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Introduction 

More and more attention is being paid on osteoarthritis because its large patient populations 

and huge burden on health care society and finance. Osteoarthritis (OA) is already one of the 

ten most disabling diseases in developed countries [1]. It is estimated that at least 27 million 

people across the United States of America are affected by arthritis, with an estimated total 

annual cost to the US economy of $89.1 billion US dollars [2], and the globalage-

standardized prevalence of knee OA was 3.8% in 2010 [1]. This number is much higher in 

Journal of Regenerative Biology and Medicine 

An Open Access Journal 

ISSN: 2582-385X 

 

 

          Journal of Regenerative Biology and Medicine 

                                                                                                                                        An Open Access Journal 

                                                                                                                                                                      ISSN: 2582-385X 

 

 

 

Abstract 

Osteoarthritis has huge impact on medical care system and finance as its large patient populations and 

its increasing contribution to the chronic disability in age population. Increasing effort to develop new 

treatment of osteoarthritis with cell therapy is being made.  In this paper, we review cell sources, 

inclusion criteria and delivery method of cell therapy for osteoarthritis in the current clinical studies, and 

discuss the possibility to improve the clinical outcome. 

https://doi.org/10.37191/Mapsci-2582-385X-2(1)-015
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some developing country, such as China. The prevalence of knee OA was reported to be 

8.8% (men: 6.3%, women: 11.0%) in China [3]. With the increase of population age, the 

prevalence is likely to further increase. Worldwide estimates that 9.6% of men and 18.0% of 

women aged over 60 years have symptomatic osteoarthritis.80% of those with osteoarthritis 

will have limitations in movement, and 25% cannot perform their major daily activities of life 

[1]. Based on the Lay version of the OARSI definition of osteoarthritis, “Osteoarthritis is a 

disorder that can affect any moveable joint of the body, for example knees, hips, and hands. It 

can show itself as a breakdown of tissues and abnormal changes to cell structures of joints, 

which can be initiated by injury [4]. Currently, diagnosis of OA is based on plain 

radiography, which was described by Kellgren and Lawrence (KL) in 1957 [5]. Each 

radiograph was assigned a grade from 0 to 4, which correlated to increasing severity of OA, 

with Grade 0 signifying no presence of OA and Grade 4 signifying severe OA [5]. 

There are several methods available to treat OA based on the degree of the disease, including 

conservative treatments such as pharmacologic management [6], surgical interventions such 

as high tibial osteotomy (HTO) [7] and total knee arthroplasty (TKA) [8]. With the 

development of regenerative medicine, a less invasive procedure cell therapy is being 

developed. 

PubMed advanced search function (https://www.ncbi.nlm.nih.gov/pubmed/advanced) was 

used to find the papers regarding cell therapy for OA (Key words: cell therapy; osteoarthritis) 

from 2000 to 2018, and results are showed in (Figure 1).The papers published yearly are 

increased from 26 in 2000 to 262 in 2018, indicating increasing effort is being made to 

develop new treatment to fight OA. Regarding to cell therapy for osteoarthritis, several 

excellent reviews were recently published [9-11]. Freitag J et al. summarized current 

available regenerative techniques, including autologous chondrocyte implantation (ACI), 

mosaicplasty, micro fracture, MSCs [10]. Jevotovsky D.S. et al reviewed treated 2,390 

patients with MSCs and concluded that while studies support the notion that MSC therapy 

has a positive effect on OA patients, there is limited high quality evidence and long-term 

follow-up, identifying a lack of consistency, including a diversity of MSC preparations, and 

thus a lack of reproducibility amongst these articles’ methods [9]. All of these reviews are 

positive with the safety of the cell therapy; however, there is still no sufficient evidence to 

show the efficacy. For those who want to know more details, please refer these papers. Here, 

we would like to review cell therapy of osteoarthritis from the points of cell sources, 

inclusion criteria and delivery methods applied in the clinical studies, and discuss the 

possibility to improve the clinical outcome by refining the clinical design. 
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Figure 1: Paper number on cell therapy for osteoarthritis from year 2000 to 2018, search results from PubMed 

with key words: ((Knee Osteoarthrosis) AND cell therapy). 

 

Current Status of Cell Therapy: cell sources, inclusion criteria and cell delivery 

methods 

In order to see the detail of current clinical applications of cell therapy for OA, 

ClinicalTrials.gov (https://www.clinicaltrials.gov/ct2/search/advanced) search function was 

used to document all clinical trials registered (condition or disease: osteoarthritis, other terms: 

cell therapy, all other boxes in defaults). 180 clinical trials were registered on December 5, 

2019.We analyzed the cell sources, inclusion criteria, and cell delivery methods of these 

clinical studies. The cell sources used in treatment of osteoarthritis are showed in Figure 2. 

Bone marrow and adipose are two major sources, accounted for 42% and 37%, respectively, 

following by PRP (9%) and autologous chondrocytes (6%). Cultured MSCs (from both bone 

marrow and adipose tissue) accounted for 43% while concentrated cell fractions 

(SVF&BMAC) accounted for 36%. The percentage of autologous MSCs (23%) is similar to 

allogenic MSCs (26%), indicating that the immune tolerance of MSCs were recognized and 

became acceptable. The components between concentrated cell fractions, such as BMAC [12] 

and SVF [13], and cultured MSCs [14] are totally different, which might result in different 

clinical results. Therefore, we need carefully to compare the results with different cell 

sources. Yokota et al. reported the comparative clinical outcomes with ADSCs or SVF for 

treatment of knee osteoarthritis, and showed that that both ASCs and SVF resulted in clinical 

https://doi.org/10.37191/Mapsci-2582-385X-2(1)-015
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improvement in patients with knee OA, but that ADSCs outperform SVF in the early 

reduction of symptoms and pain with less comorbidity [15] (Figure 2). 

Figure 2: Cell sources used in the cell therapy for osteoarthritis, search results from ClinicalTrials.gov on 

December 5, 2019 with key words: osteoarthritis and cell therapy. 

 

 

Overall the inclusion criteria of cell therapy for osteoarthritis are broad. Typically, inclusion 

criteria are ages 40-70 years, OA with Kellgren-Lawrence grade over 2. There is no 

limitation on Hip-knee-ankle alignment, which influences load distribution at the knee, varus 

and valgus alignment increase medial and lateral load, respectively [16].It is reasonable to 

assume that if the alignment is not in acceptable range, for example malalignment <5 degrees, 

the load distribution will eventually affect the joint, and the effect of cell therapy would not 

last long. On this aspect, inclusion criteria of autologous chondrocytes implantation (ACI) is 

stricter, it clearly excluded those malalignment >5 degrees measured on HKA (hip-knee-

ankle) radiographs [17]. To keep the efficacy of cell therapy for long-term, some limitation 

on alignment need to be considered. Almost all of the clinical studies of cell therapy 

forosteoarthritis delivered cell with intra-articular injection. This delivery method is simple, 

but it couldn’t control and fix the cells to the target sites, such as cartilage lesion, as cells will 

distribute throughout the joint space after injections. It was reported the injected cell MSCs 

engrafted to synovial tissue, instead of homing to cartilage injury in normal or OA joints [18]. 

This suggests that the mechanisms of cell therapy with intra-articular injection may be 

https://doi.org/10.37191/Mapsci-2582-385X-2(1)-015
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through modulation of synovial fluid constituents, inflammation, or cytokine profile, rather 

than direct cartilage repair. If this is true, this meant the cell therapy might be just a short-

term improvement the symptom of joint, as it might not be able to repair the destroyed 

cartilage tissue. It was reported that change of subchondral bone might result in osteoarthritis 

[19]; treatment strategy of OA focused on subchondral bone might be required. Therefore, 

delivery of cells to subchondral bone might be another choice. Philippe Hernigou et al. 

reported subchondral injection of bone marrow cells can improve cartilage and bone marrow 

lesions [20]. 

Discussion 

What is the goal of cell therapy? Because current therapy included diversity of cell sources, 

ambiguity of inclusion criteria, and simplicity of delivery methods, it reasonable to say each 

clinical study is different. As mentioned above, the components of MSCs, SVF, BMAC are 

totally different, which might result in different mechanisms to treat OA, and eventually 

resulted in different clinical outcome. So, when we perform a clinical study with cell therapy 

for OA, we need first to think what is the goal of the cell therapy? It is for pain relief, 

cartilage repair, or improvement of whole joint environment? How long we expect the 

treatment to last? To answer these questions, we need more preclinical studies in vitro and in 

vivo to characterize these cell sources and the action mechanisms. Based on the goal and the 

characteristics of each cell source, we can have more clear inclusion criteria and design 

specific clinical study to address the efficacy of the cell therapy. For example, for treatment 

of patients over 80-yearold’s in a less invasive way, we might recruit patients over 80-

yearold’sand treated them with SVF with intra-articular injections. On the other hand, if we 

want to pursue longer efficacy of this treatment and delay or substitute the TKA surgery, we 

might recruit patients under 60-yearold’s, and treat them with MSCs by injection cells to 

subchondral bone. 

Rehabilitation after cell therapy is not mentioned in these clinical studies, even though it is 

crucial to the biologic remodeling of the repair tissues [21]. Due to its importance, recently 

new field “regenerative rehabilitation” is proposed [21]. In this aspect, ACI has some 

concrete rehabilitation program [22], which might be useful for the other cells to refer. The 

ACI rehabilitation program divided into proliferation phase (first 4 to 6 weeks), transition 

stage (weeks 4-6 through week 12), remodeling phase (months 3-6), and maturation phase 

(lasts for up to 2 to 3 years). Each phase is designed based on requirement of the injected 

cells performance in vivo. In proliferation phase, the injected cell adhesion, proliferation and 

production of specific matrix markers to fill the defect. At this stage, supplement of nutrition 

to the implanted chondrocytes while avoiding the shear forces is important. As joint 

mobilization and partial loading is vital for the nutrition of the chondrocytes, passive ROM 

exercises should, therefore, postoperatively start as soon as tolerated, usually on day 1. In the 

https://doi.org/10.37191/Mapsci-2582-385X-2(1)-015
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transition stage, the repair tissue has a spongy consistency and increasing lygains strength, 

the rehabilitation protocol will be focused on the restoration of full ROM, step-wise increase 

in weightbearing, and gait rehabilitation. In the remodeling phase, an increasingly organized 

structure of the tissue is formed, the focus of the rehabilitation program shifts to muscle 

strengthening and endurance as well as the return to functional training. In the maturation 

phase, matrix proteins stabilize in large aggregates and the collagen framework integrates in 

the subchondral bone. Rehabilitation concentrates on the restoration of full preoperative skills 

and the return to sports. 

Although the effect of rehabilitation in cell therapy for OA is unclear, it has demonstrated 

that rehabilitation is a significant effect modifier of better ACI, facilitates the process of graft 

maturation, and allows a faster return to sports [23]. Integration of rehabilitation into cell 

therapy for OA might benefit in improving physical function, and improve the quality of 

clinical studies. 

Disclaimer 

The author has no any conflict of interest related to this article. The findings and conclusions 

in this paper are those of the author and do not represent the views of Olympus Corporation. 
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