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Abstract 

Background: Adipose tissue has achieved a great relevance as possible fount of mesenchymal 

stem cells for the healing of different articular pathologies including Knee Osteoarthritis 

(KOA). Stem cells derived from the Adipose Tissue (ADSCs) have a possibility to differentiate 

into chondrocyte, can reduce the immune response and can stimulate a local tissue repair, 

improving also the intra-articular  

Methods and Findings: Intra-articular injections of ADSCs with other conservative or surgical 

treatments can lead to an improving of all clinical and functional postoperative outcomes 

evaluated in middle-aged patients with KOA or chondral lesions. Moreover, some scores based 

on Magnetic Resonance Imaging (MRI) demonstrated an incremented quality of repaired 

cartilage in comparison with the pre-treatment. We observed no serious advent events.  

Conclusion: The use of ADSCs appeared to be out of danger, effective and it can be supposed 

an alternative procedure for the healing of chondral lesions and degenerative OA suitable for 

middle-aged athlete but no specific studies have been focus on this population and no long term 

follow-up data are available. 
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Abbreviations 

AAA: Arthroscopic Abrasion Arthroplasty; ADSCs: Adipose-Derived Mesenchymal Stem 

Cells; BMAC: Bone Marrow Aspirate Concentrate; BMP: Bone Morphogenetic Protein; 

EQOL: Emory Quality of Life; ESWT: Extracorporeal Shockwave Therapy; HA: Hyaluronic 

Acid; HTO: High Tibial Osteotomy; ICRS: International Cartilage Repair Society; IKDC: 

International Knee Documentation Committee; KOA: Knee Osteoarthritis; KOOS: Knee 

Injury and Osteoarthritis Outcome Score; MFAT: Microfragmented Adipose Tissue; MOAKS: 

MRI Analysis using MRI Osteoarthritis Knee Score; MOCART: Magnetic Resonance 

Observation of Cartilage Repair Tissue; MRI: Magnetic Resonance Imaging; NRS: Numeric 

Pain Rating Scale; NRS-11: Numerical Pain Rating Scale-11; PRP: Platelet-Rich Plasma; SF-

36: Short Form 36; SVR: Stromal Vascular Fraction; TGF: Transforming Growth Factor; VAS: 

Visual Analog Scale; WOMAC: Western Ontario and McMaster Universities Arthritis Index; 

WJMSCSc: Wharton’s Jelly-Derived Mesenchymal Stem Cells; WORMS: Whole-Organ 

Magnetic Resonance Imaging 

 

Introduction 

Knee Osteoarthritis (KOA) is an increasingly widespread disorder that is often unreceptive to 

non-surgical treatments, among which non-pharmacological interventions, treatment with 

systemic drugs and intra-articular therapies, lowering level of activity [1]. 

Middle aged athletes are higher demanding compared to no active people with higher impact 

and stress on joints structures including the knee and this can lead to progression to cartilage 

wear and knee osteoarthritis [2]. For that reason, a suitable approach among the possible 

treatment is the use of stem cells for managing of initial stages of KOA [3]. ADSCs therapy 

can lead to tissue regeneration even in the late stages (III and IV) of knee osteoarthritis. This 

procedure is cost friendly, economical and addressed to all categories of people. However, the 

treatment yielded poorer results in patients with late-stage of KOA (KL grade IV) than in 

patients with the early and middle-stage of KOA (KL grade I-III) [4]. 

The use of ADMSCs is also evaluated in the treatment of Osteochondral Lesions (OCL) of the 

ankle in combination with arthroscopic procedure of OCL removal, with reported progressive 

improvements as measured by the validated Foot and Ankle Disability Index [5]. Preliminary 

https://doi.org/10.46889/JOSR.2022.3305


3 

 

  Milani L | Volume 3; Issue 3 (2022) | JOSR-3(3)-043 | Review Article  

Citation: Milani L, et al. A Solution for Knee Osteoarthritis with Adipose-Derived Autologous Stem 
Cells in Middle-Aged People. J Ortho Sci Res. 2022;3(3):1-14. 

DOI: https://doi.org/10.46889/JOSR.2022.3305  

 

results with injection of mesenchymal stem cells are also assessed by Dall'Oca, et al., in the 

treatment of hip osteoarthritis with an improvement of postoperative HHS and WOMAC scores 

compared with the baseline values. Moreover, a recent study of Freitag, et al., showed the use 

of ADMSCs in the treatment of acromioclavicular joint OA led to a structural improvement 

with reduction in subchondral oedema, synovitis and subchondral cysts and an improvement 

of pain and function assessed by the Disability of Arm, Shoulder and Hand Score and Numeric 

Pain Rating Scale [6,7]. 

The Adipose Mesenchymal Stem Cells (ADSCs) can be harvested from the fatty tissue as it is 

simple to collect and available in large quantities [8]. ADSCs can offer similar clinical results 

to the ones harvested from iliac crest with minor morbidity [9]. The potential to transform into 

chondrocytes gives stem cells therapy regenerative because, once introduced near the lesion, 

they convert into novel cells that replace aged or damaged ones by remodeling the tissues 

[10,11].  

ADMSCs secrete a variety of growth factors, cytokines and Extracellular Vesicles (EVs), 

which have been reported to promote cell proliferation and inhibit apoptosis of chondrocytes 

[12]. 

Therefore, in-vitro and in-vivo models suggest that the use of expanded ASCs improve bone 

healing through direct differentiation into mature osteoblast and paracrine effects that facilitate 

migration and differentiation of resident precursors. 

The most common adverse effect of ADSCs treatment includes pain that can be avoided with 

local anesthetics. In the setting of allogeneic cell therapy studies, where the production of 

specific anti-bodies toward donor cells was examined, it was noted that 19%-35% of patients 

develop antibodies, but the consequence of this is unknown [13]. 

 

Methods 

The inclusion criteria for this clinical study were people that have a minimum age of eighteen 

years and older with symptomatic knee pain and Grade II-IV knee osteoarthritis in line with 

the modified Kellgren-Lawrence (KL) classification, symptomatic cartilage lesions or failure 

of non-surgical therapies after three, six or more months [14-19]. 

The exclusion criteria for this clinical study were people with a recent traumatic knee injury 

and ligament lesions or meniscal tears knee instability chondromatosis of the knee or 

villonodular synovitis previous arthroscopic-assisted surgery for KOA joint infection 

inflammatory or metabolic arthritis axial knee deformity of five degrees and more pregnancy 

breast feeding, malignancy bleeding and coagulation disorders and people with more of seventy 

years old [15-19]. 
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The most commonly used tissue sources for isolating mesenchymal stem cells apart from bone 

mar-row are the adipose tissue, umbilical cord, placenta and dental pulp [12]. Adipose tissue 

has become an attractive alternative because is a source easy to access and in literature it is 

reported that ADSCs can usually be obtained by abdominal lipoharvest procedure by 

subpatellar fat-pad or by buttock subcutaneous fat [14-22]. 

The surgical time based on a lateral abdominal approach [14]. In the first place, a percutaneous 

infiltration with saline solution mixed with lidocaine, ropivacaine and adrenaline was 

performed [14,19]. After fifteen minutes, the abdominal subcutaneous fat lipoaspiration was 

performed using a metal cannula [14,16,19]. Koh and Choi harvested the adipose tissue from 

the infrapatellar fat pad using an en-largement of the cutaneous incision at the arthroscopic 

lateral portal side. Kim and Tsubosaka reported that one day before arthroscopic surgery the 

fat tissue was collected from the patient’s but-tocks via tumescent liposuction [18,22]. 

After that, the lipoaspirate was processed for isolation and expansion of autologous ADMSCs 

in the lab [14,16]. The adipocytes were divided from the Stromal Vascular Fraction (SVF) by 

centrifugation as reported by Zuk, et al., as a result of an enzymatic digestion with the use of 

collagenase [16,24]. After-wards, these Adipose Cells (ADSCs) were cultured and isolated 

using a hypoxic condition and appeared as a mean of 9.4% (range 8.2-10.9 %) of the stromal 

vascular fraction cells [14,16,18]. 

In alternative, the harvested fat was inland be processed and the final microfragmented tissue 

was transferred to a syringe and injected intra-articularly [25]. 

 

Results 

ADSCs can be used via injection as unique procedure or associated to other conservative or 

surgical treatments to enhance their biological and clinical effect.  

A lot of scientific studies reporting ADSCs injections for the management of KOA proved 

notable improvements in terms of knee function and pain in comparison with baseline data, up 

to 24 months of follow-up [14-19,21-23,25-37]. 

Basic science studies and clinical studies outlined the positive effect of injective mesenchymal 

stem cell-based treatments for knee osteoarthritis [26]. 

Tsubosaka, et al., evaluated 57 people who were subjected to an injection of adipose-derived 

SVF for knee OA [22]. This study showed that knee extension angle at six and twelve months 

postoperatively was significantly better than the preoperative angle. Moreover, the Visual 

Analog Scale (VAS), the total Western Ontario and McMaster Universities Arthritis Index 

(WOMAC) and the Knee Injury and Osteoarthritis Outcome Score (KOOS) scores at one, 
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three, six and twelve months postoperatively were considerably better than preoperative scores 

[22]. 

Lu, et al., compared a group of 26 patients treated with ADSCs injections with another one 

treated with HA injections [27]. They found significant improvements in WOMAC, VAS and 

SF-36 scores in both groups. In particular, compared with the HA group, significantly more 

patients achieved 50% improvement of WOMAC and more patients achieved a 70% 

improvement rate in ADSCs group. Meanwhile, there was notably more increase in articular 

cartilage volume of both knees in ADSCs group than in the HA group after 12 months as 

measured by MRI scores [27]. 

Freitag, et al., examined clinical results of some patients underwent only one or double 

injection and compared these results with another group underwent conservative treatment with 

no injections [14]. 

They observed a statistical and importantly improvement in pain and function in both treatment 

groups, as measured by validated outcome score including Numeric Pain Rating Scale (NRS), 

WOMAC and KOOS score [12]. In addition, MRI analysis using MRI Osteoarthritis Knee 

Score (MOAKS) indicated a variation of illness progression over 12 months of follow-up with 

largest stabilization reached by patients who received two injections of ADSCs [14]. 

Lee, et al., evaluated with a RCT trial 12 patients with KOA treated with ADSCs and compared 

to another group underwent an injection of saline solution [16]. At short term follow-up a 

significant improvement of pain and function was recorded with no adverse effect. Moreover, 

in MRI there was no significant change of cartilage lesion after ADSCs injection, whereas the 

lesion in the second group was increased at six months of follow-up [16]. 

Mautner, et al., evaluated clinical results of patients underwent Microfragmented Adipose 

Tissue (MFAT) therapy with another group underwent Bone Marrow Aspirate Concentrate 

(BMAC) injec-tion [28]. They observed a significant prolonged improvement (>1 year) in pain 

and function with both MFAT and BMAC injections in people with symptomatic KOA, 

evaluated with the KOOS ques-tionnaire, the Emory Quality of Life (EQOL) questionnaire and 

the Visual Analog Scale (VAS), without an importantly difference when comparing the two 

autologous tissue sources [28]. 

Pers, et al., evaluated an intra-articular injection of autologous ASCs in three consecutive 

cohorts of patients with symptomatic and severe knee OA with dose escalation: low dose (2 x 

106 cells), medium dose (10 x 106 cells) and high dose (50 x 106 cells) [17]. In particular, they 

observed an improvement of all clinical outcome parameters (pain, function and mobility 

according to the WOMAC score) regardless of the injected dose. However, significant 

improvements in pain levels and function were detected only for patients treated with the low 

dose of ASCs [17]. 
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Jo, et al., assessed the efficacy of intra-articular injection of ADSCs in three dose escalation 

cohorts of patients (low dose with 1.0 x 107 cells, medium dose with 5.0 x 107 cells, high dose 

with 1.0 x 108 cells) [29]. Contrarily to the previous study, the WOMAC score improved at 6 

months after injec-tion in the high-dose group. Moreover, the dimension of cartilage lesion 

reduced, while the volume of cartilage grew in the medial tibial and femoral condyles of the 

high-dose group [29]. 

Similarly, Song, et al., considered three dose groups of patients with KOA treated with ADSCs 

injections (1 × 107, 2 × 107 and 5 × 107 cells, respectively) [30]. This study showed intra-

articular injection of ADSCs was correlated with a significant reduction of the WOMAC score 

and improvement in the Numerical Pain Rating Scale-11 (NRS-11) and Short Form 36 (SF-36) 

score in all the three dose groups of patients. In addition, it was associated with a significantly 

increased thickness of the articular cartilage, which was superior in the high dose group [30]. 

Ha, et al., in a systematic review found a positive effect of mesenchymal stem cell injections 

with improvement of pain and function at short term follow up and limited evidence for 

cartilage repair [31]. 

Lopa, et al., in their review outlined the lack of long-term study results with intra-articular 

injection of ADSCs for the management of KOA [26]. Moreover, they outlined that no source 

of stem cell has been proven to superior to another and the best stem cell dose has not been 

defined [26]. 

Controversially, Zhao, et al., in a recent systematic review compared ADSCs with platelet-rich 

plas-ma, hyaluronic acid and saline and they found ADSCs to be the best treatment in term of 

offering pain relief with VAS reduction [32]. 

Recently, Han, et al., in a network metanalysis found that cortisone and hyaluronic acid 

injection got better scored than ADSCs. They found that ADSCs to be not effective in obtaining 

a relevant reduction of pain and improvement of function [33]. 

Arthroscopic treatment with debridement has been shown a questionable effect for knee OA 

with moderate effects deteriorating at short term follow-up as it has been outlined by Thorlund, 

et al. [34]. 

Stem cells addition has been proposed as a potential adjuvant to enhance the biologic response 

after arthroscopic treatment of cartilage lesions or degenerative knee OA [35]. 

Panni, et al., reported intra-articular injection of ADSCs in association with arthroscopic 

debridement for the treatment of moderate KOA [19]. This study showed a significantly 

increasing of all clinical and functional scores evaluated (VAS score, IKS knee and function 

scores) at a mid-term follow-up [19]. 

https://doi.org/10.46889/JOSR.2022.3305
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Russo, et al., assessed injections of ADSCs in a cohort of 30 patients in association with other 

arthro-scopic and surgical kneeprocedures (ACL/LCL reconstruction, high tibial osteotomy, 

meniscecto-my) [36]. They observed that more than 50% of the patients improved at least 20 

points in all the considered scores (KOOS, IKDC-subjective, Tegner Lysholm Knee) and 55% 

of the patients improved at least 30 points in the VAS pain scale [36]. 

Freitag, et al., reported a study of 26 patients presenting grade IV knee OA treated with ADSCs 

in-jections plus Arthroscopic Abrasion Arthroplasty (AAA) [36]. This study showed all 

patients had signifi-cant reduction in knee pain and improvement in knee function with no 

serious complication after ADSCs+AAA and hyaline-like cartilage regeneration was seen in 

all participants [37]. 

Zhou, et al., studied the effect of infrapatellar fat pad extracted cells in a RCT showing that the 

treatment group of 29 patients, who underwent knee debridement with knee infrapatellar fat 

pad cell concentrates, obtained better scores for VAS, WOMAC and MOCART scales [23]. 

Koh and Choi studied the effects of a single injection of ADSC lipoaspirate from infrapatellar 

fat pad after arthroscopic debridement in 25 patients with a control group detecting a 94% of 

satisfaction rate for the patients but an abnormal cartilage repair tissue rate at second look 

arthroscopy of 74% [25]. 

Koh, et al., in a RCT studied the effect of ADSCs added to microfracture treatment for 

symptomatic focal defects of the knee larger than 3 cm [38]. Similar results for functional 

scores, return to sports and quality of life were obtained with improvement in the ADSCs group 

for the subscores of pain and radiological results (Fig. 1-3) [38]. 

 

Figure 1: Human adipose-derived stem cells isolation and differentiation for clinical usage. 
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Figure 2: Adipose derived mesenchymal stem cells harvesting technique. 

 

 

Figure 3: The result of lipo-aspiration procedure. 

 

Discussion 

Several articles in literature reported the associated treatment with Hyaluronic Acid (HA), 

Platelet Rich Plasma (PRP) and shockwaves can potentiate the positive effects of ADSCs 

injections in the treatment of KOA [15,27,38,40,41].  
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HA may restore the damaged HA layer on the articular cartilage surface and bring about an 

alleviation of the arthritic condition and an arrest of the progress of the disease [27,38,42]. 

PRP can act as a biological scaffold, widely used as a mesenchymal stem cells carrier for 

clinical chondrogenesis, based on the concept that platelets contain growth factors that when 

released have chemotactic and mitogenic effects on mesenchymal stem cells and osteoblasts 

when applied to bony tissues [15,40]. 

Extracorporeal Shockwave Therapy (ESWT) has been reported to have chondroprotective 

effects in KOA [38]. In particular, some studies have shown that ESWT promotes 

neovascularization, bone-healing, anti-inflammatory effects and wound-healing [41,43]. 

Hong, et al,. assessed a cohort of 16 patients with symptomatic grade 1-3 Lawrence stage knee 

OA treated with ADSCs plus HA injections compared with another cohort of 16 patients 

(control group) treated only with HA injections [39]. This study showed significantly 

improvement in the mean VAS, WOMAC scores and ROM at 12-months follow-up visit. In 

contrast, the mean VAS, WOMAC scores and ROM of the control group became even worse 

but not significant from base-line to the last follow-up visit [39]. Moreover, the Whole-Organ 

Magnetic Resonance imaging (WORMS) score and the Magnetic resonance Observation of 

Cartilage Repair Tissue (MOCART) score based on MRI revealed a significant improvement 

of articular cartilage repair in the first group compared with the control group [39]. 

 

 Associated Treatments Clinical Parameters and Index Changes 

Hong, et al. [39] ADSCs + HA VAS, WOMAC, ROM, WORMS, MOCART 

Koh, et al. [15] ADSCs + PRP VAS, Lysholm score, 

Tegner activity scale 

Kim, et al. [18] ADSCs + HTO IKDC, Lysholm score, 

ICRS grades 

Tan, et al. [47] ADSCs + HTO Lysholm score, KOOS, 

IKDC 

Cheng, et al. [45] ADSCs + ESWT TSG-6, PRG-4, BMP-2, 

BMP-6, type II collagen 

Hsu, et al. [41] ADSCs + ESWT TGF-β, BMP-4, type II collagen 

Table 1: Associated treatments and clinical parameters evaluated in several clinical studies. 
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Only the study of Bakowski, et al., compared outcomes of PRP and ADSCs therapy for KOA 

[40]. They reported both procedures are safety treatment options of KOA. The most common 

complications after the intra-articular injection are pain and swelling of treated knee, but this 

improves after cold compression and NSAIDs [40]. Moreover, there were no cancer incidents 

reported after ADSCs or PRP implantation [40]. In term of regenerative proprieties, in literature 

it was not reported one pro-cedure is better than the other one. However, Van Pham, et al., 

showed PRP-pretreated ADSCs improved healing of injured articular cartilage in a mouse 

model compared with untreated ADSCs [44]. 

Koh, et al., compared a study group of patients treated with ADSCs plus PRP injections 

compared with a control group treated only with arthroscopic debridement and PRP injections 

without stem cells [15]. They reported the mean Lysholm, Tegner activity scale and VAS 

scores of patients in the study group improved significantly by the last follow-up visit. 

However, these outcomes at the final follow-up visit were similar to the outcomes obtained by 

Hsu, et al., that com-pared a group of patients treated with ADSCs injections plus 

Extracorporeal Shockwave Therapy (ESWT) with another group treated with ESWT plus 

human umbilical cord Wharton’s Jelly-Derived Mesenchymal Stem Cells (WJMSCs) [41]. 

This study demonstrated that ESWT+ADMSCs group had a synergistic effect greater than that 

of ESWT+WJMSCs group for the treatment of early knee OA in term of increased expressions 

of Transforming Growth Factor (TGF)-β, Bone Morphogenetic Protein (BMP)-4 and type II 

collagen. In particular, it showed the first group exhibited increased trabecular thickness and 

bone volume as compared with the ESWT+WMSCs group using micro Computed 

Tomography (CT) and Immunohistochemistry (IHC) staining [41]. 

Cheng, et al., demonstrated that ADSCs combined with shockwave treatment had a better effect 

to improve osteoarthritic pathological factors in knee OA joints decreasing Tumor Necrosis 

factor-inducible Gene (TSG)-6 and Proteoglycan (PRG)-4, while increasing tissue inhibitor 

matrix, one Morphogenetic Protein (BMP)-2, BMP-6 metalloproteinase, Tissue Inhibitor of 

Metalloproteinase (TIMP)-1 and type II collagen [45]. 

High Tibial Osteotomy (HTO) can be considered a viable option for treatment of 

unicompartimental knee arthritis or focal damage to medial compartment and varus alignment 

with possible return to sport [41]. The potential of adding injections of ADSCs to improve the 

results of HTO has been inves-tigated in several studies [18,46]. 

Kim, et al., assessed clinical outcomes of some patients underwent ADSCs therapy plus HTO 

for the management of knee varus osteoarthritis and compared these results with a control HTO 

group [18]. They found the mean IKDC score and Lysholm score significantly increased in the 

first group than in the second group as evidence of improved joint function and sport activities. 

Similarly, the ICRS grades improved more in people with ADSCs therapy than in the second 

group as a sign of improved quality of repaired cartilage [18]. 
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Koh, et al., evaluated the effects of HTO plus PRP and HTO plus PRP+ADSCs and they did 

not find better outcomes in the second group in term of VAS reduction, improved clinical 

scores and cartilage healing [15]. 

Tan, et al., in a systematic review and meta-analysis on 4 studies with 224 patients undergoing 

HTO and MSCs and they found a significant but modest difference for functional scores such 

as Lysholm, KOOS and IKDC [47]. 

Hohmann, et al., in a recent commentary network meta-analysis assessed the effectiveness of 

PRP injections as in comparison with HA and ADSCs injections. These studies suggest that 

platelet-rich plasma provides the best functional improvement and safety for the management 

of knee OA, despite ADSCs provide excellent pain relief [48]. 

 

Conclusion 

ADSCs injections isolated or combined with surgical treatments are used in middle aged and 

active people with positive results for both clinical and functional scores with radiological short 

term limited evidence in limiting the progression of knee OA and improving the cartilage 

condition. 

No data relating to athletes and the preoperative level of activity have not been outlined in any 

study. The potential benefit of ADSCs may be useful in athletes who frequently have 

symptomatic cartilage lesions or early to medium osteoarthritis and their use can improve the 

benefit obtained from surgical treatments with no specific side effect reported. 

There are ongoing controversies in the available literature and it is therefore necessary that new 

adequate powered studies using appropriated evaluation scales, advanced imaging and long 

enough follow-up have to be produced.  
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