula, human umbilical cord blood-derived MSCs for osteoarthritis in 
South Korea, and in Europe the application of allogenic adipose MSCs for the treat-
ment of fistulas in Crohn’s disease [70].

There are few procedures for the treatment of cartilage injuries; the arthroplasty, 
microfat grafting and the autologous transplant of chondrocytes but a curative 
therapy still need to be developed [94, 95].

The autologous chondrocytes implantation is a surgical procedure that involves 
the isolation of autologous chondrocytes, expanding them in vitro then transplant-
ing them back to the patient [96]. The application of MSCs for knee repair showed 
to be more effective with fewer side effects from the surgical procedure of the 
isolation of chondrocytes [96]. There are many clinical trials on the applications of 
the MSCs for OA [70].

OA is a very common condition in adults, which affects articular cartilage, 
subchondral bone, synovial tissue and meniscus of the joint. This leads to cartilage 
degeneration, osteophytes formation, subchondral sclerosis and synovial hyperpla-
sia [97]. OA may be caused by joint injuries, obesity, aging and could be inherited 
condition [97].

Previous applications of MSCs for cartilage repair showed good outcomes. The 
BM-MSCs transplant in patients for defects in their knee cartilage and in athletes 
with the defect in femoral cartilage showed a good recovery of their functions [98].

MSC isolated from bone marrow, adipose tissue, umbilical cord, synovial 
membrane were previously used for the treatment of OA [64].

Since the discovery of ASCs, they have been used in many clinical trials for 
different diseases [90]. Success has been reported from different clinical trials using 
ASCs, but the mechanism of action is still not clear on whether cells would differen-
tiate into the tissue or modulate the immune system [89]. Direct application of the 
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human ASCs improved cardiac function when injected in animals with myocardial 
infarction [99]. This effect was believed to be due to trophic factors released by the 
stem cells and differentiation of the ASCs. Local administration of ASCs acceler-
ated the wound healing in normal and diabetic animals through differentiation into 
epithelial and endothelial lineage and neovascularization [100]. ASCs were applied 
to an injured skin due to radiotherapy, showed good healing process compared to 
the control [101]. ASCs although they have been used successfully in clinical trials, 
but their effects are not always achieved. There are many reasons that could impact 
the success of the use of ACS from one trial to another like cell separation, delivery 
methods, cell homing, engraftment and their survival [89]. Other factors might 
have an impact on the success of the use of ASCs like the type of liposuction proce-
dure, site of liposuction, age of the patient and the body mass index (BMI). These 
factors are being investigated. Extraction of fat with different techniques might 
have an impact on cell viability of stem cells, their proliferation and the phenotype 
due to the trauma generated during the procedure. It is important to examine the 
different liposuction techniques and their impact on the ASCs phenotype, prolifera-
tion, and stress level for downstream applications either in research or in clinical 
applications.

15. Conclusion

Knee osteoarthritis is most prevalence musculoskeletal disease which cause 
functional limitations and affect a person’s quality of life, there are known factors 
related to underling OA pathology such as Obesity, female gender and repetitive 
trauma to knee, Radiological finding such as subchondral cyst and narrowing of 
joint space, will support clinical diagnosis and staging of the disease using Kellgren 
and Lawrence staging system. Which will dictate the treatment modalities, in early 
stages conservative treatment such as modification of life style, rehabilitation, 
NSAID. Where advance stage surgical interventions ranging from arthroscopic 
debridement and lavage in case of blockage to total knee arthroplasty, which is 
being standard of care in severe condition.

Evolution of fat graft application in wide spectrum of clinical applications and 
have shown promising outcome to alleviate OA symptoms, where its contain adipo-
cyte stem cells which known with reparative and regenerative process with presence 
of signal cofactors such as platelets derived growth factors and other growth factors 
to repaired damaged cartilage, fat graft being harvested from donor site mostly from 
abdomen, then;lipoaspirate will undergo further processing to isolate pure fat out 
from oil and fluid layer, then fat graft filtered with connector to reach pure micro fat 
graft ready to inject into affected knee under sterile process with local anesthesia.

Numerous clinical trials conducted to examine efficacy of microfat graft and 
ASC injection into knee with OA which demonstrated improvement in the overall 
condition, and further research with larger samples being in the process of publica-
tion to support clinical application and examine safety of patients.



11

The Regenerative Effect of Intra-Articular Injection of Autologous Fat Micro-Graft in Treatment…
DOI: http://dx.doi.org/10.5772/intechopen.99370

Author details

Mohammed Mesfer Al Kahtani1*, Ali H. Al Yami1, Sarah Saleh Al Qahtani2  
and Sihem Aouabdi1,3

1 College of Medicine, King Saud Bin Abdulaziz University for Health Sciences, 
King Abdulaziz Medical City, Jeddah, Saudi Arabia

2 Department of Plastic Surgery, Université de Picardie Jules Verne, Amiens, France

3 King Abdullah International Medical Research Center, Jeddah, Saudia Arabia

*Address all correspondence to: drhababi@gmail.com

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 



12

Rheumatoid Arthritis

[1] https://www.who.int/chp/topics/
rheumatic/en/

[2] Sowers M, Lanchance L, Hochberg M 
et al. (2000): Radiographically define 
osteoarthritis of the hand and knee in a 
young and middle aged African 
American and Caucasian women. 
Osteoarthritis Cartilage, 8: 69-77.

[3] Heikkinen E (2006): Disability and 
physical activity in late life—research 
models and approaches. Eur. Rev. Aging.
Phys. Act., 3: 3.

[4] Halter J, Ouslander J, Tinetti M et al. 
(2009): Hazzard Geriatric Medicine and 
Gerontology. 6thed. New York:The 
McGraw-Hill companies.

[5] Stevermer C (2005): Functional 
movement assessment for individuals 
with knee osteoarthritis. Published 
thesis, DSN, Iowa: Iowa State University, 
Faculty of the Graduate,. Available at 
http://www.proquest.com.

[6] Vos T, et al. (2012) Years lived with 
disability (YLDs) for 1160 sequelae of 
289 diseases and injuries 1990-2010: A 
systematic analysis for the Global 
Burden of Disease Study 2010. Lancet 
380:2163-2196.

[7] Felson DT, et al. (2000) 
Osteoarthritis: New insights. Part 1: The 
disease and its risk factors. Ann Intern 
Med 133:635-646.

[8] Alrushud AS, Rushton AB, 
Kanavaki AM, Greig CA. Effect of 
physical activity and dietary restriction 
interventions on weight loss and the 
musculoskeletal function of overweight 
and obese older adults with knee 
osteoarthritis: a systematic review and 
mixed method data synthesis. BMJ 
Open. 2017; 7(6): e014537. https://doi.
org/10.1136/bmjopen-2016-014537 
PMID: 28600365.

[9] Homoud AH. Knowledge, attitude, 
and practice of primary health care 
physicians in the management of 
osteoarthritis in Al-Jouf province, Saudi 
Arabia. Niger Med J. 2012; 53(4):213±9. 
https://doi.org/10.4103/0300-1652. 
107556 PMID: 23661881.

[10] Blagojevic, M., Jinks, C., Jeffery, A., 
& Jordan, 1. (2010). Risk factors for 
onset of osteoarthritis of the knee in 
older adults: a systematic review and 
meta-analysis. Osteoarthritis and 
cartilage, 18(1), 24-33.

[11] Christensen, R., Bartels, E. M., 
Astrup, A., & Bliddal, H. (2007). Effect 
of weight reduction in obese patients 
diagnosed with knee osteoarthritis: a 
systematic review and meta-analysis. 
Annals of the rheumatic diseases, 66(4), 
433-439.

[12] Muthuri, S. G., McWilliams, D. F., 
Doherty, M., & Zhang, W. (2011). 
History of knee injuries and knee 
osteoarthritis: a meta-analysis of 
observational studies. Osteoarthritis 
and Cartilage, 19(11), 1286-1293.

[13] Spector, T. D., & MacGregor, A. J. 
(2004). Risk factors for osteoarthritis: 
genetics. Osteoarthritis and cartilage, 
12, 39-44.

[14] Johnson, V. L., & Hunter, D. J. 
(2014). The epidemiology of 
osteoarthritis. Best practice & research 
Clinical rheumatology, 28(1), 5-

[15] Kellgren JH, Lawrence JS. 
Radiological assessment of osteo-
arthrosis. Ann Rheum Dis 
1957;16:494-502.

[16] Bannuru, R. R., Osani, M. C., 
Vaysbrot, E. E., Arden, N. K., Bennell, 
K., Bierma-Zeinstra, S. M. A., ... & 
McAlindon, T. E. (2019). OARSI 
guidelines for the non-surgical 
management of knee, hip, and 

References



13

The Regenerative Effect of Intra-Articular Injection of Autologous Fat Micro-Graft in Treatment…
DOI: http://dx.doi.org/10.5772/intechopen.99370

polyarticular osteoarthritis. 
Osteoarthritis and cartilage, 27(11), 
1578-1589.

[17] Conaghan, P. G., Dickson, J., & 
Grant, R. L. (2008). Care and 
management of osteoarthritis in adults: 
summary of NICE guidance. Bmj, 
336(7642), 502-503.

[18] Jevsevar, D. S. (2013). Treatment of 
osteoarthritis of the knee: evidence-
based guideline. JAAOS-Journal of the 
American Academy of Orthopaedic 
Surgeons, 21(9), 571-576.

[19] Neuber GA (1893) 
Fettransplantation. Verh Dtsch Ges 
Chir 22:66

[20] Czerny A (1895) Plastischer Ersatz 
der BrustdrosedurcheinLipoma. Chir 
Kongr Verhandl 216:2

[21] Lexer E (1910) 
Freirefettgewebstranplantation. Dtsch 
Med Wochenschr 36:46

[22] Rehn E (1912) Die 
fettransplantation. Arch Klin Chir 98:1

[23] Bruning P, Broeckaert TJ (1919) 
Contribution al’.tude des 
greffesadipeuses. Bull Acad R M.d 
Belg 28:440

[24] Peer LA (1950) Loss of weight and 
volume in human fat grafts. Plast 
Reconstr Surg 5:217-228

[25] Illouz YG (1985) De l’utilization de 
la graisse aspire pour combler les defects 
cutan.s. Rev Chir Esthet Lang 
Franc 10:13

[26] Fournier PF (1985) Microlipo-
extraction et microlipo-injection. Rev 
Chir Esthet Lang Franc 10:36-40

[27] Coleman S.R. Structural fat grafts: 
the ideal filler? Clin. Plast. Surg. 
2001;28:111

[28] Behzad Heidari, Knee osteoarthritis 
prevalence, risk factors, pathogenesis 
and features: Part I , Caspian J Intern 
Med. 2011 Spring; 2(2): 205-212

[29] Stoddart MJ, Grad S, Eglin D, Alini 
M (2009) Cells and biomaterials in 
cartilage tissue engineering. Regen 
Med 4:81-98

[30] Cohen NP, Foster RJ, Mow VC 
(1998) Composition anddynamics of 
articular cartilage: structure, function, 
and maintaining healthy state. J Orthop 
Sports Phys Ther 28:203-215

[31] Tiderius CJ, Olsson LE, Nyquist F, 
Dahlberg L (2005)Cartilage 
glycosaminoglycan loss in the acute 
phase afteran anterior cruciate ligament 
injury: delayed gadoliniumenhanced 
magnetic resonance imaging of cartilage 
and synovial fluid analysis. Arthritis 
Rheum 52:120-127

[32] Fife RS, Brandt KD, Braunstein EM 
et al (1991) Relationship between 
arthroscopic evidence of cartilage 
damage and radiographic evidence of 
joint space narrowing in early 
osteoarthritis of the knee. Arthritis 
Rheum 34:377-382

[33] Michele Zocchi M.D., Ph.D. 
Aesthetic Plastic Surgery volume 16, 
pages287-298 (1992)

[34] Sachin M Shridharani ,Liposuction 
devices: technology update , Med 
Devices (Auckl). 2014; 7: 241-251.
Published online 2014 Jul 21. doi: 
10.2147/MDER.S47322

[35] S.R. Coleman, Structural fat 
grafting: more than a permanent filler, 
Plast. Reconstr. Surg. 118 (2006) 
108S–120S

[36] GL Campbell, N. Laudenslager, J. 
Newman, The effect of mechanical 
stress on Adipocyte morphology and 
metabolism, Am. J. Cosmet. Surg. 4 
(1987) 89-94



Rheumatoid Arthritis

14

[37] K.A. Gutowski, Current 
applications and safety of autologous fat 
grafts: a report of the ASPS fat graft task 
force, Plast. Reconstr. Surg. 124 (2009) 
272-280.

[38] A. Condé-Green, N.F. Gontijo De 
Amorim, I. Pitanguy, Influence of 
decantation,washing and centrifugation 
on adipocyte and mesenchymal stem 
cell content of aspirated adipose tissue: a 
comparative study, J. Plast. Reconstr. 
Aesthet. Surg. 63 (2010) 1375-1381.

[39] S.Moshref. The Regenerative Effect 
of Intra-Articular Injection of 
Autologous Fat Micro-Graft in 
Treatment of Chronic Knee 
Osteoarthritis , Intechopen

[40] P. de Coppi, G. Bartsch Jr., M. M. 
Siddiqui et al., “Isolation of amniotic 
stem cell lines with potential for 
therapy,” Nature Biotechnology, vol. 25, 
no. 1, pp. 100-106, 2007.

[41] M. Barba, F. Pirozzi, N. Saulnier et 
al., “Lim mineralization protein 3 
induces the osteogenic differentiation of 
human amniotic fluid stromal cells 
through Kruppel-like factor-4 
downregulation and further bone-
specific gene expression,” Journal of 
Biomedicine and Biotechnology, vol. 
2012, Article ID 813894, 11 pages, 2012.

[42] Y.H.Chao, H. P. Wu,C.K.Chan, C. 
Tsai,C. T. Peng, andK.H. Wu, “Umbilical 
cord-derivedmesenchymal stemcells for 
hematopoietic stem cell 
transplantation,” Journal of Biomedicine 
and Biotechnology, vol. 2012,Article ID 
759503, 5 pages, 2012.

[43] U. G. Longo, M. Loppini, A. Berton, 
V. L. La, W. S. Khan, and V. Denaro, 
“Stem cells from umbilical cord and 
placenta for musculoskeletal tissue 
engineering,“Current StemCell Research 
&Therapy, vol. 7, pp. 272-281, 2012.

[44] S. Yang, S. Huang, C. Feng, and X. 
Fu, “Umbilical cord-derived 

mesenchymal stem cells: strategies, 
challenges, and potential for cutaneous 
regeneration,” Frontiers of Medicine, 
vol. 6, no. 1, pp. 41-47, 2012.

[45] D. peroni, I. Scambi, A. Pasini et al., 
“Stem molecular signature of adipose-
derived stromal cells,” Experimental 
Cell Research, vol. 314, no. 3, pp. 
603-615, 2008.

[46] K. Yoshimura, H. Suga, and H. Eto, 
“Adipose-derived stem/progenitor cells: 
roles in adipose tissue remodeling and 
potential use for soft tissue 
augmentation,” Regenerative Medicine, 
vol. 4, no. 2, pp. 265-273, 2009.

[47] Zuk PA, Zhu M, Mizuno H, Huang J, 
Futrell JW, Katz AJ, et al. Multilineage 
cells from human adipose tissue: 
Implications for cell based therapies. 
Tissue Engineering. 2001;7:211-228

[48] Luyten, Frank P. Mesenchymal stem 
cells in osteoarthritis. Current Opinion 
in Rheumatology: September 2004 - 
Volume 16 - Issue 5 - p 599-603

[49] Padoin AV, Braga-Silva J, Martins P, 
Rezende K, Rezende AR, Grechi B, 
Gehlen D, Machado DC. Sources of 
processed lipoaspirate cells: influence of 
donor site on cell concentration. Plast 
Reconstr Surg. 2008;122:614-8

[50] Markarian C F; Frey G Z; Silveira M 
D; Chem E M; Milani A R; Ely P B; Horn 
A P; Nardi N B; Camassola M. Isolation 
of adipose-derived stem cells: a 
comparison among different methods. 
Biotechnol Lett. 2014; 36:69302.

[51] Luyten, Frank P. Mesenchymal stem 
cells in osteoarthritis. Current Opinion 
in Rheumatology: September 2004 -  
Volume 16 - Issue 5 - p 599-603

[52] Dominici M, Le Blanc K, Mueller I, 
Slaper-Cortenbach I, Marini F, 
Krause D, et al. Minimal criteria for 
defining multipotent mesenchymal 
stromal cells. The International Society 



15

The Regenerative Effect of Intra-Articular Injection of Autologous Fat Micro-Graft in Treatment…
DOI: http://dx.doi.org/10.5772/intechopen.99370

for Cellular Therapy position statement.
Cytotherapy.(2006) 8:315-7.

[53] Gimble JM, Katz AJ, Bunnell BA. 
Adipose-derived stem cells for 
regenerative medicine. Circ Res. 
2007;100:1249-60.Gnanasegaran N, 
Govindasamy V, Musa S, Kasim NH. 
Different isolation methods alter the 
gene expression profiling of adipose 
derived stem cells. Int J Med Sci. 2014; 
6:391-03.

[54] Pittenger M F, Mackay A M, et al. 
Multilineage Potential of Adult Human 
Mesenchymal Stem Cells. Science 
1999;284;143-47.

[55] Ashjian PH, Elbarbary AS, 
Edmonds B, DeUgarte D, Zhu M, 
Zuk PA, Lorenz HP, Benhaim P, Hedrick 
MHIn. In vitro differentiation of human 
processed lipoaspirate cells into early 
neural progenitors. Plast Reconstr Surg. 
2003; 111:1922-31.

[56] Seo MJ1, Suh SY, Bae YC, Jung JS. 
Differentiation of human adipose 
stromal cells into hepatic lineage in vitro 
and in vivo. Biochem Biophys Res 
Commun. 2005;328:258-64

[57] Rodríguez JP, Astudillo P, Ríos S, 
Pino AM. Involvement of adipogenic 
potential of human bone marrow 
mesenchymal stem cells (MSCs) in 
osteoporosis. Curr Stem Cell Res Ther. 
2008;3:208-18.

[58] Gnanasegaran N, Govindasamy V, 
Musa S, Kasim NH. Different isolation 
methods alter the gene expression 
profiling of adipose derived stem cells. 
Int J Med Sci. 2014; 6:391-03.

[59] Strem BM, Hicok KC, Zhu M, 
Wulur I, Alfonso Z, Schreiber RE, 
Fraser JK, Hedrick MH. Multipotential 
differentiation of adipose tissue-derived 
stem cells. Keio J Med. 2005;54:132-41.

[60] Cui L, Yin S, Liu W, Li N, Zhang W, 
Cao Y. Expanded adipose-derived stem 

cells suppress mixed lymphocyte 
reaction by secretion of prostaglandin 
E2. Tissue Eng. 2007;13:1185-95.

[61] Gonzalez-Rey E, Gonzalez MA, 
Varela N, O'Valle F, Hernandez-Cortes P, 
Rico L, Büscher D, Delgado M. Human 
adipose-derived mesenchymal stem 
cells reduce inflammatory and T cell 
responses and induce regulatory T cells 
in vitro in rheumatoid arthritis. Ann 
Rheum Dis. 2010;69:241-8.

[62] Feisst V, Brooks AE, Chen CJ, 
Dunbar PR. Characterization of 
mesenchymal progenitor cell 
populations directly derived from 
human dermis. Stem Cells Dev. 2014; 
15;23:631-42.

[63] Fang B, Song Y, Liao L, Zhang Y, 
Zhao RC. Favorable response to human 
adipose tissue-derived mesenchymal 
stem cells in steroid-refractory acute 
graft-versus-host disease. Transplant 
Proc. 2007;39:3358-62.

[64] Han Y, Li X, Zhang Y, Han Y, 
Chang F, Ding J. Mesenchymal stem 
cells for regenerative medicine. Cells. 
(2019) 8:886.

[65] Zuk PA1, Zhu M, Ashjian P, De 
Ugarte DA, Huang JI, Mizuno H, 
Alfonso ZC, Fraser JK, Benhaim P, 
Hedrick MH. Human adipose tissue is a 
source of multipotent stem cells. Mol 
Biol Cell. 2002;13:4279-95

[66] Fan XL, Zhang Y, Li X, Fu QL. 
Mechanisms underlying the protective 
effects of mesenchymal stem cell-based 
therapy. Cell Mol Life Sci. (2020) 
77:2771-94

[67] Chen JY, Mou XZ, Du XC, Xiang C. 
Comparative analysis of biological 
characteristics of adult mesenchymal 
stem cells with different tissue origins. 
Asian Pac J Trop Med. (2015) 8:739-46.

[68] Lu LL, Liu YJ, Yang SG, Zhao QJ, 
Wang X, Gong W, Han ZB, Xu ZS, 



Rheumatoid Arthritis

16

Lu YX, Liu D, Chen ZZ, Han ZC. 
Isolation and characterization of human 
umbilical cord mesenchymal stem cells 
with hematopoiesis-supportive function 
and other potentials. Haematologica. 
2006;91:1017-26.

[69] Harasymiak-Krzyanowska I, 
Niedojado A, Karwat J, Kotua L, 
Gil-Kulik P, Sawiuk M, Kocki J. Adipose 
tissue-derived stem cells show 
considerable promise for regenerative 
medicine applications. Cell Mol Biol 
Lett. 2013;18:479-93.

[70] Joel Jihwan Hwang,Yeri Alice Rim, 
Yoojun Nam and Ji Hyeon Ju. Recent 
Developments in Clinical Applications 
of Mesenchymal Stem Cells in the 
Treatment of Rheumatoid Arthritis and 
Osteoarthritis Front. Immunol., 08 
March 2021

[71] Kubosch EJ, Lang G, Furst D, 
Kubosch D, Izadpanah K, Rolauffs B, et al. 
The potential for synovium-derived stem 
cells in cartilage repair.Curr Stem Cell Res 
Ther.(2018) 13:174-84.

[72] Ogata Y, Mabuchi Y, Yoshida M, 
Suto EG, Suzuki N, Muneta T, et al. 
Purified human synovium mesenchymal 
stem cells as a good resource for 
cartilage regeneration. PLoS ONE. 
(2015) 10:e0129096

[73] Murata Y, Uchida S, Utsunomiya H, 
Hatakeyama A, Nakashima H, Chang A, 
et al. Synovial mesenchymal stem cells 
derived from the cotyloid fossa 
synovium have higher self-renewal and 
differentiation potential than those 
from the paralabral synovium in the hip 
joint. Am J Sports Med. (2018) 
46:2942-53.

[74] Li TS, Ito H, Hayashi M, Furutani A, 
Matsuzaki M, Hamano K. Cellular 
expression of integrin-beta 1 is of 
critical importance for inducing 
therapeutic angiogenesis by cell 

implantation. Cardiovasc Res. 2005; 
65:64-72

[75] De Bari C, Dell'Accio F, 
Tylzanowski P, Luyten FP. Multipotent 
mesenchymal stem cells from adult 
human synovial membrane. Arthritis 
Rheum. (2001) 44:1928-42. doi: 
10.1002/1529-0131(200108)44:8

[76] Li N, Gao J, Mi L, Zhang G, 
Zhang L, Zhang N, et al. Synovial 
membrane mesenchymal stem cells: past 
life, current situation, and application 
in bone and joint diseases. Stem Cell Res 
Ther. (2020) 11:381.

[77] Nepali S, Park M, Lew H, Kim O. 
Comparative analysis of human 
adipose-derived mesenchymal stem 
cells from orbital and abdominal fat. 
Stem Cells Int. (2018) 2018:3932615

[78] Govindasamy V, Ronald VS, 
Abdullah AN, Ganesan Nathan KR, 
Aziz ZA, Abdullah M, Zain RB, 
Kasim NH, Musa S, Bhonde RR. Human 
platelet lysate permits scale-up of dental 
pulp stromal cells for clinical 
applications. Cytotherapy. 
2011;13:1221-33.

[79] Wang WZ, Fang XH, Williams SJ, 
Stephenson LL, Baynosa RC, Wong N, 
Khiabani KT, Zamboni WA. The effect 
of lipoaspirates cryopreservation on 
adipose-derived stem cells. Aesthet 
Surg J. 2013; 33:1046-55.

[80] De Ugarte DA, Morizono K, 
Elbarbary A, Alfonso Z, Zuk PA, 
Zhu M, Dragoo JL, Ashjian P,  
Thomas B, Benhaim P,Chen I, Fraser J, 
Hedrick MH. Comparison of multi-
lineage cells from human adipose tissue 
and bone marrow. Cells Tissues Organs. 
2003;174:101-9.

[81] Winter A1, Breit S, Parsch D, 
Benz K, Steck E, Hauner H, Weber RM, 
Ewerbeck V, Richter W. Cartilage-like 
gene expression in differentiated human 



17

The Regenerative Effect of Intra-Articular Injection of Autologous Fat Micro-Graft in Treatment…
DOI: http://dx.doi.org/10.5772/intechopen.99370

stem cell spheroids: a comparison of 
bone marrow-derived and adipose 
tissuederived stromal cells. Arthritis 
Rheum. 2003;48:418-29.

[82] Rodríguez JP, Astudillo P, Ríos S, 
Pino AM. Involvement of adipogenic 
potential of human bone marrow 
mesenchymal stem cells (MSCs) in 
osteoporosis. Curr Stem Cell Res Ther. 
2008;3:208-18.

[83] J. Mary Murphy, Kenneth Dixon, 
Stephen Beck, Dennis Fabian, Andrew 
Feldman, Frank Barry. Reduced 
chondrogenic and adipogenic activity of 
mesenchymal stem cells from patients 
with advanced osteoarthritis. Arthritis 
and Rehumatology. Volume46,Issue3. 07 
March 2002

[84] Baer PC, Geiger H. Adipose-derived 
mesenchymal stromal/stem cells: tissue 
localization, characterization, and 
heterogeneity. Stem Cells Int. 
2012;2012: 812693.

[85] Aye MT, Hashemi S, Leclair B, 
Zeibdawi A, Trudel E, Halpenny M, 
Fuller V, Cheng G. Expression of stem 
cell factor and c-kit mRNA in cultured 
endothelial cells, monocytes and 
cloned human bone marrow stromal 
cells (CFU-RF). Exp Hematol. 
1992;20:523-7.

[86] Dominici M, Le Blanc K, Mueller I, 
Slaper-Cortenbach I, Marini F, 
Krause D, et al. Minimal criteria for 
defining multipotent mesenchymal 
stromal cells. The International Society 
for Cellular Therapy position statement.
Cytotherapy.(2006) 8:315-7.

[87] Planat-Benard, V., Silvestre, JS., 
Cousin, B., André M., Nibbelink M., 
Tamarat R., Clergue M., Manneville C, 
Saillan-Barreau C., Duriez M., 
Tedgui A., Levy B., Pénicaud L., & 
Casteilla L. Plasticity of human adipose 
lineage cells toward endothelial cells: 
physiological and therapeutic 

perspectives. Circulation. 2004;109:  
656-63.

[88] Bajek A, Gurtowska N, 
Gackowska L, Kubiszewska I, 
Bodnar M, Marszaek A, Januszewski R, 
Michalkiewicz J,Drewa T. Does the 
liposuction method influence the 
phenotypic characteristic of human 
adipose-derived stem cells?Biosci Rep. 
2015; 14;35.

[89] Feisst V, Brooks AE, Chen CJ, 
Dunbar PR. Characterization of 
mesenchymal progenitor cell 
populations directly derived from 
human dermis. Stem Cells Dev. 2014; 
15;23:631-42.

[90] Bourin P, Bunnell BA, Casteilla L, 
Dominici M, Katz AJ, March KL, 
Redl H, Rubin JP, Yoshimura K, 
Gimble JM. Stromal cells from the 
adipose tissue-derived stromal vascular 
fraction and culture expanded adipose 
tissue-derived stromal/stem cells: a joint 
statement of the International.
Federation for Adipose Therapeutics 
and Science (IFATS) and the 
International Society for Cellular 
Therapy (ISCT). Cytotherapy. 2013; 
15:641-8.

[91] Baer P. Adipose-derived 
mesenchymal stromal/stem cells: An 
update on their phenotype in vivo and in 
vitro. World J. Stem Cells. 2014; 
6: 256-65.

[92] ON Koç,J Day,M Nieder,SL 
Gerson,HM Lazarus, W Krivit. 
Allogeneic mesenchymal stem cell 
infusion for treatment of metachromatic 
leukodystrophy (MLD) and Hurler 
syndrome (MPS-IH).Bone Marrow 
Transplantation volume 30, pages215-
222 (2002)

[93] Saeed H, Ahsan M, Saleem Z, 
Iqtedar M, Islam M, Danish Z, et al. 
Mesenchymal stem cells (MSCs) as 



Rheumatoid Arthritis

18

skeletal therapeutics - an update. J 
Biomed Sci. (2016) 23:41. doi: 10.1186/
s12929-016-0254-3

[94] Zylinska B, Silmanowicz P, 
Sobczynska-Rak A, Jarosz L, 
Szponder T. Treatment of articular 
cartilage defects: focus on tissue 
engineering. In Vivo. (2018) 
32:1289-300.

[95] Du D, Hsu P, Zhu Z, Zhang C. 
Current surgical options and innovation 
for repairing articular cartilage defects 
in the femoral head. J Orthop Translat. 
(2020) 21:122-8.

[96] Nejadnik H, Hui JH, Feng 
Choong EP, Tai BC, Lee EH. Autologous 
bone marrow-derived mesenchymal 
stem cells versus autologous 
chondrocyte implantation: an 
observational cohort study. Am J Sports 
Med. (2010) 38:1110-6

[97] Chen D, Shen J, Zhao W, Wang T, 
Han L, Hamilton JL, et al. 
Osteoarthritis: toward a comprehensive 
understanding of pathological 
mechanism. Bone Res. (2017) 5:16044.

[98] Kuroda R, Ishida K, Matsumoto T, 
Akisue T, Fujioka H, Mizuno K, et al. 
Treatment of a full-thickness articular 
cartilage defect in the femoral condyle 
of an athlete with autologous bone-
marrow stromal cells. Osteoarthritis 
Cartilage.(2007) 15:226-31

[99] Cai L, Johnstone B H, Cook T G, 
Tan J, Fishbein M C, Chen PS and March 
K L. IFATS collection: Human adipose 
tissue-derived stem cells induce 
angiogenesis and nerve sprouting 
following myocardial infarction, in 
conjunction with potent preservation of 
cardiac function. Stem Cells. 
2009;27:230-7.

[100] Nie C1, Yang D, Xu J, Si Z, Jin X, 
Zhang J. Locally administered adipose-
derived stem cells accelerate wound 
healing through differentiation and 

vasculogenesis. Cell Transplant. 
2011;20:205-16.

[101] Rigotti G, Marchi A, Galiè M, 
Baroni G, Benati D, Krampera M, 
Pasini A, Sbarbati A. Clinical treatment 
of radiotherapy tissue damage by 
lipoaspirate transplant: a healing 
process mediated by adipose-derived 
adult stem cells. Plast Reconstr Surg. 
2007;119:1409-22.


