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ABBREVIATIONS 
 
AAT    : Autologous Adipose Tissue 
ABMC    : Autoogous Bone Marrow Concentrate 
ABR     : Angioconductive Bioceramic Rod 
ACD    : Advanced Core Decompression 
ACI    :  Autologous Chondrocyte Implantation 
ACL    : Anteriorc Cruciate Ligament 
ACR    : American College of Rheumatology 
ADL    :  Activities of Daily Living 
ADMSCs   :  Adipose tissue-Derived Mesenchymal Stem Cells 
ADSCs    : Adipose Derived Stem Cells 
AEs    :  Adverse Events 
AMIC    : Autologous Matrix-Induced Chondrogenesis  
ARCO    : Association Research Circulation Osseous  
ASES    : American Shoulder and Elbow Surgeon  
ATLA    : Adult T-cell Leukemia-Associated Antigen 
AVN    : Avascular Necrosis 
BBC    : Bone marrow Buffy Coat 
BMA    :  Bone Marrow Aspiration 
BMAC    :  Bone Marrow Aspirate Concentrate 
BMI    : Body Mass Index 
BMDSCs   : Bone Marrow Derived Stem Cells 
BMMNC   : Bone Marrow Mono Nuclear Cell 
BMMSC   : Bone Marrow Mesenchymal Stem Cell 
CD    : Core Decompression 
CD    : Cluster of Differentiation 
CFU    : Colony-Forming Unit 
CI    :  Confidence Interval 
CPGA    : Collagen/Polyglycolic Acid 
CRP    : C-Reactive Protein 
CT    : Computed Tomography 
EF    : Ejection Fraction 
EtD    :  Evidence to Decision 
ESWT    : Extracorporeal Shock Wave Therapy 
FBG    : Fasting Blood Sugar 
FCD     : Focal Cartilage Defect 
FDA    :  Food and Drug Administration 
FHC    : Femoral Head Collapse 
G-CSF    : Granulocyte Colony Stimulating Factor 
GDG    : Guideline Development Group  
GDT    : Guideline Development Tool  
GRADE    : Grading of Recommendations, Assessment 
HA     : Hyaluronic Acid 
haMPCs   : Human adipose-derived mesenchymal progenitor cells 
HbA1c    : hemoglobin A1C 
HBM-MSCs    :   Human Bone Marrow derived Mesenchymal Stem Cells 
HBV    : Hepatitis B Virus 
HCV    : Hepatitis C Virus 
HHS    : Harris Hip Score 
HIV    :  Human Immunodeficiency Virus 
HLA-DR   : Human Leukocyte Antigen –DRisotype 
hMSCs    : Human Mesenchymal Stem Cells 
HSCs    : Hematopoietic Stem Cells 
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HTO     : High Tibial Osteotomy 
ICOAP    : the Intermittent and Constant Osteoarthritis Pain 
ICRS    : International Cartilage Repair Society 
IKDC    : International Knee Documentation Committee 
ISCT    : International Society for Cellular Therapy 
KL    :  Kellgren–Lawrence 
KOOS    : Knee Injury and Osteoarthritis Outcome Score 
KSFS    : Knee Society Function Score 
KSS    : Knee Society Score 
MCID    :  Minimally Clinical Important Difference 
MD    : Mean Difference 
MFAT    : Microfragmented Adipose Tissue 
MKSSF    : Modified Knee Scoring-Short Form 
MNC    : Mononuclear Cell Concentrate 
MOAKS    : MRI Osteoarthrtis Knee Score 
MOCART    : Magnetic Resonance Observation of Cartilage Repair  
     Tissue 
MRI    : Magnetic Resonance Imaging 
MSCs     : Mesenchymal Stem Cells 
MVIC    : Maximal Voluntary Isometric Contraction 
MWS    : Mayo Wrist Score 
NCI-CTCAEs :  National Cancer Institute-Common Terminology Criteria for 
  Adverse Events 
NICE    :  National Institute for Health and Care Excellence  
NMR    : Nuclear Magnetic Resonance 
NPRS    : Numeric Pain Rating Scale 
NRS    : Numeric Rating Scale 
NSAIDs    : Non-Steroidal Anti-Inflammatory Drugs 
OA     : Osteoarthritis 
OMERACT   : Outcome Measures in Rheumatoid Arthritis 
OAK    : Osteoarthritis Knowledge Scale 
ON    : Osteonecrosis 
ONFH    : Osteonecrosis of the Femoral Head 
ORBITs    :  Outcome Reporting Bias in Trials 
PBMSCs   :  Peripheral Blood Mononuclear Cells 
PBSCs    : Peripheral Blood Stem Cells 
PICO    : Population Intervention Comparator Outcome 
PLMSCs   :  Placental Mesenchymal Stem Cells 
PRGF        : Platelet Rich Plasma 
PRISMA    : Preferred Reporting Items for Systematic Reviews and  
     Meta-Analysis 
PROBE    : Prospective, Randomized, Open-label, Blind End-point 
PROMs    : Patient Reported Outcome Measures 
PRP     : Platelet Rich Plasma 
PRWE    : Patient Rated Wrist Evaluation questionnaire 
QDASH    : Quick Disabilities of Arm, Shoulder & Hand 
QoL    : Quality of Life 
RCT    : Randomized Control Trial 
RoB 2    :  Risk of Bias 2 
RoB    :  Risk of Bias 
RR    :  Relative Risk 
SAEs    :  Severe Adverse Events 
SCT    : Stem Cell Therapy 
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SD    :  Standard Deviation 
SDSC     : Synovium Derived Stem Cell Therapy 
SE    :  Standard Error  
SF12    : Short Form-12 
SF-36    : Short Form-36    
SMD    :  Standardized Mean Difference 
SNAC    : Scaphoid Non-union Advanced Collapse 
SPR                                               :           Sports and Physical Recreation  
SR/MA    :  Systematic Review/Meta-Analysis 
SSEP    : Somatosensory Evoked Potential 
SVF    :  Stromal Vascular Fraction 
β-TCP    : β-Tricalcium Phosphate 
THR    : Total Hip Replacement 
TKA    : Total Knee Arthroplasty 
UCMSCs   :  Umbilical Cord-derived Mesenchymal Stem Cells 
UTC    : Ultrasound Tissue Characterization 
USG    : Ultrasound 
VAS    : Visual Analog Scale 
VISA-P    : The Victorian Institute of Sport Assessment Patella 
WHO    : World Health Organization 
WOMA    : Western Ontario and Macmaster Universities Arthritis  
WORMS   : Whole-organ magnetic resonance imaging score 
YLD    : Years Lived with Disability 
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i. Key Question in PICO format: 
 
Population: Patients with osteoarthritis 
Intervention: Any Stem cell and product derived from stem cells 
Comparator: Usual Care/ Conventional Care 
Critical Outcomes: Efficacy: Reduction in pain, Disability; Safety: Severe Adverse Events 
 

ii. Search Strategy (September 2023): 
 
Database No Search Query 

PubMed 

#1 (((osteoarthr*[TW]) OR ("osteoarthritis"[MeSH Terms])) OR 
((degenerative[TW] AND arthritis[TW]))) OR (arthrosis[TW]) 

#2 

("Stem Cells"[Mesh] OR "Stem Cell Transplantation"[Mesh] OR "Stromal 
Cells"[Mesh] OR "stem cell"[tiab] OR "stem cells"[tiab] OR "mesenchymal cell" 
OR "mesenchymal cells" OR "mononuclear cell" OR "mononuclear cells" OR 
"progenitor cell" OR "progenitor cells" OR "cord blood cell" OR "cord blood 
cells" OR "regenerative cell" OR "regenerative cells" OR "stromal cell" OR 
"stromal cells") 

#3 #1 AND #2 NOT (animals[MH] NOT humans[MH]) 

Cochrane 

#1 

(“stem cell” OR “stem cells” OR “mesenchymal cell” OR “mesenchymal cells” OR 
“mononuclear cell” OR “mononuclear cells” OR “progenitor cell” OR “progenitor 
cells”):ti,ab,kw OR (“cord blood cell” OR “cord blood cells” OR “regenerative 
cell” OR “regenerative cells” OR "stromal cell" OR "stromal cells" OR "stem cell 
transplantation"):ti,ab,kw (Word variations have been searched) 

#2 MeSH descriptor: [Stem Cells] explode all trees 
#3 MeSH descriptor: [Stem Cell Transplantation] explode all trees 
#4 MeSH descriptor: [Stromal Cells] explode all trees 
#5 #1 OR #2 OR #3 OR #4 
#6 MeSH descriptor: [Osteoarthritis] explode all trees 
#7 osteoarthr* OR (degenerative near/2 arthritis) OR arthrosis 
#8 #6 OR #7 
#9 #5 AND #8 [Trials] 

Embase 

#1 

‘stem cell'/exp OR'stem cell transplantation'/exp OR'stroma cell'/exp OR'fetus 
blood'/exp OR'mesenchyme cell'/exp OR'stem cell':ti,ab,kwOR'stem 
cells':ti,ab,kwOR'mesenchymal cell':ti,ab,kwOR'mesenchymal 
cells':ti,ab,kwOR'mononuclear cell':ti,ab,kwOR'mononuclear 
cells':ti,ab,kwOR'progenitor cell':ti,ab,kwOR'progenitor cells':ti,ab,kwOR'cord 
blood cell':ti,ab,kwOR'cord blood cells':ti,ab,kwOR'cord 
blood':ti,ab,kwOR'regenerative cell':ti,ab,kwOR'regenerative 
cells':ti,ab,kwOR'stromal cell':ti,ab,kwOR'stromal cells':ti,ab,kw 

#2 'osteoarthritis'/exp OR osteoarthritis:ti,ab,kw OR osteoarthr*:ti,ab,kw OR 
(degenerative:ti,ab,kw AND ('arthritis'/exp OR arthritis:ti,ab,kw)) OR 
'arthrosis'/exp OR arthrosis:ti,ab,kw 
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#3 

('animal'/exp OR'invertebrate'/exp OR 'animal experiment'/de OR 'animal 
model'/de OR'animal tissue'/de OR'animal cell'/de OR'nonhuman'/de) NOT 
(('animal'/exp OR'invertebrate'/exp OR 'animal experiment'/de OR'animal 
model'/de OR'animal tissue'/de OR 'animal cell'/de OR'nonhuman'/de) AND 
('human'/de OR'normal human'/de OR'human cell'/de)) 

#4 (#1AND#2)NOT#3 

Web of 
science 

#1 
(((TI=osteoarthr* OR AB=osteoarthr*)) OR (((TI=degenerative OR 
AB=degenerative) AND (TI=arthritis OR AB=arthritis)))) OR ((TI=arthrosis OR 
AB=arthrosis)) 

#2 

((TI="stem cell" OR AB="stem cell") OR (TI="stem cells" OR AB="stem cells") 
OR (TI="mesenchymal cell" OR AB="mesenchymal cell") OR (TI="mesenchymal 
cells" OR AB="mesenchymal cells") OR (TI="mononuclear cell" OR 
AB="mononuclear cell") OR (TI="mononuclear cells" OR AB="mononuclear 
cells") OR (TI="progenitor cell" OR AB="progenitor cell") OR (TI="progenitor 
cells" OR AB="progenitor cells") OR (TI="cord blood cell" OR AB="cord blood 
cell") OR (TI="cord blood cells" OR AB="cord blood cells") OR 
(TI="regenerative cell" OR AB="regenerative cell") OR (TI="regenerative cells" 
OR AB="regenerative cells") OR (TI="stromal cell" OR AB="stromal cell") OR 
(TI="stromal cells" OR AB="stromal cells")) 

#3 #2 AND #1 
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Table containing adverse events in individual studies in both intervention and control 
group: 
 

Study ID Adverse events in intervention group Adverse events in control 
group 

Vangsness et 
al. 20141 
 
 

• General disorders and administration-
site conditions 

• Infections and infestations 
• Injury and procedural complications 
• Investigations 
• Musculoskeletal and connective tissue 

disorder 
• Nervous system disorder 

• General disorders and 
administration-site 
conditions 

• Infections and infestations 
• Injury and procedural 

complications 
• Investigations 
• Musculoskeletal and 

connective tissue disorder 
• Nervous system disorder 

Lamo-Espinosa 
et al. 20202 

• No serious adverse events or 
complications derived from the 
procedures or treatments were noted 

 

Goncars et al. 
20173 

Not mentioned Not mentioned 

Lee et al. 20194 • Arthralgia 
• Joint effusion 

• Joint effusion 

Soltani et al. 
20185 
 

• Four patients in the MSC group had 
increased local pain and mild effusion 

No Adverse events reported 

Hong et al. 
201934 
 
 

• Pain of the abdomen, 
• Muscle soreness after strenuous 

exercise, sustained about one week 
after liposuction 

• Pain and swelling in bilateral knee 
joints 

 

Chen at al. 
20216 

• Musculoskeletal and connective tissue 
disorders 

• General disorders and administration 
site conditions 

• Infections and infestation 
• Gastrointestinal disorders 
• Injection site joint pain 
• Arthralgia 
• Injection site joint swelling 
• Joint swelling 

• Musculoskeletal and 
connective tissue disorders 

• General disorders and 
administration site 
conditions 

• Infections and infestation 
• Gastrointestinal disorders 
• Injection site joint pain 
• Arthralgia 
• Injection site joint swelling 
• Joint swelling 

Wong et al. 
20137 

Not mentioned Not mentioned 

Wakitani et al. 
20028 

Not mentioned Not mentioned 

Zhou et al. 
20219 

Not Mentioned Not mentioned 

Hernigou et al. • Increased duration of hospital stay  
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201810 
Wang et al. 
201611 

• Pain at the injection site 
• Mild swelling 
• Joint effusion 

• Pain at the injection site 
• Mild swelling. 

Ho et al. 202212 No adverse events reported No adverse events reported 
Garay-
Mendoza et al. 
201713 

• Swelling and pain in the knee the day 
after the SC-IA injection. 

• Slight pain and stiffness during the first 
48h after the injection 

No adverse events mentioned 

Freitag et al. 
201414 

• Discomfort and/or swelling post 
ADMSC therapy 

• Two participants reported pain and 
swelling for 4 weeks following ADMSC 
therapy and due to observed impact on 
their usual daily activity this was 
categorized as a severe AE 

 

Baria et al. 
202215 

Not mentioned Not mentioned 

Kaszynski et al. 
202216 

Not mentioned Not mentioned 

Vega et al. 
201517 

No major adverse outcomes No major adverse outcomes 

Kim et al. 
202218 

• There were no grades 3, 4, or 5 AEs by 
the NCI-CTCAE scale and no SAEs 

• There were no grades 3, 4, 
or 5 AEs by the NCI-CTCAE 
scale and no SAEs 

Sadri et al. 
202319 

• Swelling of injection-site joint 
• No SAE 

 

Matas et al. 
201920 

• No serious AEs, deaths, permanent 
disability, neoplasia, or septic arthritis 
cases were registered during the trial. 
The most common adverse event 
related to intra-articular injection was 
acute synovitis 

 

Lu et al. 201921 • Transient pain 
• Swelling of injection-site joint 

• One SAE occurred in the HA 
group and the patient 
endured infection of right 
knee joint after 2 months of 
first injection and the 
patient withdrew from the 
study 

Emadedin et al. 
201822 

No major adverse events reported No major adverse events 
reported 

Zhang S et al. 
202223 

No adverse events reported No adverse events reported 

Zhang Y et al. 
202224 

No adverse events reported No adverse events reported 

Bastos et al. 
202025 

Not mentioned Not mentioned 
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Zaffagnini et al. 
202226 

• The MF-AT group presented a total of 
10 mild adverse events after the 
procedure, including mild or moderate 
knee pain, joint swelling and/or 
effusion, and injection site pain. 

• Patient in the MF-AT group reported 
pain and edema in the treated leg 

• Six mild adverse events 
were reported after the 
procedure (knee pain, joint 
swelling and/or effusion, 
and injection site pain). 

Gupta et al. 
201627 

• Arthralgia 
• Pain at Injection site 
• Synovial effusion 
• hypersensitivity to IMP (joint swelling) 

 

Gupta et al. 
202328 

• Ear and labyrinth disorders 
• Gastrointestinal disorders 
• General disorders and administration 

site conditions 
• Infections and infestations 
• Injury, poisoning, and procedural 

complications 
• Investigation related 
• Metabolism and nutrition disorders 
• Musculoskeletal and connective tissue 

disorders 
• Nervous system disorders 
• Respiratory, thoracic, and mediastinal 

disorders 
• Skin and subcutaneous tissue disorders 
• Vascular disorders 

• Gastrointestinal disorders 
• General disorders and 

administration site 
conditions 

• Infections and infestations 
• Injury, poisoning, and 

procedural complications 
• Investigation related 
• Metabolism and nutrition 

disorders 
• Musculoskeletal and 

connective tissue disorders 
• Nervous system disorders 
• Skin and subcutaneous 

tissue disorders 
• Vascular disorders 

Shapiro et al. 
201729 

• Effusions 
• Warmth 

• Effusions 
• Warmth 

Lamo-Espinosa 
et al. 201630 

• No serious adverse events or 
complications derived from the 
procedures or treatments were noted 

 

Kuah et al. 
201831 

• Arthralgia 
• Prepatellar bursitis 

 

Dulic et al. 
202132 

• Slight swelling up to 7 days after 
intervention 

Slight swelling up to 7 days after 
intervention 

Lamo- 
Espinosa et al. 
201833 

• No serious adverse events or 
complications derived from the 
procedures or treatments were noted 
during the follow up. 

• No serious adverse events or 
complications derived from 
the procedures or 
treatments were noted 
during the follow up. 

Carvalho 
Schweich‐Ada
mi et al. 202235 

Not mentioned Not mentioned 

Varma et al. 
201036 

NA NA 
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vii. Publication bias: 
 

Overall bias due to publication was regarded as low for current review. We did not carry out formal 
publication bias assessment for individual outcome-timepoint because of less than studies for each 
outcome at any given time point. However, we have attached the funnel plots for some of the 
outcomes for subjective interpretation. 

Funnel plot for VAS 
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Funnel plot for WOMAC 

 

viii. List of Excluded Studies: 
 

TITLE REASON FOR 
EXCLUSION 

Matrix-induced autologous mesenchymal stem cell implantation versus 
matrix-induced autologous chondrocyte implantation in the treatment of 
chondral defects of the knee: a 2-year randomized study 

wrong population 

Adipose derived mesenchymal stem cell therapy in the treatment of isolated 
knee chondral lesions: design of a randomised controlled pilot study 
comparing arthroscopic microfracture versus arthroscopic microfracture 
combined with postoperative mesenchymal stem cell injections 

wrong population 

Transplantation of autologous bone marrow-derived mesenchymal stem 
cells under arthroscopic surgery with microfracture versus microfracture 
alone for articular cartilage lesions in the knee: A multicenter prospective 
randomized control clinical trial 

wrong population 

Inefficacy of autologous bone marrow concentrate in stage three 
osteonecrosis: a randomized controlled double-blind trial 

wrong population 
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Adipose-derived mesenchymal stem cells with microfracture versus 
microfracture alone: 2-year follow-up of a prospective randomized trial 

wrong population 

Platelet-rich plasma and adipose-derived mesenchymal stem cells in 
association with arthroscopic microfracture of knee articular cartilage 
defects: a pilot randomized controlled trial 

wrong population 

Allogenic umbilical cord blood-derived mesenchymal stromal cell 
implantation was superior to bone marrow aspirate concentrate 
augmentation for cartilage regeneration despite similar clinical outcomes 

wrong population 

Allogeneic umbilical cord blood-derived mesenchymal stem cells 
implantation for large cartilage defects in older patients 

wrong population 

Allogeneic umbilical cord blood-derived mesenchymal stem cells versus 
microfracture for large full-thickness cartilage defects 

wrong population 

Follow-up study of cartistemâ® versus microfracture for the treatment of 
knee articular cartilage injury or defect 

wrong population 

Study to compare efficacy and safety of cartistem and microfracture in 
patients with knee articular cartilage injury 

wrong population 

Replenishing cartilage from endogenous stem cells wrong population 
Tissue engineering, embryonic, organ and other tissue specific stem cells: 
scaffold-free pellet-type autologous chondrocyte implantation 
(CARTILIFEÂ®) for for the restoration of articular cartilage defects: a 
randomized phase 2 clinical trial and extended 5-year clinical follow-up 

wrong population 

Shockwave therapy combined with autologous adipose-derived 
mesenchymal stem cells is better than with human umbilical cord wharton's 
jelly-derived mesenchymal stem cells on knee osteoarthritis 

wrong population 

Keynote: Human articular cartilage repair using umbilical cord blood derived 
allogenic mesenchymal stem cells 

wrong population 

2012 ACR/ARHP Annual scientific meeting late-breaking abstracts wrong population 
Autologus micro-fragmented adipose tissue for the treatment od diabetic 
foot minor amputations: a randomized controlled single-center clinical trial 
(MiFrAADif) 

wrong population 

Activated platelet-rich plasma improves cartilage regeneration using adipose 
stem cells encapsulated in a 3D alginate scaffold 

wrong population 

Identification of human temporomandibular joint fibrocartilage stem cells 
with distinct chondrogenic capacity 

wrong population 

Stem cell therapy for osteonecrosis of the femoral head wrong population 
Novel biologically-inspired rosette nanotube PLLA scaffolds for improving 
human mesenchymal stem cell chondrogenic differentiation 

wrong population 

Effects of hypoxia on osteogenic differentiation of mesenchymal stromal cells 
used as a cell therapy for avascular necrosis of the femoral head 

wrong population 

Integrative analysis reveals CD38 as a therapeutic target for plasma cell-rich 
pre-disease and established rheumatoid arthritis and systemic lupus 
erythematosus 

wrong population 
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Enhanced tibial osteotomy healing with use of bone grafts supplemented 
with platelet gel or platelet gel and bone marrow stromal cells 

wrong population 

Î±10hi MSCs decrease synovial membrane long term expression of TIMP-2 
and NFÎºB following articular injury 

wrong population 

The recombinant Link module of human TSG-6 suppresses cartilage damage 
in models of osteoarthritis: A potential disease-modifying OA drug 

wrong population 

Monocytes from patients with osteoarthritis display increased 
osteoclastogenesis and bone resorption: The in vitro osteoclast 
differentiation in arthritis study 

wrong population 

Comparative efficacy of endogenous stem cells recruiting hydrogels and stem 
cell-loaded hydrogels in knee cartilage regeneration: a meta-analysis 

wrong population 

Effects of Conditioned Medium From Osteoarthritic Cartilage Fragments on 
Donor-Matched Infrapatellar Fat Pad-Derived Mesenchymal Stromal Cells 

wrong population 

Ten-year results of mesenchymal stromal cell transplantation augmented 
with vascularised bone grafts for advanced osteonecrosis of the femoral head 

wrong population 

Intra-articular injections of allogeneic mesenchymal stromal cells vs. high 
molecular weight hyaluronic acid in dogs with osteoarthritis: exploratory 
data from a double-blind, randomized, prospective clinical trial 

wrong population 

Synovial mesenchymal stem cells from osteo- or rheumatoid arthritis joints 
exhibit good potential for cartilage repair using a scaffold-free tissue 
engineering approach 

wrong population 

CD10-bound human mesenchymal stem/stromal cell-derived small 
extracellular vesicles possess immunomodulatory cargo and maintain 
cartilage homeostasis under inflammatory conditions 

wrong population 

Early-stage osteonecrosis of the femoral head: where are we and where are 
we going in year 2018? 

wrong population 

10-year follow-up results of the prospective, double-blinded, randomized, 
controlled study on autologous bone marrow buffy coat grafting combined 
with core decompression in patients with avascular necrosis of the femoral 
head 

wrong population 

Treatment with human adipose-derived mesenchymal stem cells for knee 
OA: evidences from a randomized and double-blinded phase I/II a clinical 
trial 

wrong population 

Allogeneic mesenchymal stem cells for the treatment of arthrosis and disc 
degeneration. Does hla identity affect it effectiveness? 

wrong population 

Human amniotic mesenchymal stromal cells as favorable source for cartilage 
repair 

wrong population 

Equine umbilical cord mesenchymal stem cells demonstrate safety and 
efficacy in the treatment of canine osteoarthritis: a randomized placebo-
controlled trial 

wrong population 

Elevated Levels of Soluble ST2 were Associated with Rheumatoid Arthritis 
Disease Activity and Ameliorated Inflammation in Synovial Fibroblasts 

wrong population 
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NSAIDs reduce therapeutic efficacy of mesenchymal stromal cell therapy in a 
rodent model of posttraumatic osteoarthritis 

wrong population 

In vitro characterization of bone marrow stromal cells from osteoarthritic 
donors 

wrong population 

Combined use of adipose derived stem cells and TGF-Î²3 microspheres 
promotes articular cartilage regeneration in vivo 

wrong population 

A static magnetic field enhances the repair of osteoarthritic cartilage by 
promoting the migration of stem cells and chondrogenesis 

wrong population 

DFATs derived from infrapatellar fat pad hold advantage on chondrogenesis 
and adipogenesis to evade age mediated influence 

wrong population 

Comparison of methods for the isolation and culture of Migratory 
chondroprogenitors from Human articular cartilage 

wrong population 

Engineering osteoarthritic cartilage model through differentiating senescent 
human mesenchymal stem cells for testing disease-modifying drugs 

wrong population 

Safety, tolerability, clinical, and joint structural outcomes of a single intra-
articular injection of allogeneic mesenchymal precursor cells in patients 
following anterior cruciate ligament reconstruction: a controlled double-
blind randomised trial 

wrong population 

Clinical and radiological comparison of single and double intra-articular 
injection of adipose-derived stromal vascular fraction for knee osteoarthritis 

wrong study design 

Intra-articular injection of bone marrow aspirate concentrate (BMAC) or 
adipose-derived stem cells (ADSCs) for knee osteoarthritis: a prospective 
comparative clinical trial 

wrong study design 

Allogenic umbilical cord blood-derived mesenchymal stromal cell 
implantation was superior to bone marrow aspirate concentrate 
augmentation for cartilage regeneration despite similar clinical outcomes 

wrong study design 

Clinical safety and effectiveness of adipose-derived stromal cell vs stromal 
vascular fraction injection for treatment of knee osteoarthritis: 2-year results 
of parallel single-arm trials 

wrong study design 

Vast potential for clinical trial opportunities; adipose tissue derived 
mesenchymal stem cells 

wrong study design 

Effect of platelet-rich plasma injections on cartilage t1rho in knee 
osteoarthritis 

wrong study design 

Mesenchymal progenitor cells from non-inflamed versus inflamed synovium 
post-ACL injury present with distinct phenotypes and cartilage regeneration 
capacity 

wrong study design 

Clinical results and second-look arthroscopic findings after treatment with 
adipose-derived stem cells for knee osteoarthritis 

wrong study design 

Knee osteoarthritis: clinical and mri outcomes after multiple intra-articular 
injections with expanded autologous adipose-derived stromal cells or 
platelet-rich plasma 

wrong study design 

Comparison of the Effect of MFAT and MFAT + PRP on Treatment of Hip 
Osteoarthritis: An Observational, Intention-to-Treat Study at One Year 

wrong study design 
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Age and synovitis affect the results of the treatment of knee osteoarthritis 
with Micro fragmented Autologous Fat Tissue 

wrong study design 

Safety of an allogeneic, human, umbilical cord blood-derived mesenchymal 
stem cells-4% hyaluronate composite for cartilage repair in the knee 

wrong study design 

Patient-Reported Outcomes After Platelet-Rich Plasma, Bone Marrow 
Aspirate, and Adipose-Derived Mesenchymal Stem Cell Injections for 
Symptomatic Knee Osteoarthritis 

wrong study design 

Combination of intra-articular autologous activated peripheral blood stem 
cells with growth factor addition/ preservation and hyaluronic acid in 
conjunction with arthroscopic microdrilling mesenchymal cell stimulation 
Improves quality of life and regenerates articular cartilage in early 
osteoarthritic knee disease 

wrong study design 

Intraarticular injections of mesenchymal stem cells in knee osteoarthritis wrong study design 
Comparative clinical observation of arthroscopic microfracture in the 
presence and absence of a stromal vascular fraction injection for 
osteoarthritis 

wrong study design 

Comparison between total knee arthroplasty and MCIC (autologous bone 
marrow mesenchymal-cell-induced-chondrogenesis) for the treatment of 
osteoarthritis of the knee 

wrong study design 

Erratum to: Comparison between total knee arthroplasty and MCIC 
(autologous bone marrow mesenchymal-cell-induced-chondrogenesis) for 
the treatment of osteoarthritis of the knee [Tissue Engineering and 
Regenerative Medicine, 11, 5, (2014) 405-413, DOI 10.1007/s13770-014-
0041-8] 

wrong study design 

Safety of an allogeneic, human, umbilical cord blood-derived mesenchymal 
stem cells-4% hyaluronate composite for cartilage repair in the knee 

wrong study design 

Bone marrow mesenchymal stromal cell treatment in patients with 
osteoarthritis results in overall improvement in pain and symptoms and 
reduces synovial inflammation 

wrong study design 

A single dose of Bone Marrow Mononuclear Cells (BMMNCs) and Bone 
Marrow Plasma Concentrate (BMPC) for the treatment of Knee OA. 12 
months of follow up 

wrong study design 

The influence of adipose-derived stromal vascular fraction cells on the 
treatment of knee osteoarthritis 

wrong study design 

Gene expression and functional comparison between multipotential stromal 
cells from lateral and medial condyles of knee osteoarthritis patients 

wrong study design 

Implantation of Allogenic Mesenchymal Stem Cell From Umbilical Cord Blood 
for Osteoarthritis Management 

wrong study design 

Mesenchymal stem cell transplantation for osteoarthritis wrong study design 
Development of autologous platelet-rich plasma mixed-microfat as an 
advanced therapy medicinal product for intra-articular injection of radio-
carpal osteoarthritis: from validation data to preliminary clinical results 

wrong study design 

Infrapatellar fat pad-derived mesenchymal stem cell therapy for knee wrong study design 
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osteoarthritis 
Comparison of exosomes secreted by induced pluripotent stem cell-derived 
mesenchymal stem cells and synovial membrane-derived mesenchymal stem 
cells for the treatment of osteoarthritis 

wrong study design 

Increased serum fibroblast growth factor-23 (FGF-23) and bone turnover in 
patients with osteoarthritis of knee 

wrong study design 

Novel Use of Intraarticular Granulocyte Colony Stimulating Factor (hG-CSF) 
Combined with Activated Autologous Peripheral Blood Stem Cells Mobilized 
with Systemic hG-CSF: Safe and Efficient in Early Osteoarthritis 

wrong study design 

Mesenchymal Stem Cells in a Clinical Trial to Heal Articular Cartilage Defects wrong study design 
A prospective case series of patients treated with adult autologous, culture-
expanded mesenchymal stem cells for symptomatic osteoarthritic hip and 
knee joints compared to an untreated comparison group 

wrong study design 

Intradiscal injections of orthobiologics wrong study design 
Future trends for unicompartmental arthritis of the knee: lnjectables & stem 
cells 

wrong study design 

treatment of osteoarthritis with mesenchymal stem cells wrong study design 
Human umbilical cord-blood-derived mesenchymal stem cell can improve 
the clinical outcome and joint space width after high tibial osteotomy 

wrong study design 

Comparative clinical outcomes after intra-articular injection with adipose-
derived cultured stem cells or noncultured stromal vascular fraction for the 
treatment of knee osteoarthritis 

wrong study design 

Functional outcomes following micro fragmented adipose tissue versus bone 
marrow aspirate concentrate injections for symptomatic knee osteoarthritis 

wrong study design 

Alterations in cartilage quantification before and after injections of 
mesenchymal stem cells into osteoarthritic knees 

wrong study design 

Prospective study comparing leukocyte-poor platelet rich plasma combined 
with hyaluronic acid and autologous microfragmented adipose tissue in 
patients with early knee osteoarthritis 

wrong study design 

Five-year outcome of 1-stage cell-based cartilage repair using recycled 
autologous chondrons and allogenic mesenchymal stromal cells: a first-in-
human clinical trial 

wrong study design 

Temporomandibular joint arthrocentesis and microfragmented adipose 
tissue injection for the treatment of internal derangement and osteoarthritis: 
a randomized clinical trial 

wrong study design 

Autologous matrix-induced chondrogenesis plus peripheral blood 
concentrate (AMIC+PBC) in chondral defects of the first metatarsophalangeal 
joint 

wrong study design 

Long-term efficacy of autologous bone marrow mesenchymal stromal cells 
for treatment of knee osteoarthritis 

wrong study design 

Stem cell-based therapeutic strategies for cartilage defects and osteoarthritis wrong study design 
Osteoclast differentiation and bone resorption in multicentric wrong study design 
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reticulohistiocytosis 
Biological Therapies in Regenerative Sports Medicine wrong study design 
Repeated intra-articular injections of umbilical cord-derived mesenchymal 
stem cells for knee osteoarthritis: a phase I, single-arm study 

wrong study design 

Associations of Symptomatic Knee Osteoarthritis With Histopathologic 
Features in Subchondral Bone 

wrong study design 

Stem cells in degenerative orthopaedic pathologies: effects of aging on 
therapeutic potential 

wrong study design 

Intra-articular injection in the knee of adipose derived stromal cells (stromal 
vascular fraction) and platelet rich plasma for osteoarthritis 

wrong study design 

Technology evaluation: MFG-IRAP, University of Pittsburgh wrong study design 
Concise Review: Using Fat to Fight Disease: A Systematic Review of 
Nonhomologous Adipose-Derived Stromal/Stem Cell Therapies 

wrong study design 

Identification of human temporomandibular joint fibrocartilage stem cells 
with distinct chondrogenic capacity 

wrong study design 

Autologous adipose stem cell therapy for knee osteoarthritis: where are we 
now? 

wrong study design 

A 24-month follow-up study of the effect of intra-articular injection of 
autologous microfragmented fat tissue on proteoglycan synthesis in patients 
with knee osteoarthritis 

wrong study design 

Changes in Chondrogenic Progenitor Populations Associated with Aging and 
Osteoarthritis 

wrong study design 

Genicular nerve radiofrequency ablation for the treatment of avascular 
necrosis knee pain 

wrong study design 

Cell-based therapy approaches: the hope for incurable diseases wrong study design 
Mesenchymal Stem cells: A new choice for nonsurgical treatment of oa? 
results from a bayesian network meta-analysis 

wrong study design 

Percutaneous injection of autologous, culture-expanded mesenchymal stem 
cells into carpometacarpal hand joints: A case series with an untreated 
comparison group 

wrong study design 

[Therapeutic utilization of stem cells in orthopedics] wrong study design 
Enriched Peripheral Blood-Derived Mononuclear Cells for Treating Knee 
Osteoarthritis 

wrong study design 

Allogeneic umbilical cord blood-derived mesenchymal stem cells combined 
with high tibial osteotomy: a retrospective study on safety and early results 

wrong study design 

Clinical and cost-effectiveness of autologous chondrocyte implantation for 
cartilage defects in knee joints: systematic review and economic evaluation 

wrong study design 

Culture-expanded mesenchymal stromal cell therapy: does it work in knee 
osteoarthritis? A pathway to clinical success 

wrong study design 

Efficacy of mesenchymal stem cells in treating patients with osteoarthritis of 
the knee: A meta-analysis 

wrong study design 

Research trends of platelet-rich plasma therapy on knee osteoarthritis from 
2011 to 2021: A review 

wrong study design 
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Evaluation of apoptosis induction in human peripheral blood mononuclear 
cells and synovial cells in patients with rheumatoid arthritis 

wrong study design 

Umbilical Cord-Derived Stem Cells for the Treatment of Knee Osteoarthritis: 
A Systematic Review 

wrong study design 

Regarding â€œIntra-Articular Injections of Hyaluronic Acid or Steroid 
Associated With Better Outcomes Than Platelet-Rich Plasma, Adipose 
Mesenchymal Stromal Cell, or Placebo in Knee Osteoarthritis: A Network 
Meta-analysisâ€� 

wrong study design 

Umbilical cord-derived mesenchymal stem cells for treating osteoarthritis of 
the knee: a single-arm, open-label study 

wrong study design 

Efficacy and Safety of Intra-Articular Cell-Based Therapy for Osteoarthritis: 
Systematic Review and Network Meta-Analysis 

wrong study design 

C1q/TNF-related protein-9 suppresses inflammation in synovial cells from 
patients with osteoarthritis 

wrong study design 

Sodium hyaluronate therapy in osteoarthritis: Arguments for a potential 
beneficial structural effect 

wrong study design 

Intraarticular injection of bone marrow-derived mesenchymal stem cells 
enhances regeneration in knee osteoarthritis 

wrong study design 

Current evidence on mesenchymal stem cells for hip osteoarthritis: a 
narrative review 

wrong study design 

Failures, Reoperations, and Improvement in Knee Symptoms Following 
Matrix-Assisted Autologous Chondrocyte Transplantation: A Meta-Analysis 
of Prospective Comparative Trials 

wrong study design 

Comparative efficacy of endogenous stem cells recruiting hydrogels and stem 
cell-loaded hydrogels in knee cartilage regeneration: a meta-analysis 

wrong study design 

Mesenchymal stem cells for the treatment of cartilage lesions: from 
preclinical findings to clinical application in orthopaedics 

wrong study design 

Evaluation of autologous adipose-derived mesenchymal stem cell therapy in 
focal chondral defects of the knee: A pilot case series 

wrong study design 

Alternative and complementary therapies in osteoarthritis and cartilage 
repair 

wrong study design 

Effect of Combined Intraosseous and Intraarticular Infiltrations of 
Autologous Platelet-Rich Plasma on Subchondral Bone Marrow Mesenchymal 
Stromal Cells from Patients with Hip Osteoarthritis 

wrong study design 

Biological approaches for cartilage repair wrong study design 
One-Stage Cartilage Repair Using a Hyaluronic Acid-Based Scaffold With 
Activated Bone Marrow-Derived Mesenchymal Stem Cells Compared With 
Microfracture: Five-Year Follow-up 

wrong study design 

Long-term effect of nonsteroidal anti-inflammatory drugs on the production 
of cytokines and other inflammatory mediators by blood cells of patients 
with osteoarthritis 

wrong study design 
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Assessment of clinical, biochemical, and radiological outcomes following 
intra-articular injection of Wharton jelly-derived mesenchymal stromal cells 
in patients with knee osteoarthritis: A prospective clinical study 

wrong study design 

Evaluation of umbilical cord derived Wharton's jelly for regenerative 
medicine applications 

wrong study design 

Clinical therapeutic efficacy of mesenchymal stem cells derived from adipose 
or bone marrow for knee osteoarthritis: A meta-analysis of randomized 
controlled trials 

wrong study design 

Clinical efficacy and safety of stem cell therapy for knee osteoarthritis: A 
meta-analysis 

wrong study design 

What is the optimal dose of adipose-derived mesenchymal stem cells 
treatment for knee osteoarthritis? A conventional and network meta-analysis 
of randomized controlled trials 

wrong study design 

The effect of intra-articular injection of autologous microfragmented fat 
tissue on proteoglycan synthesis in patients with knee osteoarthritis 

wrong study design 

Regarding â€œIntra-Articular Injections of Hyaluronic Acid or Steroid 
Associated With Better Outcomes Than Platelet-Rich Plasma, Adipose 
Mesenchymal Stromal Cell, or Placebo in Knee Osteoarthritis: A Network 
Meta-analysisâ€� 

wrong study design 

Synovial tissue-infiltrating natural killer cells in osteoarthritis and 
periprosthetic inflammation 

wrong study design 

Interleukin-34 produced by human fibroblast-like synovial cells in 
rheumatoid arthritis supports osteoclastogenesis 

wrong study design 

Effectiveness of mesenchymal stem cells for treating patients with knee 
osteoarthritis: a meta-analysis toward the establishment of effective 
regenerative rehabilitation 

wrong study design 

Clinical use of stem cells in orthopaedics wrong study design 
The role of adipose-derived mesenchymal stem cells in knee osteoarthritis: a 
meta-analysis of randomized controlled trials 

wrong study design 

Advances in stem cell therapy for cartilage regeneration in osteoarthritis wrong study design 
Effectiveness of treatment with mesenchymal stem cells of adipose tissue 
(lipogems) in patients with bilateral gonarthrosis. about a case 

wrong study design 

Increased expression of human type IIa secretory phospholipase A2 antigen 
in arthritic synovium 

wrong study design 

Impact of changes in clinical practice guidelines for intra-articular injection 
treatments for knee osteoarthritis on public interest and social media 

wrong study design 

Does the Source of Mesenchymal Stem Cell Have an Effect in the Management 
of Osteoarthritis of the Knee? Meta-Analysis of Randomized Controlled Trials 

wrong study design 

Does vehicle-based delivery of mesenchymal stromal cells give superior 
results in knee osteoarthritis? Meta-analysis of randomized controlled trials 

wrong study design 

Intra-articular Injection of Mesenchymal Stem Cells for the Treatment of 
Osteoarthritis of the Knee: A 2-Year Follow-up Study 

wrong study design 

Comparative analysis of gene expression between articular cartilage-derived 
cells to assess suitability of fibronectin adhesion assay to enrich 

wrong study design 
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chondroprogenitors 
The treatment of focal chondral lesions of the knee wrong study design 
Bone Marrow Aspirate Concentrate: Its Uses in Osteoarthritis wrong study design 
Mesenchymal stem cell implantation in osteoarthritic knees: is fibrin glue 
effective as a scaffold? 

wrong study design 

Injection of Mesenchymal Stem Cells as a Supplementary Strategy of Marrow 
Stimulation Improves Cartilage Regeneration after Lateral Sliding Calcaneal 
Osteotomy for Varus Ankle Osteoarthritis: Clinical and Second-Look 
Arthroscopic Results 

wrong study design 

Comparative Matched-Pair Analysis of Open-Wedge High Tibial Osteotomy 
With Versus Without an Injection of Adipose-Derived Mesenchymal Stem 
Cells for Varus Knee Osteoarthritis: Clinical and Second-Look Arthroscopic 
Results 

wrong study design 

Comparative Matched-Pair Analysis of the Injection Versus Implantation of 
Mesenchymal Stem Cells for Knee Osteoarthritis 

wrong study design 

Additional mesenchymal stem cell injection improves the outcomes of 
marrow stimulation combined with supramalleolar osteotomy in varus ankle 
osteoarthritis: short-term clinical results with second-look arthroscopic 
evaluation 

wrong study design 

Comparative outcomes of open-wedge high tibial osteotomy with platelet-
rich plasma alone or in combination with mesenchymal stem cell treatment: 
a prospective study 

wrong study design 

Increased responsiveness to Toll-like receptor 4 stimulation in peripheral 
blood mononuclear cells from patients with recent onset rheumatoid 
arthritis 

wrong study design 

Intra-articular injection of culture-expanded adipose tissue-derived stem 
cells for knee osteoarthritis: Assessments with clinical symptoms and 
quantitative measurements of articular cartilage volume 

wrong study design 

Novel and targeted therapies for OA wrong study design 
Intra-articular infiltration of adipose-derived stromal vascular fraction cells 
slows the clinical progression of moderate-severe knee osteoarthritis: 
hypothesis on the regulatory role of intra-articular adipose tissue 

wrong study design 

Allogenic Human Umbilical Cord Blood-Derived Mesenchymal Stem Cells Are 
More Effective Than Bone Marrow Aspiration Concentrate for Cartilage 
Regeneration After High Tibial Osteotomy in Medial Unicompartmental 
Osteoarthritis of Knee 

wrong study design 

Cell type-specific dysregulation found to differentiate patient subsets of sjã–
gren's disease 

wrong study design 

CCL20/CCR6 chemokine/receptor expression in bone tissue from 
osteoarthritis and rheumatoid arthritis patients: Different response of 
osteoblasts in the two groups 

wrong study design 

Cytokine release by human bone marrow stromal cells isolated from 
osteoarthritic and diabetic osteoarthritic patients in vitro 

wrong study design 
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Bone Marrow Concentrate (BMC) Therapy in Musculoskeletal Disorders: 
Evidence-Based Policy Position Statement of American Society of 
Interventional Pain Physicians (ASIPP) 

wrong study design 

Biologic therapy in chronic pain management: a review of the clinical data 
and future investigations 

wrong study design 

Is Culture Expansion Necessary in Autologous Mesenchymal Stromal Cell 
Therapy to Obtain Superior Results in the Management of Knee 
Osteoarthritis?-Meta-Analysis of Randomized Controlled Trials 

wrong study design 

Human Amniotic Suspension Allograft Improves Pain and Function in Knee 
Osteoarthritis: A Prospective Not Randomized Clinical Pilot Study 

wrong study design 

The use of intra-articular injection of autologous micro-fragmented adipose 
tissue as pain treatment for ankle osteoarthritis: a prospective not 
randomized clinical study 

wrong study design 

Treatment of knee cartilage by cultured stem cells and three dimensional 
scaffold: a phase I/IIa clinical trial 

wrong study design 

Single- versus multiple-site harvesting techniques for bone marrow 
concentrate: Evaluation of aspirate quality and pain 

wrong study design 

Methods of Conservative Intra-Articular Treatment for Osteoarthritis of the 
Hip and Knee 

wrong study design 

Supplementation of articular cartilage-derived chondroprogenitors with 
bone morphogenic protein-9 enhances chondrogenesis without affecting 
hypertrophy 

wrong study design 

Microenvironmental and systematic evaluation of the immunome in 
osteoarthritis 

wrong study design 

Adipose-derived stem cells for treating knee osteoarthritis: relevant clinical 
trials and registration 

wrong study design 

Cartilage regeneration in osteoarthritic patients by a composite of allogeneic 
umbilical cord blood-derived mesenchymal stem cells and hyaluronate 
hydrogel: Results from a clinical trial for safety and proof-of-concept with 7 
years of extended follow-up 

wrong study design 

No evidence for the use of stem cell therapy for tendon disorders: a 
systematic review 

wrong study design 

The present state of treatments for articular cartilage defects in the knee wrong study design 
Immunophenotyping of a stromal vascular fraction from microfragmented 
lipoaspirate used in osteoarthritis cartilage treatment and its lipoaspirate 
counterpart 

wrong study design 

Osteoarthritis year in review 2021: epidemiology & therapy wrong study design 
Prevention of Osteoarthritis and Future Strategies for Osteoarthritis Therapy 
- An Orthopaedic and Trauma-Surgical Perspective 

wrong study design 

New experimental strategies in cartilage surgery wrong study design 
Distinct degenerative phenotype of articular cartilage from knees with 
meniscus tear compared to knees with osteoarthritis 

wrong study design 
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Evaluating the Current Literature on Treatments Containing Adipose-Derived 
Stem Cells for Osteoarthritis: a Progress Update 

wrong study design 

Current clinical evidence for the use of mesenchymal stem cells in articular 
cartilage repair 

wrong study design 

Outcomes at 2-Years Follow-Up After Hip Arthroscopy Combining Bone 
Marrow Concentrate 

wrong study design 

A prospective pilot study investigating the musculoskeletal pain in 
postmenopausal breast cancer patients receiving aromatase inhibitor 
therapy 

wrong study design 

Efficacy and safety of intra-articular therapies in rheumatic and 
musculoskeletal diseases: An overview of systematic reviews 

wrong study design 

Comparison of Bone Marrow Aspirate Concentrate and Allogenic Human 
Umbilical Cord Blood Derived Mesenchymal Stem Cell Implantation on 
Chondral Defect of Knee: Assessment of Clinical and Magnetic Resonance 
Imaging Outcomes at 2-Year Follow-Up 

wrong study design 

Persistence of B19 parvovirus in synovial membranes of patients with 
rheumatoid arthritis 

wrong study design 

Clinical and laboratory findings following transplantation of allogeneic 
adipose-derived mesenchymal stromal cells in knee osteoarthritis, a brief 
report 

wrong study design 

Autologous bone marrow concentrate: review and application of a novel 
intra-articular orthobiologic for cartilage disease 

wrong study design 

Biologic injections for osteoarthritis and articular cartilage damage: can we 
modify disease? 

wrong study design 

New treatments for osteoarthritis wrong study design 
Human decellularized bone scaffolds from aged donors show improved 
osteoinductive capacity compared to young donor bone 

wrong study design 

A role of synovial exosomes in osteoclast differentiation of inflammatory 
arthritis 

wrong study design 

Implantation of allogenic umbilical cord blood-derived mesenchymal stem 
cells improves knee osteoarthritis outcomes: Two-year follow-up 

wrong study design 

Intra-articular injection of autologous adipose-derived mesenchymal stem 
cells in the treatment of knee osteoarthritis 

wrong study design 

Cartilage Repair by Mesenchymal Stem Cell-Derived Exosomes: Preclinical 
and Clinical Trial Update and Perspectives 

wrong study design 

Mesenchymal stromal cell-derived extracellular matrix influences gene 
expression of chondrocytes 

wrong study design 

T cell proliferative response and antibody formation to citrullinated collagen 
type II in patients with rheumatoid arthritis 

wrong study design 

Mesenchymal Stem Cells for Treatment of Tendon and Ligament Injuries-
clinical Evidence 

wrong study design 

A single step, centrifuge-free method to harvest bone marrow highly wrong study design 
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concentrated in mesenchymal stem cells: results of a pilot trial 
An assessment of bone marrow mesenchymal stem cell and human articular 
cartilage derived chondroprogenitor cocultures vs. monocultures 

wrong study design 

Comparative analysis of fresh chondrocytes, cultured chondrocytes and 
chondroprogenitors derived from human articular cartilage 

wrong study design 

Mesenchymal stem cells - a promising strategy for treating knee 
osteoarthritis a meta-analysis 

wrong study design 

Which is the most effective one in knee osteoarthritis treatment from 
mesenchymal stem cells obtained from different sources?-A systematic 
review with conventional and network meta-analyses of randomized 
controlled trials 

wrong study design 

The effect of synthesized cartilage tissue from human adipose-derived 
mesenchymal stem cells in orthopedic spine surgery in patients with 
osteoarthritis 

wrong study design 

Cellular and Clinical Analyses of Autologous Bone Marrow Aspirate Injectate 
for Knee Osteoarthritis: A Pilot Study 

wrong study design 

Effect of intra-knee injection of autologous adipose stem cells or 
mesenchymal vascular components on short-term outcomes in patients with 
knee osteoarthritis: an updated meta-analysis of randomized controlled 
trials 

wrong study design 

Intra-articular injections of expanded mesenchymal stem cells with and 
without addition of platelet-rich plasma are safe and effective for knee 
osteoarthritis 

wrong intervention 

Clinical use of amniotic fluid in osteoarthritis: a source of cell therapy wrong intervention 
The efficacy of acupuncture combined with mesenchymal stem cell injection 
in the treatment of osteoarthritis of the knee 

wrong intervention 

Effect of Platelet-rich Plasma Injections on Cartilage T1rho in Knee 
Osteoarthritis 

wrong intervention 

BMAC in Severe Hip or Knee Osteoarthritis Awaiting Arthroplasty wrong intervention 
The Comparison of Knee Osteoarthritis Treatment With Bone Marrow 
Aspirate Concentrate, Leukocyte Rich Platelet Rich Plasma and Hyaluronic 
Acid 

wrong intervention 

Clinical results and second-look arthroscopic findings after treatment with 
adipose-derived stem cells for knee osteoarthritis 

wrong intervention 

Comparison between total knee arthroplasty and MCIC (autologous bone 
marrow mesenchymal-cell-induced-chondrogenesis) for the treatment of 
osteoarthritis of the knee 

wrong intervention 

Angiopoietin-like 3-derivative LNA043 for cartilage regeneration in 
osteoarthritis: a randomized phase 1 trial 

wrong intervention 

Biological Therapies for Knee Osteoarthritis. Intraosseous Injections of 
Platelet Rich Plasma Improve Pain, Function and Quality of Life as Compared 
to Intraarticular Injections: a Controlled, Double-Blind, Randomised Clinical 
Trial. Preliminary Results 

wrong intervention 
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Autologous adipose tissue injection versus platelet-rich plasma (PRP) 
injection in the treatment of knee osteoarthritis: a randomized, controlled 
study - Study protocol 

wrong intervention 

A 24-month follow-up study of the effect of intra-articular injection of 
autologous microfragmented fat tissue on proteoglycan synthesis in patients 
with knee osteoarthritis 

wrong intervention 

Genicular nerve radiofrequency ablation for the treatment of avascular 
necrosis knee pain 

wrong intervention 

Enriched Peripheral Blood-Derived Mononuclear Cells for Treating Knee 
Osteoarthritis 

wrong intervention 

Growth factors in the treatment of early osteoarthritis wrong intervention 
Research trends of platelet-rich plasma therapy on knee osteoarthritis from 
2011 to 2021: A review 

wrong intervention 

A phase I-II controlled randomized trial using a promising novel cell-free 
formulation for articular cartilage regeneration as treatment of severe 
osteoarthritis of the knee 

wrong intervention 

Patient-reported health outcomes for severe knee osteoarthritis after 
conservative treatment with an intra-articular cell-free formulation for 
articular cartilage regeneration combined with usual medical care vs. Usual 
medical care alone: A randomized controlled trial 

wrong intervention 

The recombinant Link module of human TSG-6 suppresses cartilage damage 
in models of osteoarthritis: A potential disease-modifying OA drug 

wrong intervention 

Do knee injection portals affect clinical results of bone marrow aspirate 
concentrate injection in the treatment of osteoarthritis? A prospective 
randomized controlled study 

wrong intervention 

Exploring the Involvement of NLRP3 and IL-1 Î² in Osteoarthritis of the 
Hand: Results from a Pilot Study 

wrong intervention 

Angiopoietin-like 3-derivative LNA043 for cartilage regeneration in 
osteoarthritis: a randomized phase 1 trial 

wrong intervention 

Allogenic Amniotic Tissue for Treatment of Knee and Hip Osteoarthritis wrong intervention 
Effect of elaeagnus angustifolia extract in bone tissue engineering nanofiber 
technology 

wrong intervention 

Early results of intra-articular micro-fragmented lipoaspirate treatment in 
patients with late stages knee osteoarthritis: A prospective study 

wrong intervention 

Role of platelet rich plasma injection grafts in osteoarthritis: a randomized 
controlled trial 

wrong intervention 

A prospective study to access the role of platelet rich plasma injection grafts 
in osteoarthritis: a randomized controlled trial 

wrong intervention 

DNA hypomethylation in inflammatory arthritis: reversal with methotrexate wrong intervention 
Evaluation of T-Cell Proliferation and Immunogenicity Assays with 
Genetically Engineered Chondrocytes, TissueGene-C 

wrong intervention 

Expression and Significance of MMPs in Synovial Fluid, Serum and PBMC wrong intervention 
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Culture Supernatant Stimulated by LPS in Osteoarthritis Patients with or 
Without Diabetes 
Therapeutic effect of Î±-lipoic acid on osteoarthritis patients and its influence 
on TLR4/NF-ÎB and IL-23/IL-17 signaling pathway 

wrong intervention 

Cannabidiol for musculoskeletal regenerative medicine wrong intervention 
Nonsteroidal anti-inflammatory drug or glucosamine reduced pain and 
improved muscle strength with resistance training in a randomized 
controlled trial of knee osteoarthritis patients 

wrong intervention 

A Significant Increase in the Gene Expression of GATA-3 following the 
Treatment of Osteoarthritis Patients with Crocin 

wrong intervention 

Infrapatellar fat pad-derived mesenchymal stromal cell product for 
treatment of knee osteoarthritis: a first-in-human study with evaluation of 
the potency marker 

no comparator 

Autologous Adipose Tissue Derived Mesenchymal Stem Cells Therapy for 
Patients With Knee Osteoarthritis 

no comparator 

Clinical Trial of Allogenic Adipose Tissue-Derived Mesenchymal Progenitor 
Cells Therapy for Knee Osteoarthritis 

no comparator 

The effectiveness of knee osteoarthritis treatment by arthroscopic 
microfracture technique in combination with autologous bone marrow stem 
cells transplantation 

no comparator 

Cryopreserved Amniotic Suspension for the Treatment of Knee Osteoarthritis no comparator 
Allogeneic mesenchymal stromal cells in a cartilage clinical trial: stimulation 
of tissue regeneration without engraftment 

no comparator 

The influence of adipose-derived stromal vascular fraction cells on the 
treatment of knee osteoarthritis 

no comparator 

Final results of a phase I-II trial using ex vivo expanded autologous 
Mesenchymal Stromal Cells for the treatment of osteoarthritis of the knee 
confirming safety and suggesting cartilage regeneration 

no comparator 

Adipose mesenchymal stromal cell-based therapy for severe osteoarthritis of 
the knee: a phase I dose-escalation trial 

no comparator 

Development of Autologous Platelet-Rich Plasma Mixed-Microfat as an 
Advanced Therapy Medicinal Product for Intra-Articular Injection of Radio-
Carpal Osteoarthritis: From Validation Data to Preliminary Clinical Results 

no comparator 

tissue engineering, embryonic, organ and other tissue specific stem cells: 
scaffold-free pellet-type autologous chondrocyte implantation 
(CARTILIFEÂ®) for for the restoration of articular cartilage defects: a 
randomized phase 2 clinical trial and extended 5-year clinical follow-up 

no comparator 

Mesenchymal stem cell injections improve symptoms of knee osteoarthritis no comparator 
MSC based therapy for severe osteoarthritis of the knee: The adipoa 
experience 

no comparator 

Intra articular injection of autologous bone marrow-derived mesenchymal 
stromal cells in patients with moderate to severe osteoarthritis 

no comparator 
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Adipose-derived stem cells in patients with knee osetoarthritis: a 
randomised controlled trial evaluating pain, function and cartilage repair 

no comparator 

Intra-articular injections of expanded mesenchymal stem cells with and 
without addition of platelet-rich plasma are safe and effective for knee 
osteoarthritis 

All groups stem cells 

Intra-articular injection of mesenchymal stem cells for the treatment of 
osteoarthritis of the knee: A proof-of-concept clinical trial 

All groups stem cells 

Implantation of mesenchymal stem cells in combination with allogenic 
cartilage improves cartilage regeneration and clinical outcomes in patients 
with concomitant high tibial osteotomy 

All groups stem cells 

Value of multi-parameter magnetic resonance imaging of cartilage in 
evaluating efficacy of adipose derived mesenchymal progenitor cells on knee 
osteoarthritis 

All groups stem cells 

Human adipose-derived mesenchymal stem cells for osteoarthritis: a pilot 
study with long-term follow-up and repeated injections 

All groups stem cells 

Stem cells doses in knee osteoarthritis All groups stem cells 
Comparison of Clinical and Imaging Outcomes of Different Doses of Adipose-
Derived Stromal Vascular Fraction Cell Treatment for Knee Osteoarthritis 

All groups stem cells 

Multi-compositional MRI evaluation of repair cartilage in knee osteoarthritis 
with treatment of allogeneic human adipose-derived mesenchymal 
progenitor cells 

All groups stem cells 

Mesenchymal Stem Cells in Knee Cartilage Injuries All groups stem cells 
Intra-articular injections of allogeneic human adipose-derived mesenchymal 
progenitor cells in patients with symptomatic bilateral knee osteoarthritis: a 
Phase I pilot study 

All groups stem cells 

Intra-articular Injection of Mesenchymal Stem Cells for the Treatment of 
Osteoarthritis of the Knee A 2-Year Follow-up Study 

All groups stem cells 

Multi-compositional MRI evaluation of repair cartilage in knee osteoarthritis 
with treatment of allogeneic human adipose-derived mesenchymal 
progenitor cells 

All groups stem cells 

Intra-articular fat derived stem cell injections effect on pain, stiffness and 
function in osteoarthritis 

All groups stem cells 

Real-world evidence of mesenchymal stem cell therapy in knee 
osteoarthritis: a large prospective two-year case series 

All groups stem cells 

Effect of autologous adipose-derived mesenchymal stem cell therapy in the 
treatment of an osteochondral lesion of the ankle 

All groups stem cells 

Effect of autologous adipose-derived mesenchymal stem cell therapy in the 
treatment of acromioclavicular joint osteoarthritis 

All groups stem cells 

The effect of autologous adipose derived mesenchymal stem cell therapy in 
the treatment of a large osteochondral defect of the knee following 
unsuccessful surgical intervention of osteochondritis dissecans - a case study 

All groups stem cells 

Clinical and Radiological Comparison of Single and Double Intra-articular 
Injection of Adipose-Derived Stromal Vascular Fraction for Knee 

All groups stem cells 
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Osteoarthritis 

The Efficacy Of Acupuncture Combined With Mesenchymal Stem Cell 
Injection In The Treatment Of Osteoarthritis Of The Knee 

All groups stem cells 

Biological injection therapy with leukocyte-poor platelet-rich plasma induces 
cellular alterations, enhancement of lubricin, and inflammatory 
downregulation in vivo in human knees: A controlled, prospective human 
clinical trial based on mass spectrometry imaging analysis 

wrong outcome 

Cost Effectiveness of Allogeneic Umbilical Cord Blood-Derived Mesenchymal 
Stem Cells in Patients with Knee Osteoarthritis 

wrong outcome 

Gene expression and functional comparison between multipotential stromal 
cells from lateral and medial condyles of knee osteoarthritis patients 

wrong outcome 

New clinical treatments wrong outcome 
Effects of Conditioned Medium From Osteoarthritic Cartilage Fragments on 
Donor-Matched Infrapatellar Fat Pad-Derived Mesenchymal Stromal Cells 

wrong outcome 

Adipose mesenchymal stromal cells determine the switching of the pro-
inflammatory profile of synovial osteoarthritic macrophages 

wrong outcome 

Bone marrow-derived cell mobilization by G-CSF to enhance 
osseointegration of bone substitute in high tibial osteotomy 

wrong outcome 

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 

wrong outcome 

Local administered adipose-derived mesenchymal stromal cells reduce 
experimental oa-pathology via interleukin- 1Î²-mediated immunomodulation 
of pro-inflammatory PMNS 

wrong outcome 

Differences in surface marker expression and chondrogenic potential among 
various tissue-derived mesenchymal cells from elderly patients with 
osteoarthritis 

wrong outcome 

Comparing the allogeneic inflammatory reaction between mesenchymal-
lineage cells derived from different origins 

wrong outcome 

The expression and function of metastases associated lung adenocarcinoma 
transcript-1 long non-coding RNA in subchondral bone and osteoblasts in 
osteoarthritis patients 

wrong intervention 
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i. Key question in PICO format  
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iii. PRISMA flow diagram 

iv. Summary of included studies 

v. Evidence to decision framework 

vi. Data extraction 
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i. Key question in PICO format: 
 

Population: Patients with avascular necrosis 
Intervention: Any Stem cell and product derived from stem cells  
Comparator: Usual Care/ Conventional Care 
Critical Outcomes: Efficacy: Reduction in pain, Disability; Safety: Severe Adverse Events 
 

ii. Search Strategy (September 2023): 
 

PubMed Search 

Concept Query Key Words 
 

Results 

Population “Avascular Necrosis” OR “aseptic necrosis” OR “Femoral head necrosis” OR 
“Femoral head avascular necrosis” OR osteonecrosis (70) OR “Femur head 
necrosis” {MeSH Terms} OR “Avascular Necrosis” OR “Avascular necrosis of 
femoral head” OR “Hip” 
 

33207 

Intervention “Stem Cell Therapy” OR “Cell and tissue-based therapy” MesH terms} OR 
“Biological Therapy” [MeSH terms} OR “Biological therapy” OR “Progenitor 
Cell” OR “Regenerative medicine” OR “Regenerative therapy” OR “Cellular 
therapy” OR BMSC OR PBMSC OR UCMSC OR ACMSC OR “Peripheral blood 
mononuclear cells” OR “Bone marrow Mononuclear cells” OR “umbilical 
cord-derived mesenchymal stem cells” OR “Amniotic fluid-derived stem 
cells” 
 

930685 

Search 
Strategy 

(“Avascular osteonecrosis”[ALL Fields] OR (“aseptic osteonecrosis”[All 
Fields] OR “Femoral head”[All Fields] OR “Femoral head necrosis”[All 
Fields] OR “Femoral head avascular necrosis”[All Fields] OR 
(“Osteonecrosis”[MeSH Terms] OR “Femur head necrosis”[MeSH Terms] 
OR “Avascular Necrosis”[All Field] OR “Avascular necrosis of femoral 
head”[All Fields] OR “Aseptic necrosis of femoral head”[All Fields]))) AND 
(“Stem cell therapy”[All Fields] OR (“Cell and tissue based therapy”[MeSH 
Terms] OR “Biological Therapy”[MeSH Terms] OR “Biological therapies”[All 
Fields] OR “Progenitor cell”[All Fields] OR “Regenerative medicine”[All 
Fields] OR “Regenerative Therapy”[All Fields] OR “Cellular Therapy”[All 
Fields] OR “BMSC”[All Fields] OR9”pbmsc”[All Fields] OR “pbmscs”[All 
Fields]) OR (“ucmsc’[All Fields] OR “ucmscs”[All Fields] OR “ACMSC”[All 
Fields] OR “Peipheral blood mononuclear cells”[All Fields] OR “Bone 
marrow Mononuclear cells”[All fields] OR “umblical cord derived 
mesenchymal stem cells”[All Fields] OR Amniotic fluid-derived stem 
cells”[All Fields])) 
 

2088 
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Embase Search: 

Concept Query Key Words 
 

Results 

Population “Avascular necrosis” OR “aseptic necrosis” OR” femoral head” OR “femoral 
head necrosis” OR “femoral head avascular necrosis” OR “aseptic necrosis 
of femoral head” 
 

44117 

Intervention “Cell and tissue-based therapy” OR “Biological Therapy” OR “biological 
therapies” OR “stem cell” OR “regenerative therapy” OR “regenerative 
medicine” OR “pbmsc” OR “ucmsc” OR “bmsc” OR “acmsc” OR “peripheral 
blood mononuclear cell” OR “bone marrow-derived mononuclear cell” OR 
“umbilical cord mesenchymal stem cell” 
 

903310 

Search 
Strategy 

“Avascular necrosis” OR “aseptic necrosis” OR” femoral head” OR “femoral 
head necrosis” OR “femoral head avascular necrosis” OR “aseptic necrosis 
of femoral head” AND “cell and tissue-based therapy” OR “Biological 
Therapy” OR “biological therapies” OR “stem cell” OR “regenerative 
therapy” OR “regenerative medicine” OR “pbmsc” OR “ucmsc” OR “bmsc” 
OR “acmsc” OR “peripheral blood mononuclear cell” OR “bone marrow-
derived mononuclear cell” OR “umbilical cord mesenchymal stem cell”  
 

1627 

 
Cochrane Search: 

Concept Query-Keywords 
 

Results 

Population MeSH descriptor: [Femur Head] explode all trees 
Femur head NEXT Avascular Necrosis” OR “aseptic necrosis” OR “Femoral 
head necrosis” OR “Femoral head avascular necrosis” OR osteonecrosis OR 
“Femur head necros" OR “Avascular Necrosis” OR “Avascular necrosis of 
femoral head 

337 

Intervention MeSH descriptor: [Stem Cells] explode all trees 
Regenerative therapy OR Cell therapy OR“Stem Cell Therapy” OR “Cell and 
tissue-based therapy”{MesH terms OR “Biological Therapy” OR “Biological 
therapy” OR “Progenitor Cell” OR “Regenerative medicine” OR 
“Regenerative therapy” OR “Cellular therapy” OR BMSC OR PBMSC OR 
UCMSC OR ACMSC OR “Peripheral blood mononuclear cells” OR “Bone 
marrow Mononuclear cells” OR “umbilical cord-derived mesenchymal 
stem cells” OR “Amniotic fluid-derived stem cells 
 

162266 

Search 
strategy 

 AND MeSH descriptor: [Stem Cells] explode all trees 
Regenerative therapy OR Cell therapy OR“Stem Cell Therapy” OR “Cell and 
tissue-based therapy”{MesH terms} OR “Biological Therapy” OR 
“Biological therapy” OR “Progenitor Cell” OR “Regenerative medicine” OR 
“Regenerative therapy” OR “Cellular therapy” OR BMSC OR PBMSC OR 
UCMSC OR ACMSC OR “Peripheral blood mononuclear cells” OR “Bone 
marrow Mononuclear cells” OR “umbilical cord-derived mesenchymal 
stem cells” OR “Amniotic fluid-derived stem cells 
 

293 
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Web of Science Search: 

Concept Query-Keywords 
 

Results 

Population ALL=(Avascular Necrosis” OR “aseptic necrosis” OR “Femoral head 
necrosis” OR “Femoral head avascular necrosis” OR osteonecrosis OR 
“Femur head necrosis” OR “Avascular Necrosis” OR “Avascular necrosis of 
femoral head” )  
 

225 

Intervention ALL=(“Stem Cell Therapy” OR “Cell and tissue-based therapy” OR 
“Biological Therapy” OR “Biological Therapy” OR “Progenitor Cell” OR 
“Regenerative medicine” OR “Regenerative therapy” OR “Cellular therapy” 
OR BMSC OR PBMSC OR UCMSC OR ACMSC OR “Peripheral blood 
mononuclear cells” OR “Bone marrow Mononuclear cells” OR “umbilical 
cord-derived mesenchymal stem cells” OR “Amniotic fluid-derived stem 
cells) 
 

1226723 

Search 
strategy 

ALL=(Avascular Necrosis” OR “aseptic necrosis” OR “Femoral head 
necrosis” OR “Femoral head avascular necrosis” OR osteonecrosis OR 
“Femur head necrosis” OR “Avascular Necrosis” OR “Avascular necrosis of 
femoral head” ) OR  ALL=(“Stem Cell Therapy” OR “Cell and tissue-based 
therapy” OR “Biological Therapy” OR “Biological Therapy” OR “Progenitor 
Cell” OR “Regenerative medicine” OR “Regenerative therapy” OR “Cellular 
therapy” OR BMSC OR PBMSC OR UCMSC OR ACMSC OR “Peripheral blood 
mononuclear cells” OR “Bone marrow Mononuclear cells” OR “umbilical 
cord-derived mesenchymal stem cells” OR “Amniotic fluid-derived stem 
cells) 
 

463 
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iii. PRISMA Flow Diagram: 
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viii. List of excluded studies: 
S. No. Study Year Title Reference Reason of 

Exclusion 
1 Rastogi et al. 2013 Intralesional autologous 

mesenchymal stem cells 
in management of 
osteonecrosis of femur: a 
preliminary study. 

Musculoskeletal 
surgery 2013. 
97,3: 223-8 

Study design 
(Active 
comparator, both 
groups had stem 
cells as 
intervention) 

2 Hauzeur et 
al. 

2020 Did Osteoblastic Cell 
Therapy Improve the 
Prognosis of Pre-fracture 
Osteonecrosis of the 
Femoral Head? A 
Randomized, Controlled 
Trial 

Clinical 
orthopaedics 
and related 
research 2020. 
478,6: 1307-
1315 

Study design 
(Active 
comparator, both 
groups had stem 
cells as 
intervention) 

3 Akintoye et 
al. 

2014 Osteonecrosis of the jaw 
from bone anti-
resorptive: impact of 
skeletal site-dependent 
mesenchymal stem cells 

Oral 
diseases.2014;20
; 221–222. 

Study design not 
of interest (Letter 
to the editor) 

4 Ayoyama et 
al. 

2015 Rehabilitation program 
after mesenchymal 
stromal cell 
transplantation 
augmented by 
vascularized bone grafts 
for idiopathic 
osteonecrosis of the 
femoral head: a 
preliminary study 

Archives of 
physical 
medicine and 
rehabilitation. 
2015; 96: 532-
539. 

Study design not 
of interest (case 
series) 

5 Ayoyama et 
al. 

2022 Effect of a Rehabilitation 
Program After 
Mesenchymal Stromal 
Cell Transplantation for 
Advanced Osteonecrosis 
of the Femoral Head: A 
10-Year Follow-Up Study 

Archives of 
Rehabilitation 
Research and 
Clinical 
Translation. 
2022; 4:100179. 

Study design not 
of interest 
(retrospective 
study) 

6 Ayoyama et 
al. 

2015 Clinical trial for idiopathic 
osteonecrosis of femoral 
head by multipotent 
mesenchymal stromal 
cells 

Japanese Journal 
of Clinical 
Medicine. 2015; 
73:468-472. 

Outcome not of 
interest (bone 
regeneration with 
amelioration of 
symptoms) 

7 Bizot et al. 1998 Femoral head 
osteonecrosis after bone 
marrow transplantation 

Clinical 
Orthopaedics 
and Related 
Research®. 
1998; 357: 127-
134. 

Study design not 
of interest 
(retrospective 
study) 
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8 Bizot et al. 1996 Avascular necrosis of the 
femoral head after 
allogeneic bone-marrow 
transplantation. A 
retrospective study of 27 
consecutive THAs with a 
minimal two-year follow-
up 

The Journal of 
Bone & Joint 
Surgery British 
Volume. 1996; 
78:878-883. 

Study design not 
of interest 
(retrospective 
study) 

9 BraNon et 
al. 

2007 Influence of acetabular 
coverage on hip survival 
after free vascularized 
fibular grafting for 
femoral head 
osteonecrosis 

Journal of Bone 
& Joint Surgery. 
2007; 89:448-
449. 

Study design not 
of interest (Letter 
to the editor) 

10 Brunelli et 
al. 

1991 Free microvascular 
fibular transfer for 
idiopathic femoral head 
necrosis: long-term 
follow-up 

Journal of 
reconstructive 
microsurgery. 
1991; 7:285-295. 

Study design not 
of interest (cohort 
study) 

11 Cabrolier et 
al. 

2016 Is instillation of bone 
marrow stem cells at the 
time of core 
decompression useful for 
osteonecrosis of the 
femoral head? 

Medwave.2016; 
16 Suppl 1: 
e6406. 

Study design not 
of interest (meta-
analysis) 

12 Colori et al. 2014 Treatment of AVN using 
the induction chamber 
technique and a 
biological-based 
approach: indications and 
clinical results 

Injury. 2014; 
45:369-373. 

Study design not 
of interest 
(Retrospective 
study) 

13 Cao et al. 2010 Clinical application of 
minimally invasive core 
decompression combined 
with impaction bone 
grafting to the treatment 
of femoral head necrosis 

Journal of 
Orthopaedics 
and 
Traumatology. 
2010; 23:111-
113. 

Study design 
(Observational 
study) 

14 Messa et al. 2012 Stem cell implant with 
neck-head decompression 
for aseptic necrosis of the 
femoral head 

Acta Ortopédica 
Mexicana. 2012; 
26: 290-297. 

Study design not 
of interest (Case 
series) 

15 Cella et al. 2011 Autologous bone marrow 
stem cell intralesional 
transplantation repairing 
bisphosphonate-related 
osteonecrosis of the jaw 

Head & face 
medicine. 2011; 
7:1-6. 

Study design not 
of interest (Case 
report) 

16 Chang et al. 2010 Treatment of early 
avascular necrosis of 
femoral head by core 

Chinese Journal 
of Reparative 
and 

The text obtained 
after translating is 
indecipherable 
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decompression combined 
with autologous bone 
marrow mesenchymal 
stem cells transplantation 

Reconstructive 
Surgery. 2010; 
24:739-743. 

17 Chen et al. 2009 Advance in the 
combination of Chinese 
medicine and bone 
marrow-derived 
mesenchymal stem cells 
as treatment for 
osteonecrosis of the 
femoral head 

Chinese Journal 
of Integrated 
Traditional and 
Western 
Medicine. 2009; 
29:562-565. 

Study design not 
of interest 
(Review) 

18 Chen et al. 2023 Could BMMNCs therapy 
reduce the mid-and long-
term rate of total hip 
arthroplasty of femoral 
head necrosis? A 
systematic review and 
meta-analysis 

Medicine. 
2023;102: 
e34311. 

Study design not 
of interest (meta-
analysis) 

19 Cheng et al. 2012 Progress of treating 
hormonal avascular 
necrosis of the femoral 
head by Chinese medicine 
and transplant of human 
bone marrow 
mesenchymal stem cells 

Chinese Journal 
of Integrated 
Traditional and 
Western 
Medicine. 2012; 
32:1004-1007. 

Study design not 
of interest 
(Review) 

20 Chotivichit 
et al. 

2014 Core decompression with 
bone marrow injection for 
the treatment of femoral 
head osteonecrosis 

Journal of the 
Medical 
Association of 
Thailand. 2014; 
97: S139-143. 

Study design not 
of interest 
(Retrospective 
review) 

21 Ciapetti et 
al. 

2016 Effects of hypoxia on 
osteogenic differentiation 
of mesenchymal stromal 
cells used as a cell 
therapy for avascular 
necrosis of the femoral 
head 

Cytotherapy.201
6;18:1087-1099. 

Study design not 
of interest (in vitro 
study) 

22 Rosenblum 
et al. 

2019 Osteonecrosis of the 
Femoral Head 

Orthopedic 
Clinics of North 
America. 2019; 
50:139-149. 

Study design not 
of interest 
(Review) 

23 Monas et al. 2013 Autologous concentrated 
bone marrow graft in the 
treatment of femoral head 
avascular necrosis: 
clinical outcome after two 
years of follow-up in a 
non-controlled 

Revista Española 
de 
CirugíaOrtopédic
a y 
Traumatología. 
2013; 57:106-
110. 

Study design not 
of interest 
(prospective 
cohort study) 
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prospective study 
24 Cui et al. 2011 Emerging ideas: 

treatment of pre-collapse 
osteonecrosis using stem 
cells and growth factors 

Clinical 
Orthopaedics 
and Related 
Research®. 
2011; 469:2665-
2669. 

Study design not 
of interest 
(Review) 

25 Ding et al. 2013 Free vascularized fibular 
grafting benefits severely 
collapsed femoral head in 
concomitant with 
osteoarthritis in very 
young adults: a 
prospective study 

Journal of 
reconstructive 
microsurgery. 
2013; 29:387-
392. 

Study design not 
of interest 
(prospective 
cohort study) 

26 Dome et al. 2011 Exosomes from Adipose-
Derived Stem Cells Can 
Prevent Medication-
Related Osteonecrosis of 
the Jaw 

Medical Science 
Monitor: 
International 
Medical Journal 
of Experimental 
and Clinical 
Research. 2021; 
27: e929684. 

Study design not 
of interest 
(Review) 

27 Doring et al. 2020 Longtime Outcome After 
Intraosseous Application 
of Autologous 
Mesenchymal Stromal 
Cells in Paediatric 
Patients and Young Adults 
with Avascular Necrosis 
After Steroid or 
Chemotherapy 

Stem Cells and 
Development. 
2020; 29:811-
822. 

Study design not 
of interest 
(Retrospective 
review) 

28 Elad et al. 2013 Hematopoietic stem cells 
and bisphosphonate-
related osteonecrosis of 
the jaw 

Oral Diseases. 
2012;19(5) :530. 

Study design not 
of interest (Letter 
to the editor) 

29 Elgaz et al. 2020 Mesenchymal stromal 
cells for osteonecrosis 

Journal of 
translational 
medicine.2020; 
18: 399. 

Study design not 
of interest 
(systematic 
review) 

30 Emadedin et 
al. 

2019 Autologous bone marrow-
derived CD133 cells with 
core decompression as a 
novel treatment method 
for femoral head 
osteonecrosis: a pilot 
study 

Cryotherapy. 
2019; 21: 107-
112. 

Study design not 
of interest (quasi 
experimental 
study) 

31 Erne et al. 2008 Aseptic osteonecrosis of 
the head of the 
metacarpal (Mauclaire's 

HandchirurgieMi
krochirurgie · 
Plastische 

Study design not 
of interest (case 
report) 
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disease)-case report and 
review of the literature 

Chirurgie.2008; 
40: 207-210. 

32 Faraci et al. 2006 Osteonecrosis after 
allogeneic stem cell 
transplantation in 
childhood. A case-control 
study in Italy 

Haematologica.2
006; 91:1096-
1099. 

Study design not 
of interest (case-
control) 

33 Gangji et al. 2005 Treatment of 
osteonecrosis of the 
femoral head with 
implantation of 
autologous bone-marrow 
cells. Surgical technique 

Journal of Bone 
& Joint Surgery. 
2005; 87:106-
112. 

Study design not 
of interest 
(Review) 

34 Gangji et al. 2010 Treating osteonecrosis 
with autologous bone 
marrow cells 

Skeletal 
radiology. 2010; 
39:209-211. 

Study design not 
of interest (Letter 
to the editor) 

35 Gangji et al. 2004 Treatment of 
osteonecrosis of the 
femoral head with 
implantation of 
autologous bone-marrow 
cells. A pilot study 

Journal of Bone 
& Joint Surgery. 
2004; 86:1153-
1160. 

Study design not 
of interest 
(prospective 
cohort study) 

36 Gao et al. 2016 Combined with Bone 
Marrow-Derived Cells and 
rhBMP-2 for 
Osteonecrosis after 
Femoral Neck Fractures 
in Children and 
Adolescents: A case series 

Scientific 
Reports. 2016; 
6:30730. 

Study design not 
of interest (case 
series) 

37 Garcia et al. 2012 Mesenchymal stem cells 
and bisphosphonate-
related osteonecrosis of 
the jaw: the future? 

Oral Diseases. 
2012; 18:823-
824. 

Study design not 
of interest (Letter 
to the editor) 

38 Garanchi et 
al. 

2019 Biomarkers of bone 
healing induced by a 
regenerative approach 
based on expanded bone 
marrow-derived 
mesenchymal stromal 
cells 

Cytotherapy. 
2019; 21:870-
885. 

Outcomes not of 
interest 
(regenerative 
ability of MSCs) 

39 Gossamann 
et al. 

1991 Osteonecrosis following 
short-term, high-dosage 
steroid therapy 

SchweizerischeM
edizinischeWoch
enschrift. 1991; 
121: 635-641. 

Study design not 
of interest 
(Review) 

40 He et al. 2016 Comparison of core 
decompression with stem 
cell transplantation and 
tantalum rod implanting 
in treating stage II non-

China Journal of 
Orthopaedics 
and 
Traumatology. 
2016; 29:1119-

Study design not 
of interest (case 
control study) 
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traumatic osteonecrosis 
of femoral head 

1124. 

41 Hernigou et 
al. 

2021 Cell therapy for 
posttraumatic shoulder 
osteonecrosis 

Morphologie. 
2021; 105:162-
169. 

Study design not 
of interest 
(retrospective 
review) 

42 Hernigou et 
al. 

2021 Cell therapy for post-
traumatic hip 
osteonecrosis in young 
patients 

Morphologie.202
1; 105: 127-133. 

Study design not 
of interest 
(retrospective 
case control 
study) 

43 Hernigou et 
al. 

2002 Treatment of 
osteonecrosis with 
autologous bone marrow 
grafting 

Clinical 
Orthopaedics 
and Related 
Research®. 
2002; 405: 14-
23. 

Study design not 
of interest 
(Conference 
paper) 

44 Hernigou et 
al. 

2018 Stem cell therapy in early 
post-traumatic talus 
osteonecrosis 

International 
Orthopaedics. 
2018; 42: 2949-
2956. 

Study design not 
of interest (Cohort 
study) 

45 Hernigou et 
al. 

2017 Allografts supercharged 
with bone-marrow-
derived mesenchymal 
stem cells possess 
equivalent osteogenic 
capacity to that of 
autograft: a study with 
long-term follow-ups of 
human biopsies 

International 
orthopaedics. 
2017; 41:127-
132. 

Stud design not of 
interest (cohort 
study) 

46 Hernigou et 
al. 

2015 Osteonecrosis repair with 
bone marrow cell 
therapies: state of the 
clinical art 

Bone. 2015; 
70:102-109. 

Study design not 
of interest 
(Review) 

47 Hernigou et 
al. 

2018 History of concentrated 
or expanded 
mesenchymal stem cells 
for hip osteonecrosis: is 
there a target number for 
osteonecrosis repair? 

International 
Orthopaedics. 
2018; 42: 1739-
1745. 

Study design not 
of interest 
(Review) 

48 Hommaet al. 2014 Supercharging allografts 
with mesenchymal stem 
cells in the operating 
room during hip revision 

International 
orthopaedics. 
2014; 38: 2033-
2044. 

Study design of 
interest 
(Observational) 

49 Huten et al. 2021 Treatment of aseptic 
osteonecrosis of the 
femoral head: Historical 
aspects 

Morphologie. 
2021;105: 102-
119. 

Study design not 
of interest 
(Review) 
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50 Ibrahim et 
al. 

2012 Platelet-rich plasma as a 
non-surgical treatment 
option for osteonecrosis 

Physical 
Medicine and 
Rehabilitation. 
2012; 4:1015-
1019. 

Study design not 
of interest (case 
report) 

51 Jagasia et al. 2010 Age and total-body 
irradiation in addition to 
corticosteroid dose are 
important risk factors for 
avascular necrosis of the 
bone 

Biology of Blood 
and Marrow 
Transplantation. 
2010; 16:1750-
1751. 

Study design not 
of interest (Letter 
to the editor) 

52 Jayaramaraj
u et al. 

2019 Impaction Bone Grafting 
and Valgus Osteotomy: A 
Technical Trick for the 
Treatment of Femoral 
Neck Non-unions 

Journal of 
Orthopaedic 
Trauma. 2019; 
33: e403-408. 

Population not of 
interest (femoral 
neck Non unions, 
Different disease) 

53 Jazrawi et al. 1999 Catastrophic failure of a 
cemented, collarless, 
polished, tapered cobalt-
chromium femoral stem 
used with impaction 
bone-grafting. A report of 
two cases 

Journal of bone 
and joint 
surgery. 1999; 
81: 844-847. 

Study design not 
of interest (case 
report) 

54 Jeyarama et 
al. 

2021 Autologous bone marrow-
derived mesenchymal 
stem cell therapy for 
osteonecrosis of femoral 
head: A systematic 
overview of overlapping 
meta-analyses 

Journal of 
Clinical 
Orthopaedicsand 
Trauma. 2021; 
13:134-142. 

Study design not 
of interest 
(Systematic 
review) 

55 Ji et al. 2008 Three-tunnels core 
decompression with 
implantation of bone 
marrow stromal cells 
(bMSCs) and decalcified 
bone matrix (DBM) for 
the treatment of early 
femoral head necrosis 

China Journal of 
Orthopaedics 
and 
Traumatology. 
2008; 21:776-
778. 

Study design not 
of interest 
(retrospective 
study) 

56 Jones et al. 2008 Cell-based therapies for 
osteonecrosis of the 
femoral head 

Biology of Blood 
and Marrow 
Transplantation. 
2008; 14:1081-
1087. 

Study design not 
of interest 
(Review) 

57 Jones et al. 2009 Outcome measures for 
evaluation of treatments 
for osteonecrosis 

Orthopaedic 
Clinics of North 
America. 
2009;40: 179-
191. 

Study design not 
of interest 
(Review) 
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58 Kakar et al. 2011 Role of vascularized bone 
grafts in the treatment of 
scaphoid Non unions 
associated with proximal 
pole avascular necrosis 
and carpal collapse 

Journal of Hand 
Surgery. 2011; 
36:722-725. 

Study design not 
of interest 
(Review) 

59 Kawate et al. 2006 Tissue-engineered 
approach for the 
treatment of steroid-
induced osteonecrosis of 
the femoral head: 
transplantation of 
autologous mesenchymal 
stem cells cultured with 
beta-tricalcium 
phosphate ceramics and 
free vascularized fibula 

Artificial organs. 
2006; 30:960-
962. 

Study design not 
of interest (case 
report) 

60 Kim et al. 2012 Autologous adipose 
tissue-derived stem cells 
induce persistent bone-
like tissue in 
osteonecrotic femoral 
heads: not bone-like, but 
fat-like tissue 

Pain Physician. 
2012; 15: E749. 

Study design not 
of interest (Letter 
to the editor) 

61 Kim et al. 2021 Long-Term Results of 
Total Hip Arthroplasty in 
Young Patients with 
Osteonecrosis After 
Allogeneic Bone Marrow 
Transplantation for 
Hematological Disease: A 
Multicenter, Propensity-
Matched Cohort Study 
with a Mean 11-Year 
Follow-Up 

The Journal of 
Arthroplasty. 
2021; 36:1049-
1054. 

Study design not 
of interest (cohort 
study) 

62 Kuhlen et al. 2020 Guidance to Bone 
Morbidity in Children and 
Adolescents Undergoing 
Allogeneic Hematopoietic 
Stem Cell Transplantation 

Transplantation. 
2020; 26::e27-
37. 

Study design not 
of interest 
(Review) 

63 Kuroda et al. 2020 Recombinant human FGF-
2 therapy for 
osteonecrosis of the 
femoral head: 5-year 
follow-up 

Regenerative 
Medicine. 2020; 
15: 2261-2271. 

Intervention is not 
of interest 
(Recombinant 
human fgf-2 
therapy) 

64 Kuroda et al. 2016 Joint-preserving 
regenerative therapy for 
patients with early-stage 
osteonecrosis of the 

Inflammation 
and 
regeneration. 
2016; 36:1-8. 

Study design not 
of interest 
(review) 
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femoral head 
65 Lecroy et al. 2002 Free vascularized fibular 

bone grafting in the 
management of femoral 
neck Non-union in 
patients younger than 
fifty years 

Journal of 
orthopaedic 
trauma. 2002; 
16:464-472. 

Population not of 
interest (femoral 
neck non union, 
Different disease) 

66 Lee et al. 2003 Multipotential 
mesenchymal stem cells 
from femoral bone 
marrow near the site of 
osteonecrosis 

Stem cells. 2003; 
21:190-199. 

Study design not 
of interest (in vitro 
study) 

67 Sun et al. 2023 Efficacy of Modified 
Lightbulb Technique by 
Percutaneous Femoral 
Neck-Head Fenestration 
Combined with 
Compacted Artificial Bone 
Graft for Treating 
Precollapse Osteonecrosis 
of the Femoral Head 

The Journal of 
arthroplasty. 
2023; 38:1760–
1766. 

Study design not 
of interest 
(Retrospective 
study) 

68 Li et al. 2018 Stem cell therapy for 
treating osteonecrosis of 
the femoral head: From 
clinical applications to 
related basic research 

Stem cell 
research & 
therapy. 2018; 
9:1-11. 

Study design not 
of interest 
(Review) 

69 Li et al. 2015 A study of autologous 
stem cell therapy assisted 
regeneration of cartilage 
in avascular bone 
necrosis 

European review 
for medical and 
pharmacological 
sciences.2019; 
19:3833–3837. 

Study design not 
of interest (case 
studies) 

70 Liang et al. 2023 Clinical outcomes of 
autologous platelet-rich 
plasma and bone marrow 
mononuclear cells 
grafting combined with 
core decompression for 
Association Research 
Circulation Osseous II-
IIIA stage non-traumatic 
osteonecrosis of the 
femoral head 

International 
orthopaedics.20
23; 47:2181–
2188. 

Study design not 
of interest 
(retrospective 
review) 

71 Liang et al. 2013 Scaphoid Non-union 
reconstructed with 
vascularized bone-
grafting pedicled on 1,2 
intercompartmental 
supra retinacular artery 
and external fixation 

European review 
for medical and 
pharmacological 
sciences.2013; 
17:1447–1454. 

Study design not 
of interest 
(Retrospective 
review) 
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72 Lim et al. 2013 Stem cell implantation for 
osteonecrosis of the 
femoral head 

Experimental & 
molecular 
medicine, 
45(11), e61. 

Study design not 
of interest 
(retrospective 
review) 

73 Liu et al. 2009 Treatment for 
osteonecrosis of femoral 
head by hVEGF-165 gene 
modified marrow stromal 
stem cells under 
arthroscope 

National Medical 
Journal of 
China.2009; 
89:2629-2633. 

Study design not 
of interest (Animal 
study) 

74 Liu et al. 2018 Investigating clinical 
failure of core 
decompression with 
autologous bone marrow 
mononuclear cells 
grafting for the treatment 
of non -traumatic 
osteonecrosis of the 
femoral head 

International 
Orthopaedics. 
2018; 42:1575-
1583. 

Outcome not of 
interest (factor 
responsible for 
failure of BMMCG) 

75 Liu et al. 2013 Efficacies of bone-
marrow-derived 
mononuclear cells with a 
hydroxylapatite 
composite in the 
treatment of 
osteonecrosis of the 
femoral head 

National Medical 
Journal of China. 
2013;93:2126-
2130 

The text obtained 
after translating is 
indecipherable 

76 Lovecchio et 
al. 

2017 Avascular Necrosis Is 
Associated with Increased 
Transfusions and 
Readmission Following 
Primary Total Hip 
Arthroplasty 

Orthopedics. 
2017; 40:171-
176. 

Study design not 
of interest 
(database study) 

77 Lyu et al. 2023 Core decompression with 
β-tri-calcium phosphate 
grafts in combination 
with platelet-rich plasma 
for the treatment of 
avascular necrosis of 
femoral head 

BioMed Central 
Musculoskeletal 
Disorders. 
2023;24:40 

Study design not 
of interest (cohort 
study) 

78 Ma et al. 2021 Core Decompression with 
Local Administration of 
Zoledronate and Enriched 
Bone Marrow 
Mononuclear Cells for 
Treatment of Non-
Traumatic Osteonecrosis 
of Femoral Head 

Orthopaedic 
Surgery. 2021; 
13:1843-1852. 

Study design not 
of interest 
(retrospective 
review) 
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79 Mao et al. 2015 The efficacy of targeted 
intraarterial delivery of 
concentrated autologous 
bone marrow containing 
mononuclear cells in the 
treatment of 
osteonecrosis of the 
femoral head: a five-year 
follow-up study 

Bone. 2013; 
57:509-516. 

Study design not 
of interest (cohort 
study) 

80 Marcianik et 
al. 

2005 Osteonecrosis of the 
femoral head. A study of 
101 hips treated with 
vascularized fibular 
grafting 

Journal of Bone 
and Joint 
surgery. 2005; 
87:742-747. 

Study design not 
of interest (cohort 
study) 

81 Marsell et al. 2014 Successful treatment of a 
humeral capitulum 
osteonecrosis with bone 
morphogenetic protein-7 
combined with 
autologous bone grafting 

Upsala Journal of 
Medical Sciences. 
2014; 119:287-
289. 

Study design not 
of interest (case 
report) 

82 Martin et al. 2013 Use of concentrated bone 
marrow aspirate and 
platelet-rich plasma 
during minimally invasive 
decompression of the 
femoral head in the 
treatment of 
osteonecrosis 

Croatian medical 
journal. 2013; 
54:219-224. 

Study design not 
of interest 
(opinion paper) 

83 Maruyama 
et al. 

2018 The effects of a 
functionally graded 
scaffold and bone 
marrow-derived 
mononuclear cells on 
steroid-induced femoral 
head osteonecrosis 

Biomaterials. 
2018; 187:39-46. 

Study design not 
of interest (Animal 
study) 

84 Marx et al. 2009 Reconstruction of defects 
caused by 
bisphosphonate-induced 
osteonecrosis of the jaws 

Journal of oral 
and maxillofacial 
surgery. 2009; 
67:107-119. 

Study design not 
of interest (case 
reports) 

85 Mascarin et 
al. 

1991 Avascular necrosis of 
bone in children 
undergoing allogeneic 
bone marrow 
transplantation 

Cancer. 1991; 
68:655-659. 

Study design not 
of interest (case 
reports) 

86 Mastuura et 
al. 

2016 Therapeutic interactions 
between mesenchymal 
stem cells for healing 
medication-related 
osteonecrosis of the jaw 

Stem cell 
research & 
therapy. 2016; 
7:1-11. 

Study design not 
of interest (Animal 
study) 
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87 Mawardi et 
al. 

2016 Hematopoietic Cell 
Transplantation in 
Patients with Medication-
Related Osteonecrosis of 
the Jaws 

Biology of Blood 
and Marrow 
Transplantation. 
2016; 22:344-
348. 

Study design not 
of interest 
(Retrospective 
chart review) 

88 Mcavoy et 
al. 

2010 Corticosteroid dose as a 
risk factor for avascular 
necrosis of the bone after 
hematopoietic cell 
transplantation 

Biology of Blood 
and Marrow 
Transplantation. 
2010; 16:1231-
1236. 

Study design not 
of interest (case-
control study) 

89 Mcclune et 
al. 

2012 Bone loss and avascular 
necrosis of bone after 
hematopoietic cell 
transplantation 

Seminars in 
hematology 
2012; 
49:59-65 

Study design not 
of interest 
(Review) 

90 Mcdonald et 
al. 

2013 Development of an 
evidence-based clinical 
guideline for age-
appropriate screening, 
prevention, and 
management of bone 
abnormalities in children 
post-hematopoietic stem 
cell transplant 

Journal of 
Pediatric 
Hematology/ 
Oncology 
Nursing. 2013; 
30: 78-89. 

Study design not 
of interest 
(Review) 

91 Meermans 
et al. 

2020 CORR Insights®: Did 
Osteoblastic Cell Therapy 
Improve the Prognosis of 
Pre-fracture 
Osteonecrosis of the 
Femoral Head? A 
Randomized Controlled 
Trial 

Clinical 
Orthopaedics 
and Related 
Research. 
2020;478:1316-
1318 

Study design not 
of interest 
(Comment) 

92 Mishima et 
al. 

2016 The safety and efficacy of 
combined autologous 
concentrated bone 
marrow grafting and low-
intensity pulsed 
ultrasound in the 
treatment of 
osteonecrosis of the 
femoral head 

European 
Journal of 
Orthopaedic 
Surgery & 
Traumatology. 
2016; 26:293-
298. 

Study design not 
of interest 
(observational 
cohort study) 

93 Mitsuzawa 
et al. 

2022 Corticosteroid-associated 
osteonecrosis of the 
femoral head after 
orthotopic liver 
transplantation and the 
outcomes of subsequent 
total hip arthroplasty 

Journal of 
Orthopaedic 
Science. 2022; 
27:395-401. 

Study design not 
of interest 
(Retrospective 
analysis) 
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94 Mont et al. 2003 Outcome of Non 
vascularized bone 
grafting for osteonecrosis 
of the femoral head 

Clinical 
Orthopaedics 
and Related 
Research. 
2003;417:84-92. 

Study design not 
of interest 
(review) 

95 Mont et al. 2000 Survival analysis of hips 
treated with core 
decompression or 
vascularized fibular 
grafting because of 
avascular necrosis 

Journal of bone 
and joint 
surgery. 
American 
volume. 2000; 
82:290-291. 

Study design not 
of interest 
(Comment) 

96 Mont et al. 2007 Core decompression and 
non-vascularized bone 
grafting for the treatment 
of early-stage 
osteonecrosis of the 
femoral head 

Instructional 
course 
lectures.2007; 
56:213-220. 

Study design not 
of interest 
(Review) 

97 Mori et al. 2001 Avascular necrosis in the 
femoral head secondary 
to bone marrow 
infarction in a patient 
with graft-versus-host 
disease after unrelated 
bone marrow 
transplantation 

Annals of 
hematology. 
2001; 80:238-
242. 

Study design not 
of interest (case 
report) 

98 Mucke et al. 2009 Bisphosphonate related 
osteonecrosis of the jaws 
treated by surgical 
resection and immediate 
osseous microvascular 
reconstruction 

Journal of 
Cranio-
Maxillofacial 
Surgery. 2009; 
37:291-297. 

Study design not 
of interest (Case 
report) 

99 Muller et al. 2009 Secretion of angiogenic 
proteins by human 
multipotent mesenchymal 
stromal cells and their 
clinical potential in the 
treatment of avascular 
osteonecrosis 

Leukemia. 2008; 
22:2054-2061. 

Study design not 
of interest (in vitro 
comparative 
study) 

100 Mundo et al. 2006 Multifocal avascular 
necrosis after liver 
transplantation: an 
unusual presentation of 
the antiphospholipid 
syndrome 

Lupus. 2006; 
15:304-307. 

Study design not 
of interest (case 
report) 

101 Murakami et 
al. 

2004 A long-term follow-up 
study of four cases who 
underwent curettage and 
autogenous bone grafting 
for steroid-related 

The Kurume 
Medical Journal. 
2004; 51:277-
281. 

Study design not 
of interest (case 
report) 
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osteonecrosis of the 
femoral condyle 

102 Murena et 
al. 

2014 Treatment of humeral 
shaft aseptic Non unions 
in elderly patients with 
opposite structural 
allograft, BMP-7, and 
mesenchymal stem cells 

Orthopedics. 
2014; 37:e201-
e206. 

Study design not 
of interest (case 
report) 

103 Nagi et al. 1992 Fibular osteosynthesis for 
delayed type II and type 
III femoral neck fractures 
in children 

Journal of 
orthopaedic 
trauma. 1992; 
6(3):306-313. 

Intervention is not 
of interest (Fibular 
graft and 
cancellous lag 
screw) 

104 Nally et al. 2018 THA conversion rate 
comparing 
decompression alone, 
with autologous bone 
graft or stem cells in 
osteonecrosis 

Hip 
International. 
2018; 28:189-
193. 

Study design not 
of interest 
(electronic 
database study) 

105 Namazi et al. 2012 Autologous adipose 
tissue-derived stem cells 
induce persistent bone-
like tissue in 
osteonecrotic femoral 
heads: a molecular 
mechanism 

Pain physician. 
2012; 15:E345. 

Study design not 
of interest (Letter 
to the editor) 

106 Nandeesh et 
al. 

2016 Treatment of AVN Using 
Autologous BM Stem Cells 
and Activated Platelet-
Derived Growth Factor 
Concentrates 

Journal of Stem 
Cells. 
2016;11:135-
148. 

Outcome not of 
interest 

107 Napora et al. 2018 Early MRI Detection and 
Closed Bone Graft 
Epiphysiodesis May Alter 
the Course of Avascular 
Necrosis Following 
Unstable Slipped Capital 
Femoral Epiphysis 

Journal of 
Pediatric 
Orthopaedics. 
2018; 38:202-
207. 

Study design not 
of interest 
(retrospective 
study) 

108 Nasser et al. 2018 Lesson of the week: Depot 
corticosteroid treatment 
for hay fever causing 
avascular necrosis of both 
hips 

British Medical 
Journal. 2001; 
322:1589-1591. 

Study design not 
of interest (case 
report) 

109 Ninimaki et 
al. 

2019 The radiological and 
clinical follow-up of 
osteonecrosis in cancer 
patients 

Acta oncologica. 
2019; 58:505-
511. 

Study design (non-
randomized 
controlled clinical 
trial) 
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110 Nishitani et 
al. 

2021 Long-Term Survivorship 
and Clinical Outcomes of 
Osteochondral 
Autologous 
Transplantation for 
Steroid-Induced 
Osteonecrosis of the Knee 

Cartilage. 2021; 
13:1156S-1164S. 

Study design not 
of interest (case 
series) 

111 Nishi et al. 2020 Surgical Management of 
Medication-Related 
Osteonecrosis of the Jaw 
Patients Related to Dental 
Implants 

Journal of 
Craniofacial 
Surgery. 2020; 
31:1037-1041. 

Study design not 
of interest 
(retrospective 
study) 

112 Nishi et al. 2022 Medication-Related 
Osteonecrosis of the Jaw 
Associated in a Patient 
Treated with Etanercept 

Journal of 
Craniofacial 
Surgery. 2022; 
33:e694-706. 

Study design not 
of interest (Case 
report) 

113 Osawa et al. 2021 Long-term outcomes of 
curved intertrochanteric 
varus osteotomy 
combined with bone 
impaction grafting for 
non-traumatic 
osteonecrosis of the 
femoral head 

The Bone & Joint 
Journal. 2021; 
103:665-671. 

Study design not 
of interest 
(Comparative 
study) 

114 Otto et al. 2021 Infection as an Important 
Factor in Medication-
Related Osteonecrosis of 
the Jaw (MRONJ) 

Medicina. 2021; 
57:463. 

Study design not 
of interest 
(Review) 

115 Ozdemir et 
al 

2022 Long-term follow-up of 
96 patients younger than 
age 25 with 119 primary 
cemented total hip 
arthroplasties 

Acta 
Orthopaedica. 
2023; 94:102. 

Study design not 
of interest (Cohort 
study) 

116 Ozdemir et 
al. 

2022 Comparison of clinical 
outcomes of autologous 
bone graft versus 
pronator quadratus 
pedicled vascularized 
bone graft in the 
treatment of scaphoid 
Non union 

Acta 
Orthopædica 
Belgica. 2023; 
88:447-455. 

Population is not 
of interest 
(Treatment of 
scaphoid non-
union) 

117 Ozkam et al. 2017 The Efficacy Of 1,2- 
Intercompartmental 
Supraretinacular Artery 
Pedicled Vascularised 
Bone Graft for Scaphoid 
Proximal End Non -Union 
And Avascular Necrosis 

Acta 
orthopaedica 
Belgica. 2017; 
83:589-598. 

Study design not 
of interest 
(retrospective 
study) 
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118 Ozturk et al 2022 Clinical results of free 
vascularized fibula graft 
in the management of 
precollapse osteonecrosis 
of the femoral head: A 
retrospective clinical 
study 

Acta 
Orthopaedica et 
Traumatologica 
Turcica. 2022; 
56:105-110 

Study design not 
of interest 
(retrospective 
study) 

119 Padhye et al. 2016 Incidence and outcome of 
osteonecrosis in children 
and adolescents after 
intensive therapy for 
acute lymphoblastic 
leukemia (ALL) 

Cancer Medicine. 
2016; 5:960-967. 

Study design not 
of interest 
(retrospective 
study) 

120 Pak et al. 2021 Endoscopic observation 
finding in the core 
decompression procedure 
of osteonecrosis of 
femoral head and effect of 
additional treatments 

International 
Orthopaedics. 
2021; 45:95-99. 

Study design not 
of interest (Case 
series) 

121 Pak et al. 2012 Autologous adipose 
tissue-derived stem cells 
induce persistent bone-
like tissue in 
osteonecrotic femoral 
heads 

Pain physician. 
2012;15:75-85 

Study design not 
of interest (case 
report) 

122 Pak et al. 2014 Complete resolution of 
avascular necrosis of the 
human femoral head 
treated with adipose 
tissue-derived stem cells 
and platelet-rich plasma 

Journal of 
international 
medical 
research. 2014; 
42:1353-1362. 

Study design not 
of interest (case 
report) 

123 Palekar et al. 2021 Hip Preservation with 
Autologous Osteoblast 
Cell-Based Treatment in 
Osteonecrosis of the 
Femoral Head 

Orthopedics. 
2021; 44:e183-
189. 

Study design not 
of interest 
(Observational 
cohort study) 

124 Papanagitou 
et al. 

2014 Autologous (Non -
vascularised) fibular 
grafting with recombinant 
bone morphogenetic 
protein-7 for the 
treatment of femoral head 
osteonecrosis: 
preliminary report 

The Bone & Joint 
Journal. 2014; 
96:31-35. 

Study design not 
of interest 
(Report) 

125 Persiana et 
al. 

2015 Stage-related results in 
treatment of hip 
osteonecrosis with core-
decompression and 
autologous mesenchymal 

Acta Orthop 
Belg. 2015; 
81:406-412. 

Study design not 
of interest 
(observational 
cohort study ) 
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stem cells 
126 Petropoulou 

et al. 
2010 Prospective assessment of 

bone turnover and clinical 
bone diseases after 
allogeneic hematopoietic 
stem-cell transplantation 

Transplantation. 
2010; 89:1354-
1361. 

Population is not 
of interest (bone 
diseases)  

127 Petsatodis et 
al. 

2009 Cementless total hip 
arthroplasty for 
osteonecrosis of the 
femoral head after 
allogenic bone marrow 
transplantation 

The Journal of 
Arthroplasty. 
2009; 24:414-
420. 

Study design not 
of interest (not a 
clinical trial) 

128 Poggio et al. 2006 Surgical treatment for 
vascular necrosis of 
femoral head after 
hematopoietic stem cell 
transplantation 

Medicina Clinica. 
2006; 127:738-
740. 

Study design not 
of interest 
(Observational 
Cohort study) 

129 Pozzi et al. 2009 Bisphosphonates-
associated osteonecrosis 
of the jaw: A long-term 
follow-up of a series of 35 
cases observed by GISL 
and evaluation of its 
frequency over time 

American 
journal of 
hematology. 
2009; 84:850-
852 

Study design not 
of interest (Case 
series) 

130 Pucher et al. 2000 The value of distal greater 
trochanteric transfer in 
the treatment of 
deformity of the proximal 
femur owing to avascular 
necrosis 

Journal of 
Pediatric 
Orthopaedics. 
2000; 20:311-
316. 

Study design not 
of interest (Case 
series) 

131 Qiu et al. 2021 Protective Effect of 
Human Umbilical Cord 
Mesenchymal Stem Cells 
in Glucocorticoid-induced 
Osteonecrosis of Femoral 
Head 

Current Medical 
Science. 2021; 
41:909-915. 

Study design not 
of interest (Animal 
model) 

132 Rackwitz et 
al. 

2012 Stem cell- and growth 
factor-based regenerative 
therapies for avascular 
necrosis of the femoral 
head 

Stem cell 
research & 
therapy. 2012; 
3:1-9. 

Study design not 
of interest 
(Review) 

133 Richard et 
al. 

2021 Outcomes of free 
vascularized fibular graft 
for post-traumatic 
osteonecrosis of the 
femoral head 

Injury. 2021; 
52:3653-3659. 

Study design not 
of interest 
(retrospective 
review) 

134 Rochi et al. 2020 Core decompression with 
bone chips allograft in 
combination with fibrin 

Hip 
International. 
2020; 30: 3-12. 

Study design not 
of interest 
(retrospective 
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platelet-rich plasma and 
concentrated autologous 
mesenchymal stromal 
cells, isolated from bone 
marrow: results for the 
treatment of avascular 
necrosis of the femoral 
head after 2 years 
minimum follow-up 

study) 

135 Saxby et al. 2013 Surgical management of 
benign idiopathic 
osteonecrosis of the 
external auditory canal 

Operationas 
Research Letters. 
2013; 75:257-
264. 

Study design not 
of interest 
(retrospective 
case series) 

136 Schreiber et 
al. 

1982 Treatment of femur head 
necrosis using a total hip 
prosthesis following 
kidney transplantation 

Zeitschrift fur 
Orthopadie und 
IhreGrenzgebiet
e. 1982; 
120:868-873. 

Intervention is not 
of interest (total 
hip prosthesis) 

137 Schulte et al. 2004 Avascular osteonecrosis 
after allogeneic 
hematopoietic stem-cell 
transplantation: diagnosis 
and gender matter 

Transplantation.
2004; 78:1055-
1063. 

Study design not 
of interest (cohort 
study) 

138 Schulte et al. 2005 Low pretransplant bone-
mineral density and rapid 
bone loss do not increase 
risk for avascular 
osteonecrosis after 
allogeneic hematopoietic 
stem cell transplantation 

Transplantation. 
2005; 79:1748-
1755. 

Study design not 
of interest (cohort 
study) 

139 Seth et al. 2010 Outcomes of vascularized 
bone graft reconstruction 
of the mandible in 
bisphosphonate-related 
osteonecrosis of the jaws 

The 
Laryngoscope. 
2010; 120:2165-
2171. 

Study design not 
of interest (Case 
series) 

140 Seyler et al. 2008 Non vascularized bone 
grafting defers joint 
arthroplasty in hip 
osteonecrosis 

Clinical 
orthopaedics 
and related 
research. 2008; 
466:1125-1132. 

Study design not 
of interest 
(retrospective 
study) 

141 Sharma et 
al. 

2012 Osteonecrosis in children 
after allogeneic 
hematopoietic cell 
transplantation: study of 
prevalence, risk factors 
and longitudinal changes 
using MR imaging 

Bone marrow 
transplantation. 
2012; 47: 1067-
1074. 

Study design not 
of interest 
(retrospective 
study) 
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142 Sharma et 
al. 

2011 Prevalence of 
osteonecrosis and 
associated risk factors in 
children before allogeneic 
BMT 

Bone marrow 
transplantation. 
2011; 46:813-
819. 

Study design not 
of interest 
(retrospective 
study) 

143 Shih et al. 2009 One-stage hip 
arthroplasty and bone 
grafting for bilateral 
femoral head 
osteonecrosis 

Clinical 
Orthopaedics 
and Related 
Research®. 
2009; 467:1522-
1528. 

Study design not 
of intrest 
(Observational 
study) 

144 Sionek et al. 2018 Hip osteonecroses treated 
with calcium sulfate-
calcium phosphate bone 
graft substitute have 
different results 
according to the cause of 
osteonecrosis: alcohol 
abuse or corticosteroid-
induced 

International 
Orthopaedics. 
2018; 42:1491-
1498. 

Study design not 
of interest 
(Prospective 
comparative 
study) 

145 Sixou et al. 1995 Symptomatic 
osteonecrosis in 
recipients of Non 
autologous bone marrow 
transplants 

Revue du 
Rhumatisme. 
1995; 62: 359-
363. 

Study design not 
of interest 
(Retrospective 
study) 

146 Sorich et al. 2015 Osteonecrosis of the Hip 
in Hematologic Disease: A 
Review of Conditions and 
Treatment Options 

Journal of long-
term effects of 
medical 
implants. 
2015;25:253-
268 

Study design not 
of interest 
(Review) 

147 Spinelli et al. 2017 Microsurgical 
reconstruction after 
bisphosphonate-related 
osteonecrosis of the jaw: 
our experience with fibula 
free flap 

Journal of 
Craniofacial 
Surgery. 2014; 
25:788-792. 

Study design not 
of interest 
(Retrospective 
study) 

148 Statz et al. 2021 Outcomes of shoulder 
arthroplasty in 
haematopoietic stem cell 
transplant patients 

International 
Orthopaedics. 
2017; 41:2555-
2564. 

Study design not 
of interest 
(Retrospective 
study) 

149 Street et al 2021 Atraumatic Medullary 
Osteonecrosis of the Tibia 
and Femur Treated with 
Intraosseous Ortho 
biologics 

Cureus. 2021; 
27: e16677. 

Study design not 
of interest (case 
report) 

150 Sun et al. 2019 Impacting bone graft via 
surgical hip dislocation 
approach versus core 

Chinese Journal 
of Reparative 
and 

Study design not 
of interest 
(Retrospective 
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decompression and bone 
graft for avascular 
necrosis of femoral head 
at ARCO stage Ⅲ 

Reconstructive 
Surgery. 2019; 
33: 531-536. 

study) 

151 Sun et al. 2016 Focused extracorporeal 
shock wave for 
osteonecrosis of the 
femoral head with 
leukemia after allo-HSCT: 
a case series 

Bone Marrow 
Transplantation. 
2016; 51: 1507-
1509. 

Study design not 
of interest (case 
series) 

152 Sun et al. 2009 The effect of bone 
marrow mononuclear 
cells on vascularization 
and bone regeneration in 
steroid-induced 
osteonecrosis of the 
femoral head 

Joint Bone Spine. 
2009; 76: 685-
690. 

Study design not 
of interest (Animal 
model) 

153 Talamo et al. 2005 Avascular necrosis of 
femoral and/or humeral 
heads in multiple 
myeloma: results of a 
prospective study of 
patients treated with 
dexamethasone-based 
regimens and high-dose 
chemotherapy 

Journal of 
Clinical 
Oncology. 2005; 
23: 5217-5223. 

Intervention not of 
interest 
(Thalidomide) 

154 Tauchmano
và et al. 

2003 Avascular necrosis in 
long-term survivors after 
allogeneic or autologous 
stem cell transplantation: 
a single center experience 
and a review 

Cancer. 2003; 
97: 2453-2461. 

Study design not 
of interest 
(Review) 

155 Then et al. 2012 Incidence and risk factors 
of bisphosphonate-
related osteonecrosis of 
the jaw in multiple 
myeloma patients having 
undergone autologous 
stem cell transplantation 

Onkologie. 2012; 
35: 658-664. 

Study design not 
of interest 
(Retrospective 
study) 

156 Tong et al. 2014 Treatment of Non -
traumatic femoral head 
avascular necrosis by 
perfusion of bone marrow 
stromal stem cells 
through optional artery 

China Journal of 
Orthopaedics 
and 
Traumatology. 
2014; 27: 565-
569. 

Study design not 
of interest 
(observational 
cohort study) 

157 Torri et al. 2001 Osteonecrosis of the 
femoral head after 
allogeneic bone marrow 
transplantation 

Clinical 
Orthopaedics 
and Related 
Research. 2001; 

Study design not 
of interest 
(Retrospective 
study) 
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382: 124-132. 
158 Trumble et 

al. 
1990 Avascular necrosis after 

scaphoid fracture: a 
correlation of magnetic 
resonance imaging and 
histology 

The Journal of 
hand surgery. 
1990; 15: 557-
564. 

Intervention is not 
of interest (MRI) 

159 Tzaribachev 
et al. 

2008 Mesenchymal stromal 
cells: a novel treatment 
option for steroid-
induced avascular 
osteonecrosis 

The Israel 
Medical 
Association 
journal. 2008; 
10: 232-234. 

Study design not 
of interest 
(Review) 

160 Varadarajan 
et al. 

2012 Hematopoietic progenitor 
cell transplantation 
toxicities in multiple 
myeloma patients with 
bisphosphonate-induced 
osteonecrosis of the jaw: 
a longitudinal cohort 
study 

Support Care 
Cancer. 2012; 
20: 2969-2975. 

Study design not 
of interest (cohort 
study) 

161 Voss et al. 2017 Treatment of stage II 
medication-related 
osteonecrosis of the jaw 
with necrosectomy and 
autologous bone marrow 
mesenchymal stem cells 

Odontology. 
2017; 105: 484-
493 

Study design not 
of interest (cohort 
study) 

162 Wang et al. 2010 Treatment of Non 
traumatic osteonecrosis 
of the femoral head with 
the implantation of core 
decompression and 
concentrated autologous 
bone marrow containing 
mononuclear cells 

Archives of 
orthopaedic and 
trauma surgery. 
2010; 130: 859-
865. 

Study design not 
of interest (cohort 
study) 

163 Xia et al. 2020 Comparison of surgical 
dislocation and impacting 
bone graft and surgical 
dislocation and rotational 
osteotomy for the 
treatment of ARCO III 
femoral head necrosis 

Medicine 
(Baltimore). 
2020; 99: 
e20215 

Study design not 
of interest 
(Retrospective 
study) 

164 Xian et al. 2020 Platelet-Rich Plasma-
Incorporated Autologous 
Granular Bone Grafts 
Improve Outcomes of 
Post-Traumatic 
Osteonecrosis of the 
Femoral Head 

The Journal of 
Arthroplasty. 
2020; 35: 325-
330 

Study design not 
of interest (Cohort 
study) 
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165 Xie et al. 2019 Retrospective Long-Term 
Follow-Up Survival 
Analysis of the 
Management of 
Osteonecrosis of the 
Femoral Head with 
Pedicled Vascularized 
Iliac Bone Graft Transfer 

The Journal of 
arthroplasty. 
2019 ;34: 1585-
1592. 

Study design not 
of interest 
(Retrospective 
study) 

166 Xu et al. 2021 Cotransplantation of 
mesenchymal stem cells 
and endothelial 
progenitor cells for 
treating steroid-induced 
osteonecrosis of the 
femoral head 

Stem cells 
translational 
medicine. 2021; 
10: 781-796. 

Study design not 
of interest (Animal 
study) 

167 Yamasaki et 
al. 

2010 Bone-marrow-derived 
mononuclear cells with a 
porous hydroxyapatite 
scaffold for the treatment 
of osteonecrosis of the 
femoral head: a 
preliminary study 

The Journal of 
Bone & Joint 
Surgery British 
Volume. 2010; 
92: 337-341. 

Study design not 
of interest 
(retrospective 
review) 

168 Yang et al. 2007 Clinical study on the 
improvement of ischemia 
condition with stem cell 
transplantation in 122 
cases necrosis of femoral 
head 

Chinese Journal 
of Surgery. 2007; 
45: 1428-1431. 

Study design not 
of interest (case 
report) 

169 Yang et al. 2022 Efficacy of robot-assisted 
core decompression 
combined with human 
umbilical cord-derived 
mesenchymal stem cell 
transplantation for 
osteonecrosis of the 
femoral head 

European 
Review for 
Medical & 
Pharmacological 
Sciences. 2022; 
26: 4197-4206. 

Study design not 
of interest 
(Retrospective 
study) 

170 Yasunaga et 
al. 

2007 Treatment of 
osteonecrosis of the 
femoral head with 
implantation of 
autologous bone-marrow 
mononuclear cells 

Clinical Calcium. 
2007; 17: 910-
915. 

Study design not 
of interest 
(Review) 

171 Zeng et al. 2015 One-sided hip-preserving 
and concurrent 
contralateral total hip 
arthroplasty for the 
treatment of bilateral 
osteonecrosis of the 
femoral head in different 

BioMed Central 
musculoskeletal 
disorders. 2015; 
16: 1-9. 

Study design not 
of interest 
(Retrospective 
study) 
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stages: short-medium 
term outcomes 

172 Zeng et al. 2013 Vascularised greater 
trochanter bone graft, 
combined free iliac flap 
and impaction bone 
grafting for osteonecrosis 
of the femoral head 

International 
orthopaedics. 
2013; 37: 391-
398. 

Study design not 
of interest (cohort 
study) 

173 Zhang et al. 2011 Free vascularised fibular 
graft for post-traumatic 
osteonecrosis of the 
femoral head in teenage 
patients 

The Journal of 
Bone & Joint 
Surgery British 
Volume. 2011; 
93: 1314-1319. 

Study design not 
of interest 
(Retrospective 
study) 

174 Zhang et al. 2008 Progress of vascularized 
bone grafting for the 
treatment of avascular 
osteonecrosis of the 
femoral head 

China journal of 
orthopaedics 
and 
traumatology. 
2008; 21: 556-
558. 

Study design not 
of interest 
(Review) 

175 Zhang et al. 2009 Therapeutic progress of 
avascular osteonecrosis 
of the femoral head using 
a fibular graft by vascular 
anastomosis 

China journal of 
orthopaedics 
and 
traumatology. 
2009; 22:76-78. 

Study design not 
of interest 
(Review) 

176 Zhang et al. 2022 Avascular Osteonecrosis 
of the Talus: Current 
Treatment Strategies 

Foot & Ankle 
International. 
2022; 43:291-
302. 

Study design not 
of interest 
(Review) 

177 Zhao et al. 2019 The Combined Therapy of 
Tantalum Rod 
Implantation and 
Vascularized Bone 
Transplantation for 
Femoral Head 
Osteonecrosis: A 
Retrospective Long-Term 
Follow-Up Survival 
Analysis 

Surgical 
Technology 
International. 
2019; 35: 406-
409. 

Study design not 
of interest 
(Retrospective 
study) 

178 Zhao et al. 2012 Combined vascularized 
iliac and greater 
trochanter graftings for 
reconstruction of the 
osteonecrosis femoral 
head with collapse: 
reports of three cases 
with 20 years follow-up 

Microsurgery. 
2012; 32: 546-
551. 

Study design not 
of interest (case 
study) 

179 Zhao et al. 2020 Clinical Follow-up Study 
of the Reconstruction of 
the Femoral Head with 

Annals of Plastic 
Surgery. 2020; 
84: S215-S221. 

Study design not 
of interest (cohort 
study) 



 
 

Evidence-based Guidelines for the use of stem cell therapy: Orthopedic conditions (Supplement) Page 118 
 

Transferred Vascularized 
Greater Trochanter Bone 
Graft for Association 
Research Circulation 
Osseous III-IV 
Osteonecrosis of the 
Femoral Head 

180 Zhao et al. 2010 Will a vascularized 
greater trochanter graft 
preserve the necrotic 
femoral head? 

Clinical 
Orthopaedics 
and Related 
Research. 2010; 
468: 1316-1324. 

Study design not 
of interest 
(Retrospective 
study) 

181 Zhao et al. 2005 Comparison of total hip 
replacement and 
transplantation of 
vascularized bone graft in 
treating late ischemic 
necrosis of the femoral 
head 

Chinese journal 
of reparative and 
reconstructive 
surgery. 2005; 
19: 700-702. 

Study design not 
of interest (cohort 
study) 

182 Zhao et al. 2007 Treatment of 
osteonecrosis of femoral 
head with minimally 
invasive vascularized 
bone grafting 

Zhonghua yixue 
za zhi. 2007; 
87:2036-2040. 

Study design not 
of interest (cohort 
study) 

183 Zhao et al. 2023 Effects of Puerarin-
Loaded Tetrahedral 
Framework Nucleic Acids 
on Osteonecrosis of the 
Femoral Head 

Small. 2023; 19: 
e2302326. 

Study design not 
of interest (In 
vitro study) 

184 Zhun et al. 2018 Efficiency of Cell Therapy 
to GC-Induced ONFH: 
BMSCs with Dkk-1 
Interference Is Not 
Superior to Unmodified 
BMSCs 

Stem Cells 
International. 
2018; 2018: 
1340252. 

Study design not 
of interest (In 
vitro study) 

185 Zuo et al. 2016 Effectiveness Of Bone 
Grafting Through 
Windowing at Femoral 
Head-Neck Junction for 
Treatment of 
Osteonecrosis with 
Segmental Collapse of 
Femoral Head 

Zhongguo Xiu Fu 
Chong Jian Wai 
Ke Za Zhi. 2016; 
30: 397-401. 

Study design not 
of interest 
(retrospective 
study 

186 Alpigiani et 
al. 

2013 Use of bone marrow cells 
(BMCS) added to platelet-
rich plasma (PRP) for 
treatment of bone 
degenerative processes in 
jia patient: 18-month 

Annals of 
Rheumatic 
Diseases. 2013; 
71: 704. 

Study design not 
of interest (Case 
report) 
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follow-up 
187 Andronic et 

al. 
2021 Lack of Conclusive 

Evidence of the Benefit of 
Biologic Augmentation in 
Core Decompression for 
Non traumatic 
Osteonecrosis of the 
Femoral Head: A 
Systematic Review 

The Journal of 
Arthroscopic & 
Related Surgery. 
2021; 37: 3537-
3551. 

Study design not 
of interest 
(Review) 

188 Atilla et al. 2019 Joint-preserving 
procedures for 
osteonecrosis of the 
femoral head 

EFORT open 
reviews. 2019; 4: 
647-658 

Study design not 
of interest 
(Review) 

189 Badros et al. 2006 Osteonecrosis of the jaw 
in multiple myeloma 
patients: Clinical features 
and risk factors 

Journal of 
clinical oncology. 
2006; 24: 945-
952. 

Study design not 
of interest 
(Review) 

190 Bamias et al. 2010 Avascular osteonecrosis 
of the jaw as a side effect 
of bisphosphonate 
treatment 

Oncology 
Research and 
Treatment. 
2010; 33:288-
289. 

Study design not 
of interest 
(Review) 

191 Bhatia et al. 2011 Long-term health impacts 
of hematopoietic stem cell 
transplantation inform 
recommendations for 
follow-up 

Expert review of 
hematology. 
2011; 4: 437-
454. 

Study design not 
of interest 
(Review) 

192 Bi et al. 2014 Different artificial bones 
combined with bone 
marrow mesenchymal 
stem cell therapy for early 
osteonecrosis of the 
femoral head: 
Controversy and progress 

Chinese Journal 
of Tissue 
Engineering 
Research. 2014; 
18:1957. 

Study design not 
of interest 
(Review) 

193 Biltiau et al. 2008 Stem cell therapy for 
osteonecrosis of the 
femoral head 

Current pain and 
headache 
reports. 2018; 
22: 1-9. 

Study design not 
of interest 
(Review) 

194 Bolton et al. 2009 Osteonecrosis of the 
elbow following 
bisphosphonate 
treatment 

In rheumatology. 
2009; 48: I116-
I116. 

Study design not 
of interest (Case 
report) 

195 Calori et al. 2014 Treatment of AVN using 
the induction chamber 
technique and a 
biological-based 
approach: Indications and 
clinical results 

Injury. 2014; 45: 
369-373. 

Study design not 
of interest 
(retrospective 
study 
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196 Campbell et 
al. 

2009 Predictors of avascular 
necrosis of bone in long-
term survivors of 
hematopoietic cell 
transplantation 

Cancer. 2009; 
115: 4127-4135. 

Study design not 
of interest 
(retrospective 
study) 

197 Campbell et 
al. 

2016 Mesenchymal Stem Cell 
Alterations in Bone 
Marrow Lesions in 
Patients with Hip 
Osteoarthritis 

Arthritis & 
Rheumatology. 
2016; 68: 1648-
1659. 

Population not of 
interest 
(Osteoarthritis, 
Different disease) 

198 Cao et al. 2021 Reciprocal effect of 
microRNA-224 on 
osteogenesis and 
adipogenesis in steroid-
induced osteonecrosis of 
the femoral head 

Bone. 2021; 145: 
e115844. 

Intervention not of 
interest (Gene 
therapy) 

199 Cenni et al. 2011 Idiopathic and secondary 
osteonecrosis of the 
femoral head show 
different thrombophilic 
changes and normal or 
higher levels of platelet 
growth factors 

Acta 
Orthopaedica. 
2011; 82: 42-49. 

Study design not 
of interest (cohort 
study) 

200 Cerza et al. 2012 Treatment of avascular 
necrosis with stem cells 
under arthroscopic 
control 

Journal of 
orthopaedics 
and 
Traumatology.20
12;13:S107 

Study design not 
of interest 
(conference 
presentation) 

201 Chalmers et 
al. 

2017 What Risks are 
Associated with Primary 
THA in Recipients of 
Hematopoietic Stem Cell 
Transplantation? 

Clinical 
Orthopaedics 
and Related 
Research. 2017; 
475: 475-480. 

Study design not 
of interest 
(observational 
study) 

202 Che et al. 2022 Emerging roles of growth 
factors in osteonecrosis of 
the femoral head 

Frontiers in 
Genetics. 2022; 
13: 1037190. 

Intervention not of 
interest (Gene 
therapy) 

203 Chen et al. 2023 Engineered Exosome-
Functionalized 
Extracellular Matrix-
Mimicking Hydrogel for 
Promoting Bone Repair in 
Glucocorticoid-Induced 
Osteonecrosis of the 
Femoral Head 

American 
Chemical Society 
Applied 
Materials & 
Interfaces. 
2023; 15: 28891-
28906. 

Intervention not of 
interest (gene 
therapy) 

204 Chen et al. 2016 Efficacy of umbilical cord-
derived mesenchymal 
stem cell-based therapy 
for osteonecrosis of the 
femoral head: A three-

Molecular 
Medicine 
Reports. 2016; 
14: 4209-4215. 

Study design not 
of interest 
(retrospective 
study) 



 
 

Evidence-based Guidelines for the use of stem cell therapy: Orthopedic conditions (Supplement) Page 121 
 

year follow-up study 
205 Chen et al. 2020 Extracellular vesicles 

from human urine-
derived stem cells inhibit 
glucocorticoid-induced 
osteonecrosis of the 
femoral head by 
transporting and 
releasing pro-angiogenic 
DMBT1 and anti-
apoptotic TIMP1 

Acta 
Biomaterialia. 
2020; 111: 208-
220. 

Study design not 
of interest (animal 
study) 

206 Chen et al. 2022 Glucocorticoid-induced 
loss of beneficial gut 
bacterial extracellular 
vesicles is associated with 
the pathogenesis of 
osteonecrosis 

Science 
Advances. 2022; 
8:8335. 

Study design not 
of interest (animal 
study) 

207 Chen et al. 2023 Could BMMNCs therapy 
reduce the mid- and long-
term rate of total hip 
arthroplasty of femoral 
head necrosis? A 
systematic review and 
meta-analysis 

Medicine 
(Baltimore). 
2023 28; 102: 
e34311. 

Study design not 
of interest 
(review) 

208 Chen et al. 2018 Autologous bone marrow 
mesenchymal stem cell 
transplantation for the 
treatment of early 
femoral head necrosis 

Chinese Journal 
of Tissue 
Engineering 
Research. 2018; 
22: 4007. 

Study design not 
of interest (animal 
model) 

209 Cheng et al. 2021 METTL14 benefits the 
mesenchymal stem cells 
in patients with steroid-
associated osteonecrosis 
of the femoral head by 
regulating the m6A level 
of PTPN6 

Aging (Albany 
NY). 2021;13: 
25903-25919. 

Intervention not of 
interest (Gene 
therapy) 

210 Rosenblum 
et al. 

2019 Osteonecrosis of the 
Femoral Head 

Orthopedic 
Clinics of North 
America. 2019; 
50: 139-149. 

Study design not 
of interest 
(review) 

211 Cui et al. 2011 Vascular endothelial cell 
growth factor combined 
with bone morphogenetic 
protein-2-modified bone 
marrow mesenchymal 
stem cells in repair of 
femoral head necrosis 

Journal of 
Clinical 
Rehabilitative 
Tissue 
Engineering 
Research. 2015; 
15: 37-40. 

Study design not 
of interest (Animal 
model) 
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212 Cui et al. 2012 Treatment of early 
osteonecrosis of femoral 
head with autologous 
stem cells transplantation 
by computer navigation 

Chinese Journal 
of Tissue 
Engineering 
Research. 2012; 
16: 8453. 

Study design not 
of interest 
(review) 

213 Cui et al. 2011 Emerging ideas: 
Treatment of precollapse 
osteonecrosis using stem 
cells and growth factors 

Clinical 
Orthopaedics 
and Related 
Research. 2011; 
469: 2665-2669. 

Study design not 
of interest 
(review) 

214 Cui et al. 2022 The potential effect of 
BMSCs with miR-27a in 
improving steroid-
induced osteonecrosis of 
the femoral head 

Scientific 
Reports. 2022; 
12: 21051. 

Study design not 
of interest (in vitro 
study) 

215 Cui et al. 2020 Hypoxic-Mediated 
Oxidative Stress 
Condition and 
Hydroxyapatite-Inducing 
Osteogenic Differentiation 
of Human Mesenchymal 
Stem Cells: A 
Mathematical Modeling 
Study 

Journal of 
Biomedical 
Nanotechnology. 
2020; 16: 910-
921. 

Study design not 
of interest 
(mathematical 
modelling study) 

216 Link et al. 2007 MR imaging of therapy-
induced changes of bone 
marrow 

European 
Radiology.2007;
17: 43-61. 

Study design not 
of interest 
(review) 

217 Rojas et al 2018 Outcome of childhood 
leukaemia survivors and 
necrosis of the femoral 
head treated with 
autologous mesenchymal 
stem cells 

Clinical and 
Translational 
Oncology. 2018; 
20 :584-590. 

Study design not 
of interest (case 
reports) 

218 Deplano et 
al. 

2014 Bone health in long term 
survivors of allogeneic 
bone marrow 
transplantation 

Bone marrow 
Transplantation. 
2014;49: S30-
S30. 

Study design not 
of interest 
(conference 
paper) 

219 Benedetto et 
al. 

2011 Use of bone allografts 
added with mesenchymal 
stem cells and growth 
factors in the treatment of 
necrosis of femoral head 

Journal of 
orthopaedics 
and 
traumatology. 
2011;12:S134. 

Study design not 
of interest 
(Conference 
presentation) 

220 Dilogo et al. 2016 Potency, characteristic, 
and differentiation of iliac 
crest bone marrow-
derived mesenchymal 
stem cell of systemic 
lupus erythematosus 
patients complicated with 

International 
Journal of 
PharmTechRese
arch. 2016; 
9:332-339. 

Study design not 
of interest (in vitro 
study) 
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avascular necrosis of 
femoral head 

221 Diri et al. 2023 Case report: adipose–
derived mesenchymal 
stem cells combined with 
core decompression in 
the treatment of early-
stage avascular necrosis 
of the femoral head 

International 
journal of 
surgery case 
reports.2023; 
102:107861. 

Study design not 
of interest (case 
report) 

222 Edgar et al. 2014 Treatment of avascular 
necrosis of the femoral 
head with drilling and 
injection of concentrated 
autologous bone marrow 

International 
Orthopedics.201
1; 29:218-224. 

Study design not 
of interest (case 
report) 

223 Elalfy et al. 2018 Avascular necrosis of the 
femoral head in sickle cell 
disease in Egypt and 
Oman: A cross-sectional 
study 

Blood. 2018; 
132:4921. 

Study design not 
of interest (cross 
sectional study) 

224 Emadedin et 
al. 

2019 Autologous bone 
marrow–derived CD133 
cells with core 
decompression as a novel 
treatment method for 
femoral head 
osteonecrosis: a pilot 
study 

Cytotherapy.201
9.21:107-112 

Study design not 
of interest (quasi 
experimental 
study) 

225 Etemadi et 
al. 

2023 Glucocorticoid Receptor 
Polymorphisms and 
Avascular Osteonecrosis 
After Kidney 
Transplantation 

Iranian Journal 
of Kidney 
disorder. 2023; 
1:86-91. 

Study design not 
of interest 
(retrospective) 

226 Froelich et 
al. 

2011 Bisphosphonate-induced 
osteonecrosis of the 
external ear canal: A 
retrospective study 

European 
Archives of oto-
rhino-
laryngology.201
1;268: 1219-
1225. 

Population not of 
interest 
(Bisphosphonate 
induced ON) 

227 Fu et al. 2022 Autologous Stem Cells 
Combined with Core 
Decompression on 
Patients with 
Osteonecrosis of the 
Femoral Head 

Head.ActaMedica 
Mediterranea. 
2022; 38:2849-
2858. 

Study design not 
of interest (not a 
clinical trial) 

228 Fujita et al. 2020 Premature aging 
syndrome showing 
random chromosome 
number instabilities with 
CDC20 mutation 

Aging Cell. 2020; 
19: e13251. 

Intervention not of 
interest (Gene 
therapy) 
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229 Gagala et al. 2014 The use of osteochondral 
allograft with bone 
marrow-derived 
mesenchymal cells and 
hinge joint distraction in 
the treatment of post-
collapse stage of 
osteonecrosis of the 
femoral head 

Medical 
Hypotheses.201
4; 83: 398-400. 

Study design not 
of interest 
(review) 

230 Gangji et al. 2005 Stem cell therapy for 
osteonecrosis of the 
femoral head 

Expert Opinion 
on Biological 
Therapy.2005; 5: 
437-442. 

Study design not 
of interest 
(review) 

231 Gangji et al. 2016 Autologous osteoblastic 
cells versus concentrated 
bone marrow 
implantation in 
osteonecrosis of the 
femoral head: A 
randomized controlled 
single blind study 

Annals of the 
rheumatic 
diseases.2016; 
75:387. 

Study design not 
of interest (Poster 
presentation) 

232 Gao et al. 2018 Ifnb affects osteogenesis-
adipogenesis axis in SLE 
bone marrow 

Arthritis 
Rheumatology. 
2018; 70. 

Study design not 
of interest 
(conference 
presentation) 

233 Gómez et al. 2015 Cell therapy with 
CD34/CD133 enriched in 
avascular necrosis of 
femoral head 

Bone Marrow 
Transplantation.
2015;50:S317-
S317 

Study design not 
of interest 

234 Barrena et al 2021 Implantation of 
autologous expanded 
mesenchymal stromal 
cells in hip osteonecrosis 
through percutaneous 
forage: Evaluation of the 
operative technique 

Journal of 
Clinical 
Medicine. 2021; 
10:743. 

Outcome not of 
interest (operative 
technique) 

235 Goodman et 
al. 

2015 Treatment of Secondary 
Osteonecrosis of the Knee 
with Local Debridement 
and Osteoprogenitor Cell 
Grafting 

Journal of 
Arthroplasty. 
2015; 30: 18926. 

Study design not 
of interest (Case 
series) 

236 Grayson et 
al. 

2015 Stromal cells and stem 
cells in clinical bone 
regeneration 

Nature Reviews 
Endocrinol. 
2015; 11:140-
150. 

Study design not 
of interest 
(review) 

237 Gupta et al. 2022 Biology of Bone 
Morphogenetic Proteins 
in Skeleton Disease: 
Osteonecrosis in Sickle 

Current Protein 
& Peptide 
Science.2022; 
23:264-270. 

Study design not 
of interest 
(review) 
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Cell Disease Patients 
238 Han et al. 2020 Knockdown of POSTN 

Inhibits Osteogenic 
Differentiation of 
Mesenchymal Stem Cells 
from Patients with 
Steroid-Induced 
Osteonecrosis 

Frontiers in Cell 
and 
Developmental 
Biology. 2020; 
8:606289. 

Study design not 
of interest (in vitro 
study) 

239 Hauzeur et 
al. 

2010 Phases 1-3 clinical trials 
using adult stem cells in 
osteonecrosis and Non-
union fractures 

Stem Cells 
International. 
2010; 2010:1-4. 

Study design not 
of interest 
(review) 

240 Hauzeur et 
al. 

2008 Cell-based therapy in 
bone diseases 

Revue Medicale 
de 
Liege.2008;63:2
0-25 

Study design not 
of interest (cohort 
study) 

241 He et al. 2016 Comparison of core 
decompression with stem 
cell transplantation and 
tantalum rod implanting 
in treating stage II non-
traumatic osteonecrosis 
of femoral head 

Zhongguo Gu 
Shang.2016; 
29:1119-1124. 

Study design not 
of interest (cohort 
study) 

242 Hernigou et 
al. 

2021 Cell therapy for post-
traumatic hip 
osteonecrosis in young 
patients 

Morphologie.202
1;105:127-133. 

Study design not 
of interest 
(retrospective 
case control 
analysis) 

243 Hernigou et 
al. 

2002 Treatment of 
osteonecrosis with 
autologous bone marrow 
grafting 

Clinical 
Orthopedics and 
Related 
Research. 2002; 
405:14-23. 

Study design not 
of interest (Cohort 
study) 

244 Hernigou et 
al. 

2018 Stem cell therapy in early 
post-traumatic talus 
osteonecrosis 

International 
Orthopedics. 
2018; 42:2949-
2956. 

Study design not 
of interest (Cohort 
study) 

245 Hernigou et 
al. 

2017 Allografts supercharged 
with bone-marrow-
derived mesenchymal 
stem cells possess 
equivalent osteogenic 
capacity to that of 
autograft: a study with 
long-term follow-ups of 
human biopsies 

International 
Orthopedics. 
2017; 41:127-
132. 

Study design not 
of interest (Cohort 
study) 

246 Hernigou et 
al. 

2014 Osteonecrosis repair with 
bone marrow cell 
therapies: State of the 

Bone.2015; 
70:102-109. 

Study design not 
of interest 
(review) 
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clinical art 
247 Hernigou et 

al. 
2004 Core decompression with 

marrow stem cells 
Operative 
Techniques in 
Orthopaedics. 
2004; 14:68-74. 

Study design not 
of interest (case 
report) 

248 Hernigou et 
al. 

2005 The use of percutaneous 
autologous bone marrow 
transplantation in Non-
union and avascular 
necrosis of bone 

Journal of Bone 
and Joint 
Surgery. 2005; 
87:896-902. 

Study design not 
of interest 
(review) 

249 Hernigou et 
al. 

2016 Stem cell therapy for the 
treatment of hip 
osteonecrosis: A 30-year 
review of progress 

Clinical 
Orthopedics 
Surgery. 2016; 
8:1-8. 

Study design not 
of interest 
(review) 

250 Hernigou et 
al. 

2019 Cellular Therapy for the 
Treatment of 
Osteonecrosis: From 
Bench to Bedside 

Instructional 
course 
lectures.2020;69
:139-148. 

study design not of 
interest (review) 

251 Hernigou et 
al. 

2008 Bone marrow injection in 
hip osteonecrosis 

Techniques in 
Orthopaedics.20
08; 23:18-25 

Study design not 
of interest 
(review) 

252 Homma et 
al. 

2014 Supercharging allografts 
with mesenchymal stem 
cells in the operating 
room during hip revision 

International 
Orthopedics. 
2014 38:2033-
2044. 

Study design not 
of interest (cohort 
study) 

253 Houdek et 
al. 

2018 Stem Cells Combined with 
Platelet-rich Plasma 
Effectively Treat 
Corticosteroid-induced 
Osteonecrosis of the Hip: 
A Prospective Study 

Clinical 
Orthopedic 
Related 
Research. 2018; 
476:388-397. 

Study design not 
of interest (case 
series) 

254 Hu et al. 2014 Treatment of early 
osteonecrosis of the 
femoral head with 
debridement, bone 
grafting and bone marrow 
mononuclear cells 
transplantation: 
Functional evaluation of 
the hip joint 

Modern 
rehabilitation.20
14; 24:197-202. 

Study design not 
of interest (Case 
analysis) 

255 Huang et al. 2021 Steroid-Induced 
Osteonecrosis of the 
Femoral Head: Novel 
Insight into the Roles of 
Bone Endothelial Cells in 
Pathogenesis and 
Treatment 

Frontiers in Cell 
and 
Developmental 
Biology. 2021; 9: 
777697. 

Study design not 
of interest 
(review) 
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256 Huang et al. 2022 Borderline 
Developmental Dysplasia 
of the Hip: A Risk Factor 
Predicting the 
Development and Poor 
Prognosis after Core 
Decompression for 
Idiopathic Osteonecrosis 
of the Femoral Head 

OrthopedicSurge
ry. 2022; 
14:2427-2435. 

Study design not 
of interest 
(retrospective 
study) 

257 Huang et al. 2018 High levels of GSK-3β 
signalling reduce 
osteogenic differentiation 
of stem cells in 
osteonecrosis of femoral 
head 

Journal of 
Biochemistry. 
2018; 163:243-
251. 

Outcomes not of 
interest 
(mechanism 
regulating MSC) 

258 Ilas et al. 2020 The osteogenic 
commitment of 
CD271+CD56+ bone 
marrow stromal cells 
(BMSCs) in osteoarthritic 
femoral head bone 

Scientific 
Reports. 2020; 
10:11145. 

Study design not 
of interest (in vivo 
study) 

259 Im et al. 2015 Stem Cells for 
Reutilization in Bone 
Regeneration 

Journal of 
Cellular 
Biochemistry. 
2015; 116: 487-
493.  

Study design not 
of interest 
(review) 

260 Im et al. 2023 Regenerative medicine 
for osteonecrosis of the 
femoral head 

Bone Joint 
Research. 2023; 
12:5-8.  

Study design not 
of interest 
(review) 

261 Ji et al. 2008 Three-tunnels core 
decompression with 
implantation of bone 
marrow stromal cells 
(bMSCs) and decalcified 
bone matrix (DBM) for 
the treatment of early 
femoral head necrosis 

Zhongguo Gu 
Shang. 2008; 
21:776-778. 

Study design not 
of interest 
(Retrospective 
study) 

262 Jia et al. 2015 Bone, tissue and cell 
transplantation for 
fractures of the femoral 
neck and femoral shaft 

Journal of Tissue 
Engineering 
Research. 2015, 
(21): 3424-3428. 

Study design not 
of interest 
(retrospective 
study) 

263 Kahn et al. 2021 Late effects after 
allogeneic hematopoietic 
cell transplantation 
among children and 
adolescents with non-
malignant disorders: A 
report from the center for 
international blood and 

Blood.2021;138 
:412. 

Study design not 
of interest 
(retrospective 
study) 
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marrow transplant 
research (CIBMTR) 

264 Kang et al. 2019 Clinical efficiency of bone 
marrow mesenchymal 
stem cell implantation for 
osteonecrosis of the 
femoral head: a matched 
pair control study with 
simple core 
decompression 

Stem cell 
research and 
therapy.2018;9:2
74 

Study design not 
of interest 
(review) 

265 Kato et al. 2018 Elevated Expression of 
Dkk-1 by Glucocorticoid 
Treatment Impairs Bone 
Regenerative Capacity of 
Adipose Tissue-Derived 
Mesenchymal Stem Cells 

Stem Cells and 
Development. 
2018;27:85-99. 

Study design not 
of interest (in vitro 
study) 

266 Khan et al. 2021 Autologous stem cell 
implantation with core 
decompression for 
avascular necrosis of the 
femoral head using a new 
device 

Annals of the 
Royal College of 
Surgeons of 
England. 2021; 
103: 508-513. 

Study design not 
of interest 
(retrospective 
review) 

267 Kumagai et 
al. 

2018 Quantitative assessment 
of mesenchymal stem 
cells contained in 
concentrated autologous 
bone marrow aspirate 
transplantation for the 
treatment of 
osteonecrosis of the 
femoral head: predictive 
factors and differences by 
etiology 

BioMed Central 
Research Notes. 
2018; 11:848.  

Study design not 
of interest 
(Observational 
cohort study) 

268 Kuroda et al. 2016 A pilot study of 
regenerative therapy 
using controlled release 
of recombinant human 
fibroblast growth factor 
for patients with pre-
collapse osteonecrosis of 
the femoral head 

International 
Orthopaedics. 
2016; 40:1747-
1754.  

Intervention not of 
interest (Gene 
therapy) 

269 Kuroda et al. 2020 Recombinant human FGF-
2 therapy for 
osteonecrosis of the 
femoral head: 5-year 
follow-up 

Regenerative 
Medicine. 2020; 
15:2261-2271.  

Intervention not of 
interest (Gene 
therapy) 

270 Kuroda et al. 2021 Percutaneous autologous 
impaction bone graft for 
advanced femoral head 

Journal of 
Orthopaedic 
Surgery and 

Study design not 
of interest 
(retrospective 
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osteonecrosis: a 
retrospective 
observational study of 
unsatisfactory short-term 
outcomes 

Research. 
2021;16:141.  

study) 

271 Kuroda et al. 2021 Recombinant human FGF-
2 for the treatment of 
early-stage osteonecrosis 
of the femoral head: 
TRION, a single-arm, 
multicenter, Phase II trial 

Regenerative 
Medicine. 2021; 
16:535-548.  

Intervention not of 
interest (Gene 
therapy) 

272 Kuroyanagi 
et al. 

2017 Interleukin-6 inhibits 
osteoblastic 
differentiation of bone 
marrow stromal cells and 
decreases bone formation 
following ischemic 
osteonecrosis in 
adolescent mice 

Journal Of Bone 
And Mineral 
Research.2017; 
S341-S342. 

Study design not 
of interest (Animal 
model) 

273 Lacza et al. 2012 Cell therapy without 
exogenous stem cells: 
Insights from human 
experiments using serum-
augmented bone grafts 

In Journal Of 
Tissue 
Engineering And 
Regenerative 
Medicine. 2012; 
6:400-401.  

Study design not 
of interest 
(Review) 

274 Landgraeber 
et al. 

2013 Advanced core 
decompression, a new 
treatment option of 
avascular necrosis of the 
femoral head-a first 
follow-up 

Journal of Tissue 
Engineering and 
Regenerative 
Medicine. 2013; 
7: 893-900.  

Intervention not of 
interest (No stem 
cell intervention) 

275 Lei et al. 2010 Extracorporeal shock 
wave effects on 
osteogenic differentiation 
of bone marrow 
mesenchymal stem cells 
at the non-necrotic area 
of patients with steroid-
induced avascular 
necrosis of the femoral 
head 

Chinese Journal 
of Tissue 
Engineering 
Research.2010; 
14: 3446-3450. 

Study design not 
of interest (in vitro 
study) 

276 Li et al. 2020 Identification of long non-
coding RNAs expressed 
during the osteogenic 
differentiation of human 
bone marrow-derived 
mesenchymal stem cells 
obtained from patients 
with ONFH 

International 
Journal of 
Molecular 
Medicine. 
2020;46:1721-
1732.  

Intervention not of 
interest (Gene 
therapy) 
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277 Li et al. 2014 Avascular necrosis of 
bone after allogeneic 
hematopoietic cell 
transplantation in 
children and adolescents 

Biology of Blood 
and Marrow 
Transplant. 
2014; 20:587-
592.  

Study design not 
of interest (case 
control study) 

278 Li et al. 2023 Review of the 
Pathogenesis, Diagnosis, 
and Management of 
Osteoradionecrosis of the 
Femoral Head 

Medical Science 
Monitor. 2023; 
29:e940264. 

Study design not 
of interest 
(review) 

279 Liang et al. 2023 Clinical outcomes of 
autologous platelet-rich 
plasma and bone marrow 
mononuclear cells 
grafting combined with 
core decompression for 
Association Research 
Circulation Osseous II–
IIIA stage non-traumatic 
osteonecrosis of the 
femoral head 

International 
Orthopaedics 
2023; 47:2181-
2188. 

Study design not 
of interest 
(Retrospective 
study) 

280 Liu et al. 2019 An exploratory study of 
articular cartilage and 
subchondral bone 
reconstruction with bone 
marrow mesenchymal 
stem cells combined with 
porous tantalum/Bio-
Gide collagen membrane 
in osteonecrosis of the 
femoral head 

Materials 
Science & 
Engineering C. 
2019; 99:1123-
1132. 

Study design not 
of interest (in vitro 
study) 

281 Liu et al. 2019 Core decompression 
combined with bone 
marrow mesenchymal 
stem cell transplantation 
for treating osteonecrosis 
of the femoral head 

International 
Journal of 
Surgery. 2019; 
69:23-31. 

Study design (Case 
analysis) 

282 Liu et al. 2018 Investigating clinical 
failure of core 
decompression with 
autologous bone marrow 
mononuclear cells 
grafting for the treatment 
of non-traumatic 
osteonecrosis of the 
femoral head 

International 
Orthopaedics. 
2018; 42:1575-
1583.   

Study design not 
of interest (cohort 
study) 

283 Lu et al. 2010 Late effects of 
haematopoietic stem cell 
transplantation in 

Journal of 
Cardiovascular 
Magnetic 

Population not of 
interest (different 
disease)  
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children Resonance. 
2019; 21:6. 

284 Ma et al. 2021 Core Decompression with 
Local Administration of 
Zoledronate and Enriched 
Bone Marrow 
Mononuclear Cells for 
Treatment of Non -
Traumatic Osteonecrosis 
of Femoral Head 

Orthopaedic 
Surgery. 2021; 
13 :1843-1852. 

Study design not 
of interest 
(retrospective 
study) 

285 Man et al. 2007 Human umbilical cord 
blood-derived 
mesenchymal stem cells 
via intravenous infusion 
for treatment of alcoholic 
osteonecrosis of the 
femoral head 

ZhongguoZuzhiG
ongchengYanjiuy
uLinchuangKang
fu. 2007; 
11:4734. 

Study design not 
of interest (cohort 
study)  

286 Mao et al. 2013 The efficacy of targeted 
intraarterial delivery of 
concentrated autologous 
bone marrow containing 
mononuclear cells in the 
treatment of 
osteonecrosis of the 
femoral head: A five-year 
follow-up study 

Bone. 2013; 
57:509-516. 

Study design not 
of interest (cohort 
study) 

287 Campbell et 
al. 

2014 Markedly increased 
mesenchymal stem cell 
activity in MRI bone 
marrow lesions compared 
with non-involved bone 
in osteoarthritic hips 

Arthritis & 
Rheumatology. 
2014; 66: S446-
S447 

Population is not 
of interest 
(Different disease, 
Osteoarthritis) 

288 Martin et al. 2013 Use of concentrated bone 
marrow aspirate and 
platelet rich plasma 
during minimally invasive 
decompression of the 
femoral head in the 
treatment of 
osteonecrosis 

Croatian Medical 
Journal. 2013; 
54:219-224. 

Study design not 
of interest 
(retrospective 
review) 

289 Martišova et 
al. 

2016 Avascular necrosis of 
bone in adult patients 
surviving more than 2 
years after allogeneic 
stem cell transplantation 
in years 2001-2012-
experience of Slovak 
transplantation centre 

Inhaematologica. 
2016; 101: 858-
858. 

Study design not 
of interest 
(Review) 
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290 Maruyama 
et al. 

2019 Cell-Based and Scaffold-
Based Therapies for Joint 
Preservation in Early-
Stage Osteonecrosis of the 
Femoral Head 

Journal of bone 
and joint surgery 
Reviews. 2019; 
7: e5 

Study design not 
of interest 
(review) 

291 Mathieu et 
al. 

2013 Study of mesenchymal 
stem cells and endothelial 
progenitor cells in 
osteonecrosis of the 
femoral head 

Not Available Full text and 
abstract not 
available 

292 Melero et al. 2014 Avascular necrosis after 
allogeneic transplantation 
hematopoietic 
progenitors: Single-center 
experience 

Inbone Marrow 
Transplantation. 
2014; 49: S275-
S275 

Study design not 
of interest 
(conference 
presentation) 

293 Loingsigh et 
al. 

2010 A comparison of 
avascular necrosis 
incidence in patients with 
acute lymphoblastic 
leukaemia treated by 
transplantation versus 
chemotherapy 

Inbone Marrow 
Transplantation 
2010; 45: S103-
S103. 

Study design not 
of interest 
(Conference 
presentation) 

294 Nöth et al. 2007 Cell based therapy for the 
treatment of femoral head 
necrosis 

Die Orthopädie. 
2007; 36:466-
471. 

Study design not 
of interest 
(review) 

295 Ouederni et 
al. 

2023 Incidence and risk factors 
for osteonecrosis of the 
femoral head in five 
hundred and ten sickle 
cell disease paediatric 
patients 

International 
Orthopaedics. 
2023; 47:2941-
2952. 

Study design not 
of interest 
(retrospective 
study) 

296 Pak et al. 2011 Regeneration of human 
bones in hip 
osteonecrosis and human 
cartilage in knee 
osteoarthritis with 
autologous adipose-
tissue-derived stem cells: 
A case series 

Journal of 
Medical Case 
Reports. 2011; 
5:296. 

Study design not 
of interest (case 
series)  

297 Pan et al. 2020 Prognosis after 
autologous peripheral 
blood stem cell 
transplantation for 
osteonecrosis of the 
femoral head in the pre-
collapse stage: A 
retrospective cohort 
study 

Stem Cell 
Research & 
Therapy 2020; 
11:83. 

Study design not 
of interest 
(Retrospective 
cohort study) 
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298 Poggio et al. 2006 Surgical treatment for 
vascular necrosis of 
femoral head after 
hematopoietic stem cell 
transplantation 

Medicina clínica. 
2006;127:738-
740. 

Study design not 
of interest 
(Retrospective 
cohort study) 

299 Talathi et al. 2018 Autologous stem cell 
implantation with core 
decompression for 
avascular necrosis of the 
femoral head 

Journal of 
Clinical 
Orthopaedics& 
Trauma. 2018; 
9:349-352. 

Study design not 
of interest 
(retrospective 
review) 

300 Tauchmano
và et al. 

2003 Avascular necrosis in 
long-term survivors after 
allogeneic or autologous 
stem cell transplantation: 
A single center experience 
and a review 

Cancer. 
2003;97:2453-
2461. 

Study design not 
of interest 
(Review) 

301 Tong et al. 2014 Treatment of Non -
traumatic femoral head 
avascular necrosis by 
perfusion of bone marrow 
stromal stem cells 
through optional artery 

Zhongguo Gu 
Shang. 2014; 27 
:565-569. 

Study design not 
of interest (Cohort 
study) 

302 Velkovski et 
al. 

2023 Analysis of Results After 
Surgical Application of 
Bone Marrow Aspirate 
Stem Cell Concentrate in 
the Treatment of 
Avascular Necrosis of the 
Femoral Head 

PRILOZI. 2023; 
44:79-87. 

Study design not 
of interest 
(prospective 
cohort study) 

303 Wang et al. 2015 Autologous peripheral 
blood mononuclear cell 
transplantation with 
porous core 
decompression for 
treatment of avascular 
necrosis of the femoral 
head: An 11-month 
follow-up evaluation 

Chinese Journal 
of Tissue 
Engineering 
Research, 2015, 
19: 114-118. 

Study design not 
of interest (Case 
analysis) 

304 Wang et al. 2023 Comparison of current 
treatment strategy for 
osteonecrosis of the 
femoral head from the 
perspective of cell 
therapy 

Frontiers in Cell 
and 
Developmental 
Biology. 2023; 
11:995816. 

Study design not 
of interest 
(review)  

305 Wang et al. 2018 Autologous iliac bone 
graft mixed with blood 
stem cells for early 
femoral head 
osteonecrosis 

Journal of 
Biomaterials and 
Tissue 
Engineering. 
2018;8 :1505-

Study design not 
of interest (cohort 
study) 
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1511. 
306 Wang et al. 2008 Stem cell transplantation 

for middle and late stages 
of femoral head necrosis 

Stem Cells 
Cloning. 2014; 
7:65-70.   

Study design not 
of interest (cohort 
study) 

307 Xu et al. 2008 Arthroscopic 
debridement and 
medullary core 
decompression combined 
with autologous 
peripheral blood stem cell 
transplantation in the 
treatment of early 
avascular necrosis of the 
femoral head in 38 cases 

ZhongguoZuzhiG
ongchengYanjiu 
Yu 
LinchuangKangf
u. 2008; 12 :515. 

Study design not 
of interest (cohort 
study) 

308 Yamasaki et 
al. 

2010 Bone-marrow-derived 
mononuclear cells with a 
porous hydroxyapatite 
scaffold for the treatment 
of osteonecrosis of the 
femoral head: A 
preliminary study 

The Journal of 
Bone and Joint 
Surgery. 2010; 
92 :337-341. 

Study design not 
of interest 
(Preliminary 
retrospective 
study) 

309 Yan et al. 2015 Autologous mesenchymal 
stem cell implantation in 
the management of 
osteonecrosis of the 
femoral head 

Current 
Orthopaedic 
Practice. 2015; 
26 :265-268. 

Study design not 
of interest 
(Retrospective 
study) 

310 Yang et al. 2007 Clinical study on the 
improvement of ischemia 
condition with stem cell 
transplantation in 122 
cases necrosis of femoral 
head 

Zhonghua Wai 
Ke Za Zhi. 2007; 
45:1428-1431. 

Study design (case 
series)  

311 Yang et al. 2006 Effect of bone marrow 
stem cell transplantation 
via artery on femoral 
head necrosis in 63 cases 

Not Available Study design (case 
series) 

312 Yu et al. 2008 Autologous peripheral 
blood stem cell 
transplantation for the 
treatment of avascular 
necrosis of the femoral 
head in 21 cases 

Chinese Journal 
of Tissue 
Engineering 
Research. 
2014;18 :8174. 

Study design not 
of interest 
(retrospective 
study) 

313 Zhang et al. 2020 Changes in serum levels 
of fibroblast growth 
factor-2, hypoxia-
inducible factor-1alpha 
and vascular endothelial 
growth factor in patients 
with avascular necrosis of 

Chinese Journal 
of Tissue 
Engineering 
Research. 2020; 
24:14. 

Study design not 
of interest (cohort 
study) 
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femoral head treated by 
enriched autologous bone 
marrow stem cell 
transplantation combined 
with core decompression 

314 Zhang et al. 2015 Bone marrow 
mesenchymal stem cell 
transplantation combined 
with core decompression 
and bone grafting in the 
repair of osteonecrosis of 
femoral head 

Chinese Journal 
of Tissue 
Engineering 
Research. 2015; 
19: 883-890. 

Study design not 
of interest (Cohort 
study) 

315 Zheng et al. 2013 Autologous iliac crest 
grafting combined with 
stem cells transplantation 
in the treatment of early 
osteonecrosis of the 
femoral head 

Chinese Journal 
of Tissue 
Engineering 
Research. 2013; 
17: 4363-4370. 

Study design not 
of interest (Cohort 
study) 

316 Liu et al. 2009 Treatment for 
osteonecrosis of femoral 
head by hVEGF-165 gene 
modified marrow stromal 
stem cells under 
arthroscope 

Zhonghua Yi Xue 
Za Zhi. 2009;89 
:2629-2633. 

Intervention not of 
interest (Gene 
therapy) 

317 Richard et 
al. 

2021 Outcomes of free 
vascularized fibular graft 
for post-traumatic 
osteonecrosis of the 
femoral head 

Injury. 2021; 52 
:3653-3659. 

Study design not 
of interest 
(Retrospective 
analysis) 

318 Chen et al. 2022 Glucocorticoid-induced 
loss of beneficial gut 
bacterial extracellular 
vesicles is associated with 
the pathogenesis of 
osteonecrosis 

Science 
Advances. 
2022;8: 8335. 

Study design not 
of interest (Animal 
study) 

319 Pak et al. 2021 Endoscopic observation 
finding in the core 
decompression procedure 
of osteonecrosis of 
femoral head and effect of 
additional treatments 

International 
Orthopaedics. 
2021;45: 95-99. 

Study design not 
of interest (Cohort 
study) 

320 Sun et al. 2016 Focused extracorporeal 
shock wave for 
osteonecrosis of the 
femoral head with 
leukaemia after allo-
HSCT: a case series 

Bone Marrow 
Transplantation. 
2016; 51 :1507-
1509. 

Study design not 
of interest (Letter 
to the editor) 
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321 Torri et al. 2001 Osteonecrosis of the 
femoral head after 
allogeneic bone marrow 
transplantation 

Clinical 
Orthopaedics 
and Related 
Research. 2001; 
382:124-132. 

Study design not 
of interest 
(Retrospective 
analysis) 

322 Kawate et al. 2006 Tissue-engineered 
approach for the 
treatment of steroid-
induced osteonecrosis of 
the femoral head: 
transplantation of 
autologous mesenchymal 
stem cells cultured with 
beta-tricalcium 
phosphate ceramics and 
free vascularized fibula 

Artificial Organs. 
2006; 30:960-
962. 

Study design not 
of interest (Case 
series) 

323 Jones et al. 2008 Cell-based therapies for 
osteonecrosis of the 
femoral head 

Biology of Blood 
and Marrow 
Transplantation. 
2008; 14:1081-
1087. 

Study design not 
of interest 
(Review) 

324 Hernigou et 
al. 

2018 Cell therapy versus 
simultaneous 
contralateral 
decompression in 
symptomatic 
corticosteroid 
osteonecrosis: a thirty-
year follow-up 
prospective randomized 
study of one hundred and 
twenty-five adult patients 

International 
Orthopaedics 
(SICOT) 42, 
1639–1649 
(2018) 

Outcome given at 
25 years follow up 

325 Gangji et al. 2011 Autologous bone marrow 
cell implantation in the 
treatment of non-
traumatic osteonecrosis 
of the femoral head: Five-
year follow-up of a 
prospective controlled 
study 

Bone. 2011 Nov; 
49(5):1005-9 

Study design 
(Randomisation is 
not present) 

326 Ayoyama et 
al.  

2014 An exploratory clinical 
trial for idiopathic 
osteonecrosis of femoral 
head by cultured 
autologous multipotent 
mesenchymal stromal 
cells augmented with 
vascularized bone grafts 

Tissue Eng Part 
B Rev. 2014 Aug; 
20(4):233-42. 

Study design (CCT, 
Randomisation is 
not present) 
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327 Cai et al.  2014 Cotransplantation of bone 
marrow mononuclear 
cells and umbilical cord 
mesenchymal stem cells 
in avascular necrosis of 
the femoral head 

Transplant Proc. 
2014 Jan-Feb; 
46(1):151-5. 

Study design (CCT, 
Randomisation is 
not present) 

328 Zhao et al. 2015 Autologous bone marrow 
mesenchymal stem cells 
associated with tantalum 
rod implantation and 
vascularized iliac grafting 
for the treatment of end-
stage osteonecrosis of the 
femoral head. 

Biomed Res Int. 
2015; 
2015:240506. 

Study design (CCT, 
Randomisation is 
not present) 

329 Chen et al.  2016 efficacy of umbilical cord-
derived mesenchymal 
stem cell-based therapy 
for osteonecrosis of the 
femoral head: A three-
year follow-up study 

Mol Med Rep. 
2016 Nov; 
14(5):4209-
4215. 

Study design (CCT, 
Randomisation is 
not present) 

330 Wu et al.  2020 Correlation between the 
efficacy of stem cell 
therapy for osteonecrosis 
of the femoral head and 
cell viability 

MC 
MusculoskeletDi
sord. 2020 Jan 
29; 21(1):55. 

Study design (CCT, 
Randomisation is 
not present) 

331 Barrena et 
al.  

2021 Osteonecrosis of the 
Femoral Head Safely 
Healed with Autologous, 
Expanded, Bone Marrow-
Derived Mesenchymal 
Stromal Cells in a 
Multicentric Trial with 
Minimum5 Years Follow-
Up 

J Clin Med. 2021 
Feb 1; 10(3):508. 

Study design (CCT, 
Randomisation is 
not present) 

332 Yoon et al. 2021 Culture-Expanded 
Autologous 
AdiposeDerived 
Mesenchymal Stem Cell 
Treatment for 
Osteonecrosis of the 
Femoral Head 

Clin Orthop Surg. 
2021 
Mar;13(1):37-46 

Study design (CCT, 
Randomisation is 
not present) 

333 Sugaya et al.  2022 An exploratory clinical 
trial for concentrated 
autologous bone marrow 
aspirate transplantation 
in the treatment of 
osteonecrosis of the 
femoral head 

Eur J Orthop 
Surg Traumatol. 
2023 Feb; 
33(2):441-447. 

Study design (CCT, 
Randomisation is 
not present) 
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334 Blanco et al.  2023 Long-Term Results of a 
Phase I/II Clinical Trial of 
Autologous Mesenchymal 
Stem Cell Therapy for 
Femoral Head 
Osteonecrosis 

J Clin Med. 2023 
Mar 8; 
12(6):2117. 

Study design (CCT, 
Randomisation is 
not present) 

336 Hernigou et 
al.  

2018 Subchondral stem cell 
therapy versus 
contralateral total knee 
arthroplasty for 
osteoarthritis following 
secondary osteonecrosis 
of the knee 

Int Orthop. 2018; 
42(11):2563-
2571. 

Population not of 
interest (ONK) 

337 Hernigou et 
al.  

2021 Mesenchymal stem cell 
therapy improved 
outcome of early post-
traumatic shoulder 
osteonecrosis: a 
prospective randomized 
clinical study of fifty 
patients with over ten-
year follow-up 

Int Orthop. 
2021;45(10):264
3-2652 

Population not of 
interest (ONHH) 
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3.  CARTILAGE DEFECTS 
 

i. Key question in PICO format  

ii. Search strategy 

iii. PRISMA flow diagram 

iv. Summary of included studies 

v. Evidence to decision framework 

vi. Data extraction 

vii. List of excluded studies
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i. Key question in PICO format: 
 
Population: Patients with cartilage defects 
Intervention: Any Stem cell and product derived from stem cells 
Comparator: Usual Care/ Conventional Care 
Critical Outcomes: Efficacy: Reduction in pain, Disability; Safety: Severe Adverse Events 
 
ii. Search strategy: 
 
Search Database Query Date Results 
1 PubMed ((((osteochondral defect) OR 

(osteochondral lesion)) OR (cartilage 
defect)) OR (osteochondritis dissecans)) 
AND (((((((((stem cell) OR (induced 
pluripotent stem cell)) OR (hematopoietic 
stem cell)) OR (embryonic stem cell)) OR 
(adipocyte derived stem cell)) OR (bone 
marrow derived stem cell)) OR (bone 
marrow aspirate concentrate)) OR (stromal 
vascular fraction)) AND (((therapy) OR 
(repair)) OR (regeneration))) 

Oct 23, 2023 2605 

2 Embase ('osteochondral defect'/exp OR 
'osteochondral defect' OR 'osteochondral 
lesion' OR 'cartilage defect' OR 
'osteochondritis dissecans') AND ('stem cell' 
OR 'embryonic stem cell' OR 'hematopoietic 
stem cell' OR 'adipocyte derived stem cell' 
OR 'bone marrow derived stem cell' OR 
'induced pluripotent stem cell' OR 'bone 
marrow aspirate concentrate' OR 'stromal 
vascular fraction') AND ('therapy' OR 
'repair' OR 'regeneration') 

Oct 23, 2023 1048 

3 Web of 
Science 

#1 (((ALL=(osteochondral defect)) OR 
ALL=(osteochondral lesion)) OR 
ALL=(cartilage defect)) OR 
ALL=(osteochondritis dissecans) #2 
(((((((ALL=(stem cell)) OR ALL=(induced 
pluripotent stem cell)) OR ALL=(embryonic 
stem cell)) OR ALL=(hematopoietic stem 
cell)) OR ALL=(adipocyte derived stem cell)) 
OR ALL=(bone marrow derived stem cell)) 
OR ALL=(bone marrow aspirate 
concentrate)) OR ALL=(stromal vascular 
fraction) # 3((ALL=(therapy)) OR 
ALL=(repair)) OR ALL=(regeneration) #4 
#2 AND #3 #5 #1 AND #4 

Oct 23, 2023 4340 
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4 COCHRANE 
CENTRAL 

ID Search Hits #1 OSTEOCHONDRAL 
DEFECT 57 #2 CARTILAGE DEFECT 294 #3 
OSTEOCHONDRAL LESION 71 #4 
OSTEOCHONDRITIS DISSECANS 61 #5 #1 
OR #2 OR #3 OR #4 387 #6 STEM CELL 
15199 #7 INDUCED PLURIPOTENT STEM 
CELL 68 #8 EMBRYONIC STEM CELL 84 #9 
HEMATOPOIETIC STEM CELL 5963 #10 
ADIPOCYTE DERIVED STEM CELL 15 #11 
BONE MARROW DERIVED STEM CELL 872 
#12 BONE MARROW ASPIRATE 
CONCENTRATE 112 #13 STROMAL 
VASCULAR FRACTION 196 #14 #6 OR #7 
OR #8 OR #9 OR #10 OR #11 OR #12 OR 
#13 15380 #15 THERAPY 846834 #16 
REPAIR 20967 #17 REGENERATION 5669 
#18 #15 OR #16 OR #17 862910 #19 #14 
AND #18 10943 #20 #5 AND #19 37 

Oct 23, 2023 34 

6 Other 
Sources 

Meng etl al. Adipose Tissue-Derived 
Mesenchymal Stem Cells as a Potential 
Restorative Treatment for Cartilage Defects: 
A PRISMA Review and Meta-Analysis 

Nov 16, 
2023 

5 

7 Other 
Sources 

Kim et al. Intra-articular injection of 
mesenchymal stem cells for clinical 
outcomes and cartilage repair in 
osteoarthritis of the knee: a metaanalysis of 
randomized controlled trials 

Nov 16, 
2023 

9 

Total    8041 
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iii. PRISMA flow diagram:



 
 

Ev
id

en
ce

-b
as

ed
 G

ui
de

lin
es

 fo
r t

he
 us

e o
f s

te
m

 ce
ll t

he
ra

py
: O

rth
op

ed
ic 

co
nd

iti
on

s (
Su

pp
lem

en
t) 

Pa
ge

 14
4 

 iv
. S

um
m

ar
y 

of
 in

cl
ud

ed
 s

tu
di

es
: 

St
ud

y 
Po

pu
la

ti
on

 
In

te
rv

en
ti

on
 

Co
m

pa
ri

so
n 

O
ut

co
m

es
 

Co
m

m
en

ts
  

W
on

g e
t a

l. 2
01

31
 

Kn
ee

 – 
FC

D 
+O

A 
HT

O+
M

icr
oF

x+
Po

sto
p 

BM
DS

C 
& 

HA
 

HT
O+

M
icr

oF
x+

Po
sto

p 
HA

 
• 

IK
DC

  
• 

Te
gn

er
 

• 
Ly

sh
ol

m
 

• 
M

OC
AR

T 

- 

Ak
gu

n e
t a

l. 2
01

52
 

Kn
ee

 – 
FC

D 
 

SD
SC

+C
ol

lag
en

 M
at

rix
 

m
AC

I 
• 

VA
S 

• 
KO

OS
 

• 
Te

gn
er

 

- 

Ko
h e

t a
l. 2

01
63

 
Kn

ee
 – 

FC
D 

AD
M

SC
+f

ib
rin

+M
icr

oF
x 

M
icr

oF
x 

• 
VA

S 
• 

KO
OS

 
• 

Ly
sh

ol
m

 

- 

Ho
ng

 et
 al

. 2
01

94
 

Kn
ee

 – 
OA

 
SV

F 
HA

 
• 

VA
S 

• 
W

OM
AC

 
• 

M
OC

AR
T 

• 
W

OR
M

S 

Ex
clu

de
d, 

be
ca

us
e s

te
m

 ce
ll 

ch
ar

ac
te

riz
at

io
n 

wa
s n

ot
 

pe
rfo

rm
ed

  
Le

e e
t a

l. 2
01

95
 

Kn
ee

 – 
OA

 
AD

M
SC

 
Sa

lin
e 

• 
VA

S 
• 

KO
OS

 
• 

W
OM

AC
 

 -  
Ha

sh
im

ot
o e

t a
l. 

20
19

6  
Kn

ee
 – 

FC
D 

+ O
A 

BM
DS

C+
M

icr
oF

x 
M

icr
oF

x 
• 

IK
DC

 
• 

KO
OS

 
• 

M
OC

AR
T 

- 

Li
m

 et
 al

. 2
02

17
 

Kn
ee

 – 
FC

D 
+ O

A 
UC

B-
M

SC
+H

A+
M

icr
oF

x 
M

icr
oF

x 
• 

VA
S 

• 
IK

DC
 

• 
W

OM
AC

 
• 

IC
RS

 
Gr

ad
e 

of
 

Im
pr

ov
em

en
t  

• 
IC

RS
 

Hi
sto

lo
gic

al 
Sc

or
e  

- 

Sa
w 

et
 al

. 2
02

18
 

Kn
ee

 -F
CD

 
M

icr
oF

x+
 P

os
to

p P
BS

C 
+ 

HA
 

HA
 

• 
IK

DC
 

• 
KO

OS
 

• 
NR

S 

- 

Li
u e

t a
l. 2

02
19

 
Kn

ee
 – 

FC
D 

BM
DS

C+
Ka

rti
ge

n 
M

icr
oF

x 
• 

VA
S 

- 



 
 

Ev
id

en
ce

-b
as

ed
 G

ui
de

lin
es

 fo
r t

he
 us

e o
f s

te
m

 ce
ll t

he
ra

py
: O

rth
op

ed
ic 

co
nd

iti
on

s (
Su

pp
lem

en
t) 

Pa
ge

 14
5 

 

• 
IK

DC
 

Ki
m

 et
 al

. 2
02

21
0  

Kn
ee

 – 
OA

 
HT

O+
Po

sto
p A

DM
SC

 
HT

O 
• 

KO
OS

 
• 

W
OM

AC
 

• 
IC

RS
 

• 
M

OC
AR

T 

- 

Ve
no

sa
 et

 al
. 2

02
21

1  
Kn

ee
 – 

FC
D 

AD
M

SC
+P

RP
+M

icr
oF

x 
M

icr
oF

x+
PR

P 
• 

VA
S 

• 
IK

DC
 

• 
KO

OS
 

• 
SF

12
 

Ex
clu

de
d, 

be
ca

us
e s

te
m

 ce
ll 

ch
ar

ac
te

riz
at

io
n 

wa
s n

ot
 

pe
rfo

rm
ed

  
de

 G
iro

lam
o e

t a
l. 

20
19

12
 

Kn
ee

 – 
FC

D 
BM

DS
C+

m
AC

I 
m

AC
I 

• 
KO

OS
 

• 
Ly

sh
ol

m
 

- 

Sa
w 

et
 al

. 2
01

31
3  

Kn
ee

 – 
FC

D 
M

icr
oF

x+
Po

stp
 P

BS
C 

& 
HA

 
M

icr
oF

x+
Po

sto
p H

A 
• 

IK
DC

 
• 

IC
RS

 II
 

- 

Zh
ou

 et
 al

. 2
02

11
4  

Kn
ee

 – 
FC

D 
AD

M
SC

+A
rh

ro
sc

op
y 

Ar
th

ro
sc

op
y 

• 
VA

S 
• 

W
OM

AC
 

• 
M

OC
AR

T 

- 

  v.
 E

vi
de

nc
e 

to
 D

ec
is

io
n 

Fr
am

ew
or

k:
 

 Q
U

ES
TI

O
N 

W
ha

t i
s 

th
e 

ef
fic

ac
y 

an
d 

sa
fe

ty
 o

f S
te

m
 C

el
l T

he
ra

py
 v

s 
St

an
da

rd
 o

f C
ar

e/
U

su
al

 c
ar

e 
in

 p
at

ie
nt

s w
it

h 
Ca

rt
ila

ge
 D

ef
ec

ts
? 

 PO
PU

LA
TI

O
N:

 
Ca

rti
lag

e D
ef

ec
ts 

IN
TE

RV
EN

TI
O

N
: 

St
em

 C
ell

 T
he

ra
py

 
CO

M
PA

RI
SO

N
: 

St
an

da
rd

 of
 C

ar
e/

 U
su

al 
Ca

re
 

M
AI

N
 

O
U

TC
O

M
ES

: 
Re

du
cti

on
 in

 p
ain

 an
d 

di
sa

bi
lit

y, 
an

d 
im

pr
ov

em
en

t i
n 

fu
nc

tio
n:

 IK
DC

 Sc
or

e; 
KO

OS
 - 

Ac
tiv

iti
es

 of
 D

ail
y L

ivi
ng

; K
OO

S P
ain

; 
KO

OS
 Q

oL
; K

OO
S S

po
rts

 &
 R

ec
re

at
io

n;
 K

OO
S S

ym
pt

om
; V

AS
 Sc

or
e; 

W
OM

AC
 Sc

or
e; 

Ad
ve

rs
e E

ve
nt

s 

SE
TT

IN
G:

 
Ho

sp
ita

l/T
er

tia
ry

 C
ar

e s
et

tin
g 

PE
RS

PE
CT

IV
E:

 
Po

pu
lat

io
n 



 
 

Ev
id

en
ce

-b
as

ed
 G

ui
de

lin
es

 fo
r t

he
 us

e o
f s

te
m

 ce
ll t

he
ra

py
: O

rth
op

ed
ic 

co
nd

iti
on

s (
Su

pp
lem

en
t) 

Pa
ge

 14
6 

 BA
CK

GR
O

U
N

D
: 

Th
e t

er
m

 ‘c
ar

til
ag

e d
ef

ec
t’ 

re
fe

rs
 to

 a 
br

ea
ch

 in
 th

e c
on

tin
ui

ty
 o

f t
he

 ar
tic

ul
ar

 ca
rti

lag
e. 

Th
e e

tio
lo

gy
 o

f t
he

se
 d

ef
ec

ts 
is 

m
ul

tif
ac

to
ria

l, a
nd

 ca
n b

e a
ttr

ib
ut

ed
 to

 tr
au

m
a, 

jo
in

t i
ns

ta
bi

lit
y, 

or
 os

te
oa

rth
rit

is.
 Le

ft 
un

tre
at

ed
, th

es
e d

ef
ec

ts 
ca

n r
es

ul
t 

in
 si

gn
ifi

ca
nt

 al
te

ra
tio

n 
of

 jo
in

t b
io

m
ec

ha
ni

cs
 an

d 
ev

en
tu

al 
jo

in
t d

eg
en

er
at

io
n. 

Th
e t

re
at

m
en

t o
pt

io
ns

 fo
r f

oc
al 

ca
rti

lag
e 

de
fe

ct
s a

im
 to

 re
lie

ve
 sy

m
pt

om
s, 

pr
om

ot
e 

ca
rti

lag
e 

re
pa

ir,
 a

nd
 e

nh
an

ce
 jo

in
t f

un
ct

io
n. 

Th
e 

sp
ec

tru
m

 o
f m

an
ag

em
en

t 
op

tio
ns

 r
an

ge
s 

fro
m

 c
on

se
rv

at
iv

e 
m

an
ag

em
en

t 
fo

r 
ve

ry
 s

m
all

 l
es

io
ns

, m
in

im
all

y 
in

va
siv

e 
pr

oc
ed

ur
es

, c
ar

til
ag

e 
re

sto
ra

tio
n t

ec
hn

iq
ue

s, 
an

d j
oi

nt
 re

pl
ac

em
en

t f
or

 la
rg

e d
ef

ec
ts 

wi
th

 jo
in

t d
es

tru
ct

io
n. 

CO
N

FL
IC

T 
O

F 
IN

TE
RE

ST
S:

 
No

ne
 

AS
SE

SS
M

EN
T 

Pr
ob

le
m

 
 Is 

th
e p

ro
bl

em
 a 

pr
io

rit
y?

 
JU

D
GE

M
EN

T 
RE

SE
AR

CH
 E

VI
D

EN
CE

 
AD

D
IT

IO
N

AL
 

CO
N

SI
D

ER
AT

IO
N

S 
○N

o 
○P

ro
ba

bl
y n

o 
○P

ro
ba

bl
y y

es
 

●Y
es

 
○V

ar
ies

 
○D

on
't 

kn
ow

 
 

Ca
rti

lag
e 

les
io

ns
 o

f t
he

 k
ne

e 
ar

e c
om

m
on

 fi
nd

in
gs

 in
 ro

ut
in

e a
rth

ro
sc

op
y. 

Th
es

e m
ay

 le
ad

 to
 

pa
in

, s
we

lli
ng

, a
nd

 fu
nc

tio
na

l i
m

pa
irm

en
t a

ffe
cti

ng
 th

e 
qu

ali
ty

 o
f l

ife
. C

ar
til

ag
e 

in
ju

rie
s l

im
it 

se
lf-

re
pa

ir 
po

te
nt

ial
 a

nd
 o

fte
n 

pr
og

re
ss

 to
 d

iff
us

e 
os

te
oa

rth
rit

is 
th

at
 n

ec
es

sit
at

es
 s

ur
gic

al 
in

te
rv

en
tio

n 
fo

r 
sy

m
pt

om
at

ic 
re

lie
f. 

Se
ve

ra
l s

ur
gic

al 
an

d 
no

n-
su

rg
ica

l t
re

at
m

en
ts 

fo
r 

fu
ll-

th
ick

ne
ss

 
ca

rti
lag

e 
an

d 
os

te
oc

ho
nd

ra
l 

ar
tic

ul
ar

 
les

io
ns

 
cu

rr
en

tly
 

ex
ist

 
in

clu
di

ng
 

m
icr

of
ra

ctu
re

, o
ste

oc
ho

nd
ra

l a
ut

og
ra

ft 
tra

ns
fe

r, 
os

te
oc

ho
nd

ra
l a

llo
gr

af
t t

ra
ns

pl
an

ta
tio

n, 
an

d 
au

to
lo

go
us

 ch
on

dr
oc

yt
e i

m
pl

an
ta

tio
n 

(A
CI

). 
Ho

we
ve

r, 
ch

oo
sin

g o
ne

 tr
ea

tm
en

t o
ve

r t
he

 o
th

er
 

re
m

ain
s d

eb
at

ab
le.

15
 

  

D
es

ir
ab

le
 E

ffe
ct

s 
 Ho

w 
su

bs
ta

nt
ial

 ar
e t

he
 de

sir
ab

le 
an

tic
ip

at
ed

 ef
fe

cts
? 

JU
D

GE
M

EN
T 

RE
SE

AR
CH

 E
VI

D
EN

CE
 

AD
D

IT
IO

N
AL

 
CO

N
SI

D
ER

AT
IO

N
S 



 
 

Ev
id

en
ce

-b
as

ed
 G

ui
de

lin
es

 fo
r t

he
 us

e o
f s

te
m

 ce
ll t

he
ra

py
: O

rth
op

ed
ic 

co
nd

iti
on

s (
Su

pp
lem

en
t) 

Pa
ge

 14
7 

 ●T
riv

ial
 

○S
m

all
 

○M
od

er
at

e 
○L

ar
ge

 
○V

ar
ies

 
○D

on
't 

kn
ow

 

VA
S:

 E
vi

de
nc

e 
fro

m
 fo

ur
 tr

ial
s, 

wi
th

 a
 to

ta
l o

f 1
84

 p
ar

tic
ip

an
ts,

 re
po

rti
ng

 th
e 

VA
S 

sh
ow

ed
 a

 
m

ea
n 

di
ffe

re
nc

e o
f 0

.81
 (9

5%
 C

I: 
-1

.67
 to

 0
.04

) o
f p

ain
 in

 th
e s

te
m

 ce
ll 

tra
ns

pl
an

ta
tio

n 
ar

m
 as

 
co

m
pa

re
d 

to
 u

su
al 

ca
re

 a
t 

th
e 

en
d 

of
 1

2 
m

on
th

s. 
Th

e 
di

ffe
re

nc
e 

wa
s 

sta
tis

tic
all

y 
no

n-
sig

ni
fic

an
t. 

W
O

M
AC

: E
vi

de
nc

e 
fro

m
 th

re
e 

tri
als

, w
ith

 a
 to

ta
l o

f 1
72

 p
ar

tic
ip

an
ts 

re
po

rti
ng

 th
e 

W
OM

AC
 

sc
or

e 
sh

ow
ed

 a
 m

ea
n 

di
ffe

re
nc

e 
of

 -
3.1

3 
(9

5%
 C

I: 
-7

.87
 t

o 
1.6

0)
 i

n 
th

e 
ste

m
 c

ell
 

tra
ns

pl
an

ta
tio

n 
ar

m
 in

 co
m

pa
ris

on
 to

 u
su

al 
ca

re
 at

 th
e e

nd
 o

f 1
2 

m
on

th
s. 

Th
e d

iff
er

en
ce

 w
as

 
sta

tis
tic

all
y n

on
-si

gn
ifi

ca
nt

. 

IK
D

C:
 E

vi
de

nc
e 

fro
m

 fo
ur

 tr
ial

s, 
wi

th
 a

 to
ta

l o
f 2

22
 p

ar
tic

ip
an

ts 
re

po
rti

ng
 th

e 
IK

DC
 s

co
re

 
sh

ow
ed

 a 
m

ea
n 

di
ffe

re
nc

e o
f 0

.24
 (9

5%
 C

I: 
-1

.27
 to

 1
.76

) i
n 

th
e s

te
m

 ce
ll 

tra
ns

pl
an

ta
tio

n 
ar

m
 

in
 c

om
pa

ris
on

 to
 u

su
al 

ca
re

 a
t t

he
 e

nd
 o

f 1
2 

m
on

th
s, 

su
gg

es
tin

g 
no

 s
ta

tis
tic

all
y 

sig
ni

fic
an

t 
di

ffe
re

nc
e i

n t
he

 tw
o g

ro
up

s. 
  

K
O

O
S 

Pa
in

: E
vi

de
nc

e 
fro

m
 fo

ur
 tr

ial
s, 

wi
th

 a
 to

ta
l o

f 1
89

 p
ar

tic
ip

an
ts,

 re
po

rti
ng

 th
e 

KO
OS

 
Pa

in
 s

ho
we

d 
a 

m
ea

n 
di

ffe
re

nc
e 

of
 4

.79
 (

95
%

 C
I: 

2.2
8 

to
 7

.31
) 

of
 p

ain
 in

 t
he

 s
te

m
 c

ell
 

tra
ns

pl
an

ta
tio

n 
ar

m
 co

m
pa

re
d 

to
 th

os
e o

n 
us

ua
l c

ar
e a

t t
he

 en
d 

of
 1

2 
m

on
th

s. 
Th

er
e s

ee
m

s t
o 

be
 a 

sta
tis

tic
all

y s
ign

ifi
ca

nt
 d

ec
re

as
e i

n 
pa

in
, w

hi
ch

 is
 le

ss
 th

an
 th

e M
CI

D 
of

 2
0 

an
d 

th
er

ef
or

e, 
un

im
po

rta
nt

 cl
in

ica
lly

. 

K
O

O
S 

AD
L:

 E
vid

en
ce

 fr
om

 fo
ur

 tr
ial

s, 
wi

th
 a

 to
ta

l o
f 1

89
 p

ar
tic

ip
an

ts,
 re

po
rti

ng
 th

e 
KO

OS
 

AD
L 

sh
ow

ed
 a 

m
ea

n 
di

ffe
re

nc
e o

f 2
.85

 (9
5%

 C
I: 

1.3
1 

to
 4

.40
) i

n 
th

e s
te

m
 ce

ll 
tra

ns
pl

an
ta

tio
n 

ar
m

 co
m

pa
re

d t
o t

ho
se

 on
 us

ua
l c

ar
e a

t t
he

 en
d o

f 1
2 m

on
th

s. 
Th

er
e s

ee
m

s t
o b

e a
 st

at
ist

ica
lly

 
sig

ni
fic

an
t i

m
pr

ov
em

en
t i

n 
ac

tiv
iti

es
 of

 d
ail

y l
iv

in
g, 

wh
ich

 is
 le

ss
 th

an
 a 

qu
ar

te
r o

f t
he

 M
CI

D 
of

 
20

. T
he

re
fo

re
, th

e i
m

pr
ov

em
en

t i
s u

ni
m

po
rta

nt
 cl

in
ica

lly
. 

K
O

O
S 

SP
R:

 E
vi

de
nc

e f
ro

m
 fo

ur
 tr

ial
s, 

wi
th

 a 
to

ta
l o

f 1
89

 p
ar

tic
ip

an
ts,

 re
po

rti
ng

 th
e K

OO
S S

PR
 

sh
ow

ed
 a 

m
ea

n 
di

ffe
re

nc
e o

f 4
.81

 (9
5%

 C
I: 

2.5
6 

to
 7

.07
) i

n 
th

e s
te

m
 ce

ll 
tra

ns
pl

an
ta

tio
n 

ar
m

 
co

m
pa

re
d 

to
 th

os
e 

on
 u

su
al 

ca
re

 a
t t

he
 e

nd
 o

f 1
2 

m
on

th
s. 

Th
er

e 
se

em
s t

o 
be

 a
 st

at
ist

ica
lly

 
sig

ni
fic

an
t 

im
pr

ov
em

en
t, 

wh
ich

 is
 le

ss
 t

ha
n 

a 
qu

ar
te

r 
of

 t
he

 M
CI

D 
of

 2
0. 

Th
er

ef
or

e, 
th

e 
im

pr
ov

em
en

t i
s u

ni
m

po
rta

nt
 cl

in
ica

lly
. 

K
O

O
S 

Sy
m

pt
om

: E
vi

de
nc

e 
fro

m
 fo

ur
 tr

ial
s, 

wi
th

 a
 to

ta
l o

f 1
89

 p
ar

tic
ip

an
ts,

 r
ep

or
tin

g 
th

e 
KO

OS
 S

ym
pt

om
 s

ho
we

d 
a 

m
ea

n 
di

ffe
re

nc
e 

of
 5

.14
 (9

5%
 C

I: 
2.9

0 
to

 7
.38

) i
n 

th
e 

ste
m

 c
ell

 
tra

ns
pl

an
ta

tio
n 

ar
m

 co
m

pa
re

d 
to

 th
os

e o
n 

us
ua

l c
ar

e a
t t

he
 en

d 
of

 1
2 

m
on

th
s. 

Th
er

e s
ee

m
s t

o 

Co
ns

id
er

in
g t

he
 M

CI
D 

of
 

20
%

 fo
r e

ve
ry

 o
ut

co
m

e, 
th

e 
be

ne
fit

 a
pp

ea
rs

 t
o 

be
 tr

iv
ial

 



 
 

Ev
id

en
ce

-b
as

ed
 G

ui
de

lin
es

 fo
r t

he
 us

e o
f s

te
m

 ce
ll t

he
ra

py
: O

rth
op

ed
ic 

co
nd

iti
on

s (
Su

pp
lem

en
t) 

Pa
ge

 14
8 

 

be
 a 

sta
tis

tic
all

y s
ign

ifi
ca

nt
 im

pr
ov

em
en

t, 
wh

ich
 is

 a 
qu

ar
te

r o
f t

he
 M

CI
D 

of
 2

0. 
Th

er
ef

or
e, 

th
e 

im
pr

ov
em

en
t i

s u
ni

m
po

rta
nt

 cl
in

ica
lly

. 

K
O

O
S 

Q
oL

: E
vi

de
nc

e f
ro

m
 fo

ur
 tr

ial
s, 

wi
th

 a 
to

ta
l o

f 1
89

 p
ar

tic
ip

an
ts,

 re
po

rti
ng

 th
e K

OO
S Q

oL
 

sh
ow

ed
 a 

m
ea

n 
di

ffe
re

nc
e o

f 3
.49

 (9
5%

 C
I: 

-0
.04

 to
 7

.02
) i

n 
th

e s
te

m
 ce

ll 
tra

ns
pl

an
ta

tio
n 

ar
m

 
co

m
pa

re
d 

to
 th

os
e o

n 
us

ua
l c

ar
e a

t t
he

 en
d 

of
 1

2 
m

on
th

s. 
Th

e d
iff

er
en

ce
 w

as
 st

at
ist

ica
lly

 n
on

-
sig

ni
fic

an
t.  

U
nd

es
ir

ab
le

 E
ffe

ct
s 

 Ho
w 

su
bs

ta
nt

ial
 ar

e t
he

 un
de

sir
ab

le 
an

tic
ip

at
ed

 ef
fe

ct
s?

 
JU

D
GE

M
EN

T 
RE

SE
AR

CH
 E

VI
D

EN
CE

 
AD

D
IT

IO
N

AL
 

CO
N

SI
D

ER
AT

IO
N

S 
●T

riv
ial

 
○S

m
all

 
○M

od
er

at
e 

○L
ar

ge
 

○V
ar

ies
 

○D
on

't 
kn

ow
 

On
ly 

on
e t

ria
l7  

re
po

rts
 se

rio
us

 ad
ve

rs
e e

ve
nt

s a
nd

 d
id

 n
ot

 re
po

rt 
an

 in
cr

ea
se

 in
 th

e i
nc

id
en

ce
 

of
 S

AE
 w

ith
 th

e 
us

e 
of

 st
em

 ce
ll 

th
er

ap
y 

as
 co

m
pa

re
d 

to
 th

e 
us

ua
l c

ar
e 

gr
ou

p. 
Th

re
e 

se
rio

us
 

SA
Es

 o
cc

ur
re

d 
in

 3
 p

ar
tic

ip
an

ts 
in

 t
he

 s
te

m
 c

ell
 g

ro
up

, w
he

re
as

 2
 S

AE
s 

oc
cu

rr
ed

 i
n 

1 
pa

rti
cip

an
t i

n 
th

e 
us

ua
l c

ar
e 

wi
th

in
 th

e 
in

iti
al 

48
 w

ee
ks

. I
n 

th
e 

60
-m

on
th

 fo
llo

w-
up

, 8
 S

AE
s 

oc
cu

rr
ed

 in
 7

 p
ar

tic
ip

an
ts 

in
 th

e s
te

m
 ce

ll 
gr

ou
p 

an
d 

7 
SA

Es
 in

 5
 p

ar
tic

ip
an

ts 
in

 th
e u

su
al 

ca
re

 
gr

ou
p. 

Th
e 

ev
en

ts 
in

clu
de

d 
su

rg
ica

l 
sit

e 
pa

in
, 

pn
eu

m
on

ia,
 f

em
ur

 f
ra

ctu
re

, 
m

yo
ca

rd
ial

 
in

fa
rc

tio
n a

nd
 bo

ne
 op

er
at

io
n. 

 

Ce
rt

ai
nt

y 
of

 e
vi

de
nc

e 
 W

ha
t i

s t
he

 ov
er

all
 ce

rta
in

ty
 of

 th
e e

vi
de

nc
e o

f e
ffe

ct
s?

 
JU

D
GE

M
EN

T 
RE

SE
AR

CH
 E

VI
D

EN
CE

 
AD

D
IT

IO
N

AL
 

CO
N

SI
D

ER
AT

IO
N

S 
●V

er
y l

ow
 

○L
ow

 
○M

od
er

at
e 

○H
igh

 
○N

o i
nc

lu
de

d 
stu

di
es

 

Th
e e

vi
de

nc
e i

n 
th

is 
re

vie
w 

is 
of

 lo
w 

to
 ve

ry
 lo

w 
qu

ali
ty

 d
ue

 to
 h

igh
 ri

sk
 of

 b
ias

, in
co

ns
ist

en
cy

 
an

d i
m

pr
ec

isi
on

 in
 th

e e
ffe

ct
 sh

ow
n b

y s
te

m
 ce

ll t
he

ra
py

. 
 

Va
lu

es
 



 
 

Ev
id

en
ce

-b
as

ed
 G

ui
de

lin
es

 fo
r t

he
 us

e o
f s

te
m

 ce
ll t

he
ra

py
: O

rth
op

ed
ic 

co
nd

iti
on

s (
Su

pp
lem

en
t) 

Pa
ge

 14
9 

  Is 
th

er
e i

m
po

rta
nt

 un
ce

rta
in

ty
 ab

ou
t o

r v
ar

iab
ili

ty
 in

 ho
w 

m
uc

h p
eo

pl
e v

alu
e t

he
 m

ain
 ou

tco
m

es
? 

JU
D

GE
M

EN
T 

RE
SE

AR
CH

 E
VI

D
EN

CE
 

AD
D

IT
IO

N
AL

 
CO

N
SI

D
ER

AT
IO

N
S 

○I
m

po
rta

nt
 

un
ce

rta
in

ty
 or

 
va

ria
bi

lit
y 

○P
os

sib
ly 

im
po

rta
nt

 
un

ce
rta

in
ty

 or
 

va
ria

bi
lit

y 
●P

ro
ba

bl
y n

o 
im

po
rta

nt
 

un
ce

rta
in

ty
 or

 
va

ria
bi

lit
y 

○N
o i

m
po

rta
nt

 
un

ce
rta

in
ty

 or
 

va
ria

bi
lit

y 

M
ain

 o
ut

co
m

e 
is 

cli
ni

ca
l i

m
pr

ov
em

en
t i

n 
th

e 
fo

rm
 o

f r
ed

uc
ed

 p
ain

 a
nd

 in
cr

ea
se

d 
fu

nc
tio

na
l 

ac
tiv

ity
 w

hi
ch

 is
 lik

ely
 to

 be
 hi

gh
ly 

va
lu

ed
 by

 m
os

t p
er

so
ns

.16
 

  

Ba
la

nc
e 

of
 e

ffe
ct

s 
 Do

es
 th

e b
ala

nc
e b

et
we

en
 de

sir
ab

le 
an

d u
nd

es
ira

bl
e e

ffe
ct

s f
av

or
 th

e i
nt

er
ve

nt
io

n o
r t

he
 co

m
pa

ris
on

? 
JU

D
GE

M
EN

T 
RE

SE
AR

CH
 E

VI
D

EN
CE

 
AD

D
IT

IO
N

AL
 

CO
N

SI
D

ER
AT

IO
N

S 
○F

av
or

s t
he

 
co

m
pa

ris
on

 
○P

ro
ba

bl
y f

av
or

s 
th

e c
om

pa
ris

on
 

●D
oe

s n
ot

 fa
vo

r 
eit

he
r t

he
 

in
te

rv
en

tio
n o

r t
he

 
co

m
pa

ris
on

 
○P

ro
ba

bl
y f

av
or

s 
th

e i
nt

er
ve

nt
io

n 

It 
is 

les
s c

lea
r i

f b
en

ef
its

 o
f s

te
m

 ce
ll 

in
te

rv
en

tio
n 

ou
tw

eig
h 

th
e 

ha
rm

s d
ue

 to
 tr

ivi
al 

be
ne

fit
, 

ba
se

d o
n l

im
ite

d e
vid

en
ce

. 
  



 
 

Ev
id

en
ce

-b
as

ed
 G

ui
de

lin
es

 fo
r t

he
 us

e o
f s

te
m

 ce
ll t

he
ra

py
: O

rth
op

ed
ic 

co
nd

iti
on

s (
Su

pp
lem

en
t) 

Pa
ge

 15
0 

 ○F
av

or
s t

he
 

in
te

rv
en

tio
n 

○V
ar

ies
 

○D
on

't 
kn

ow
 

Re
so

ur
ce

s 
re

qu
ir

ed
 

 Ho
w 

lar
ge

 ar
e t

he
 re

so
ur

ce
 re

qu
ire

m
en

ts 
(c

os
ts)

? 
JU

D
GE

M
EN

T 
RE

SE
AR

CH
 E

VI
D

EN
CE

 
AD

D
IT

IO
N

AL
 

CO
N

SI
D

ER
AT

IO
N

S 
●L

ar
ge

 co
sts

 
○M

od
er

at
e c

os
ts 

○N
eg

lig
ib

le 
co

sts
 

an
d s

av
in

gs
 

○M
od

er
at

e s
av

in
gs

 
○L

ar
ge

 sa
vi

ng
s 

○V
ar

ies
 

○D
on

't 
kn

ow
 

No
 d

ire
ct

 e
vi

de
nc

e 
of

 th
e 

re
so

ur
ce

s 
re

qu
ire

d 
in

 s
te

m
 c

ell
 tr

an
sp

lan
ta

tio
n 

in
 p

at
ien

ts 
wi

th
 

ca
rti

lag
e d

ef
ec

ts 
wa

s i
de

nt
ifi

ed
. 

 

  

Ce
rt

ai
nt

y 
of

 e
vi

de
nc

e 
of

 r
eq

ui
re

d 
re

so
ur

ce
s 

 W
ha

t i
s t

he
 ce

rta
in

ty
 of

 th
e e

vi
de

nc
e o

f r
es

ou
rc

e r
eq

ui
re

m
en

ts 
(c

os
ts)

? 
JU

D
GE

M
EN

T 
RE

SE
AR

CH
 E

VI
D

EN
CE

 
AD

D
IT

IO
N

AL
 

CO
N

SI
D

ER
AT

IO
N

S 
○V

er
y l

ow
 

○L
ow

 
●M

od
er

at
e 

○H
igh

 
○N

o i
nc

lu
de

d 
stu

di
es

 

No
 re

se
ar

ch
 ev

id
en

ce
 w

as
 id

en
tif

ied
. 

Th
e G

DG
 m

em
be

rs
 w

er
e 

fa
irl

y 
ce

rta
in

 t
ha

t 
ste

m
 

ce
ll 

th
er

ap
y 

re
qu

ire
s 

lar
ge

 
re

so
ur

ce
s. 

 

Co
st

 e
ffe

ct
iv

en
es

s 
 Do

es
 th

e c
os

t-e
ffe

ct
iv

en
es

s o
f t

he
 in

te
rv

en
tio

n f
av

or
 th

e i
nt

er
ve

nt
io

n o
r t

he
 co

m
pa

ris
on

? 
JU

D
GE

M
EN

T 
RE

SE
AR

CH
 E

VI
D

EN
CE

 
AD

D
IT

IO
N

AL
 



 
 

Ev
id

en
ce

-b
as

ed
 G

ui
de

lin
es

 fo
r t

he
 us

e o
f s

te
m

 ce
ll t

he
ra

py
: O

rth
op

ed
ic 

co
nd

iti
on

s (
Su

pp
lem

en
t) 

Pa
ge

 15
1 

 

CO
N

SI
D

ER
AT

IO
N

S 
○F

av
or

s t
he

 
co

m
pa

ris
on

 
●P

ro
ba

bl
y f

av
or

s 
th

e c
om

pa
ris

on
 

○D
oe

s n
ot

 fa
vo

r 
eit

he
r t

he
 

in
te

rv
en

tio
n o

r t
he

 
co

m
pa

ris
on

 
○P

ro
ba

bl
y f

av
or

s 
th

e i
nt

er
ve

nt
io

n 
○F

av
or

s t
he

 
in

te
rv

en
tio

n 
○V

ar
ies

 
○N

o i
nc

lu
de

d 
stu

di
es

 

No
 re

se
ar

ch
 ev

id
en

ce
 w

as
 id

en
tif

ied
. 

 

Th
e 

in
te

rv
en

tio
n 

wa
s 

no
t f

ou
nd

 to
 b

e e
ffe

ct
iv

e 
an

d 
he

nc
e 

th
e 

co
m

m
itt

ee
 d

ef
er

re
d 

to
 

co
m

m
en

t 
on

 
co

st 
ef

fe
ct

iv
en

es
s. 

Eq
ui

ty
 

 W
ha

t w
ou

ld
 be

 th
e i

m
pa

ct 
on

 he
alt

h e
qu

ity
? 

JU
D

GE
M

EN
T 

RE
SE

AR
CH

 E
VI

D
EN

CE
 

AD
D

IT
IO

N
AL

 
CO

N
SI

D
ER

AT
IO

N
S 

○R
ed

uc
ed

 
●P

ro
ba

bl
y 

re
du

ce
d 

○P
ro

ba
bl

y n
o 

im
pa

ct 
○P

ro
ba

bl
y 

in
cr

ea
se

d 
○I

nc
re

as
ed

 
○V

ar
ies

 
○D

on
't 

kn
ow

 

No
 re

se
ar

ch
 ev

id
en

ce
 w

as
 id

en
tif

ied
.  

As
 st

em
 ce

ll 
th

er
ap

y i
s a

n 
ex

pe
ns

iv
e t

re
at

m
en

t o
ffe

re
d 

on
ly 

at
 te

rti
ar

y c
ar

e c
en

te
rs

, it
 is

 li
ke

ly 
to

 in
cr

ea
se

 in
eq

ui
ty

 as
 it

 w
ou

ld
 no

t b
e a

ffo
rd

ab
le 

by
 al

l.  

As
 s

te
m

 c
ell

 t
he

ra
py

 is
 

an
 e

xp
en

siv
e 

tre
at

m
en

t 
of

fe
re

d 
on

ly 
at

 t
er

tia
ry

 
ca

re
 c

en
te

rs
, i

t i
s 

lik
ely

 
to

 in
cr

ea
se

 in
eq

ui
ty

 as
 it

 
wo

ul
d 

no
t b

e 
af

fo
rd

ab
le 

by
 al

l. 

Ac
ce

pt
ab

ili
ty

 
 



 
 

Ev
id

en
ce

-b
as

ed
 G

ui
de

lin
es

 fo
r t

he
 us

e o
f s

te
m

 ce
ll t

he
ra

py
: O

rth
op

ed
ic 

co
nd

iti
on

s (
Su

pp
lem

en
t) 

Pa
ge

 15
2 

 Is 
th

e i
nt

er
ve

nt
io

n a
cc

ep
ta

bl
e t

o k
ey

 st
ak

eh
ol

de
rs

? 
JU

D
GE

M
EN

T 
RE

SE
AR

CH
 E

VI
D

EN
CE

 
AD

D
IT

IO
N

AL
 

CO
N

SI
D

ER
AT

IO
N

S 
○N

o 
○P

ro
ba

bl
y n

o 
●P

ro
ba

bl
y y

es
 

○Y
es

 
○V

ar
ies

 
○D

on
't 

kn
ow

 

De
sp

ite
 u

nc
er

ta
in

ty
 r

eg
ar

di
ng

 t
he

 m
ed

ica
l 

ris
ks

 a
nd

 b
en

ef
its

 a
ss

oc
iat

ed
 w

ith
 s

te
m

 c
ell

 
in

jec
tio

ns
, 

pa
tie

nt
s 

wi
th

 c
ar

til
ag

e 
de

fe
cts

 h
av

e 
ve

ry
 h

igh
 e

xp
ec

ta
tio

ns
 f

ro
m

 s
te

m
 c

ell
 

th
er

ap
y.1

7  

  

Fe
as

ib
ili

ty
 

 Is 
th

e i
nt

er
ve

nt
io

n f
ea

sib
le 

to
 im

pl
em

en
t? 

JU
D

GE
M

EN
T 

RE
SE

AR
CH

 E
VI

D
EN

CE
 

AD
D

IT
IO

N
AL

 
CO

N
SI

D
ER

AT
IO

N
S 

○N
o 

○P
ro

ba
bl

y n
o 

●P
ro

ba
bl

y y
es

 
○Y

es
 

○V
ar

ies
 

○D
on

't 
kn

ow
 

No
 r

es
ea

rc
h 

ev
id

en
ce

 w
as

 id
en

tif
ied

. S
te

m
 C

ell
 tr

an
sp

lan
ta

tio
n 

ca
n 

be
 p

er
fo

rm
ed

 o
nl

y 
in

 
te

rti
ar

y c
ar

e c
en

te
rs

 so
 fe

as
ib

ili
ty

 in
 le

ss
er

 eq
ui

pp
ed

 ho
sp

ita
ls 

an
d c

lin
ics

 is
 no

t p
os

sib
le.

 
Fe

as
ib

le 
to

 im
pl

em
en

t i
n 

te
rti

ar
y c

en
te

rs
. 

 

SU
M

M
AR

Y 
O

F 
JU

D
GE

M
EN

TS
 

 
JU

D
GE

M
EN

T 

PR
O

BL
EM

 
No

 
Pr

ob
ab

ly 
no

 
Pr

ob
ab

ly 
ye

s 
Ye

s 
 

Va
rie

s 
Do

n'
t k

no
w 

D
ES

IR
AB

LE
 E

FF
EC

TS
 

Tr
iv

ia
l 

Sm
all

 
M

od
er

at
e 

La
rg

e 
 

Va
rie

s 
Do

n'
t k

no
w 

U
ND

ES
IR

AB
LE

 E
FF

EC
TS

 
Tr

iv
ia

l 
Sm

all
 

M
od

er
at

e 
La

rg
e 

 
Va

rie
s 

Do
n'

t k
no

w 



 
 

Ev
id

en
ce

-b
as

ed
 G

ui
de

lin
es

 fo
r t

he
 us

e o
f s

te
m

 ce
ll t

he
ra

py
: O

rth
op

ed
ic 

co
nd

iti
on

s (
Su

pp
lem

en
t) 

Pa
ge

 15
3 

 

 
JU

D
GE

M
EN

T 

CE
RT

AI
NT

Y 
O

F 
EV

ID
EN

CE
 

Ve
ry

 lo
w

 
Lo

w 
M

od
er

at
e 

Hi
gh

 
 

 
No

 in
clu

de
d 

stu
di

es
 

VA
LU

ES
 

Im
po

rta
nt

 
un

ce
rta

in
ty

 
or

 va
ria

bi
lit

y 

Po
ss

ib
ly 

im
po

rta
nt

 
un

ce
rta

in
ty

 
or

 
va

ria
bi

lit
y 

Pr
ob

ab
ly

 n
o 

im
po

rt
an

t 
un

ce
rt

ai
nt

y 
or

 
va

ri
ab

ili
ty

 

No
 im

po
rta

nt
 

un
ce

rta
in

ty
 or

 
va

ria
bi

lit
y 

 
 

 

BA
LA

N
CE

 O
F 

EF
FE

CT
S 

Fa
vo

rs
 th

e 
co

m
pa

ris
on

 
Pr

ob
ab

ly 
fa

vo
rs

 th
e 

co
m

pa
ris

on
 

D
oe

s 
no

t f
av

or
 

ei
th

er
 th

e 
in

te
rv

en
ti

on
 o

r 
th

e 
co

m
pa

ri
so

n 

Pr
ob

ab
ly 

fa
vo

rs
 th

e 
in

te
rv

en
tio

n 
Fa

vo
rs

 th
e 

in
te

rv
en

tio
n 

Va
rie

s 
Do

n'
t k

no
w 

RE
SO

U
RC

ES
 R

EQ
U

IR
ED

 
La

rg
e 

co
st

s 
M

od
er

at
e 

co
sts

 
Ne

gli
gib

le 
co

sts
 

an
d s

av
in

gs
 

M
od

er
at

e 
sa

vi
ng

s 
La

rg
e s

av
in

gs
 

Va
rie

s 
Do

n'
t k

no
w 

CE
RT

AI
NT

Y 
O

F 
EV

ID
EN

CE
 

O
F 

RE
Q

U
IR

ED
 

RE
SO

U
RC

ES
 

Ve
ry

 lo
w 

Lo
w 

M
od

er
at

e 
Hi

gh
 

 
 

No
 in

clu
de

d 
stu

di
es

 

CO
ST

 E
FF

EC
TI

VE
NE

SS
 

Fa
vo

rs
 th

e 
co

m
pa

ris
on

 

Pr
ob

ab
ly

 
fa

vo
rs

 th
e 

co
m

pa
ri

so
n 

Do
es

 no
t f

av
or

 
eit

he
r t

he
 

in
te

rv
en

tio
n o

r 
th

e c
om

pa
ris

on
 

Pr
ob

ab
ly 

fa
vo

rs
 th

e 
in

te
rv

en
tio

n 
Fa

vo
rs

 th
e 

in
te

rv
en

tio
n 

Va
rie

s 
N

o 
in

cl
ud

ed
 

st
ud

ie
s 

EQ
UI

TY
 

Re
du

ce
d 

Pr
ob

ab
ly

 
re

du
ce

d 
Pr

ob
ab

ly 
no

 
im

pa
ct 

Pr
ob

ab
ly 

in
cr

ea
se

d 
In

cr
ea

se
d 

Va
rie

s 
Do

n'
t k

no
w 

AC
CE

PT
AB

IL
IT

Y 
No

 
Pr

ob
ab

ly 
no

 
Pr

ob
ab

ly
 y

es
 

Ye
s 

 
Va

rie
s 

Do
n'

t k
no

w 

FE
AS

IB
IL

IT
Y 

No
 

Pr
ob

ab
ly 

no
 

Pr
ob

ab
ly

 y
es

 
Ye

s 
 

Va
rie

s 
Do

n'
t k

no
w 

  



 
 

Ev
id

en
ce

-b
as

ed
 G

ui
de

lin
es

 fo
r t

he
 us

e o
f s

te
m

 ce
ll t

he
ra

py
: O

rth
op

ed
ic 

co
nd

iti
on

s (
Su

pp
lem

en
t) 

Pa
ge

 15
4 

 TY
PE

 O
F 

RE
CO

M
M

EN
D

AT
IO

N
 

St
ro

ng
 

re
co

m
m

en
da

tio
n 

ag
ain

st 
th

e 
in

te
rv

en
tio

n 

Co
nd

iti
on

al 
re

co
m

m
en

da
tio

n 
ag

ain
st 

th
e 

in
te

rv
en

tio
n 

Us
e o

nl
y i

n t
he

 
co

nt
ex

t o
f r

igo
ro

us
ly 

co
nd

uc
te

d R
CT

s 

Co
nd

iti
on

al 
re

co
m

m
en

da
tio

n f
or

 
eit

he
r t

he
 

in
te

rv
en

tio
n o

r t
he

 
co

m
pa

ris
on

 

Co
nd

iti
on

al 
re

co
m

m
en

da
tio

n f
or

 
th

e i
nt

er
ve

nt
io

n 

St
ro

ng
 

re
co

m
m

en
da

tio
n f

or
 

th
e i

nt
er

ve
nt

io
n 

○ 
 

○ 
 

● 
○ 

 
○ 

 
○ 

 

CO
N

CL
U

SI
O

N
S 

Re
co

m
m

en
da

ti
on

 
St

em
 C

ell
 T

he
ra

py
 is

 n
ot

 r
ec

om
m

en
de

d 
in

 r
ou

tin
e 

pr
ac

tic
e 

fo
r 

th
e 

tre
at

m
en

t o
f c

ar
til

ag
e 

de
fe

ct
s. 

It 
is 

re
co

m
m

en
de

d 
on

ly 
in

 th
e 

co
nt

ex
t o

f r
igo

ro
us

ly 
co

nd
uc

te
d r

an
do

m
ize

d c
on

tro
lle

d t
ria

ls.
 

 Ju
st

ifi
ca

tio
n 

Th
is 

re
co

m
m

en
da

tio
n 

ha
s b

ee
n 

m
ad

e a
s t

he
re

 is
 ve

ry
 lo

w 
ce

rta
in

ty
 ev

id
en

ce
 of

 tr
iv

ial
 re

du
ct

io
n 

in
 p

ain
 an

d 
no

 im
pr

ov
em

en
t i

n 
fu

nc
tio

n. 
Th

er
e 

is 
lit

tle
 o

r n
o 

di
ffe

re
nc

e 
in

 u
nd

es
ira

bl
e 

ef
fec

ts 
be

tw
ee

n 
ste

m
 c

ell
 th

er
ap

y 
an

d 
us

ua
l c

ar
e. 

. I
n 

ad
di

tio
n, 

th
e 

fo
llo

w 
up

 p
er

io
d 

is 
lim

ite
d 

to
 co

m
m

en
t o

n 
th

e 
lo

ng
-te

rm
 sa

fe
ty

 o
f s

te
m

 ce
ll 

th
er

ap
y. 

Re
su

lts
 sh

ou
ld

 b
e 

in
te

rp
re

te
d 

wi
th

 ca
ut

io
n, 

in
 v

iew
 o

f v
ar

io
us

 st
ud

y 
lim

ita
tio

ns
 su

ch
 as

 sm
all

 nu
m

be
r o

f p
ar

tic
ip

an
ts 

an
d/

or
 ev

en
ts,

 ri
sk

 of
 bi

as
 an

d d
iff

er
en

t s
ou

rc
es

 of
 st

em
 ce

ll u
se

d. 
  vi

. D
at

a 
ex

tr
ac

ti
on

: 
 D

at
a 

ex
tr

ac
tio

n 
m

et
ho

ds
: 

Da
ta

 w
as

 ex
tra

ct
ed

 u
sin

g p
re

-p
ilo

te
d 

da
ta

 ex
tra

cti
on

 an
d 

ta
gg

in
g f

ea
tu

re
s a

va
ila

bl
e o

n 
th

e N
es

te
d 

Kn
ow

led
ge

 p
lat

fo
rm

. T
wo

 in
de

pe
nd

en
t 

re
vi

ew
er

s p
er

fo
rm

ed
 th

e 
da

ta
 e

xt
ra

cti
on

. E
xt

ra
ct

ed
 d

at
a 

in
clu

de
d 

se
ve

ra
l b

as
eli

ne
 d

at
a 

ite
m

s, 
de

ta
ils

 o
f i

nt
er

ve
nt

io
ns

 a
nd

 co
nt

ro
ls 

an
d 

ou
tco

m
e m

ea
su

re
s. 

A 
th

ird
 re

vi
ew

er
 ch

ec
ke

d t
he

 ex
tra

ct
ed

 da
ta

 fo
r a

cc
ur

ac
y. 

 
 Ri

sk
 o

f b
ia

s 
as

se
ss

m
en

t: 
Ri

sk
 of

 bi
as

 w
as

 as
se

ss
ed

 by
 th

e C
oc

hr
an

e R
isk

 of
 B

ias
 2

 (R
oB

 2)
 to

ol
 p

er
fo

rm
ed

 by
 tw

o i
nd

ep
en

de
nt

 re
vi

ew
er

s. 
A 

th
ird

 re
vie

we
r a

dj
ud

ica
te

d i
n t

he
 ca

se
s o

f a
ny

 co
nf

lic
t. 

 Sy
nt

he
si

s 
M

et
ho

ds
 &

 A
ss

es
sm

en
t 

of
 H

et
er

og
en

ei
ty

: B
ot

h 
qu

ali
ta

tiv
e 

an
d 

qu
an

tit
at

iv
e 

da
ta

 a
na

lys
is 

wa
s 

pe
rfo

rm
ed

. F
or

 q
ua

lit
at

iv
e 

an
aly

sis
, a

pp
ro

pr
iat

e 
ta

bl
es

 a
nd

 fi
gu

re
s w

er
e 

co
ns

tru
ct

ed
 to

 su
m

m
ar

ize
 th

e 
ke

y 
ba

se
lin

e 
an

d 
ou

tco
m

e 
va

ria
bl

es
. Q

ua
nt

ita
tiv

e 
sy

nt
he

sis
 

wa
s p

er
fo

rm
ed

 b
y 

co
m

pa
rin

g 
ste

m
 ce

ll 
th

er
ap

ies
 to

 co
nt

ro
l i

nt
er

ve
nt

io
ns

. T
he

 R
ev

M
an

 W
eb

 so
ftw

ar
e p

ac
ka

ge
 w

as
 u

se
d 

fo
r p

er
fo

rm
in

g 



 
 

Ev
id

en
ce

-b
as

ed
 G

ui
de

lin
es

 fo
r t

he
 us

e o
f s

te
m

 ce
ll t

he
ra

py
: O

rth
op

ed
ic 

co
nd

iti
on

s (
Su

pp
lem

en
t) 

Pa
ge

 15
5 

 he
ad

-to
-h

ea
d 

m
et

a-
an

aly
se

s. 
Co

nt
in

uo
us

 d
at

a w
er

e s
um

m
ar

ize
d 

us
in

g M
D,

 an
d 

RR
 w

as
 d

et
er

m
in

ed
 fo

r c
at

eg
or

ica
l o

ut
co

m
es

. C
on

fid
en

ce
 

in
te

rv
als

 (
95

%
) 

we
re

 d
et

er
m

in
ed

 fo
r 

ea
ch

 m
et

a-
an

aly
sis

 e
sti

m
at

ed
 fo

llo
we

d 
by

 c
on

str
uc

tio
n 

of
 fo

re
st 

pl
ot

s 
to

 v
isu

ali
ze

 th
e 

re
su

lts
. 

He
te

ro
ge

ne
ity

 w
as

 e
xp

lo
re

d 
bo

th
 c

lin
ica

lly
 a

nd
 s

ta
tis

tic
all

y. 
St

at
ist

ica
l h

et
er

og
en

ei
ty

 w
as

 e
xp

lo
re

d 
by

 m
ea

ns
 o

f t
he

 I
2 

sta
tis

tic
 a

nd
 

de
te

rm
in

in
g t

he
 C

hi
-sq

ua
re

d 
te

st 
P 

Va
lu

e. 
A 

fix
ed

-e
ffe

cts
 m

od
el 

m
et

a-
an

aly
sis

 w
as

 u
se

d 
if 

th
e h

et
er

og
en

eit
y, 

as
 as

se
ss

ed
 b

y t
he

 I2
 st

at
ist

ic 
wa

s <
50

%
. If

 th
e I

2 
sta

tis
tic

 w
as

 >5
0%

 th
en

 th
e P

IC
O 

of
 ea

ch
 st

ud
y i

s r
ev

iw
ed

. If
 th

e h
et

er
og

en
eit

y c
ou

ld
 be

 ex
pl

ain
ed

 by
 th

e d
iff

er
en

ce
s i

n 
th

e P
IC

O,
 th

en
 su

bg
ro

up
 an

aly
se

s w
as

 co
nd

uc
te

d. 
If 

no
 cr

iti
ca

l d
iff

er
en

ce
s w

er
e o

bs
er

ve
d 

in
 th

e P
IC

O,
 th

en
 th

e r
an

do
m

-e
ffe

cts
 m

od
el 

wa
s 

us
ed

 to
 po

ol
 th

e r
es

ul
ts 

of
 al

l t
he

 in
clu

de
d s

tu
di

es
. 

 D
at

a 
Ex

tr
ac

ti
on

 S
he

et
: 

St
ud

y 
W

on
g e

t a
l. 2

01
31

 
St

ud
y 

ty
pe

: 
RC

T 
N

um
be

r 
of

 p
ar

ti
ci

pa
nt

s:
 

56
 

Co
un

tr
ie

s 
an

d 
se

tt
in

g:
 

Si
ng

ap
or

e 
D

ur
at

io
n 

of
 s

tu
dy

 F
ol

lo
w

 u
p 

(p
os

t 
in

te
rv

en
ti

on
):

 
6, 

12
 &

 24
 m

on
th

s 

M
et

ho
d 

of
 a

ss
es

sm
en

t o
f d

is
ea

se
 

co
nd

it
io

n:
 

M
RI

 

Su
bg

ro
up

 a
na

ly
si

s 
w

it
hi

n 
st

ud
y 

 
In

cl
us

io
n 

cr
it

er
ia

: 
M

ed
ial

 co
m

pa
rtm

en
t O

A 
wi

th
 g

en
u 

va
ru

m
 in

 p
at

ien
ts 

yo
un

ge
r t

ha
n 

55
 y

ea
rs

, d
iag

no
se

d 
ar

th
ro

sc
op

ica
lly

/r
ad

io
lo

gic
all

y, 
no

rm
al 

lat
er

al 
jo

in
t s

pa
ce

, n
o 

fix
ed

 fl
ex

io
n 

de
fo

rm
ity

 o
f 

kn
ee

 an
d n

o c
ol

lat
er

al 
lig

am
en

t i
ns

ta
bi

lit
y. 

Ex
cl

us
io

n 
cr

it
er

ia
: 

• 
Jo

in
t l

in
e c

on
gr

ui
ty

 an
gle

 m
or

e t
ha

n 2
. 

• 
M

ala
lig

nm
en

t o
f k

ne
e f

ro
m

 fe
m

or
al 

ca
us

es
 an

d b
i-c

om
pa

rtm
en

ta
l a

nd
 tr

i-
co

m
pa

rtm
en

ta
l o

ste
oa

rth
rit

is.
 

• 
Pa

tie
nt

 w
ho

 ca
nn

ot
 to

ler
at

e M
RI

 sc
an

s, 
un

ab
le 

to
 an

sw
er

 su
bj

ec
tiv

e q
ue

sti
on

s o
r n

ot
 

m
en

ta
lly

 fi
t t

o p
ro

vid
e i

nf
or

m
ed

 co
ns

en
t. 

Re
cr

ui
tm

en
t/

se
le

ct
io

n 
of

 p
at

ie
nt

s:
 

RC
T 

In
te

rv
en

ti
on

: T
yp

e 
of

 s
te

m
 c

el
ls

 w
it

h 
m

et
ho

d 
of

 th
ei

r 
ch

ar
ac

te
ri

za
ti

on
, R

ou
te

 
of

 a
dm

in
is

tr
at

io
n,

 D
os

e 

Bo
ne

 M
ar

ro
w 

de
riv

ed
 st

em
 ce

ll t
he

ra
py

. 
Hi

gh
 T

ib
ial

 O
ste

ot
om

y (
HT

O)
 



 
 

Ev
id

en
ce

-b
as

ed
 G

ui
de

lin
es

 fo
r t

he
 us

e o
f s

te
m

 ce
ll t

he
ra

py
: O

rth
op

ed
ic 

co
nd

iti
on

s (
Su

pp
lem

en
t) 

Pa
ge

 15
6 

 O
ut

co
m

es
 r

ep
or

te
d 

w
ith

 ti
m

e 
po

in
ts

 
• 

IK
DC

 
• 

Te
gn

er
 

• 
Ly

sh
ol

m
 

• 
M

OC
AR

T 
Fu

nd
in

g 
 

Ro
B2

 A
ss

es
sm

en
t: 

Sp
ec

ify
 s

ep
ar

at
el

y 
fo

r 
ea

ch
 d

om
ai

n 
D1

: S
om

e c
on

ce
rn

 
D2

: L
ow

 
D3

: L
ow

 
D4

: H
igh

 
D5

: S
om

e c
on

ce
rn

. 
Ov

er
all

: H
igh

 
St

ud
y 

Ak
gu

n e
t a

l. 2
01

52
 

St
ud

y 
ty

pe
: 

RC
T 

N
um

be
r 

of
 p

ar
ti

ci
pa

nt
s:

 
14

 
Co

un
tr

ie
s 

an
d 

se
tt

in
g:

 
Tu

rk
ey

 
D

ur
at

io
n 

of
 s

tu
dy

 F
ol

lo
w

 u
p 

(p
os

t 
in

te
rv

en
ti

on
):

 
6, 

12
 &

 24
 m

on
th

s 

M
et

ho
d 

of
 a

ss
es

sm
en

t o
f d

is
ea

se
 

co
nd

it
io

n:
 

M
RI

 

Su
bg

ro
up

 a
na

ly
si

s 
w

it
hi

n 
st

ud
y 

 
Re

cr
ui

tm
en

t/
se

le
ct

io
n 

of
 p

at
ie

nt
s:

 
RC

T 
In

cl
us

io
n 

cr
it

er
ia

: 
• 

Pa
tie

nt
 is

 ab
le 

to
 pr

ov
id

e i
nf

or
m

ed
 co

ns
en

t. 
• 

Pa
tie

nt
 is

 ov
er

 th
e a

ge
 of

 18
 ye

ar
s. 

• 
Pa

tie
nt

 w
ho

 ar
e w

ill
in

g a
nd

 ab
le 

to
 at

te
nd

 al
l f

ol
lo

w 
up

 vi
sit

s. 
• 

Pa
tie

nt
 w

ith
 a 

sy
m

pt
om

at
ic 

tra
um

at
ic 

iso
lat

ed
 si

ng
le 

fu
ll t

hi
ck

ne
ss

 fe
m

or
al 

co
nd

yla
r 

de
fe

ct
s i

n t
he

 kn
ee

. 
In

 th
e 

op
in

io
n 

of
 th

e 
in

ve
st

ig
at

or
 th

e 
pa

ti
en

t i
s 

a 
ca

nd
id

at
e 

fo
r 

ca
rt

ila
ge

 re
pa

ir
 

su
rg

er
y:

 
• 

Pa
tie

nt
 is

 in
 st

ab
le 

he
alt

h. 
• 

St
ab

le 
Kn

ee
 an

d i
n a

na
to

m
ica

l a
lig

nm
en

t. 
• 

M
or

e t
ha

n 5
0%

 of
 th

e n
or

m
al 

m
en

isc
al 

vo
lu

m
e. 

Th
e 

fo
llo

w
in

g 
pr

ev
io

us
 p

ro
ce

du
re

s 
ar

e 
ac

ce
pt

ab
le

: 
• 

M
en

isc
ec

to
m

y (
re

se
cti

on
 of

 le
ss

 th
an

 50
 %

 of
 th

e m
ed

ial
 or

 la
te

ra
l m

en
isc

us
). 

• 
M

en
isc

al 
re

pa
ir.

 



 
 

Ev
id

en
ce

-b
as

ed
 G

ui
de

lin
es

 fo
r t

he
 us

e o
f s

te
m

 ce
ll t

he
ra

py
: O

rth
op

ed
ic 

co
nd

iti
on

s (
Su

pp
lem

en
t) 

Pa
ge

 15
7 

 

• 
Pa

tie
nt

s w
ho

 ha
ve

 ha
d p

re
vi

ou
s A

CL
 re

co
ns

tru
cti

on
 ar

e e
lig

ib
le 

on
ly 

if 
th

ey
 ha

ve
 be

en
 

ab
le 

to
 co

m
pl

et
e 6

 m
on

th
s o

f r
eh

ab
ili

ta
tio

n. 
• 

Fe
m

ale
 pa

tie
nt

s a
re

 no
t p

re
gn

an
t a

t t
im

e o
f s

ur
ge

ry
 an

d d
o n

ot
 pl

an
 on

 be
co

m
in

g 
pr

eg
na

nt
 du

rin
g t

he
 co

ur
se

 of
 th

e s
tu

dy
 B

M
I o

f3
0 k

g/
m

2 . 
Ex

cl
us

io
n 

cr
it

er
ia

: 
• 

Al
co

ho
l o

r d
ru

g a
bu

se
 

• 
Pa

tie
nt

 ha
s h

ad
 in

tra
-a

rti
cu

lar
 st

er
oi

d i
nj

ec
tio

n i
nt

o t
he

 st
ud

y k
ne

e w
ith

in
 th

e 
pr

ev
io

us
 3 

m
on

th
s 

• 
Ip

sil
at

er
al 

hi
p d

ise
as

e a
s d

et
er

m
in

ed
 by

 pa
in

 or
 re

str
ict

ed
 ra

ng
e o

f m
ot

io
n o

n p
hy

sic
al 

ex
am

in
at

io
n 

• 
Se

ve
re

 va
sc

ul
ar

 or
 ne

ur
ol

og
ica

l d
ise

as
e, 

un
co

nt
ro

lle
d d

iab
et

es
, o

r h
ist

or
y o

f 
au

to
im

m
un

e d
ise

as
e 

• 
Ev

id
en

ce
 of

 de
ge

ne
ra

tiv
e a

rth
rit

is 
on

 ra
di

og
ra

ph
s 

• 
Pr

es
en

ce
 of

 ac
tiv

e i
nf

ec
tio

n a
t t

he
 de

fe
ct

 si
te

 
• 

Pa
tie

nt
s t

ak
in

g m
ed

ica
tio

ns
 or

 un
de

r t
re

at
m

en
ts(

s)
 kn

ow
n t

o h
av

e a
n e

ffe
ct

 on
 bo

ne
 

m
et

ab
ol

ism
 su

ch
 as

, b
ut

 no
t l

im
ite

d t
o b

isp
ho

sp
ho

na
te

s, 
• 

ch
em

ot
he

ra
pe

ut
ic 

or
 im

m
un

os
up

pr
es

siv
e a

ge
nt

s 
• 

Pa
tie

nt
s t

ak
in

g m
ed

ica
tio

ns
 or

 un
de

r t
re

at
m

en
t(s

) k
no

wn
 to

 ha
ve

 an
 ef

fe
ct

 on
 bo

ne
 

m
et

ab
ol

ism
 su

ch
 as

, b
ut

 no
t l

im
ite

d t
o b

isp
ho

sp
ho

na
te

s, 
• 

ch
em

ot
he

ra
pe

ut
ic 

or
 im

m
un

os
up

pr
es

siv
e a

ge
nt

s 
In

te
rv

en
ti

on
: T

yp
e 

of
 s

te
m

 c
el

ls
 w

it
h 

m
et

ho
d 

of
 th

ei
r 

ch
ar

ac
te

ri
za

ti
on

, R
ou

te
 

of
 a

dm
in

is
tr

at
io

n,
 D

os
e 

• 
Sy

no
vi

um
 de

riv
ed

 st
em

 ce
ll t

he
ra

py
. 

• 
Au

to
lo

go
us

 ch
on

dr
oc

yt
e i

m
pl

an
ta

tio
n (

AC
I).

 

O
ut

co
m

es
 r

ep
or

te
d 

w
ith

 ti
m

e 
po

in
ts

 
• 

VA
S 

• 
KO

OS
 

• 
Te

gn
er

 
Fu

nd
in

g 
 

Ro
B2

 A
ss

es
sm

en
t: 

Sp
ec

ify
 s

ep
ar

at
el

y 
fo

r 
ea

ch
 d

om
ai

n 
D1

:L
ow

 
D2

:L
ow

 
D3

:L
ow

 
D4

:L
ow

 
D5

:So
m

e c
on

ce
rn

. 
Ov

er
all

: S
om

e c
on

ce
rn

 
St

ud
y 

Ko
h e

t a
l. 2

01
63

 
St

ud
y 

ty
pe

: 
RC

T 



 
 

Ev
id

en
ce

-b
as

ed
 G

ui
de

lin
es

 fo
r t

he
 us

e o
f s

te
m

 ce
ll t

he
ra

py
: O

rth
op

ed
ic 

co
nd

iti
on

s (
Su

pp
lem

en
t) 

Pa
ge

 15
8 

 N
um

be
r 

of
 p

ar
ti

ci
pa

nt
s:

 
80

 
Co

un
tr

ie
s 

an
d 

se
tt

in
g:

 
Ko

re
a 

D
ur

at
io

n 
of

 s
tu

dy
 F

ol
lo

w
 u

p 
(p

os
t 

in
te

rv
en

ti
on

):
 

3 &
 12

 m
on

th
s 

M
et

ho
d 

of
 a

ss
es

sm
en

t o
f d

is
ea

se
 

co
nd

it
io

n:
 

M
RI

 

Su
bg

ro
up

 a
na

ly
si

s 
w

it
hi

n 
st

ud
y 

 
In

cl
us

io
n 

cr
it

er
ia

: 
• 

Pa
tie

nt
s c

on
sid

er
ed

 el
igi

bl
e f

or
 in

clu
sio

n 
we

re
 m

en
 an

d 
wo

m
en

 (a
ge

d 
18

 to
 5

0 
ye

ar
s)

 
wh

o 
ha

d 
a 

sin
gle

 
In

te
rn

at
io

na
l 

Ca
rti

lag
e 

Re
pa

ir 
So

cie
ty

 
IC

RS
) 

gr
ad

e 
III

/I
V 

sy
m

pt
om

at
ic 

ca
rti

lag
e 

les
io

n 
(≥

3 
cm

2 ) 
on

 t
he

 f
em

or
al 

co
nd

yle
 d

iag
no

se
d 

on
 

pr
eo

pe
ra

tiv
e 

m
ag

ne
tic

 r
es

on
an

ce
 im

ag
in

g 
(M

RI
) 

in
 a

 s
ta

bl
e 

an
d 

we
ll-

ali
gn

ed
 k

ne
e 

wi
th

 m
in

im
al 

ad
di

tio
na

l in
ju

ry
. 

Ex
cl

us
io

n 
cr

it
er

ia
: 

• 
An

y k
ne

e j
oi

nt
 op

er
at

io
n w

ith
in

 6 
m

on
th

s b
ef

or
e t

he
 sc

re
en

in
g. 

• 
IC

RS
 gr

ad
e I

II/
IV

 de
fe

ct
s o

n t
he

 pa
te

lla
 or

 ti
bi

a. 
• 

Sy
m

pt
om

at
ic 

m
us

cu
lo

sk
ele

ta
l c

on
di

tio
ns

 i
n 

th
e 

lo
we

r 
lim

bs
 t

ha
t 

co
ul

d 
af

fe
ct

 t
he

 
ev

alu
at

io
n o

f t
he

 ta
rg

et
 kn

ee
. 

• 
Pr

ev
io

us
 to

ta
l m

en
isc

ec
to

m
y, 

m
en

isc
al 

all
og

ra
ft,

 o
r b

uc
ke

t- h
an

dl
e 

te
ar

s o
r d

isp
lac

ed
 

te
ar

s t
ha

t r
eq

ui
re

d r
em

ov
al 

of
 m

or
e t

ha
n 5

0%
 of

 th
e m

en
isc

us
 in

 th
e t

ar
ge

t k
ne

e. 
• 

M
ala

lig
nm

en
t 

th
at

 r
eq

ui
re

d 
os

te
ot

om
y 

to
 c

or
re

ct
 t

ib
io

fe
m

or
al 

or
 p

at
ell

of
em

or
al 

ali
gn

m
en

t. 
• 

K-
L g

ra
de

 3 
or

 4 
os

te
oa

rth
rit

is.
 

• 
In

fla
m

m
at

or
y 

di
se

as
e 

or
 o

th
er

 co
nd

iti
on

s t
ha

t a
ffe

ct
ed

 th
e 

jo
in

ts 
an

d 
se

pt
ic 

ar
th

rit
is 

wi
th

in
 1 

ye
ar

 be
fo

re
 th

e s
cr

ee
ni

ng
. 

Re
cr

ui
tm

en
t/

se
le

ct
io

n 
of

 p
at

ie
nt

s:
 

RC
T 

In
te

rv
en

ti
on

: T
yp

e 
of

 s
te

m
 c

el
ls

 w
it

h 
m

et
ho

d 
of

 th
ei

r 
ch

ar
ac

te
ri

za
ti

on
, R

ou
te

 
of

 a
dm

in
is

tr
at

io
n,

 D
os

e 

Ad
ip

os
e D

er
iv

ed
 M

SC
. 

O
ut

co
m

es
 r

ep
or

te
d 

w
ith

 ti
m

e 
po

in
ts

 
VA

S 
KO

OS
 

Ly
sh

ol
m

 
Fu

nd
in

g 
 



 
 

Ev
id

en
ce

-b
as

ed
 G

ui
de

lin
es

 fo
r t

he
 us

e o
f s

te
m

 ce
ll t

he
ra

py
: O

rth
op

ed
ic 

co
nd

iti
on

s (
Su

pp
lem

en
t) 

Pa
ge

 15
9 

 Ro
B2

 A
ss

es
sm

en
t: 

Sp
ec

ify
 s

ep
ar

at
el

y 
fo

r 
ea

ch
 d

om
ai

n 
D1

:So
m

e c
on

ce
rn

 
D2

:L
ow

 
D3

:So
m

e c
on

ce
rn

 
D4

:L
ow

 
D5

:So
m

e c
on

ce
rn

 
Ov

er
all

: S
om

e c
on

ce
rn

 
St

ud
y 

Ho
ng

 et
 al

. 2
01

94
 

St
ud

y 
ty

pe
: 

RC
T 

N
um

be
r 

of
 p

ar
ti

ci
pa

nt
s:

 
32

 
Co

un
tr

ie
s 

an
d 

se
tt

in
g:

 
Ch

in
a 

D
ur

at
io

n 
of

 s
tu

dy
 F

ol
lo

w
 u

p 
(p

os
t 

in
te

rv
en

ti
on

):
 

6 &
 12

 m
on

th
s 

M
et

ho
d 

of
 a

ss
es

sm
en

t o
f d

is
ea

se
 

co
nd

it
io

n:
 

M
RI

 

Su
bg

ro
up

 a
na

ly
si

s 
w

it
hi

n 
st

ud
y 

 
In

cl
us

io
n 

cr
it

er
ia

: 
• 

Ag
e 1

8–
70

 ye
ar

s o
ld

. 
• 

Bi
lat

er
al 

kn
ee

s 
wi

th
 G

ra
de

 II
-II

I o
ste

oa
rth

rit
is,

 id
en

tif
ied

 b
y 

tw
o 

di
ffe

re
nt

 o
bs

er
ve

rs
, 

ac
co

rd
in

g t
o t

he
 K

-L
 gr

ad
in

g s
ca

le.
 

• 
Bi

lat
er

al 
kn

ee
s w

ith
 in

iti
al 

pa
in

 ev
alu

at
ed

 at
 fo

ur
 or

 gr
ea

te
r o

n 
a t

en
- p

oi
nt

 vi
su

al 
an

alo
g 

sc
ale

 (V
AS

). 
• 

Pa
tie

nt
 is

 ab
le 

to
 un

de
rs

ta
nd

 th
e i

ns
tru

cti
on

s g
iv

en
 by

 th
e d

oc
to

rs
. 

• 
Si

gn
in

g i
nf

or
m

ed
 co

ns
en

t f
or

m
. 

Ex
cl

us
io

n 
cr

it
er

ia
: 

• 
Ar

th
rit

is,
 po

st-
in

fe
cti

ou
s a

rth
rit

is,
 an

d p
re

vio
us

 ar
tic

ul
ar

 fr
ac

tu
re

s)
. 

• 
Ha

d s
ec

on
da

ry
 ar

th
rit

is 
(r

ela
te

d t
o r

he
um

at
oi

d a
rth

rit
is,

 go
ut

y)
. 

• 
Se

ve
re

 he
ar

t, l
un

g, 
liv

er
, a

nd
 ki

dn
ey

 di
se

as
e t

ha
t c

an
no

t t
ol

er
at

e. 
• 

Ge
ne

ra
l a

ne
sth

es
ia.

 
• 

Ps
yc

hi
at

ric
 di

so
rd

er
s. 

• 
Hi

sto
ry

 of
 lip

os
ar

co
m

a a
nd

 ot
he

r c
an

ce
r. 

• 
Pr

eg
na

nc
y. 

• 
Im

m
un

os
up

pr
es

sio
n. 

• 
Co

ag
ul

op
at

hy
. 

• 
Ab

do
m

in
al 

he
rn

ia.
 

• 
An

y k
ne

e j
oi

nt
 op

er
at

io
n 

or
 in

tra
-a

rti
cu

lar
 in

jec
tio

n 
of

 an
y d

ru
g w

ith
in

 6
 m

on
th

s b
ef

or
e 



 
 

Ev
id

en
ce

-b
as

ed
 G

ui
de

lin
es

 fo
r t

he
 us

e o
f s

te
m

 ce
ll t

he
ra

py
: O

rth
op

ed
ic 

co
nd

iti
on

s (
Su

pp
lem

en
t) 

Pa
ge

 16
0 

 

th
e s

cr
ee

ni
ng

. 
• 

Si
gn

 of
 in

fe
cti

on
 or

 se
ro

lo
gic

al 
po

sit
iv

e o
f H

IV
, s

yp
hi

lis
. 

• 
A 

lo
w 

lev
el 

of
 bo

dy
 fa

t c
on

te
nt

 th
at

 m
ay

 m
ak

e l
ip

os
uc

tio
n d

iff
icu

lt.
 

Re
cr

ui
tm

en
t/

se
le

ct
io

n 
of

 p
at

ie
nt

s:
 

RC
T 

In
te

rv
en

ti
on

: T
yp

e 
of

 s
te

m
 c

el
ls

 w
it

h 
m

et
ho

d 
of

 th
ei

r 
ch

ar
ac

te
ri

za
ti

on
, R

ou
te

 
of

 a
dm

in
is

tr
at

io
n,

 D
os

e 

• 
Ad

ip
os

e D
er

iv
ed

 SV
F. 

• 
In

tra
-a

rti
cu

lar
 in

jec
tio

n o
f h

ya
lu

ro
ni

c a
cid

. 

O
ut

co
m

es
 r

ep
or

te
d 

w
ith

 ti
m

e 
po

in
ts

 
• 

VA
S 

• 
W

OM
AC

 
• 

M
OC

AR
T 

• 
W

OR
M

S 
Fu

nd
in

g 
 

Ro
B2

 A
ss

es
sm

en
t: 

Sp
ec

ify
 s

ep
ar

at
el

y 
fo

r 
ea

ch
 d

om
ai

n 
D1

:L
ow

 
D2

:L
ow

 
D3

:L
ow

 
D4

:L
ow

 
D5

:L
ow

 
Ov

er
all

: L
ow

 
St

ud
y 

Le
e e

t a
l. 2

01
95

 
St

ud
y 

ty
pe

: 
RC

T 
N

um
be

r 
of

 p
ar

ti
ci

pa
nt

s:
 

24
 

Co
un

tr
ie

s 
an

d 
se

tt
in

g:
 

Ko
re

a 
D

ur
at

io
n 

of
 s

tu
dy

 F
ol

lo
w

 u
p 

(p
os

t 
in

te
rv

en
ti

on
):

 
3 &

 6 
m

on
th

s 

M
et

ho
d 

of
 a

ss
es

sm
en

t o
f d

is
ea

se
 

co
nd

it
io

n:
 

M
RI

 

Su
bg

ro
up

 a
na

ly
si

s 
w

it
hi

n 
st

ud
y 

 
In

cl
us

io
n 

cr
it

er
ia

: 
• 

El
igi

bl
e 

pa
tie

nt
s w

er
e 

be
tw

ee
n 

18
 a

nd
 7

5 y
ea

rs
 o

f a
ge

 w
ith

 o
ste

oa
rth

rit
is 

of
 th

e 
kn

ee
 

jo
in

t a
nd

 h
ad

 a 
m

ea
n 

pa
in

 in
te

ns
ity

 of
 4

 or
 m

or
e o

n 
a 1

0-
po

in
t v

isu
al 

an
alo

g s
ca

le 
(V

AS
) 

fo
r a

t l
ea

st 
12

 w
ee

ks
. 

• 
Pa

tie
nt

s 
un

de
rw

en
t p

hy
sic

al 
ex

am
in

at
io

n;
 la

bo
ra

to
ry

 te
sts

 s
uc

h 
as

 ro
ut

in
e 

bl
oo

d 
an

d 
ur

in
e 

te
sts

, s
er

ol
og

ic 
te

st,
 tu

m
or

 s
cr

ee
ni

ng
, e

lec
tro

ca
rd

io
gr

am
, a

nd
 p

re
gn

an
cy

 te
st 

if 
in

di
ca

te
d;

 an
d M

RI
 of

 th
e k

ne
e a

t s
cr

ee
ni

ng
 w

ith
 in

fo
rm

ed
 co

ns
en

t. 
• 

To
 o

bj
ec

tiv
ely

 a
ss

es
s 

ca
rti

lag
e 

re
ge

ne
ra

tio
n, 

th
e 

pa
tie

nt
s 

wi
th

 a
t 

lea
st 

on
e 

fo
ca

l o
r 



 
 

Ev
id

en
ce

-b
as

ed
 G

ui
de

lin
es

 fo
r t

he
 us

e o
f s

te
m

 ce
ll t

he
ra

py
: O

rth
op

ed
ic 

co
nd

iti
on

s (
Su

pp
lem

en
t) 

Pa
ge

 16
1 

 

lo
ca

liz
ed

 gr
ad

e 3
 or

 4 
les

io
n o

n M
RI

 sc
an

. 
• 

Al
l p

ain
 m

ed
ica

tio
ns

 w
er

e d
isc

on
tin

ue
d e

xc
ep

t t
he

 re
sc

ue
 an

alg
es

ic.
 

Ex
cl

us
io

n 
cr

it
er

ia
: 

 
Re

cr
ui

tm
en

t/
se

le
ct

io
n 

of
 p

at
ie

nt
s:

 
RC

T 
In

te
rv

en
ti

on
: T

yp
e 

of
 s

te
m

 c
el

ls
 w

it
h 

m
et

ho
d 

of
 th

ei
r 

ch
ar

ac
te

ri
za

ti
on

, R
ou

te
 

of
 a

dm
in

is
tr

at
io

n,
 D

os
e 

• 
Ad

ip
os

e D
er

iv
ed

 M
SC

 

O
ut

co
m

es
 r

ep
or

te
d 

w
ith

 ti
m

e 
po

in
ts

 
• 

VA
S 

• 
KO

OS
 

• 
W

OM
AC

 
Fu

nd
in

g 
 

Ro
B2

 A
ss

es
sm

en
t: 

Sp
ec

ify
 s

ep
ar

at
el

y 
fo

r 
ea

ch
 d

om
ai

n 
D1

:H
igh

 
D2

:L
ow

 
D3

:L
ow

 
D4

:L
ow

 
D5

:So
m

e c
on

ce
rn

 
Ov

er
all

: H
igh

 
St

ud
y 

Ha
sh

im
ot

o e
t a

l. 2
01

96
 

St
ud

y 
ty

pe
: 

RC
T 

N
um

be
r 

of
 p

ar
ti

ci
pa

nt
s:

 
11

 
Co

un
tr

ie
s 

an
d 

se
tt

in
g:

 
Ja

pa
n 

D
ur

at
io

n 
of

 s
tu

dy
 F

ol
lo

w
 u

p 
(p

os
t 

in
te

rv
en

ti
on

):
 

12
 m

on
th

s 

M
et

ho
d 

of
 a

ss
es

sm
en

t o
f d

is
ea

se
 

co
nd

it
io

n:
 

M
RI

 

Su
bg

ro
up

 a
na

ly
si

s 
w

it
hi

n 
st

ud
y 

 
In

cl
us

io
n 

cr
it

er
ia

: 
• 

In
di

ca
tio

n f
or

 bo
ne

 m
ar

ro
w 

sti
m

ul
at

io
n. 

• 
IC

RS
 a

rti
cu

lar
 c

ar
til

ag
e 

in
ju

ry
 c

las
sif

ica
tio

n 
SG

ra
de

 3
 S

ize
 o

f d
ef

ec
t S

 2
cm

2  K
ell

gr
en

 
La

wr
en

ce
 O

A 
gr

ad
e S

3 A
ge

 be
tw

ee
n 1

6 a
nd

 70
 ye

ar
s. 

Ex
cl

us
io

n 
cr

it
er

ia
: 

• 
Op

er
at

iv
e 

hi
sto

ry
 o

f A
CL

 a
nd

/o
r 

PC
L 

re
co

ns
tru

ct
io

n 
th

e 
las

t 2
 m

on
th

s 
In

te
rn

at
io

na
l 

Ca
rti

lag
e R

ep
air

 So
cie

ty
 (I

CR
S)

 ar
tic

ul
ar

 ca
rti

lag
e i

nj
ur

y c
las

sif
ica

tio
n M

ali
gn

an
cy

. 
• 

K-
L O

A 
gr

ad
e S

3. 
• 

Pr
eg

na
nt

 w
om

an
. 



 
 

Ev
id

en
ce

-b
as

ed
 G

ui
de

lin
es

 fo
r t

he
 us

e o
f s

te
m

 ce
ll t

he
ra

py
: O

rth
op

ed
ic 

co
nd

iti
on

s (
Su

pp
lem

en
t) 

Pa
ge

 16
2 

 

• 
In

fe
cti

ou
s d

ise
as

es
 (H

BV
, H

CV
, A

TL
A,

 H
IV

) M
en

ta
l d

iso
rd

er
s. 

• 
Co

nt
ra

in
di

ca
tio

ns
 to

 a 
ge

ne
ra

l a
ne

sth
es

ia 
Un

ab
le 

to
 ad

he
re

 to
 tr

ial
. 

Re
cr

ui
tm

en
t/

se
le

ct
io

n 
of

 p
at

ie
nt

s:
 

RC
T 

In
te

rv
en

ti
on

: T
yp

e 
of

 s
te

m
 c

el
ls

 w
it

h 
m

et
ho

d 
of

 th
ei

r 
ch

ar
ac

te
ri

za
ti

on
, R

ou
te

 
of

 a
dm

in
is

tr
at

io
n,

 D
os

e 

• 
Bo

ne
 M

ar
ro

w 
De

riv
ed

 M
SC

. 

O
ut

co
m

es
 r

ep
or

te
d 

w
ith

 ti
m

e 
po

in
ts

 
IK

DC
 

KO
OS

 
M

OC
AR

T 
Fu

nd
in

g 
 

Ro
B2

 A
ss

es
sm

en
t: 

Sp
ec

ify
 s

ep
ar

at
el

y 
fo

r 
ea

ch
 d

om
ai

n 
D1

:So
m

e c
on

ce
rn

 
D2

:H
igh

 
D3

:L
ow

 
D4

:H
igh

 
D5

:So
m

e c
on

ce
rn

 
Ov

er
all

: H
igh

 
St

ud
y 

Li
m

 et
 al

. 2
02

17
 

St
ud

y 
ty

pe
: 

RC
T 

N
um

be
r 

of
 p

ar
ti

ci
pa

nt
s:

 
89

 
Co

un
tr

ie
s 

an
d 

se
tt

in
g:

 
Ko

re
a 

D
ur

at
io

n 
of

 s
tu

dy
 F

ol
lo

w
 u

p 
(p

os
t 

in
te

rv
en

ti
on

):
 

3 &
 6M

RI
 

m
on

th
s 

M
et

ho
d 

of
 a

ss
es

sm
en

t o
f d

is
ea

se
 

co
nd

it
io

n:
 

 

Su
bg

ro
up

 a
na

ly
si

s 
w

it
hi

n 
st

ud
y 

 
In

cl
us

io
n 

cr
it

er
ia

: 
• 

M
ale

 or
 fe

m
ale

 pa
tie

nt
s a

ge
d 1

8 y
ea

rs
 or

 ol
de

r. 
• 

Le
sio

n 
siz

e 
of

 2
-9

 cm
2  i

n 
1 

co
m

pa
rtm

en
t (

th
e 

co
m

pa
rtm

en
t w

ith
 th

e 
m

os
t p

ro
m

in
en

t 
sy

m
pt

om
s)

. 
• 

Jo
in

t s
we

lli
ng

, te
nd

er
ne

ss
, a

nd
 lim

ita
tio

n o
f a

ct
iv

e r
an

ge
 of

 m
ot

io
n o

f g
ra

de
 2.

 
• 

Pa
in

 60
 m

m
 on

 a 
10

0-
m

m
 vi

su
al 

an
alo

g s
ca

le 
in

 th
e a

ffe
ct

ed
 jo

in
t. 

• 
Ad

eq
ua

te
 b

lo
od

 c
oa

gu
lat

io
n 

ac
tiv

ity
: 

pr
ot

hr
om

bi
n 

tim
e 

(in
te

rn
at

io
na

l 
no

rm
ali

ze
d 

ra
tio

)2
.0 

m
g/

dL
; p

ro
te

in
ur

ia 
m

ea
su

re
d w

ith
 di

ps
tic

k o
f t

ra
ce

 or
 le

ss
. 

• 
Ad

eq
ua

te
 h

ep
at

ic 
fu

nc
tio

n:
 b

ili
ru

bi
n 

2.0
 m

g/
dL

; a
sp

ar
ta

te
 a

m
in

ot
ra

ns
fe

ra
se

/a
lan

in
e 

am
in

ot
ra

ns
fe

ra
se

 10
0 I

U/
L. 



 
 

Ev
id

en
ce

-b
as

ed
 G

ui
de

lin
es

 fo
r t

he
 us

e o
f s

te
m

 ce
ll t

he
ra

py
: O

rth
op

ed
ic 

co
nd

iti
on

s (
Su

pp
lem

en
t) 

Pa
ge

 16
3 

 

• 
No

 s
ur

ge
ry

 o
r 

ra
di

at
io

n 
th

er
ap

y 
in

 t
he

 a
ffe

cte
d 

jo
in

t 
wi

th
in

 t
he

 p
as

t 6
 w

ee
ks

, a
nd

 
re

co
ve

ry
 fr

om
 pa

st 
tre

at
m

en
ts.

 
• 

Fo
r 

wo
m

en
 o

f c
hi

ld
be

ar
in

g 
po

te
nt

ial
, a

gr
ee

m
en

t 
to

 p
ra

cti
ce

 a
de

qu
at

e 
bi

rth
 c

on
tro

l 
du

rin
g t

he
 st

ud
y. 

• 
Ag

re
em

en
t t

o p
ar

tic
ip

at
e a

nd
 si

gn
ed

 in
fo

rm
ed

 co
ns

en
t. 

Ex
cl

us
io

n 
cr

it
er

ia
: 

• 
Cu

rr
en

t o
r p

as
t h

ist
or

y o
f a

ut
oi

m
m

un
e d

ise
as

e. 
• 

In
fe

cti
ou

s d
ise

as
e r

eq
ui

rin
g a

nt
ib

io
tic

s. 
• 

 C
ur

re
nt

 o
r 

pa
st 

m
yo

ca
rd

ial
 i

nf
ar

ct
io

n, 
isc

he
m

ic 
he

ar
t 

fa
ilu

re
, o

th
er

 s
er

io
us

 h
ea

rt 
co

nd
iti

on
s, 

or
 un

co
nt

ro
lle

d h
yp

er
te

ns
io

n. 
• 

Se
rio

us
 m

ed
ica

l c
om

or
bi

di
ty

. 
• 

Cu
rr

en
t p

re
gn

an
cy

 or
 nu

rs
in

g C
ur

re
nt

 or
 pa

st 
ps

yc
ho

tic
 di

se
as

es
 or

 ep
ile

ps
y. 

• 
Al

co
ho

l a
bu

se
. 

• 
He

av
y s

m
ok

in
g. 

• 
Ch

ro
ni

c i
nf

lam
m

at
or

y a
rti

cu
lar

 di
se

as
e s

uc
h a

s r
he

um
at

oi
d a

rth
rit

is.
 

• 
Cu

rr
en

t e
nr

ol
lm

en
t i

n a
ny

 ot
he

r c
lin

ica
l t

ria
l. 

• 
Im

m
un

os
up

pr
es

sa
nt

 us
e w

ith
in

 th
e p

as
t 6

 w
ee

k. 
• 

Li
ga

m
en

t i
ns

ta
bi

lit
y o

f g
ra

de
 2a

 on
 ph

ys
ica

l e
xa

m
in

at
io

n. 
• 

Kn
ow

n h
ist

or
y o

f h
yp

er
se

ns
iti

vit
y o

r a
lle

rg
y t

o g
en

ta
m

ici
n. 

• 
An

y 
ot

he
r 

co
nd

iti
on

 f
or

 w
hi

ch
 t

he
 p

rin
cip

al 
in

ve
sti

ga
to

r 
co

ns
id

er
s 

th
e 

pa
tie

nt
 

in
ap

pr
op

ria
te

 f
or

 p
ar

tic
ip

at
io

n 
in

 t
he

 t
ria

l 
(s

uc
h 

as
 K

-L
 g

ra
de

 4
 o

ste
oa

rth
rit

is,
 

sig
ni

fic
an

t d
ef

or
m

ity
, o

r p
re

vi
ou

s o
ste

ot
om

y)
. 

Re
cr

ui
tm

en
t/

se
le

ct
io

n 
of

 p
at

ie
nt

s:
 

RC
T 

In
te

rv
en

ti
on

: T
yp

e 
of

 s
te

m
 c

el
ls

 w
it

h 
m

et
ho

d 
of

 th
ei

r 
ch

ar
ac

te
ri

za
ti

on
, R

ou
te

 
of

 a
dm

in
is

tr
at

io
n,

 D
os

e 

• 
Um

bl
ica

l C
or

d B
lo

od
 D

er
ive

d M
SC

. 
• 

M
icr

of
ra

ct
ur

e. 

O
ut

co
m

es
 r

ep
or

te
d 

w
ith

 ti
m

e 
po

in
ts

 
• 

VA
S 

• 
IK

DC
 

• 
W

OM
AC

 
• 

IC
RS

 G
ra

de
 of

 Im
pr

ov
em

en
t 

• 
IC

RS
 H

ist
ol

og
ica

l S
co

re
 

Fu
nd

in
g 

 



 
 

Ev
id

en
ce

-b
as

ed
 G

ui
de

lin
es

 fo
r t

he
 us

e o
f s

te
m

 ce
ll t

he
ra

py
: O

rth
op

ed
ic 

co
nd

iti
on

s (
Su

pp
lem

en
t) 

Pa
ge

 16
4 

 Ro
B2

 A
ss

es
sm

en
t: 

Sp
ec

ify
 s

ep
ar

at
el

y 
fo

r 
ea

ch
 d

om
ai

n 
D1

:So
m

e c
on

ce
rn

 
D2

:So
m

e c
on

ce
rn

 
D3

:So
m

e c
on

ce
rn

 
D4

:L
ow

 
D5

:So
m

e c
on

ce
rn

 
Ov

er
all

: S
om

e c
on

ce
rn

 
St

ud
y 

Sa
w 

et
 al

. 2
02

18
 

St
ud

y 
ty

pe
: 

RC
T 

N
um

be
r 

of
 p

ar
ti

ci
pa

nt
s:

 
69

 
Co

un
tr

ie
s 

an
d 

se
tt

in
g:

 
US

A 
an

d M
ala

ys
ia 

D
ur

at
io

n 
of

 s
tu

dy
 F

ol
lo

w
 u

p 
(p

os
t 

in
te

rv
en

ti
on

):
 

6, 
12

, 1
8 a

nd
 24

 m
on

th
s 

M
et

ho
d 

of
 a

ss
es

sm
en

t o
f d

is
ea

se
 

co
nd

it
io

n:
 

 

Su
bg

ro
up

 a
na

ly
si

s 
w

it
hi

n 
st

ud
y 

 
In

cl
us

io
n 

cr
it

er
ia

: 
• 

Pa
tie

nt
s a

ge
d 

18
 to

 5
5 

ye
ar

s w
ith

 In
te

rn
at

io
na

l C
ar

til
ag

e 
Re

pa
ir 

So
cie

ty
 g

ra
de

 3
 a

nd
 4

 
ch

on
dr

al 
les

io
ns

. 
• 

Pa
tie

nt
s w

ith
 si

ng
le 

or
 m

ul
tip

le 
les

io
ns

 w
er

e 
in

clu
de

d 
wi

th
 a

t l
ea

st 
1 

of
 th

e 
les

io
ns

 ≥
3 

cm
 2.

 
• 

Bi
po

lar
, p

at
ell

of
em

or
al,

 f
em

or
ot

ib
ial

 l
es

io
ns

 a
nd

 p
re

vi
ou

sly
 f

ail
ed

 c
ar

til
ag

e 
re

pa
ir 

pr
oc

ed
ur

es
 w

er
e a

llo
we

d a
nd

 no
t e

xc
lu

sio
na

ry
 fa

cto
rs

. 
Ex

cl
us

io
n 

cr
it

er
ia

: 
• 

Ex
clu

sio
n 

cr
ite

ria
 w

er
e 

3 
pr

ev
io

us
 s

ur
gic

al 
in

te
rv

en
tio

ns
, v

ar
us

 o
r 

va
lgu

s 
de

fo
rm

ity
 

m
or

e t
ha

n 
40

%
 in

to
 th

e m
ed

ial
 o

r l
at

er
al 

co
m

pa
rtm

en
t, 

pr
eo

pe
ra

tio
n 

fle
xio

n 
de

fo
rm

ity
 

m
or

e t
ha

n 1
0°

, li
ga

m
en

t d
ef

ici
en

cy
, a

nd
 bo

dy
 m

as
s i

nd
ex

 ≥3
5 k

g/
m

2 . 

Re
cr

ui
tm

en
t/

se
le

ct
io

n 
of

 p
at

ie
nt

s:
 

RC
T 

In
te

rv
en

ti
on

: T
yp

e 
of

 s
te

m
 c

el
ls

 w
it

h 
m

et
ho

d 
of

 th
ei

r 
ch

ar
ac

te
ri

za
ti

on
, R

ou
te

 
of

 a
dm

in
is

tr
at

io
n,

 D
os

e 

PB
SC

 P
lu

s H
A 

O
ut

co
m

es
 r

ep
or

te
d 

w
ith

 ti
m

e 
po

in
ts

 
• 

IK
DC

 
• 

KO
OS

 
• 

NR
S 

Fu
nd

in
g 

 



 
 

Ev
id

en
ce

-b
as

ed
 G

ui
de

lin
es

 fo
r t

he
 us

e o
f s

te
m

 ce
ll t

he
ra

py
: O

rth
op

ed
ic 

co
nd

iti
on

s (
Su

pp
lem

en
t) 

Pa
ge

 16
5 

 Ro
B2

 A
ss

es
sm

en
t: 

Sp
ec

ify
 s

ep
ar

at
el

y 
fo

r 
ea

ch
 d

om
ai

n 
D1

:So
m

e c
on

ce
rn

 
D2

:L
ow

 
D3

:L
ow

 
D4

:H
igh

 
D5

:L
ow

 
Ov

er
all

: H
igh

 
St

ud
y 

Li
u e

t a
l. 2

02
19

 
St

ud
y 

ty
pe

: 
RC

T 
N

um
be

r 
of

 p
ar

ti
ci

pa
nt

s:
 

15
 

Co
un

tr
ie

s 
an

d 
se

tt
in

g:
 

Ta
iw

an
 

D
ur

at
io

n 
of

 s
tu

dy
 F

ol
lo

w
 u

p 
(p

os
t 

in
te

rv
en

ti
on

):
 

12
 an

d 2
4 m

on
th

s 

M
et

ho
d 

of
 a

ss
es

sm
en

t o
f d

is
ea

se
 

co
nd

it
io

n:
 

M
RI

 

Su
bg

ro
up

 a
na

ly
si

s 
w

it
hi

n 
st

ud
y 

 
In

cl
us

io
n 

cr
it

er
ia

: 
 

Ex
cl

us
io

n 
cr

it
er

ia
: 

 
Re

cr
ui

tm
en

t/
se

le
ct

io
n 

of
 p

at
ie

nt
s:

 
RC

T 
In

te
rv

en
ti

on
: T

yp
e 

of
 s

te
m

 c
el

ls
 w

it
h 

m
et

ho
d 

of
 th

ei
r 

ch
ar

ac
te

ri
za

ti
on

, R
ou

te
 

of
 a

dm
in

is
tr

at
io

n,
 D

os
e 

Ka
rti

ge
n 

M
icr

of
ra

ct
ur

e  

O
ut

co
m

es
 r

ep
or

te
d 

w
ith

 ti
m

e 
po

in
ts

 
VA

S 
IK

DC
 

Fu
nd

in
g 

 
Ro

B2
 A

ss
es

sm
en

t: 
Sp

ec
ify

 s
ep

ar
at

el
y 

fo
r 

ea
ch

 d
om

ai
n 

D1
:So

m
e c

on
ce

rn
 

D2
:So

m
e c

on
ce

rn
 

D3
:L

ow
 

D4
:So

m
e c

on
ce

rn
 

D5
:L

ow
 

Ov
er

all
: S

om
e c

on
ce

rn
 

St
ud

y 
Ki

m
 et

 al
. 2

02
21

0  
St

ud
y 

ty
pe

: 
RC

T 
N

um
be

r 
of

 p
ar

ti
ci

pa
nt

s:
 

26
 



 
 

Ev
id

en
ce

-b
as

ed
 G

ui
de

lin
es

 fo
r t

he
 us

e o
f s

te
m

 ce
ll t

he
ra

py
: O

rth
op

ed
ic 

co
nd

iti
on

s (
Su

pp
lem

en
t) 

Pa
ge

 16
6 

 Co
un

tr
ie

s 
an

d 
se

tt
in

g:
 

Ko
re

a 
D

ur
at

io
n 

of
 s

tu
dy

 F
ol

lo
w

 u
p 

(p
os

t 
in

te
rv

en
ti

on
):

 
3, 

6 &
 12

 m
on

th
s 

M
et

ho
d 

of
 a

ss
es

sm
en

t o
f d

is
ea

se
 

co
nd

it
io

n:
 

M
RI

 

Su
bg

ro
up

 a
na

ly
si

s 
w

it
hi

n 
st

ud
y 

 
In

cl
us

io
n 

cr
it

er
ia

: 
• 

Ag
e b

et
we

en
 20

 an
d 8

0 y
ea

rs
 ol

d. 
• 

BM
I <

30
 K

g/
m

. 
• 

K-
L g

ra
de

 2 
to

 4.
 

• 
Di

ag
no

sis
 of

 pr
im

ar
y o

ste
oa

rth
rit

is 
of

 kn
ee

. 
• 

Pa
tie

nt
 is

 a
bl

e 
to

 u
nd

er
sta

nd
 th

e 
in

str
uc

tio
n 

by
 d

oc
to

r a
nd

 to
 co

m
pl

et
e 

th
e 

qu
es

tio
ns

 
re

qu
ire

d f
or

 th
e s

tu
dy

. 
Ex

cl
us

io
n 

cr
it

er
ia

: 
• 

Pa
tie

nt
 w

ith
 m

ea
su

re
 tw

ice
 o

r m
or

e t
ha

n 
no

rm
al 

in
 la

b 
te

st 
or

 w
ith

 an
y 

co
nd

iti
on

 th
at

 
pr

in
cip

al 
in

ve
sti

ga
to

r c
on

sid
er

s c
lin

ica
lly

 im
po

rta
nt

. 
• 

Pa
tie

nt
 w

ith
 s

er
io

us
 c

on
di

tio
ns

 s
uc

h 
as

 c
ar

di
ov

as
cu

lar
 d

ise
as

es
, r

en
al 

di
se

as
e, 

liv
er

 
di

se
as

es
, c

an
ce

r o
r d

iab
et

es
. 

• 
Os

te
op

or
os

is.
 

• 
Fe

m
ale

s w
ho

 ar
e p

re
gn

an
t, l

ac
ta

tin
g o

r p
lan

ni
ng

 pr
eg

na
nc

y. 
• 

Pa
tie

nt
 po

sit
iv

e f
or

 sc
re

en
in

g t
es

t o
f h

um
an

 im
m

un
od

ef
ici

en
cy

, h
ep

at
iti

s B
 or

 C.
 

• 
Pa

tie
nt

 w
ho

 re
ce

iv
ed

 co
nt

ra
in

di
ca

te
d d

ru
gs

 w
ith

ou
t w

as
h o

ut
 pe

rio
d f

or
 th

is 
stu

dy
. 

• 
Pa

tie
nt

s 
wh

o 
ha

d 
pa

rti
cip

at
ed

 i
n 

ot
he

r 
cli

ni
ca

l 
tra

ils
 w

ith
in

 1
2 

we
ek

s 
be

fo
re

 t
he

 
sc

re
en

in
g. 

Re
cr

ui
tm

en
t/

se
le

ct
io

n 
of

 p
at

ie
nt

s:
 

RC
T 

In
te

rv
en

ti
on

: T
yp

e 
of

 s
te

m
 c

el
ls

 w
it

h 
m

et
ho

d 
of

 th
ei

r 
ch

ar
ac

te
ri

za
ti

on
, R

ou
te

 
of

 a
dm

in
is

tr
at

io
n,

 D
os

e 

• 
Ad

ip
os

e D
er

iv
ed

 M
SC

 
• 

HT
O 

alo
ne

 

O
ut

co
m

es
 r

ep
or

te
d 

w
ith

 ti
m

e 
po

in
ts

 
• 

KO
OS

 
• 

W
OM

AC
 

• 
IC

RS
 

• 
M

OC
AR

T 
Fu

nd
in

g 
 



 
 

Ev
id

en
ce

-b
as

ed
 G

ui
de

lin
es

 fo
r t

he
 us

e o
f s

te
m

 ce
ll t

he
ra

py
: O

rth
op

ed
ic 

co
nd

iti
on

s (
Su

pp
lem

en
t) 

Pa
ge

 16
7 

 Ro
B2

 A
ss

es
sm

en
t: 

Sp
ec

ify
 s

ep
ar

at
el

y 
fo

r 
ea

ch
 d

om
ai

n 
D1

:So
m

e c
on

ce
rn

 
D2

:So
m

e c
on

ce
rn

 
D3

:L
ow

 
D4

:L
ow

 
D5

:L
ow

 
Ov

er
all

: S
om

e c
on

ce
rn

 
St

ud
y 

Ve
no

sa
 et

 al
. 2

02
21

1  
St

ud
y 

ty
pe

: 
RC

T 
N

um
be

r 
of

 p
ar

ti
ci

pa
nt

s:
 

38
 

Co
un

tr
ie

s 
an

d 
se

tt
in

g:
 

Ita
ly 

D
ur

at
io

n 
of

 s
tu

dy
 F

ol
lo

w
 u

p 
(p

os
t 

in
te

rv
en

ti
on

):
 

3, 
6 &

 12
 m

on
th

s 

M
et

ho
d 

of
 a

ss
es

sm
en

t o
f d

is
ea

se
 

co
nd

it
io

n:
 

M
RI

 

Su
bg

ro
up

 a
na

ly
si

s 
w

it
hi

n 
st

ud
y 

 
In

cl
us

io
n 

cr
it

er
ia

: 
• 

Ag
e b

et
we

en
 20

 an
d 8

0 y
ea

rs
 ol

d. 
• 

BM
I <

30
 K

g/
m

. 
• 

K-
L g

ra
de

 2 
to

 4.
 

• 
Di

ag
no

sis
 of

 pr
im

ar
y o

ste
oa

rth
rit

is 
of

 kn
ee

. 
• 

Pa
tie

nt
 is

 a
bl

e 
to

 u
nd

er
sta

nd
 th

e 
in

str
uc

tio
n 

by
 d

oc
to

r a
nd

 to
 co

m
pl

et
e 

th
e 

qu
es

tio
ns

 
re

qu
ire

d f
or

 th
e s

tu
dy

. 
Ex

cl
us

io
n 

cr
it

er
ia

: 
• 

Pa
tie

nt
 w

ith
 m

ea
su

re
 tw

ice
 o

r m
or

e t
ha

n 
no

rm
al 

in
 la

b 
te

st 
or

 w
ith

 an
y 

co
nd

iti
on

 th
at

 
pr

in
cip

al 
in

ve
sti

ga
to

r c
on

sid
er

s c
lin

ica
lly

 im
po

rta
nt

. 
• 

Pa
tie

nt
 w

ith
 s

er
io

us
 c

on
di

tio
ns

 s
uc

h 
as

 c
ar

di
ov

as
cu

lar
 d

ise
as

es
, r

en
al 

di
se

as
e, 

liv
er

 
di

se
as

es
, c

an
ce

r o
r d

iab
et

es
. 

• 
Os

te
op

or
os

is.
 

• 
Fe

m
ale

s w
ho

 ar
e p

re
gn

an
t, l

ac
ta

tin
g o

r p
lan

ni
ng

 pr
eg

na
nc

y. 
• 

Pa
tie

nt
 po

sit
iv

e f
or

 sc
re

en
in

g t
es

t o
f h

um
an

 im
m

un
od

ef
ici

en
cy

, h
ep

at
iti

s B
 or

 C.
 

• 
Pa

tie
nt

 w
ho

 re
ce

iv
ed

 co
nt

ra
in

di
ca

te
d d

ru
gs

 w
ith

ou
t w

as
h o

ut
 pe

rio
d f

or
 th

is 
stu

dy
. 

• 
Pa

tie
nt

s 
wh

o 
ha

d 
pa

rti
cip

at
ed

 i
n 

ot
he

r 
cli

ni
ca

l 
tra

ils
 w

ith
in

 1
2 

we
ek

s 
be

fo
re

 t
he

 
sc

re
en

in
g. 

Re
cr

ui
tm

en
t/

se
le

ct
io

n 
of

 p
at

ie
nt

s:
 

RC
T 



 
 

Ev
id

en
ce

-b
as

ed
 G

ui
de

lin
es

 fo
r t

he
 us

e o
f s

te
m

 ce
ll t

he
ra

py
: O

rth
op

ed
ic 

co
nd

iti
on

s (
Su

pp
lem

en
t) 

Pa
ge

 16
8 

 In
te

rv
en

ti
on

: T
yp

e 
of

 s
te

m
 c

el
ls

 w
it

h 
m

et
ho

d 
of

 th
ei

r 
ch

ar
ac

te
ri

za
ti

on
, R

ou
te

 
of

 a
dm

in
is

tr
at

io
n,

 D
os

e 

• 
Ad

ip
os

e D
er

iv
ed

 M
SC

 
• 

HT
O 

alo
ne

 

O
ut

co
m

es
 r

ep
or

te
d 

w
ith

 ti
m

e 
po

in
ts

 
• 

KO
OS

 
• 

W
OM

AC
 

• 
IC

RS
 

• 
M

OC
AR

T 
Fu

nd
in

g 
 

Ro
B2

 A
ss

es
sm

en
t: 

Sp
ec

ify
 s

ep
ar

at
el

y 
fo

r 
ea

ch
 d

om
ai

n 
D1

:So
m

e c
on

ce
rn

 
D2

:So
m

e c
on

ce
rn

 
D3

:L
ow

 
D4

:L
ow

 
D5

:L
ow

 
Ov

er
all

: S
om

e c
on

ce
rn

 

St
ud

y 
De

 G
iro

lam
o e

t a
l. 2

01
91

2  
St

ud
y 

ty
pe

: 
RC

T 
N

um
be

r 
of

 p
ar

ti
ci

pa
nt

s:
 

24
 

Co
un

tr
ie

s 
an

d 
se

tt
in

g:
 

Ita
ly 

D
ur

at
io

n 
of

 s
tu

dy
 F

ol
lo

w
 u

p 
(p

os
t 

in
te

rv
en

ti
on

):
 

6, 
12

 &
 24

 m
on

th
s 

M
et

ho
d 

of
 a

ss
es

sm
en

t o
f d

is
ea

se
 

co
nd

it
io

n:
 

M
RI

 

Su
bg

ro
up

 a
na

ly
si

s 
w

it
hi

n 
st

ud
y 

 
In

cl
us

io
n 

cr
it

er
ia

: 
• 

Ag
e b

et
we

en
 18

 an
d 5

5 y
ea

rs
. 

• 
On

e 
or

 t
wo

 g
ra

de
 I

II 
or

 I
V 

ar
tic

ul
ar

 s
ur

fa
ce

 le
sio

ns
 o

f 
th

e 
kn

ee
 a

cc
or

di
ng

 t
o 

th
e 

In
te

rn
at

io
na

l C
ar

til
ag

e 
Re

pa
ir 

So
cie

ty
’s 

ch
on

dr
al 

de
fe

ct
 c

las
sif

ica
tio

n 
sy

ste
m

 (
IC

RS
), 

les
io

n 
siz

e 
be

tw
ee

n 
2 

an
d 

8 
cm

2 , 
an

d 
no

rm
al 

su
rr

ou
nd

in
g 

ca
rti

lag
e 

(a
cc

ep
te

d 
on

e 
or

 
tw

o g
ra

de
 I/

II 
ch

on
dr

al 
les

io
ns

). 
Ex

cl
us

io
n 

cr
it

er
ia

: 
• 

Pa
tie

nt
s w

ith
 m

or
e t

ha
n 

tw
o 

ch
on

dr
al 

de
fe

ct
s, 

im
m

un
o-

m
ed

iat
ed

 p
at

ho
lo

gie
s i

nc
lu

di
ng

 
os

te
oa

rth
rit

is,
 k

ne
e 

in
fe

cti
on

, u
nt

re
at

ab
le 

in
sta

bi
lit

y, 
m

ala
lig

nm
en

t o
r m

en
isc

al 
te

ar
s, 

se
rio

us
 ca

rd
io

lo
gic

 p
at

ho
lo

gie
s, 

or
 p

ro
bl

em
at

ic 
ge

ne
ra

l c
on

di
tio

ns
 w

er
e 

ex
clu

de
d 

fro
m

 
th

e s
tu

dy
. 

Re
cr

ui
tm

en
t/

se
le

ct
io

n 
of

 p
at

ie
nt

s:
 

RC
T 



 
 

Ev
id

en
ce

-b
as

ed
 G

ui
de

lin
es

 fo
r t

he
 us

e o
f s

te
m

 ce
ll t

he
ra

py
: O

rth
op

ed
ic 

co
nd

iti
on

s (
Su

pp
lem

en
t) 

Pa
ge

 16
9 

 In
te

rv
en

ti
on

: T
yp

e 
of

 s
te

m
 c

el
ls

 w
it

h 
m

et
ho

d 
of

 th
ei

r 
ch

ar
ac

te
ri

za
ti

on
, R

ou
te

 
of

 a
dm

in
is

tr
at

io
n,

 D
os

e 

• 
BM

AC
 

• 
AM

IC
 

O
ut

co
m

es
 r

ep
or

te
d 

w
ith

 ti
m

e 
po

in
ts

 
• 

KO
OS

 
• 

Ly
sh

ol
m

 
Fu

nd
in

g 
 

Ro
B2

 A
ss

es
sm

en
t: 

Sp
ec

ify
 s

ep
ar

at
el

y 
fo

r 
ea

ch
 d

om
ai

n 
D1

:So
m

e c
on

ce
rn

 
D2

:So
m

e c
on

ce
rn

 
D3

:L
ow

 
D4

:L
ow

 
D5

:L
ow

 
Ov

er
all

: S
om

e c
on

ce
rn

 
St

ud
y 

Sa
w 

et
 al

. 2
01

31
3  

St
ud

y 
ty

pe
: 

RC
T 

N
um

be
r 

of
 p

ar
ti

ci
pa

nt
s:

 
49

 
Co

un
tr

ie
s 

an
d 

se
tt

in
g:

 
Un

ite
d K

in
gd

om
 

D
ur

at
io

n 
of

 s
tu

dy
 F

ol
lo

w
 u

p 
(p

os
t 

in
te

rv
en

ti
on

):
 

6, 
12

, 1
8 a

nd
 24

 m
on

th
s 

M
et

ho
d 

of
 a

ss
es

sm
en

t o
f d

is
ea

se
 

co
nd

it
io

n:
 

M
RI

 

Su
bg

ro
up

 a
na

ly
si

s 
w

it
hi

n 
st

ud
y 

 
In

cl
us

io
n 

cr
it

er
ia

: 
• 

M
ale

 a
nd

 fe
m

ale
 p

at
ien

t b
et

we
en

 th
e 

ag
e 

of
 1

8 
an

d 
50

 y
ea

rs
, w

ith
 IC

RS
 g

ra
de

 3
 a

nd
 4

 
les

io
n o

f k
ne

e j
oi

nt
. 

Ex
cl

us
io

n 
cr

it
er

ia
: 

• 
Hi

sto
ry

 o
f m

or
e 

th
an

 o
ne

 s
ur

ge
ry

 o
f k

ne
e 

in
 q

ue
sti

on
 o

r 
pr

ev
io

us
 lo

we
r 

ex
tre

m
ity

 
am

pu
ta

tio
n o

r s
ign

ifi
ca

nt
 pe

rip
he

ra
l v

as
cu

lar
 di

se
as

e. 
• 

BM
I o

f 3
5 o

r g
ea

to
r. 

• 
Va

ru
s d

ef
or

m
ity

 of
 m

or
e t

ha
n 1

0 d
eg

re
e. 

• 
A 

po
sit

iv
e p

re
gn

an
cy

 te
st.

 
• 

De
fo

rm
ity

 re
qu

iri
ng

 os
te

ot
om

y o
r c

om
pl

ex
 su

rg
er

y. 
Re

cr
ui

tm
en

t/
se

le
ct

io
n 

of
 p

at
ie

nt
s:

 
RC

T 
In

te
rv

en
ti

on
: T

yp
e 

of
 s

te
m

 c
el

ls
 w

it
h 

m
et

ho
d 

of
 th

ei
r 

ch
ar

ac
te

ri
za

ti
on

, R
ou

te
 

of
 a

dm
in

is
tr

at
io

n,
 D

os
e 

• 
PB

SC
 + 

HA
 



 
 

Ev
id

en
ce

-b
as

ed
 G

ui
de

lin
es

 fo
r t

he
 us

e o
f s

te
m

 ce
ll t

he
ra

py
: O

rth
op

ed
ic 

co
nd

iti
on

s (
Su

pp
lem

en
t) 

Pa
ge

 17
0 

 O
ut

co
m

es
 r

ep
or

te
d 

w
ith

 ti
m

e 
po

in
ts

 
• 

IK
DC

 
• 

IC
RS

 II
 

Fu
nd

in
g 

 
Ro

B2
 A

ss
es

sm
en

t: 
Sp

ec
ify

 s
ep

ar
at

el
y 

fo
r 

ea
ch

 d
om

ai
n 

D1
:H

igh
 

D2
:L

ow
 

D3
:L

ow
 

D4
:L

ow
 

D5
:L

ow
 

Ov
er

all
: S

om
e c

on
ce

rn
 

St
ud

y 
Zh

ou
 et

 al
. 2

02
11

4  
St

ud
y 

ty
pe

: 
RC

T 
N

um
be

r 
of

 p
ar

ti
ci

pa
nt

s:
 

57
 

Co
un

tr
ie

s 
an

d 
se

tt
in

g:
 

Ch
in

a 
D

ur
at

io
n 

of
 s

tu
dy

 F
ol

lo
w

 u
p 

(p
os

t 
in

te
rv

en
ti

on
):

 
3, 

6 &
 12

 m
on

th
s 

M
et

ho
d 

of
 a

ss
es

sm
en

t o
f d

is
ea

se
 

co
nd

it
io

n:
 

M
RI

 

Su
bg

ro
up

 a
na

ly
si

s 
w

it
hi

n 
st

ud
y 

 
In

cl
us

io
n 

cr
it

er
ia

: 
• 

Pa
tie

nt
s b

et
we

en
 th

e 
ag

es
 o

f 1
8 

an
d 

75
 y

ea
rs

. M
RI

 cl
ea

rly
 in

di
ca

te
d 

ar
tic

ul
ar

 ca
rti

lag
e 

in
ju

ry
, a

nd
 th

e K
ell

gr
en

-L
aw

re
nc

e s
ta

nd
ar

d k
ne

e g
ra

de
 w

as
 no

t m
or

e t
ha

n l
ev

el-
3. 

• 
Pa

tie
nt

s w
ith

 ob
vio

us
 kn

ee
 pa

in
 or

 di
sc

om
fo

rt 
las

tin
g f

or
 m

or
e t

ha
n 3

 m
on

th
s. 

• 
Pa

tie
nt

s w
ho

 w
er

e 
wi

lli
ng

 to
 p

ar
tic

ip
at

e 
in

 th
e 

stu
dy

 a
nd

 si
gn

ed
 th

e 
in

fo
rm

ed
 co

ns
en

t 
fo

rm
. 

• 
Pa

tie
nt

s w
ho

 h
ad

 a
rti

cu
lar

 ca
rti

lag
e 

in
ju

ry
 d

iag
no

se
d 

by
 a

rth
ro

sc
op

y 
an

d 
wh

o 
di

d 
no

t 
re

ce
iv

e t
ar

ge
te

d t
re

at
m

en
t. 



 
 

Ev
id

en
ce

-b
as

ed
 G

ui
de

lin
es

 fo
r t

he
 us

e o
f s

te
m

 ce
ll t

he
ra

py
: O

rth
op

ed
ic 

co
nd

iti
on

s (
Su

pp
lem

en
t) 

Pa
ge

 17
1 

 Ex
cl

us
io

n 
cr

it
er

ia
: 

• 
Ot

he
r s

ur
gic

al 
pr

oc
ed

ur
es

 w
er

e p
er

fo
rm

ed
 to

 tr
ea

t t
he

 ar
tic

ul
ar

 ca
rti

lag
e. 

• 
Pa

tie
nt

s 
wh

o 
ha

d 
a 

hi
sto

ry
 o

f 
in

tra
-a

rti
cu

lar
 i

nj
ec

tio
n 

or
 p

er
i-a

rti
cu

lar
 i

nv
as

iv
e 

tre
at

m
en

ts 
an

d p
ro

ce
du

re
s w

ith
in

 3 
m

on
th

s. 
• 

Sy
m

pt
om

s a
nd

 im
ag

in
g f

in
di

ng
s t

ha
t w

er
e l

oc
ali

ze
d i

n t
he

 pa
te

llo
fe

m
or

al 
jo

in
t. 

• 
Pa

tie
nt

s w
ho

 su
ffe

re
d f

ro
m

 m
ali

gn
an

t n
eo

pl
as

m
s. 

• 
Pa

tie
nt

s w
ho

 ha
d a

cti
ve

 in
fe

ct
io

n i
n o

th
er

 pa
rts

 of
 th

e b
od

y. 
• 

Fe
m

ale
 pa

tie
nt

s w
ho

 w
er

e p
re

gn
an

t, P
ag

e 5
/1

7 l
ac

ta
tin

g, 
or

 p
re

pa
rin

g f
or

 pr
eg

na
nc

y. 
• 

Ca
rti

lag
e l

es
io

ns
 ca

us
ed

 by
 in

fe
cti

ou
s o

r g
ou

ty
 ar

th
rit

is.
 

• 
Pa

tie
nt

s 
wh

o 
ha

d 
au

to
im

m
un

e 
di

se
as

es
 s

uc
h 

as
 r

he
um

at
oi

d 
ar

th
rit

is 
an

d 
an

ky
lo

sin
g 

sp
on

dy
lit

is.
 

• 
Pa

tie
nt

s w
ho

 ha
d d

iab
et

es
 w

ith
 FB

G 
ov

er
 8

 m
m

ol
/L

 an
d h

ad
 po

or
 co

nt
ro

l. 
• 

Pa
tie

nt
s w

ho
 w

er
e g

en
er

all
y i

n p
oo

r c
on

di
tio

n a
nd

 un
ab

le 
to

 to
ler

at
e s

ur
ge

ry
. 

• 
Pa

tie
nt

s w
ho

 h
ad

 se
ve

re
 d

ise
as

es
 su

ch
 as

 ce
re

br
al 

he
m

or
rh

ag
e, 

se
ve

re
 p

ne
um

on
ia,

 an
d 

m
ul

tip
le 

or
ga

n d
ys

fu
nc

tio
n. 

• 
Pa

tie
nt

s w
ith

 Ch
ar

co
t j

oi
nt

. 
• 

An
y 

co
nd

iti
on

s 
th

at
 m

igh
t i

nc
re

as
e 

th
e 

pa
tie

nt
's 

ris
k 

or
 in

flu
en

ce
 th

e 
re

su
lts

 o
f t

he
 

ex
pe

rim
en

t d
ur

in
g t

he
 re

se
ar

ch
. 

• 
Ot

he
r r

ea
so

ns
 m

ak
in

g t
he

 pa
tie

nt
 un

su
ita

bl
e f

or
 th

is 
stu

dy
. 

Re
cr

ui
tm

en
t/

se
le

ct
io

n 
of

 p
at

ie
nt

s:
 

RC
T 

In
te

rv
en

ti
on

: T
yp

e 
of

 s
te

m
 c

el
ls

 w
it

h 
m

et
ho

d 
of

 th
ei

r 
ch

ar
ac

te
ri

za
ti

on
, R

ou
te

 
of

 a
dm

in
is

tr
at

io
n,

 D
os

e 

• 
Kn

ee
 In

fra
pa

te
lla

r f
at

 pa
d c

ell
 co

nt
ain

in
g M

SC
s. 

• 
Kn

ee
 ar

th
ro

sc
op

y t
he

ra
py

. 

O
ut

co
m

es
 r

ep
or

te
d 

w
ith

 ti
m

e 
po

in
ts

 
• 

VA
S 

• 
W

OM
AC

 
• 

M
OC

AR
T 

Fu
nd

in
g 

 
Ro

B2
 A

ss
es

sm
en

t: 
Sp

ec
ify

 s
ep

ar
at

el
y 

fo
r 

ea
ch

 d
om

ai
n 

D1
:L

ow
 

D2
:L

ow
 

D3
:L

ow
 

D4
:L

ow
 

D5
:L

ow
 

Ov
er

all
: L

ow
 



 
 

Evidence-based Guidelines for the use of stem cell therapy: Orthopedic conditions (Supplement) Page 172 
 

vii. List of excluded studies: 

Title Author Publication 
Year 

Final Screening 
Status 

Present status and perspective of articular cartilage 
regeneration. 

Wakitani, 
Shigeyuki 

2007 Excluded: Non-
randomized 
clinical trial 

Repair of articular cartilage defects in the patello-
femoral joint with autologous bone marrow 
mesenchymal cell transplantation: three case reports 
involving nine defects in five knees. 

Wakitani, 
Shigeyuki 

2007 Excluded: Case 
Report 

Safety of autologous bone marrow-derived 
mesenchymal stem cell transplantation for cartilage 
repair in 41 patients with 45 joints followed for up to 
11 years and 5 months. 

Wakitani, 
Shigeyuki 

2011 Excluded: Non-
randomized 
clinical trial 

Freshly isolated stromal cells from the infrapatellar fat 
pad are suitable for a one-step surgical procedure to 
regenerate cartilage tissue. 

Jurgens, 
Wouter J F M 

2009 Excluded: Non-
randomized 
clinical trial 

Isolation and cultivation of mesenchymal stem cells 
from iliac crest bone marrow for further cartilage 
defect management. 

Lubis, Andri 
M T 

2011 Excluded: Non-
randomized 
clinical trial 

Treatment of chondral defects of the knee with one 
step matrix-assisted technique enhanced by 
autologous concentrated bone marrow: in vitro 
characterisation of mesenchymal stem cells from iliac 
crest and subchondral bone. 

de Girolamo, 
Laura 

2010 Excluded: Non-
randomized 
clinical trial 

Cell-based therapy improves function in adolescents 
and young adults with patellar osteochondritis 
dissecans. 

Teo, Bryon J X 2013 Excluded: Non-
randomized 
clinical trial 

Matrix-associated stem cell transplantation (MAST) in 
chondral defects of foot and ankle is effective. 

Richter, 
Martinus 

2013 Excluded: Non-
randomized 
clinical trial 

Clinical outcomes of mesenchymal stem cell injection 
with arthroscopic treatment in older patients with 
osteochondral lesions of the talus. 

Kim, Yong 
Sang 

2013 Excluded: Non-
randomized 
clinical trial 

A novel, minimally-invasive technique of cartilage 
repair in the human knee using arthroscopic 
microfracture and injections of mesenchymal stem 
cells and hyaluronic acid--a prospective comparative 
study on safety and short-term efficacy. 

Lee, Kevin B 
L 

2012 Excluded: Non-
randomized 
clinical trial 

Osteochondral lesions of the knee reconstructed with 
mesenchymal stem cells - results. 

SkowroÅ„ski, 
Jan 

2013 Excluded: Non-
randomized 
clinical trial 
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Comparative outcomes of open-wedge high tibial 
osteotomy with platelet-rich plasma alone or in 
combination with mesenchymal stem cell treatment: a 
prospective study. 

Koh, Yong-
Gon 

2014 Excluded: Non-
randomized 
clinical trial 

Does an injection of a stromal vascular fraction 
containing adipose-derived mesenchymal stem cells 
influence the outcomes of marrow stimulation in 
osteochondral lesions of the talus? A clinical and 
magnetic resonance imaging study. 

Kim, Yong 
Sang 

2014 Excluded: Non-
randomized 
clinical trial 

In Situ Recruitment of Human Bone Marrow-Derived 
Mesenchymal Stem Cells Using Chemokines for 
Articular Cartilage Regeneration. 

Park, Min 
Sung 

2015 Excluded: 
Experimental 
study 

Matrix-Induced Autologous Chondrocyte Implantation 
versus Multipotent Stem Cells for the Treatment of 
Large Patellofemoral Chondral Lesions: A 
Nonrandomized Prospective Trial. 

Gobbi, 
Alberto 

2015 Excluded: Non-
randomized 
clinical trial 

Arthroscopic Transplantation of Synovial Stem Cells 
Improves Clinical Outcomes in Knees With Cartilage 
Defects. 

Sekiya, Ichiro 2015 Excluded: Non-
randomized 
clinical trial 

One-step surgery with multipotent stem cells and 
Hyaluronan-based scaffold for the treatment of full-
thickness chondral defects of the knee in patients older 
than 45Âyears. 

Gobbi, 
Alberto 

2017 Excluded: Non-
randomized 
clinical trial 

Adipose derived mesenchymal stem cell therapy in the 
treatment of isolated knee chondral lesions: design of a 
randomised controlled pilot study comparing 
arthroscopic microfracture versus arthroscopic 
microfracture combined with postoperative 
mesenchymal stem cell injections. 

Freitag, Julien 2015 Excluded: Study 
Protocol 

Bone Marrow Concentrate Improves Early Cartilage 
Phase Maturation of a Scaffold Plug in the Knee: A 
Comparative Magnetic Resonance Imaging Analysis to 
Platelet-Rich Plasma and Control. 

Krych, Aaron 
J 

2016 Excluded: Non-
randomized 
clinical trial 

Arthroscopic Bone Marrow Stimulation and 
Concentrated Bone Marrow Aspirate for 
Osteochondral Lesions of the Talus: A Case-Control 
Study of Functional and Magnetic Resonance 
Observation of Cartilage Repair Tissue Outcomes. 

Hannon, 
Charles P 

2016 Excluded: Non-
randomized 
clinical trial 

Focal cartilage defects in the knee - a randomized 
controlled trial comparing autologous chondrocyte 
implantation with arthroscopic debridement. 

Randsborg, 
Per-Henrik 

2016 Excluded: Study 
Protocol 

Equivalent 10-Year Outcomes After Implantation of 
Autologous Bone Marrow-Derived Mesenchymal Stem 

Teo, Alex 
QuokAn 

2019 Excluded: Non-
randomized 
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Cells Versus Autologous Chondrocyte Implantation for 
Chondral Defects of the Knee. 

clinical trial 

A novel autologous-made matrix using hyaline 
cartilage chips and platelet-rich growth factors for the 
treatment of full-thickness cartilage or osteochondral 
defects: Preliminary results. 

Cugat, 
RamÃ³n 

2020 Excluded: Non-
randomized 
clinical trial 

Comparison of Bone Marrow Aspirate Concentrate and 
Allogenic Human Umbilical Cord Blood Derived 
Mesenchymal Stem Cell Implantation on Chondral 
Defect of Knee: Assessment of Clinical and Magnetic 
Resonance Imaging Outcomes at 2-Year Follow-Up. 

Ryu, Dong Jin 2020 Excluded: Non-
randomized 
clinical trial 

Autologous chondrocytes versus filtered bone marrow 
mesenchymal stem/stromal cells for knee cartilage 
repair-a prospective study. 

MartinÄ�iÄ�, 
David 

2021 Excluded: Non-
randomized 
clinical trial 

Comparison of Clinical and Radiographic Outcomes 
Following Arthroscopic Debridement With 
Extracellular Matrix Augmentation and Osteochondral 
Autograft Transplantation for Medium-Size 
Osteochondral Lesions of the Talus. 

Hansen, 
Oliver B 

2021 Excluded: Non-
randomized 
clinical trial 

Clinical Efficacy and Safety of the Intra-articular 
Injection of Autologous Adipose-Derived Mesenchymal 
Stem Cells for Knee Osteoarthritis: A Phase III, 
Randomized, Double-Blind, Placebo-Controlled Trial. 

Kim, Kang-Il 2023 Excluded: Not 
related to 
cartilage defect 

Tissue Engineering, Embryonic, Organ and Other 
Tissue Specific Stem Cells: Scaffold-free pellet-type 
autologous chondrocyte implantation (CARTILIFEÂ®) 
for for the restoration of articular cartilage defects: a 
randomized phase 2 clinical trial and extended 5-year 
clinical follow-up 

Lee, E. 2022 Excluded: 
Conference 
Abstract 

The Effect of Cell Dose on the Early Magnetic 
Resonance Morphological Outcomes of Autologous Cell 
Implantation for Articular Cartilage Defects in the 
Knee: A Randomized Clinical Trial 

Niemeyer, P 2016 Excluded: Did 
not evaluate 
stem cell 
therapy 

Functional Medium-Term Results After Autologous 
Matrix-Induced Chondrogenesis for Osteochondral 
Lesions of the Talus: A 5-Year Prospective Cohort Study 

Gottschalk, O 2017 Excluded: Non-
randomized 
clinical trial 

Efficacy and safety of adult human bone marrow-
derived, cultured, pooled, allogeneic mesenchymal 
stromal cells (StempeucelÂ®): preclinical and clinical 
trial in osteoarthritis of the knee joint 

Gupta, PK 2016 Excluded: Not 
related to 
cartilage defect 

Infrapatellar fat pad-derived mesenchymal stem cell 
therapy for knee osteoarthritis 

Koh, YG 2012 Excluded: Non-
randomized 
clinical trial 
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Intra-articular injection of two different doses of 
autologous bone marrow mesenchymal stem cells 
versus hyaluronic acid in the treatment of knee 
osteoarthritis: multicenter randomized controlled 
clinical trial (phase I/II) 

Lamo-
Espinosa, JM 

2016 Excluded: Not 
related to 
cartilage defect 

Treatment of Knee Osteoarthritis With Allogeneic 
Bone Marrow Mesenchymal Stem Cells: A Randomized 
Controlled Trial 

Vega, A 2015 Excluded: Not 
related to 
cartilage defect 

Adipose Mesenchymal Stromal Cell-Based Therapy for 
Severe Osteoarthritis of the Knee: A Phase I Dose-
Escalation Trial. 

Pers, Yves-
Marie 

2016 Excluded: Not 
related to 
cartilage defect 

Human adipose-derived mesenchymal stem cells for 
osteoarthritis: a pilot study with long-term follow-up 
and repeated injections. 

Song, Yang 2018 Excluded: Not 
related to 
cartilage defect 

Treatment of knee osteoarthritis with intra-articular 
injection of autologous adipose-derived mesenchymal 
progenitor cells: a prospective, randomized, double-
blind, active-controlled, phase IIb clinical trial. 

Lu, Liangjing 2019 Excluded: Not 
related to 
cartilage defect 

Multi-compositional MRI evaluation of repair cartilage 
in knee osteoarthritis with treatment of allogeneic 
human adipose-derived mesenchymal progenitor cells. 

Zhao, Xinxin 2019 Excluded: Non-
randomized 
clinical trial 
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4. TENDINOPATHY 
 

i. Key question in PICO format  

ii. Search strategy 

iii. PRISMA flow diagram 

iv. Summary of included studies 

v. Evidence to decision framework 

vi. Data extraction 

vii. List of excluded studies 
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i. Key question in PICO format: 
 
Population: Patients with Tendinopathy 
Intervention: Any Stem cell and product derived from stem cells 
Comparator: Usual Care/ Conventional Care 
Critical Outcomes: Efficacy: Reduction in pain, Disability; Safety: Severe Adverse Events 
 

ii. Search strategy (September 2023): 
 
A literature search was conducted on PubMed/MEDLINE, EMBASE, Web of Science, and Cochrane 
CENTRAL. The search terms were formed using medical subject headings along with Boolean 
operators. The search terms for the PubMed were (Tendinopathy[MeSH] OR Tendinopathy OR 
Tendon OR "Tendon disorder" OR "Tendon injuries" OR Tendinosis OR Tendinitis OR "Tennis 
elbow"[MeSH] OR "Elbow Tendinopathy"[MeSH] OR "Tennis elbow" OR "Lateral epicondylitis" OR 
"Lateral epicondylosis" OR "Golfer s elbow" OR "Rotator Cuff"[MeSH] OR "Rotator cuff" OR "Rotator 
Cuff Injuries"[MeSH] OR "De Quervain Disease"[MeSH] OR "De Quervain disease" OR "Jumper s 
knee" OR "Patellar tendon" OR Achilles OR "Achilles Tendon"[MeSH]) AND ("Stem Cells"[MeSH] OR 
"Stem cells" OR "Mesenchymal Stem Cells"[MeSH] OR "Mesenchymal stem cells" OR "Progenitor 
cells" OR "Mother cells" OR Multipotent OR Pluripotent OR Totipotent) AND Humans[Filter]. Search 
terms were adapted for other databases. 

 
iii. PRISMA flow diagram: 

 

 

 



 
 

Ev
id

en
ce

-b
as

ed
 G

ui
de

lin
es

 fo
r t

he
 us

e o
f s

te
m

 ce
ll t

he
ra

py
: O

rth
op

ed
ic 

co
nd

iti
on

s (
Su

pp
lem

en
t) 

Pa
ge

 18
0 

 

iv
. 

Su
m

m
ar

y 
of

 in
cl

ud
ed

 st
ud

ie
s:

 
St

ud
y 

Po
pu

la
ti

on
 

In
te

rv
en

ti
on

 
Co

m
pa

ri
so

n 
O

ut
co

m
es

 
Co

m
m

en
ts

 

Ch
un

 e
t a

l. 
20

22
 

Re
pu

bl
ic 

of
 K

or
ea

1  

Pa
tie

nt
s 

>1
8 

ye
ar

s 
of

 a
ge

 
wi

th
 

pe
rs

ist
en

t 
sh

ou
ld

er
 

pa
in

 l
as

tin
g 

m
or

e 
th

an
 3

 
m

on
th

s 
de

sp
ite

 
co

ns
er

va
tiv

e m
an

ag
em

en
t 

Al
lo

ge
ni

c 
ad

ip
os

e t
iss

ue
 

de
riv

ed
 

m
es

en
ch

ym
al 

ste
m

 ce
lls

 
wi

th
 fi

br
in

 
glu

e 

Ac
tiv

e c
on

tro
l: 

Fi
br

in
 gl

ue
 + 

no
rm

al 
sa

lin
e 

 Co
nt

ro
l: 

No
rm

al 
sa

lin
e 

• 
VA

S 
• 

AS
ES

 
• 

M
RI

: t
ea

r s
ize

 
im

pr
ov

ed
/N

o 
ch

an
ge

) 
• 

Ad
ve

rs
e e

ve
nt

s 

St
em

 ce
ll i

nj
ec

tio
n 

wa
s n

ot
 m

or
e 

ef
fe

ct
iv

e t
ha

n c
on

tro
l 

in
jec

tio
ns

 

Ro
da

s 
et

 
al.

 20
21

 
Sp

ain
2  

Pa
tie

nt
s 1

8-
48

 y
ea

rs
 o

f a
ge

 
wi

th
 

un
ila

te
ra

l 
pa

te
lla

r 
te

nd
in

op
at

hy
 

wi
th

 
in

tra
te

nd
in

ou
s 

les
io

n 
> 

3 
m

m
 

Bo
ne

 m
ar

ro
w 

m
es

en
ch

ym
e 

ste
m

 ce
lls

 
  

Le
uk

oc
yt

e p
oo

r 
Pl

at
ele

t r
ich

 
pl

as
m

a 

• 
VA

S 
• 

VI
SA

-P
 

• 
UT

C 
• 

US
G 

• 
M

RI
 

• 
Ad

ve
rs

e e
ve

nt
s 

Pa
tie

nt
s r

ec
eiv

in
g 

M
SC

s s
ho

we
d a

 
gr

ea
te

r i
m

pr
ov

em
en

t 
th

an
 Lp

-P
RP

 

Ro
sa

rio
 e

t 
al.

 20
21

 
Br

az
il3

 

Pa
tie

nt
s, 

18
-7

3 
ye

ar
s o

f a
ge

, 
wi

th
 

cli
ni

ca
l 

an
d 

ra
di

ol
og

ica
l 

di
ag

no
sis

 
of

 
glu

te
al 

te
nd

in
op

at
hy

 

Bo
ne

 m
ar

ro
w 

as
pi

ra
te

 
co

nc
en

tra
te

 
 

Co
rti

co
ste

ro
id

 
• 

VA
S 

• 
Em

oQ
oL

 
Le

qu
es

ne
 

BM
AC

 is
 a 

sa
fe

 
te

ch
ni

qu
e w

ith
 

pr
om

isi
ng

 re
su

lts
 

  
v.

 
Ev

id
en

ce
 to

 d
ec

is
io

n 
fr

am
ew

or
k:

 
 Q

U
ES

TI
O

N 
Sh

ou
ld

 S
te

m
 c

el
l v

s.
 s

ta
nd

ar
d 

of
 c

ar
e 

be
 u

se
d 

fo
r 

Te
nd

in
op

at
hy

? 
 PO

PU
LA

TI
O

N:
 

Te
nd

in
op

at
hy

 
IN

TE
RV

EN
TI

O
N

: 
St

em
 ce

ll 
CO

M
PA

RI
SO

N
: 

sta
nd

ar
d o

f c
ar

e 
M

AI
N

 O
UT

CO
M

ES
: 

Pa
in

, F
un

cti
on

al 
Sc

or
e, 

Se
rio

us
 A

dv
er

se
 E

ve
nt

s 
SE

TT
IN

G:
 

Ho
sp

ita
l/ 

Te
rti

ar
y C

ar
e s

et
tin

g 



 
 

Ev
id

en
ce

-b
as

ed
 G

ui
de

lin
es

 fo
r t

he
 us

e o
f s

te
m

 ce
ll t

he
ra

py
: O

rth
op

ed
ic 

co
nd

iti
on

s (
Su

pp
lem

en
t) 

Pa
ge

 18
1 

 PE
RS

PE
CT

IV
E:

 
Po

pu
lat

io
n 

BA
CK

GR
O

U
N

D
: 

Te
nd

in
op

at
hy

 is
 a 

co
m

m
on

 di
so

rd
er

 in
 at

hl
et

es
 an

d t
he

 ge
ne

ra
l p

op
ul

at
io

n a
nd

 is
 ch

ar
ac

te
riz

ed
 by

 pa
in

 an
d s

we
lli

ng
 

in
 a

dd
iti

on
 t

o 
fu

nc
tio

na
l l

im
ita

tio
ns

. S
ev

er
al 

ph
ar

m
ac

ol
og

ica
l (

Co
rti

co
ste

ro
id

s, 
no

n-
ste

ro
id

al 
an

ti-
in

fla
m

m
at

or
y 

dr
ug

s, 
et

c.)
 a

nd
 su

rg
ica

l t
he

ra
pi

es
 h

av
e 

be
en

 u
se

d 
ov

er
 ti

m
e. 

Th
ou

gh
 s

ym
pt

om
at

ic 
re

lie
f h

as
 b

ee
n 

ac
hi

ev
ed

 w
ith

 
th

es
e m

an
ag

em
en

t s
tra

te
gie

s, 
re

ca
lci

tra
nt

 ca
se

s a
re

 p
re

se
nt

 in
 p

len
ty

. T
hu

s, 
th

er
e r

em
ain

s a
n 

un
m

et
 n

ee
d 

to
 se

ar
ch

 
fo

r n
ew

 op
tio

ns
 fo

r t
re

at
m

en
t o

f t
en

di
no

pa
th

y. 
CO

N
FL

IC
T 

O
F 

IN
TE

RE
ST

S:
 

No
ne

 

AS
SE

SS
M

EN
T 

Pr
ob

le
m

 
 Is 

th
e p

ro
bl

em
 a 

pr
io

rit
y?

 
JU

D
GE

M
EN

T 
RE

SE
AR

CH
 E

VI
D

EN
CE

 
AD

D
IT

IO
N

AL
 

CO
N

SI
D

ER
AT

IO
N

S 

○N
o 

○P
ro

ba
bl

y n
o 

○P
ro

ba
bl

y y
es

 
●Y

es
 

○V
ar

ies
 

○D
on

't 
kn

ow
 

Te
nd

in
op

at
hy

 o
r t

en
di

no
sis

 is
 a

 c
om

m
on

 c
on

di
tio

n 
se

en
 in

 in
di

vid
ua

ls 
of

 a
ll 

ag
e 

gr
ou

ps
, m

os
t f

re
qu

en
tly

 in
 th

e 
ac

tiv
e 

ad
ul

t p
op

ul
at

io
n 

co
m

m
on

ly 
ca

us
ed

 
du

e 
to

 s
po

rts
 r

ela
te

d 
in

ju
rie

s. 
Th

e 
di

so
rd

er
 i

s 
ch

ar
ac

te
riz

ed
 b

y 
lo

ca
liz

ed
 

te
nd

er
ne

ss
 a

nd
 p

ain
, w

hi
ch

 is
 si

gn
ifi

ca
nt

ly 
ex

ac
er

ba
te

d 
wh

en
 th

e 
lo

ad
 o

n 
th

e 
te

nd
on

 is
 in

cr
ea

se
d, 

re
su

lti
ng

 in
 lo

ss
 of

 fu
nc

tio
n a

nd
 pe

rfo
rm

an
ce

.4,5
 

  

D
es

ir
ab

le
 E

ffe
ct

s 
 Ho

w 
su

bs
ta

nt
ial

 ar
e t

he
 de

sir
ab

le 
an

tic
ip

at
ed

 ef
fe

cts
? 

JU
D

GE
M

EN
T 

RE
SE

AR
CH

 E
VI

D
EN

CE
 

AD
D

IT
IO

N
AL

 
CO

N
SI

D
ER

AT
IO

N
S 



 
 

Ev
id

en
ce

-b
as

ed
 G

ui
de

lin
es

 fo
r t

he
 us

e o
f s

te
m

 ce
ll t

he
ra

py
: O

rth
op

ed
ic 

co
nd

iti
on

s (
Su

pp
lem

en
t) 

Pa
ge

 18
2 

 ●T
riv

ial
 

○S
m

all
 

○M
od

er
at

e 
○L

ar
ge

 
○V

ar
ies

 
○D

on
't 

kn
ow

 
 

VA
S 

0-
10

: E
vi

de
nc

e f
ro

m
 th

re
e t

ria
ls,

 w
ith

 a 
to

ta
l o

f 7
5 

pa
rti

cip
an

ts,
 re

po
rti

ng
 

th
e V

AS
 sh

ow
ed

 a 
m

ea
n 

di
ffe

re
nc

e o
f m

ea
n 

di
ffe

re
nc

e o
f -

1.5
6 

(9
5%

 C
I: 

-2
.42

 
to

 -0
.69

) i
n 

th
e 

ste
m

 c
ell

 tr
an

sp
lan

ta
tio

n 
ar

m
 a

sc
om

pa
re

d 
to

 th
os

e 
on

 u
su

al 
ca

re
 a

t 
th

e 
en

d 
of

 6
 m

on
th

s. 
Th

er
e 

se
em

s 
to

 b
e 

a 
sta

tis
tic

all
y 

sig
ni

fic
an

t 
de

cr
ea

se
 in

 p
ain

, w
hi

ch
 d

oe
s n

ot
 cr

os
s t

he
 M

CI
D 

of
 2

. T
he

re
fo

re
, t

he
 re

du
cti

on
 

in
 pa

in
 is

 un
im

po
rta

nt
 cl

in
ica

lly
. 

AS
ES

 0
-1

00
: E

vi
de

nc
e f

ro
m

 o
ne

 tr
ial

, w
ith

 a 
to

ta
l o

f 1
5 

pa
rti

cip
an

ts 
re

po
rti

ng
 

th
e A

SE
S s

co
re

 sh
ow

ed
 a 

m
ea

n 
di

ffe
re

nc
e o

f -
0.3

0 
(9

5%
 C

I: 
-2

4.2
3 

to
 2

3.6
3)

 in
 

th
e 

ste
m

 ce
ll 

tra
ns

pl
an

ta
tio

n 
ar

m
 in

 co
m

pa
ris

on
 to

 u
su

al 
ca

re
 a

t t
he

 e
nd

 o
f 3

 
m

on
th

s. 
Th

e d
iff

er
en

ce
 w

as
 st

at
ist

ica
lly

 no
n-

sig
ni

fic
an

t. 

Co
ns

id
er

in
g t

he
 M

CI
D 

of
 20

%
, 

th
e b

en
ef

it 
ap

pe
ar

s t
o b

e t
riv

ial
. 

U
nd

es
ir

ab
le

 E
ffe

ct
s 

 Ho
w 

su
bs

ta
nt

ial
 ar

e t
he

 un
de

sir
ab

le 
an

tic
ip

at
ed

 ef
fe

ct
s?

 
JU

D
GE

M
EN

T 
RE

SE
AR

CH
 E

VI
D

EN
CE

 
AD

D
IT

IO
N

AL
 

CO
N

SI
D

ER
AT

IO
N

S 

●T
riv

ial
 

○S
m

all
 

○M
od

er
at

e 
○L

ar
ge

 
○V

ar
ies

 
○D

on
't 

kn
ow

 

No
ne

 of
 th

e t
ria

ls 
re

po
rte

d s
er

io
us

 ad
ve

rs
e e

ve
nt

s. 
Th

e e
vid

en
ce

 is
 in

su
ffi

cie
nt

 
to

 dr
aw

 fi
rm

 co
nc

lu
sio

ns
 du

e t
o l

im
ite

d l
on

g t
er

m
 fo

llo
w 

up
 of

 tr
ial

s. 
  

Ce
rt

ai
nt

y 
of

 e
vi

de
nc

e 
 W

ha
t i

s t
he

 ov
er

all
 ce

rta
in

ty
 of

 th
e e

vi
de

nc
e o

f e
ffe

ct
s?

 
JU

D
GE

M
EN

T 
RE

SE
AR

CH
 E

VI
D

EN
CE

 
AD

D
IT

IO
N

AL
 

CO
N

SI
D

ER
AT

IO
N

S 



 
 

Ev
id

en
ce

-b
as

ed
 G

ui
de

lin
es

 fo
r t

he
 us

e o
f s

te
m

 ce
ll t

he
ra

py
: O

rth
op

ed
ic 

co
nd

iti
on

s (
Su

pp
lem

en
t) 

Pa
ge

 18
3 

 ●V
er

y l
ow

 
○L

ow
 

○M
od

er
at

e 
○H

igh
 

○N
o i

nc
lu

de
d s

tu
di

es
 

Th
e 

ev
id

en
ce

 in
 th

is 
re

vie
w 

is 
of

 lo
w 

to
 v

er
y 

lo
w 

qu
ali

ty
 d

ue
 to

 h
igh

 ri
sk

 o
f 

bi
as

, in
co

ns
ist

en
cy

 an
d i

m
pr

ec
isi

on
 in

 th
e e

ffe
ct

 sh
ow

n b
y s

te
m

 ce
ll t

he
ra

py
. 

  

Va
lu

es
 

 Is 
th

er
e i

m
po

rta
nt

 un
ce

rta
in

ty
 ab

ou
t o

r v
ar

iab
ili

ty
 in

 ho
w 

m
uc

h p
eo

pl
e v

alu
e t

he
 m

ain
 ou

tco
m

es
? 

JU
D

GE
M

EN
T 

RE
SE

AR
CH

 E
VI

D
EN

CE
 

AD
D

IT
IO

N
AL

 
CO

N
SI

D
ER

AT
IO

N
S 

○I
m

po
rta

nt
 

un
ce

rta
in

ty
 

or
 

va
ria

bi
lit

y 
○P

os
sib

ly 
im

po
rta

nt
 

un
ce

rta
in

ty
 

or
 

va
ria

bi
lit

y 
● P

ro
ba

bl
y 

no
 

im
po

rta
nt

 u
nc

er
ta

in
ty

 
or

 
va

ria
bi

lit
y 

○N
o 

im
po

rta
nt

 
un

ce
rta

in
ty

 
or

 
va

ria
bi

lit
y 

M
ain

 o
ut

co
m

e 
is 

cli
ni

ca
l 

im
pr

ov
em

en
t 

in
 t

he
 f

or
m

 o
f 

re
du

ce
d 

pa
in

 a
nd

 
in

cr
ea

se
d 

fu
nc

tio
na

l 
ac

tiv
ity

 w
hi

ch
 i

s 
lik

ely
 t

o 
be

 h
igh

ly 
va

lu
ed

 b
y 

m
os

t 
pe

rs
on

s.6
 

  

Ba
la

nc
e 

of
 e

ffe
ct

s 
 Do

es
 th

e b
ala

nc
e b

et
we

en
 de

sir
ab

le 
an

d u
nd

es
ira

bl
e e

ffe
ct

s f
av

or
 th

e i
nt

er
ve

nt
io

n o
r t

he
 co

m
pa

ris
on

? 
JU

D
GE

M
EN

T 
RE

SE
AR

CH
 E

VI
D

EN
CE

 
AD

D
IT

IO
N

AL
 

CO
N

SI
D

ER
AT

IO
N

S 

○F
av

or
s 

th
e 

co
m

pa
ris

on
 

○P
ro

ba
bl

y 
fa

vo
rs

 t
he

 
co

m
pa

ris
on

 

It 
is 

les
s c

lea
r i

f b
en

ef
its

 o
f s

te
m

 ce
ll 

in
te

rv
en

tio
n 

ou
tw

eig
h 

th
e 

ha
rm

s d
ue

 to
 

sm
all

 to
 tr

ivi
al 

be
ne

fit
, b

as
ed

 on
 lim

ite
d e

vid
en

ce
. 

  



 
 

Ev
id

en
ce

-b
as

ed
 G

ui
de

lin
es

 fo
r t

he
 us

e o
f s

te
m

 ce
ll t

he
ra

py
: O

rth
op

ed
ic 

co
nd

iti
on

s (
Su

pp
lem

en
t) 

Pa
ge

 18
4 

 ●D
oe

s n
ot

 fa
vo

r e
ith

er
 

th
e 

in
te

rv
en

tio
n 

or
 

th
e 

co
m

pa
ris

on
 

○P
ro

ba
bl

y 
fa

vo
rs

 t
he

 
in

te
rv

en
tio

n 
○F

av
or

s 
th

e 
in

te
rv

en
tio

n 
○V

ar
ies

 
○D

on
't 

kn
ow

 
Re

so
ur

ce
s 

re
qu

ir
ed

 
 Ho

w 
lar

ge
 ar

e t
he

 re
so

ur
ce

 re
qu

ire
m

en
ts 

(c
os

ts)
? 

JU
D

GE
M

EN
T 

RE
SE

AR
CH

 E
VI

D
EN

CE
 

AD
D

IT
IO

N
AL

 
CO

N
SI

D
ER

AT
IO

N
S 

●L
ar

ge
 co

sts
 

○M
od

er
at

e c
os

ts 
○N

eg
lig

ib
le 

co
sts

 an
d 

sa
vi

ng
s 

○M
od

er
at

e s
av

in
gs

 
○L

ar
ge

 sa
vi

ng
s 

○V
ar

ies
 

○D
on

't 
kn

ow
 

No
 d

ire
ct

 e
vi

de
nc

e 
of

 th
e 

re
so

ur
ce

s 
re

qu
ire

d 
in

 s
te

m
 c

ell
 tr

an
sp

lan
ta

tio
n 

in
 

pa
tie

nt
s w

ith
 te

nd
in

op
at

hy
 w

as
 id

en
tif

ied
. 

  

Ce
rt

ai
nt

y 
of

 e
vi

de
nc

e 
of

 r
eq

ui
re

d 
re

so
ur

ce
s 

 W
ha

t i
s t

he
 ce

rta
in

ty
 of

 th
e e

vi
de

nc
e o

f r
es

ou
rc

e r
eq

ui
re

m
en

ts 
(c

os
ts)

? 
JU

D
GE

M
EN

T 
RE

SE
AR

CH
 E

VI
D

EN
CE

 
AD

D
IT

IO
N

AL
 

CO
N

SI
D

ER
AT

IO
N

S 

○V
er

y l
ow

 
○L

ow
 

●M
od

er
at

e 
○H

igh
 

○N
o i

nc
lu

de
d s

tu
di

es
 

No
 re

se
ar

ch
 ev

id
en

ce
 w

as
 id

en
tif

ied
. 

Th
e G

DG
 m

em
be

rs
 w

er
e f

air
ly 

ce
rta

in
 th

at
 st

em
 ce

ll t
he

ra
py

 
re

qu
ire

s l
ar

ge
 re

so
ur

ce
s. 

 



 
 

Ev
id

en
ce

-b
as

ed
 G

ui
de

lin
es

 fo
r t

he
 us

e o
f s

te
m

 ce
ll t

he
ra

py
: O

rth
op

ed
ic 

co
nd

iti
on

s (
Su

pp
lem

en
t) 

Pa
ge

 18
5 

 Co
st

 e
ffe

ct
iv

en
es

s 
 Do

es
 th

e c
os

t-e
ffe

ct
iv

en
es

s o
f t

he
 in

te
rv

en
tio

n f
av

or
 th

e i
nt

er
ve

nt
io

n o
r t

he
 co

m
pa

ris
on

? 
JU

D
GE

M
EN

T 
RE

SE
AR

CH
 E

VI
D

EN
CE

 
AD

D
IT

IO
N

AL
 

CO
N

SI
D

ER
AT

IO
N

S 

○F
av

or
s t

he
 

co
m

pa
ris

on
 

●P
ro

ba
bl

y f
av

or
s t

he
 

co
m

pa
ris

on
 

○D
oe

s n
ot

 fa
vo

r e
ith

er
 

th
e i

nt
er

ve
nt

io
n o

r t
he

 
co

m
pa

ris
on

 
○P

ro
ba

bl
y f

av
or

s t
he

 
in

te
rv

en
tio

n 
○F

av
or

s t
he

 
in

te
rv

en
tio

n 
○V

ar
ies

 
○N

o i
nc

lu
de

d s
tu

di
es

 

No
 re

se
ar

ch
 ev

id
en

ce
 w

as
 id

en
tif

ied
. 

Th
e 

in
te

rv
en

tio
n 

wa
s 

no
t f

ou
nd

 
to

 b
e 

ef
fe

ct
iv

e 
an

d 
he

nc
e 

th
e 

co
m

m
itt

ee
 d

ef
er

re
d 

to
 c

om
m

en
t 

on
 co

st 
ef

fe
ct

ive
ne

ss
. 

Eq
ui

ty
 

 W
ha

t w
ou

ld
 be

 th
e i

m
pa

ct 
on

 he
alt

h e
qu

ity
? 

JU
D

GE
M

EN
T 

RE
SE

AR
CH

 E
VI

D
EN

CE
 

AD
D

IT
IO

N
AL

 
CO

N
SI

D
ER

AT
IO

N
S 

○R
ed

uc
ed

 
●P

ro
ba

bl
y r

ed
uc

ed
 

○P
ro

ba
bl

y n
o i

m
pa

ct 
○P

ro
ba

bl
y i

nc
re

as
ed

 
○I

nc
re

as
ed

 
○V

ar
ies

 
○D

on
't 

kn
ow

 

No
 re

se
ar

ch
 ev

id
en

ce
 w

as
 id

en
tif

ied
. 

As
 

ste
m

 
ce

ll 
th

er
ap

y 
is 

an
 

ex
pe

ns
iv

e t
re

at
m

en
t o

ffe
re

d 
on

ly 
at

 t
er

tia
ry

 c
ar

e 
ce

nt
er

s, 
it 

is 
lik

ely
 t

o 
in

cr
ea

se
 in

eq
ui

ty
 a

s 
it 

wo
ul

d n
ot

 be
 af

fo
rd

ab
le 

by
 al

l. 
 

Ac
ce

pt
ab

ili
ty

 



 
 

Ev
id

en
ce

-b
as

ed
 G

ui
de

lin
es

 fo
r t

he
 us

e o
f s

te
m

 ce
ll t

he
ra

py
: O

rth
op

ed
ic 

co
nd

iti
on

s (
Su

pp
lem

en
t) 

Pa
ge

 18
6 

  Is 
th

e i
nt

er
ve

nt
io

n a
cc

ep
ta

bl
e t

o k
ey

 st
ak

eh
ol

de
rs

? 
JU

D
GE

M
EN

T 
RE

SE
AR

CH
 E

VI
D

EN
CE

 
AD

D
IT

IO
N

AL
 

CO
N

SI
D

ER
AT

IO
N

S 

○N
o 

○P
ro

ba
bl

y n
o 

●P
ro

ba
bl

y y
es

 
○Y

es
 

○V
ar

ies
 

○D
on

't 
kn

ow
 

De
sp

ite
 un

ce
rta

in
ty

 re
ga

rd
in

g t
he

 m
ed

ica
l r

isk
s a

nd
 be

ne
fit

s a
ss

oc
iat

ed
 w

ith
 

ste
m

 ce
ll i

nj
ec

tio
ns

, p
at

ien
ts 

wi
th

 te
nd

in
op

at
hy

 ha
ve

 ve
ry

 hi
gh

 ex
pe

cta
tio

ns
 

fro
m

 st
em

 ce
ll t

he
ra

py
.7 

  

Fe
as

ib
ili

ty
 

 Is 
th

e i
nt

er
ve

nt
io

n f
ea

sib
le 

to
 im

pl
em

en
t? 

JU
D

GE
M

EN
T 

RE
SE

AR
CH

 E
VI

D
EN

CE
 

AD
D

IT
IO

N
AL

 
CO

N
SI

D
ER

AT
IO

N
S 

○N
o 

○P
ro

ba
bl

y n
o 

●P
ro

ba
bl

y y
es

 
○Y

es
 

○V
ar

ies
 

○D
on

't 
kn

ow
 

No
 r

es
ea

rc
h 

ev
id

en
ce

 w
as

 i
de

nt
ifi

ed
. 

St
em

 C
ell

 t
ra

ns
pl

an
ta

tio
n 

ca
n 

be
 

pe
rfo

rm
ed

 o
nl

y 
in

 t
er

tia
ry

 c
ar

e 
ce

nt
er

s 
so

 f
ea

sib
ili

ty
 in

 le
ss

er
 e

qu
ip

pe
d 

ho
sp

ita
ls 

an
d c

lin
ics

 is
 no

t p
os

sib
le.

 

Fe
as

ib
le 

to
 im

pl
em

en
t i

n t
er

tia
ry

 
ce

nt
re

s. 
 

 SU
M

M
AR

Y 
O

F 
JU

D
GE

M
EN

TS
 

 
JU

D
GE

M
EN

T 

PR
O

BL
EM

 
No

 
Pr

ob
ab

ly 
no

 
Pr

ob
ab

ly 
ye

s 
Ye

s 
 

Va
rie

s 
Do

n'
t k

no
w 

D
ES

IR
AB

LE
 

EF
FE

CT
S 

Tr
iv

ia
l 

Sm
all

 
M

od
er

at
e 

La
rg

e 
 

Va
rie

s 
Do

n'
t k

no
w 

U
ND

ES
IR

AB
LE

 
Tr

iv
ia

l 
Sm

all
 

M
od

er
at

e 
La

rg
e 

 
Va

rie
s 

Do
n'

t k
no

w 



 
 

Ev
id

en
ce

-b
as

ed
 G

ui
de

lin
es

 fo
r t

he
 us

e o
f s

te
m

 ce
ll t

he
ra

py
: O

rth
op

ed
ic 

co
nd

iti
on

s (
Su

pp
lem

en
t) 

Pa
ge

 18
7 

 

 
JU

D
GE

M
EN

T 

EF
FE

CT
S 

CE
RT

AI
NT

Y 
O

F 
EV

ID
EN

CE
 

Ve
ry

 lo
w

 
Lo

w 
M

od
er

at
e 

Hi
gh

 
 

 
No

 in
clu

de
d 

stu
di

es
 

VA
LU

ES
 

Im
po

rta
nt

 
un

ce
rta

in
ty

 or
 

va
ria

bi
lit

y 

Po
ss

ib
ly 

im
po

rta
nt

 
un

ce
rta

in
ty

 or
 

va
ria

bi
lit

y 

Pr
ob

ab
ly

 n
o 

im
po

rt
an

t 
un

ce
rt

ai
nt

y 
or

 
va

ri
ab

ili
ty

 

No
 im

po
rta

nt
 

un
ce

rta
in

ty
 

or
 va

ria
bi

lit
y 

 
 

 

BA
LA

N
CE

 O
F 

EF
FE

CT
S 

Fa
vo

rs
 th

e 
co

m
pa

ris
on

 
Pr

ob
ab

ly 
fa

vo
rs

 th
e 

co
m

pa
ris

on
 

D
oe

s 
no

t f
av

or
 

ei
th

er
 th

e 
in

te
rv

en
ti

on
 o

r 
th

e 
co

m
pa

ri
so

n 

Pr
ob

ab
ly 

fa
vo

rs
 th

e 
in

te
rv

en
tio

n 
Fa

vo
rs

 th
e 

in
te

rv
en

tio
n 

Va
rie

s 
Do

n'
t k

no
w 

RE
SO

U
RC

ES
 

RE
Q

U
IR

ED
 

La
rg

e 
co

st
s 

M
od

er
at

e 
co

sts
 

Ne
gli

gib
le 

co
sts

 
an

d s
av

in
gs

 
M

od
er

at
e 

sa
vi

ng
s 

La
rg

e s
av

in
gs

 
Va

rie
s 

Do
n'

t k
no

w 

CE
RT

AI
NT

Y 
O

F 
EV

ID
EN

CE
 O

F 
RE

Q
U

IR
ED

 
RE

SO
U

RC
ES

 

Ve
ry

 lo
w 

Lo
w 

M
od

er
at

e 
Hi

gh
 

 
 

No
 in

clu
de

d 
stu

di
es

 

CO
ST

 
EF

FE
CT

IV
EN

ES
S 

Fa
vo

rs
 th

e 
co

m
pa

ris
on

 
Pr

ob
ab

ly
 

fa
vo

rs
 th

e 
co

m
pa

ri
so

n 

Do
es

 no
t f

av
or

 
eit

he
r t

he
 

in
te

rv
en

tio
n o

r 
th

e c
om

pa
ris

on
 

Pr
ob

ab
ly 

fa
vo

rs
 th

e 
in

te
rv

en
tio

n 
Fa

vo
rs

 th
e 

in
te

rv
en

tio
n 

Va
rie

s 
No

 in
clu

de
d 

stu
di

es
 

EQ
UI

TY
 

Re
du

ce
d 

Pr
ob

ab
ly

 
re

du
ce

d 
Pr

ob
ab

ly 
no

 
im

pa
ct 

Pr
ob

ab
ly 

in
cr

ea
se

d 
In

cr
ea

se
d 

Va
rie

s 
Do

n'
t k

no
w 

AC
CE

PT
AB

IL
IT

Y 
No

 
Pr

ob
ab

ly 
no

 
Pr

ob
ab

ly
 y

es
 

Ye
s 

 
Va

rie
s 

Do
n'

t k
no

w 
FE

AS
IB

IL
IT

Y 
No

 
Pr

ob
ab

ly 
no

 
Pr

ob
ab

ly
 y

es
 

Ye
s 

 
Va

rie
s 

Do
n'

t k
no

w 

  



 
 

Ev
id

en
ce

-b
as

ed
 G

ui
de

lin
es

 fo
r t

he
 us

e o
f s

te
m

 ce
ll t

he
ra

py
: O

rth
op

ed
ic 

co
nd

iti
on

s (
Su

pp
lem

en
t) 

Pa
ge

 18
8 

 TY
PE

 O
F 

RE
CO

M
M

EN
D

AT
IO

N
 

St
ro

ng
 

re
co

m
m

en
da

tio
n 

ag
ain

st 
th

e 
in

te
rv

en
tio

n 

Co
nd

iti
on

al 
re

co
m

m
en

da
tio

n 
ag

ain
st 

th
e 

in
te

rv
en

tio
n 

U
se

 o
nl

y 
in

 th
e 

co
nt

ex
t o

f r
ig

or
ou

sl
y 

co
nd

uc
te

d 
RC

Ts
 

Co
nd

iti
on

al 
re

co
m

m
en

da
tio

n f
or

 
eit

he
r t

he
 in

te
rv

en
tio

n 
or

 th
e c

om
pa

ris
on

 

Co
nd

iti
on

al 
re

co
m

m
en

da
tio

n f
or

 
th

e i
nt

er
ve

nt
io

n 

St
ro

ng
 

re
co

m
m

en
da

tio
n f

or
 

th
e i

nt
er

ve
nt

io
n 

○ 
○ 

● 
○ 

○ 
○ 

 CO
N

CL
U

SI
O

N
S 

Re
co

m
m

en
da

ti
on

 

St
em

 c
ell

 th
er

ap
y 

is 
no

t 
re

co
m

m
en

de
d 

in
 ro

ut
in

e 
pr

ac
tic

e 
fo

r t
he

 tr
ea

tm
en

t o
f t

en
di

no
pa

th
y. 

It 
m

ay
 b

e 
us

ed
 o

nl
y 

in
 th

e 
co

nt
ex

t o
f 

rig
or

ou
sly

 co
nd

uc
te

d r
an

do
m

ize
d c

on
tro

lle
d t

ria
ls.

 
 Ju

st
ifi

ca
tio

n 
Th

is 
re

co
m

m
en

da
tio

n 
ha

s b
ee

n 
m

ad
e a

s t
he

re
 is

 ve
ry

 lo
w 

ce
rta

in
ty

 ev
id

en
ce

 o
f t

riv
ial

 re
du

cti
on

 in
 p

ain
 an

d 
no

 im
pr

ov
em

en
t i

n 
fu

nc
tio

n. 
Th

er
e i

s l
itt

le 
or

 n
o d

iff
er

en
ce

 in
 u

nd
es

ira
bl

e e
ffe

cts
 b

et
we

en
 st

em
 ce

ll 
th

er
ap

y a
nd

 u
su

al 
ca

re
. I

n 
ad

di
tio

n, 
th

e f
ol

lo
w

 u
p 

pe
rio

d 
is 

lim
ite

d 
to

 co
m

m
en

t o
n 

th
e l

on
g-

te
rm

 sa
fe

ty
 o

f s
te

m
 ce

ll 
th

er
ap

y. 
Re

su
lts

 sh
ou

ld
 b

e i
nt

er
pr

et
ed

 w
ith

 ca
ut

io
n, 

in
 vi

ew
 o

f v
ar

io
us

 st
ud

y l
im

ita
tio

ns
 

lik
e s

m
all

 nu
m

be
r o

f p
ar

tic
ip

an
ts 

an
d/

or
 ev

en
ts,

 ri
sk

 of
 bi

as
 an

d d
iff

er
en

t s
ou

rc
es

 of
 st

em
 ce

ll u
se

d. 
  

vi
. 

D
at

a 
ex

tr
ac

tio
n:

 
 

D
at

a 
ex

tr
ac

tio
n 

m
et

ho
d 

 
 Th

re
e 

re
vi

ew
er

s 
in

de
pe

nd
en

tly
 a

ss
es

se
d 

th
e 

ar
tic

les
 fo

r 
po

ss
ib

le 
in

clu
sio

n 
in

 th
is 

sy
ste

m
at

ic 
re

vie
w.

 A
ny

 d
isa

gr
ee

m
en

t b
et

we
en

 th
e 

re
vi

ew
er

s 
wa

s 
re

so
lve

d 
in

 c
on

se
ns

us
 b

y 
m

ut
ua

l d
isc

us
sio

n 
or

 in
 c

on
su

lta
tio

n 
wi

th
 th

e 
fo

ur
th

 r
ev

iew
er

. D
at

a 
fo

r 
tri

al 
de

sig
n, 

stu
dy

 
po

pu
lat

io
n, 

in
te

rv
en

tio
n 

de
ta

ils
 li

ke
 th

e 
to

ta
l n

um
be

r 
of

 in
te

rv
en

tio
n 

gr
ou

ps
 a

nd
 c

om
pa

ris
on

s 
m

ad
e, 

nu
m

be
r 

of
 p

ar
tic

ip
an

ts 
in

 e
ac

h 
in

te
rv

en
tio

n 
gr

ou
p, 

an
d 

ou
tc

om
e 

an
d 

tim
e 

po
in

ts 
of

 m
ea

su
re

m
en

t w
er

e 
co

lle
ct

ed
 in

 p
re

sp
ec

ifi
ed

 fo
rm

at
 b

y 
tw

o 
in

de
pe

nd
en

t r
ev

iew
er

s 
an

d 
di

sa
gr

ee
m

en
t 

we
re

 r
es

ol
ve

d 
in

 c
on

su
lta

tio
n 

wi
th

 a
 t

hi
rd

 r
ev

iew
er

. D
at

a 
we

re
 u

su
all

y 
pr

es
en

t 
as

 p
re

-in
te

rv
en

tio
n 

an
d 

po
st-

in
te

rv
en

tio
n 

va
lu

es
; t

hu
s, 

po
st-

in
te

rv
en

tio
n 

va
lu

es
 w

er
e 

ex
tra

cte
d 

fo
r a

na
lys

is 
of

 c
on

tin
uo

us
 o

ut
co

m
e 

m
ea

su
re

s. 
In

 fe
w 

ca
se

s, 
ch

an
ge

 
sc

or
es

 w
ith

 9
5%

 C
I w

er
e 

m
en

tio
ne

d 
by

 t
he

 a
ut

ho
rs

 o
f i

nd
ivi

du
al 

stu
dy

, a
nd

 fo
r 

th
os

e 
stu

di
es

 c
ha

ng
e 

sc
or

es
 w

er
e 

in
clu

de
d. 

Da
ta

 



 
 

Ev
id

en
ce

-b
as

ed
 G

ui
de

lin
es

 fo
r t

he
 us

e o
f s

te
m

 ce
ll t

he
ra

py
: O

rth
op

ed
ic 

co
nd

iti
on

s (
Su

pp
lem

en
t) 

Pa
ge

 18
9 

 re
pr

es
en

te
d 

in
 th

e p
lo

ts 
we

re
 in

te
rp

re
te

d 
us

in
g W

eb
Pl

ot
Di

git
ize

r. 
W

hi
le 

ex
tra

ct
in

g d
at

a f
or

 V
AS

, t
he

 m
ea

n 
an

d 
sta

nd
ar

d 
de

via
tio

n 
we

re
 

di
vi

de
d b

y 1
0 f

or
 th

e s
tu

dy
 by

 R
an

de
lli

 et
 al

 to
 co

nv
er

t t
he

 V
AS

 to
 a 

0-
10

 sc
ale

. 
 Ri

sk
 o

f b
ia

s 
as

se
ss

m
en

t 
Th

re
e r

ev
iew

er
s a

ss
es

se
d 

th
e r

isk
 o

f b
ias

 of
 ea

ch
 tr

ial
 in

 ac
co

rd
an

ce
 w

ith
 th

e R
isk

 o
f B

ias
 2

 (R
oB

) t
oo

l i
n 

th
e d

om
ain

s o
f b

ias
 ar

isi
ng

 fr
om

 
th

e r
an

do
m

iza
tio

n 
pr

oc
es

s, 
de

via
tio

ns
 fr

om
 in

te
nd

ed
 in

te
rv

en
tio

ns
, m

iss
in

g o
ut

co
m

e d
at

a, 
m

ea
su

re
m

en
t o

f t
he

 ou
tc

om
e, 

an
d 

se
le

cti
on

 of
 

th
e r

ep
or

te
d 

re
su

lt 
as

 o
ut

lin
ed

 in
 C

oc
hr

an
e H

an
db

oo
k f

or
 Sy

ste
m

at
ic 

Re
vie

ws
 o

f I
nt

er
ve

nt
io

ns
. T

he
 ri

sk
 of

 b
ias

 fo
r t

he
 in

di
vi

du
al 

do
m

ain
 

of
 ea

ch
 st

ud
y w

as
 ca

te
go

riz
ed

 in
to

 lo
w,

 so
m

e c
on

ce
rn

s, 
or

 h
igh

 b
as

ed
 on

 th
e s

ign
all

in
g q

ue
sti

on
s f

or
 ea

ch
 d

om
ain

. T
he

 ov
er

all
 ri

sk
 of

 b
ias

 
wa

s d
et

er
m

in
ed

 ba
se

d 
on

 th
e r

isk
 of

 bi
as

 fr
om

 in
di

vi
du

al 
do

m
ain

s. 
If 

an
 ag

re
em

en
t c

ou
ld

 n
ot

 be
 m

ad
e o

pi
ni

on
 fr

om
 a 

fo
ur

th
 re

vie
we

r w
as

 
so

ug
ht

. 
 M

ea
su

re
m

en
t o

f t
re

at
m

en
t e

ffe
ct

  
Th

e 
pr

im
ar

y 
ou

tco
m

e 
m

ea
su

re
 fo

r t
he

 s
tu

dy
 w

as
 th

e 
po

ol
ed

 m
ea

n 
di

ffe
re

nc
e 

of
 c

ha
ng

e 
in

 s
ev

er
ity

 o
f p

ain
 b

et
we

en
 in

te
rv

en
tio

n 
an

d 
co

m
pa

ra
to

r g
ro

up
s 

as
 d

et
er

m
in

ed
 b

y 
a 

ch
an

ge
 in

 th
e 

vis
ua

l a
na

lo
g 

sc
ale

 fo
r p

ain
 ra

te
d 

on
 a

 sc
ale

 o
f 1

-1
0. 

W
e 

in
te

nd
ed

 to
 re

po
rt 

th
e 

ov
er

all
 ef

fe
ct

 es
tim

at
e f

or
 ad

ve
rs

e e
ffe

cts
 as

 an
 od

d’s
 ra

tio
. W

e i
nt

en
de

d 
to

 p
re

se
nt

 p
oo

led
 m

ea
n 

di
ffe

re
nc

es
 fo

r o
th

er
 se

co
nd

ar
y o

ut
co

m
e 

m
ea

su
re

s l
ik

e A
SE

S, 
VI

SA
 an

d C
on

sta
nt

 sc
or

e. 
 As

se
ss

m
en

t o
f h

et
er

og
en

ei
ty

 
Cl

in
ica

l h
et

er
og

en
eit

y 
wa

s c
lin

ica
lly

 as
se

ss
ed

 b
y 

co
m

pa
rin

g i
m

po
rta

nt
 p

ar
tic

ip
an

t a
nd

 in
te

rv
en

tio
n 

fa
ct

or
s. 

St
at

ist
ica

l h
et

er
og

en
eit

y 
wa

s 
ev

alu
at

ed
 u

sin
g 

Ch
i a

nd
 I 

va
lu

es
. F

or
 v

alu
e 

of
 I 

wa
s l

es
s t

ha
n 

50
%

, a
 fi

xe
d 

ef
fe

ct
 m

od
el 

wa
s u

se
d. 

By
 re

vi
ew

in
g 

th
e 

PI
CO

 o
f e

ac
h 

st
ud

y, 
ca

us
e 

of
 h

et
er

og
en

eit
y 

wa
s e

xa
m

in
ed

 if
 v

alu
e 

of
 I 

wa
s m

or
e 

th
an

 5
0%

. I
f t

he
 h

et
er

og
en

eit
y 

co
ul

d 
be

 ex
pl

ain
ed

 b
y 

th
e 

di
ffe

re
nc

es
 in

 th
e 

PI
CO

, s
ub

gr
ou

p 
an

aly
se

s (
by

 g
ro

up
s b

as
ed

 o
n 

th
e 

di
ffe

re
nt

 p
op

ul
at

io
ns

/in
te

rv
en

tio
ns

/o
ut

co
m

es
) w

ou
ld

 b
e 

do
ne

 a
nd

 re
su

lts
 w

ou
ld

 b
e 

pr
ov

id
ed

 fo
r t

he
 sa

m
e. 

Ho
we

ve
r, 

if 
th

er
e w

er
e n

o c
rit

ica
l d

iff
er

en
ce

s i
n 

th
e P

IC
O,

 th
e r

an
do

m
-e

ffe
cts

 m
od

el 
wa

s u
se

d 
to

 p
oo

l t
he

 re
su

lts
 of

 
all

 th
e 

in
clu

de
d 

stu
di

es
. M

et
a-

re
gr

es
sio

n 
wa

s 
pl

an
ne

d 
fo

r 
th

e 
pr

im
ar

y 
ou

tc
om

e 
m

ea
su

re
 w

ith
 d

ur
at

io
n 

of
 th

e 
stu

dy
 a

s 
th

e 
pr

ed
ict

or
 

va
ria

bl
e. 

 As
se

ss
m

en
t o

f r
ep

or
tin

g 
bi

as
 

Re
po

rti
ng

 bi
as

 w
as

 ev
alu

at
ed

 us
in

g t
he

 R
oB

2 
to

ol
 by

 th
e C

oc
hr

an
e C

ol
lab

or
at

io
n. 

W
e i

nt
en

de
d t

o e
va

lu
at

e t
he

 ou
tco

m
e u

sin
g t

he
 O

ut
co

m
e 

Re
po

rti
ng

 B
ias

 in
 T

ria
ls 

(O
RB

IT
) c

las
sif

ica
tio

n 
if 

an
y 

re
po

rti
ng

 b
ias

 w
as

 su
sp

ec
te

d 
in

 a
ny

 tr
ial

. P
ub

lic
at

io
n 

bi
as

 w
as

 a
ss

es
se

d 
us

in
g 

th
e 

sy
m

m
et

ry
 of

 th
e f

un
ne

l p
lo

t a
s w

ell
 as

 E
gg

er
’s 

re
gr

es
sio

n. 
   



 
 

Ev
id

en
ce

-b
as

ed
 G

ui
de

lin
es

 fo
r t

he
 us

e o
f s

te
m

 ce
ll t

he
ra

py
: O

rth
op

ed
ic 

co
nd

iti
on

s (
Su

pp
lem

en
t) 

Pa
ge

 19
0 

 D
at

a 
sy

nt
he

si
s 

A 
ra

nd
om

 ef
fe

ct
 m

et
a-

an
aly

sis
 w

as
 us

ed
 to

 sy
nt

he
siz

e d
at

a f
or

 th
e p

rim
ar

y o
ut

co
m

e m
ea

su
re

 of
 ch

an
ge

 in
 V

AS
 sc

or
e f

or
 pa

in
. W

e i
nt

en
de

d 
to

 p
er

fo
rm

 su
bg

ro
up

 a
na

lys
is 

fo
r t

he
 ty

pe
 o

f t
en

di
no

pa
th

y 
(w

eig
ht

-b
ea

rin
g 

or
 n

on
-w

eig
ht

-b
ea

rin
g)

, t
yp

e 
of

 st
em

 ce
ll 

us
ed

, a
nd

 ty
pe

 o
f 

co
m

pa
ra

to
r u

se
d 

in
 th

e i
nc

lu
de

d 
RC

Ts
. M

et
a p

ac
ka

ge
 in

 R
 st

ud
io

 in
te

gr
at

ed
 d

ev
elo

pm
en

t e
nv

iro
nm

en
t u

sin
g R

 ve
rs

io
n 

4.2
.3 

wa
s a

va
ile

d 
fo

r s
yn

th
es

izi
ng

 da
ta

 in
 th

is 
m

et
a-

an
aly

sis
. 

 Su
m

m
ar

y 
of

 fi
nd

in
gs

 a
nd

 q
ua

lit
y 

of
 e

vi
de

nc
e 

Us
in

g 
th

e 
GR

AD
E 

cr
ite

ria
 fo

r r
es

ea
rc

h 
lim

ita
tio

ns
, c

on
sis

te
nc

y 
of

 e
ffe

ct
, im

pr
ec

isi
on

, i
nd

ire
ct

ne
ss

, a
nd

 p
ub

lic
at

io
n 

bi
as

, w
e 

as
se

ss
ed

 th
e 

qu
ali

ty
 o

f t
he

 e
vi

de
nc

e. 
Th

e 
ev

id
en

ce
 w

as
 d

ow
ng

ra
de

d 
by

 o
ne

 le
ve

l i
f w

e 
th

ou
gh

t t
he

 li
m

ita
tio

n 
wa

s 
se

rio
us

, a
nd

 b
y 

tw
o 

lev
els

 if
 w

e 
th

ou
gh

t i
t w

as
 e

xt
re

m
ely

 se
rio

us
. W

he
n 

a 
do

se
-re

sp
on

se
 e

ffe
ct

 o
r a

 si
gn

ifi
ca

nt
 tr

ea
tm

en
t i

m
pa

ct
 is

 sh
ow

n 
wi

th
ou

t a
ny

 cl
ea

r b
ias

es
 th

e 
ev

id
en

ce
 co

ul
d a

lso
 be

 up
gr

ad
ed

 un
de

r t
he

 G
RA

DE
 m

et
ho

d. 
  D

at
a 

ex
tr

ac
tio

n 
Sh

ee
t: 

 St
ud

y 
Ch

un
 et

 al
. 2

02
21

 
St

ud
y 

ty
pe

: 
Ra

nd
om

ize
d p

lac
eb

o-
co

nt
ro

lle
d t

ria
l 

N
um

be
r 

of
 p

ar
ti

ci
pa

nt
s:

 
23

 
Co

un
tr

ie
s 

an
d 

se
tt

in
g:

 
Re

pu
bl

ic 
of

 K
or

ea
 (S

eo
ul

 N
at

io
na

l U
ni

ve
rs

ity
 H

os
pi

ta
l) 

D
ur

at
io

n 
of

 s
tu

dy
 F

ol
lo

w
 u

p 
(p

os
t 

in
te

rv
en

ti
on

):
 

24
 m

on
th

s 

M
et

ho
d 

of
 a

ss
es

sm
en

t o
f d

is
ea

se
 

co
nd

it
io

n:
 

Hi
sto

ry
 of

 sh
ou

ld
er

 pa
in

, e
xa

m
in

in
g t

he
 ra

ng
e o

f m
ot

io
n o

f t
he

 sh
ou

ld
er

, p
er

fo
rm

in
g e

m
pt

y c
an

 
te

sts
. 

Ul
tra

so
no

gr
ap

hi
c f

in
di

ng
s a

nd
 su

bs
eq

ue
nt

 m
ag

ne
tic

 re
so

na
nc

e i
m

ag
in

g (
M

RI
). 

Su
bg

ro
up

 a
na

ly
si

s 
w

it
hi

n 
st

ud
y 

No
ne

 



 
 

Ev
id

en
ce

-b
as

ed
 G

ui
de

lin
es

 fo
r t

he
 us

e o
f s

te
m

 ce
ll t

he
ra

py
: O

rth
op

ed
ic 

co
nd

iti
on

s (
Su

pp
lem

en
t) 

Pa
ge

 19
1 

 In
cl

us
io

n 
cr

it
er

ia
: 

• 
18

 ye
ar

s o
f a

ge
 

• 
Pe

rs
ist

en
t s

ho
ul

de
r p

ain
 la

sti
ng

 m
or

e t
ha

n 3
 m

on
th

s d
es

pi
te

 co
ns

er
va

tiv
e t

re
at

m
en

t, w
ith

 
cli

ni
ca

l f
in

di
ng

s c
om

pa
tib

le 
wi

th
 pa

rti
al 

te
ar

 of
 th

e s
up

ra
sp

in
at

us
 te

nd
on

. 
• 

Po
sit

iv
e e

m
pt

y c
an

 te
sts

, 
• 

De
cr

ea
se

d e
lev

at
io

n/
in

te
rn

al 
ro

ta
tio

n o
f t

he
 ar

m
 w

ith
 pr

es
er

ve
d e

xt
er

na
l r

ot
at

io
n i

n 
ph

ys
ica

l e
xa

m
in

at
io

ns
 

• 
Hy

po
ec

ho
ic 

les
io

ns
 in

 th
e s

up
ra

sp
in

at
us

 te
nd

on
 no

t i
nv

ol
vi

ng
 th

e f
ul

l t
hi

ck
ne

ss
 of

 th
e 

te
nd

on
 in

 th
e u

ltr
as

on
og

ra
ph

ic 
ex

am
in

at
io

n l
at

er
 ve

rif
ied

 by
 M

RI
. 

Ex
cl

us
io

n 
cr

it
er

ia
: 

• 
St

er
oi

d i
nj

ec
tio

n w
ith

in
 6 

we
ek

s b
ef

or
e i

ni
tia

l e
va

lu
at

io
n 

Li
m

ite
d 

ra
ng

e 
of

 m
ot

io
n 

in
 m

ul
tip

le 
di

re
ct

io
ns

, i
nc

lu
di

ng
 e

xt
er

na
l r

ot
at

io
n 

to
 r

ul
e 

ou
t 

ad
he

siv
e 

ca
ps

ul
iti

s; 
fu

ll-
th

ick
ne

ss
 

te
ar

s 
of

 
th

e 
su

pr
as

pi
na

tu
s 

te
nd

on
; 

sy
m

pt
om

at
ic 

ca
lci

fic
at

io
n 

of
 th

e 
te

nd
on

; a
rth

rit
is;

 n
eu

ro
ge

ni
c 

at
ro

ph
y 

ar
ou

nd
 th

e 
sh

ou
ld

er
; a

 h
ist

or
y 

of
 

pr
ox

im
al 

hu
m

er
al 

fra
ct

ur
e; 

or
 in

fe
ct

io
us

 d
ise

as
es

 o
f t

he
 a

ffe
ct

ed
 s

ho
ul

de
r; 

Sy
m

pt
om

at
ic 

bi
lat

er
al 

ro
ta

to
r c

uf
f t

ea
rs

, g
en

er
ali

ze
d 

pa
in

 s
yn

dr
om

e, 
Ip

sil
at

er
al 

ra
di

cu
lo

pa
th

y, 
sy

ste
m

ic 
in

fla
m

m
at

or
y d

ise
as

es
, n

eu
ro

lo
gic

al 
co

nd
iti

on
s t

ha
t m

ay
 af

fe
ct

 th
e a

ss
es

sm
en

t. 
• 

Bo
vi

ne
-d

er
iv

ed
 pr

ot
ein

 al
ler

gy
 

• 
Co

nt
ra

in
di

ca
tio

ns
 to

 M
RI

. 
Re

cr
ui

tm
en

t/
se

le
ct

io
n 

of
 p

at
ie

nt
s:

 
Tw

en
ty

-si
x 

ca
nd

id
at

es
 w

er
e 

eli
gib

le 
to

 p
ar

tic
ip

at
e 

af
te

r 
th

e 
sc

re
en

in
g. 

On
e 

de
cli

ne
d 

to
 

pa
rti

cip
at

e, 
an

d 
an

ot
he

r 
ha

d 
in

co
m

pa
tib

le 
M

RI
 fi

nd
in

gs
. T

he
 r

em
ain

in
g 

24
 p

ar
tic

ip
an

ts 
we

re
 

all
oc

at
ed

 to
 th

e 
th

re
e 

gr
ou

ps
. O

ne
 p

at
ien

t i
n 

th
e 

ste
m

 c
ell

 g
ro

up
 w

ith
dr

ew
 a

fte
r 

th
e 

en
tir

e 
in

jec
tio

n 
pr

oc
ed

ur
e 

wa
s 

pr
ep

ar
ed

, r
igh

t b
ef

or
e 

th
e 

in
te

rv
en

tio
n. 

At
 th

e 
en

d 
of

 th
e 

stu
dy

, 2
3 

pa
tie

nt
s w

er
e i

nc
lu

de
d i

n t
he

 an
aly

se
s. 



 
 

Ev
id

en
ce

-b
as

ed
 G

ui
de

lin
es

 fo
r t

he
 us

e o
f s

te
m

 ce
ll t

he
ra

py
: O

rth
op

ed
ic 

co
nd

iti
on

s (
Su

pp
lem

en
t) 

Pa
ge

 19
2 

 In
te

rv
en

ti
on

: T
yp

e 
of

 s
te

m
 c

el
ls

 w
it

h 
m

et
ho

d 
of

 th
ei

r 
ch

ar
ac

te
ri

za
ti

on
, 

Ro
ut

e 
of

 a
dm

in
is

tr
at

io
n,

 D
os

e 

Th
e 

in
te

rv
en

tio
n 

gr
ou

p 
re

ce
ive

d 
co

m
m

er
cia

l 
all

og
en

ic 
ad

ip
os

e 
tis

su
e-

de
riv

ed
 a

du
lt 

M
SC

 
(A

nt
er

og
en

, S
eo

ul
) 

wi
th

 f
ib

rin
 g

lu
e 

as
 s

ca
ffo

ld
. A

ll 
pa

rti
cip

an
ts 

re
ce

iv
ed

 a
n 

in
tra

-le
sio

na
l 

in
jec

tio
n g

ui
de

d b
y u

ltr
as

on
og

ra
ph

y. 
Th

e 
m

an
uf

ac
tu

re
d 

ste
m

 c
ell

s 
we

re
 c

ha
ra

ct
er

ize
d 

by
 th

eir
 c

lu
ste

r 
of

 d
iff

er
en

tia
tio

n 
(C

D)
 c

ell
 

su
rfa

ce
 m

ar
ke

rs
. T

he
y 

ex
pr

es
se

d 
str

om
al 

ce
ll-

as
so

cia
te

d 
m

ar
ke

rs
 (C

D1
0, 

CD
13

, C
D2

9, 
an

d 
CD

 
90

), 
bu

t w
er

e n
eg

at
iv

e f
or

 he
m

at
op

oi
et

ic/
bo

ne
 m

ar
ro

w-
de

riv
ed

 st
em

 ce
ll m

ar
ke

rs
 (C

D3
4, 

CD
45

, 
an

d 
St

ro
-1

). 
As

se
ss

m
en

ts 
of

 c
ell

 a
pp

ea
ra

nc
e, 

via
bi

lit
y, 

id
en

tif
ica

tio
n, 

pu
rit

y, 
co

nt
en

t, 
an

d 
po

te
nc

y 
sh

ow
ed

 t
ha

t 
th

e 
ce

lls
 c

om
po

se
d 

th
e 

lo
t 

re
lea

se
 t

es
tin

g. 
Th

e 
m

in
im

um
 c

rit
er

ia 
fo

r 
re

lea
se

 w
er

e 
as

 fo
llo

ws
: 8

0%
 v

iab
ili

ty
 a

nd
 le

ss
 th

an
 1

%
 o

f c
ell

s e
xp

re
ss

in
g 

CD
45

. P
ot

en
cy

 a
nd

 
ge

no
m

ic 
sta

bi
lit

y w
er

e a
ss

es
se

d b
y v

iab
le 

ce
ll c

ou
nt

in
g a

nd
 ka

ry
ot

yp
in

g. 
O

ut
co

m
es

 r
ep

or
te

d 
w

ith
 ti

m
e 

po
in

ts
 

• 
VA

S (
Ba

se
lin

e, 
6 w

ee
ks

, 1
2 w

ee
ks

, 6
, 1

2 a
nd

 24
 m

on
th

s)
 

• 
AS

ES
 (B

as
eli

ne
, 6

 w
ee

ks
, 1

2 w
ee

ks
, 6

, 1
2 a

nd
 24

 m
on

th
s)

 
• 

M
RI

: t
ea

r s
ize

 (I
m

pr
ov

ed
/N

o c
ha

ng
e)

 [3
 m

on
th

s, 
1 y

ea
r] 

• 
Ad

ve
rs

e e
ve

nt
s (

2 w
ee

ks
, 6

 w
ee

ks
, 1

2 w
ee

ks
, 6

, 1
2 a

nd
 24

 m
on

th
s)

 
Fu

nd
in

g 
M

in
ist

ry
 of

 H
ea

lth
 &

W
elf

ar
e, 

Re
pu

bl
ic 

of
 K

or
ea

 an
d N

at
io

na
l R

es
ea

rc
h F

ou
nd

at
io

n (
Ko

re
an

 
Go

vt
) 

Ro
B2

 A
ss

es
sm

en
t: 

Sp
ec

ify
 

se
pa

ra
te

ly
 fo

r 
ea

ch
 d

om
ai

n 
D1

: S
om

e c
on

ce
rn

s 
D2

: L
ow

 
D3

: L
ow

 
D4

: L
ow

 
D5

: L
ow

 
Ov

er
all

: S
om

e c
on

ce
rn

s 
 St

ud
y 

Ro
da

s e
t a

l. 2
02

12
 

St
ud

y 
ty

pe
: 

Ra
nd

om
ize

d d
ou

bl
e b

lin
d a

ct
iv

e c
on

tro
lle

d t
ria

l 
N

um
be

r 
of

 p
ar

ti
ci

pa
nt

s:
 

20
 

Co
un

tr
ie

s 
an

d 
se

tt
in

g:
 

Sp
ain

 (C
en

tro
 M

ed
ico

 T
ek

no
n H

os
pi

ta
l, B

ar
ce

lo
na

) 
D

ur
at

io
n 

of
 s

tu
dy

 F
ol

lo
w

 u
p 

(p
os

t 
in

te
rv

en
ti

on
):

 
6 m

on
th

s 



 
 

Ev
id

en
ce

-b
as

ed
 G

ui
de

lin
es

 fo
r t

he
 us

e o
f s

te
m

 ce
ll t

he
ra

py
: O

rth
op

ed
ic 

co
nd

iti
on

s (
Su

pp
lem

en
t) 

Pa
ge

 19
3 

 M
et

ho
d 

of
 

as
se

ss
m

en
t 

of
 

di
se

as
e 

co
nd

it
io

n:
 

Th
e 

les
io

n 
wa

s c
on

fir
m

ed
 b

y 
m

ag
ne

tic
 re

so
na

nc
e 

im
ag

in
g 

(M
RI

) o
f t

he
 p

at
ell

ar
 te

nd
on

 in
 T

2-
we

igh
te

d 
gr

ad
ien

t e
ch

o, 
T2

-w
eig

ht
ed

 p
ro

to
n 

de
ns

ity
 fa

t s
at

ur
at

io
n, 

an
d 

T2
-w

eig
ht

ed
 m

ap
pi

ng
 

se
qu

en
ce

s 
Su

bg
ro

up
 a

na
ly

si
s 

w
it

hi
n 

st
ud

y 
No

ne
 

In
cl

us
io

n 
cr

it
er

ia
: 

• 
M

ale
 pa

rti
cip

an
ts 

ag
ed

 be
tw

ee
n 1

8 a
nd

 48
. 

• 
Pa

in
 an

d 
te

nd
er

ne
ss

 at
 th

e a
re

a o
f a

tta
ch

m
en

t o
f t

he
 p

at
ell

ar
 te

nd
on

 on
 th

e l
ow

er
 p

ol
e o

f t
he

 
pa

te
lla

 fo
r 

m
or

e 
th

an
 4

 m
on

th
s, 

wi
th

 n
o 

cli
ni

ca
lly

 r
ele

va
nt

 r
es

po
ns

e 
af

te
r 

co
ns

er
va

tiv
e 

tre
at

m
en

ts.
 

• 
US

 c
on

fir
m

in
g 

di
sr

up
tio

n 
≥ 3

 m
m

 o
f t

he
 fi

br
ill

ar
 s

tru
ct

ur
e 

in
 th

e 
pr

ox
im

al 
po

rti
on

 o
f t

he
 

pa
te

lla
r t

en
do

n, 
te

nd
on

 th
ick

en
in

g a
nd

 a 
hy

po
ec

ho
ic 

in
ju

ry
 M

RI
 o

f t
he

 p
at

ell
ar

 te
nd

on
 in

 T
2 

FA
T 

SA
T 

se
qu

en
ce

 (f
at

 sa
tu

ra
tio

n)
 sh

ow
in

g 
an

 in
cr

ea
se

 o
f ≥

 3 
m

m
 in

 lo
ng

itu
di

na
l d

iam
et

er
 

at
 th

e p
ro

xim
al 

in
se

rti
on

. 
• 

In
fo

rm
ed

 si
gn

ed
 w

rit
te

n c
on

se
nt

 by
 th

e p
ar

tic
ip

an
t. 

• 
Th

e p
ar

tic
ip

an
t i

s a
bl

e t
o u

nd
er

sta
nd

 th
e n

at
ur

e o
f t

he
 st

ud
y. 

Ex
cl

us
io

n 
cr

it
er

ia
: 

• 
Pa

rti
cip

an
t y

ou
ng

er
 th

an
 18

 (o
r l

eg
all

y d
ep

en
de

nt
) o

r o
ve

r 4
8 y

ea
rs

 of
 ag

e. 
• 

M
RI

 w
ith

 a 
gr

ad
e I

II–
IV

 os
te

oc
ho

nd
ra

l le
sio

n i
n a

ny
 co

m
pa

rtm
en

t o
f t

he
 kn

ee
. 

• 
In

ju
ry

 to
 th

e a
nt

er
io

r o
r p

os
te

rio
r c

ru
cia

te
 lig

am
en

t. 
• 

Lo
ca

l in
jec

tio
n w

ith
 co

rti
co

ste
ro

id
 du

rin
g t

he
 pr

ev
io

us
 12

 m
on

th
s. 

• 
Lo

ca
l in

jec
tio

n w
ith

 P
RP

 du
rin

g t
he

 pr
ev

io
us

 6 
m

on
th

s. 
• 

Ev
id

en
ce

 of
 lo

ca
l o

r s
ys

te
m

ic 
in

fe
cti

on
. 

• 
Pa

tie
nt

s 
pr

es
en

tin
g 

wi
th

 p
os

iti
ve

 s
er

ol
og

y 
to

 H
IV

 1
 o

r 
2, 

he
pa

tit
is 

B 
(H

Bs
Ag

, H
Bc

Ac
), 

he
pa

tit
is 

C 
(a

nt
i-H

CV
-A

b)
 an

d s
yp

hi
lis

. 
• 

Co
ng

en
ita

l o
r a

cq
ui

re
d 

co
nd

iti
on

s i
nv

ol
vi

ng
 m

alf
or

m
at

io
n 

an
d/

or
 si

gn
ifi

ca
nt

 d
ef

or
m

at
io

n 
of

 
th

e k
ne

e t
ha

t h
am

pe
rs

 th
e a

dm
in

ist
ra

tio
n 

of
 th

e p
lan

ne
d 

in
te

rv
en

tio
n 

an
d 

ev
alu

at
io

n 
of

 th
e 

re
su

lts
. 

• 
Bo

dy
 m

as
s i

nd
ex

 (B
M

I) 
gr

ea
te

r t
ha

n 3
0.5

 (o
be

sit
y g

ra
de

 II
). 

• 
Ac

tiv
e n

eo
pl

as
tic

 di
se

as
e. 

• 
Im

m
un

os
up

pr
es

sio
n. 

• 
Sim

ul
ta

ne
ou

s 
pa

rti
cip

at
io

n 
in

 a
no

th
er

 c
lin

ica
l t

ria
l o

r 
tre

at
m

en
t 

wi
th

 a
no

th
er

 r
es

ea
rc

h 
pr

od
uc

t d
ur

in
g t

he
 30

 da
ys

 pr
io

r t
o i

nc
lu

sio
n i

n t
he

 st
ud

y. 
• 

Ot
he

r 
pa

th
ol

og
ies

 o
r 

cir
cu

m
sta

nc
es

 t
ha

t 
m

ay
 c

om
pr

om
ise

 p
ar

tic
ip

at
io

n 
in

 t
he

 s
tu

dy
 

ac
co

rd
in

g t
o m

ed
ica

l c
rit

er
ia.

 



 
 

Ev
id

en
ce

-b
as

ed
 G

ui
de

lin
es

 fo
r t

he
 us

e o
f s

te
m

 ce
ll t

he
ra

py
: O

rth
op

ed
ic 

co
nd

iti
on

s (
Su

pp
lem

en
t) 

Pa
ge

 19
4 

 Re
cr

ui
tm

en
t/

se
le

ct
io

n 
of

 p
at

ie
nt

s:
 

Th
irt

y-
tw

o p
at

ien
ts 

we
re

 sc
re

en
ed

 fo
r e

lig
ib

ili
ty

. O
ut

 of
 w

hi
ch

, 1
2 

pa
rti

cip
an

ts 
we

re
 ex

clu
de

d 
as

 
4 

of
 th

em
 w

er
e 

>4
8 

ye
ar

s o
f a

ge
, a

no
th

er
 4

 d
id

 n
ot

 co
ns

en
t t

o 
pa

rti
cip

at
e, 

an
d 

th
e 

re
st 

4 
ha

d 
re

ce
iv

ed
 pr

ev
io

us
 in

te
rv

en
tio

ns
. 

In
te

rv
en

ti
on

: T
yp

e 
of

 s
te

m
 c

el
ls

 w
it

h 
m

et
ho

d 
of

 
th

ei
r 

ch
ar

ac
te

ri
za

ti
on

, 
Ro

ut
e 

of
 a

dm
in

is
tr

at
io

n,
 D

os
e 

Au
to

lo
go

us
 E

xp
an

de
d 

Bo
ne

 M
ar

ro
w 

M
es

en
ch

ym
al 

St
em

 C
ell

s (
20

x1
06

 ce
lls

) w
er

e a
dm

in
ist

er
ed

 
in

 th
e p

at
ell

ar
 te

nd
on

. 
In

 ad
di

tio
n 

to
 q

ua
lit

y-
co

nt
ro

l t
es

ts 
(M

yc
op

las
m

a n
eg

at
iv

e)
, e

nd
ot

ox
in

 le
ve

ls 
we

re
 <

 0
.5 

IU
/m

L, 
an

d 
flo

w 
cy

to
m

et
ric

 im
m

un
op

he
no

ty
pi

c p
ro

fil
es

 w
er

e d
et

er
m

in
ed

 at
 th

is 
sta

ge
 (C

D1
4–

, C
D3

4–
, 

CD
45

–, 
HL

A-
DR

–, 
CD

10
51

, C
D1

66
1, 

CD
73

1, 
CD

90
1)

. T
he

 an
tig

en
ic 

pr
of

ile
 co

nf
or

m
ed

 to
 th

e I
SC

T 
cr

ite
ria

 fo
r M

SC
s. 

O
ut

co
m

es
 r

ep
or

te
d 

w
ith

 ti
m

e 
po

in
ts

 
• 

VA
S 

• 
VI

SA
-P

 
• 

UT
C 

• 
US

G 
• 

M
RI

 
• 

Ad
ve

rs
e e

ve
nt

s 
• 

Al
l w

er
e a

ss
es

se
d a

t b
as

eli
ne

 an
d 6

 m
on

th
s 

Fu
nd

in
g 

In
sti

tu
te

 de
 T

er
ap

iaR
eg

en
er

at
iv

a T
iss

ul
ar

 in
 M

ed
ica

l C
en

tre
 T

ek
no

n H
os

pi
ta

l o
f B

ar
ce

lo
na

 

Ro
B2

 
As

se
ss

m
en

t: 
Sp

ec
ify

 
se

pa
ra

te
ly

 fo
r 

ea
ch

 d
om

ai
n 

D1
: S

om
e c

on
ce

rn
s 

D2
: L

ow
 

D3
: L

ow
 

D4
: L

ow
 

D5
: L

ow
 

Ov
er

all
: S

om
e c

on
ce

rn
s 

 St
ud

y 
Ro

sa
rio

 et
 al

. 2
02

13
 

St
ud

y 
ty

pe
: 

Ra
nd

om
ize

d c
on

tro
lle

d t
ria

l 
N

um
be

r 
of

 p
ar

ti
ci

pa
nt

s:
 

40
 

Co
un

tr
ie

s 
an

d 
se

tt
in

g:
 

Br
az

il (
Ho

sp
ita

l U
ni

ve
rs

itá
rio

 P
ro

fe
ss

or
 E

dg
ar

d 
Sa

nt
os

) 
D

ur
at

io
n 

of
 s

tu
dy

 F
ol

lo
w

 u
p 

(p
os

t 
in

te
rv

en
ti

on
):

 
6 m

on
th

s 

M
et

ho
d 

of
 a

ss
es

sm
en

t o
f d

is
ea

se
 

NM
R 

an
d U

SG
 



 
 

Ev
id

en
ce

-b
as

ed
 G

ui
de

lin
es

 fo
r t

he
 us

e o
f s

te
m

 ce
ll t

he
ra

py
: O

rth
op

ed
ic 

co
nd

iti
on

s (
Su

pp
lem

en
t) 

Pa
ge

 19
5 

 co
nd

it
io

n:
 

Su
bg

ro
up

 a
na

ly
si

s 
w

it
hi

n 
st

ud
y 

No
ne

 
In

cl
us

io
n 

cr
it

er
ia

: 
• 

Ag
ed

 be
tw

ee
n 1

8 a
nd

 73
 ye

ar
s. 

• 
Bo

th
 se

xe
s. 

• 
Cl

in
ica

l a
nd

 ra
di

ol
og

ica
l d

iag
no

sis
 (N

M
R 

an
d U

SG
) o

f g
lu

te
al 

te
nd

in
op

at
hy

. 
• 

W
ill

in
g t

o p
ar

tic
ip

at
e i

n t
he

 st
ud

y. 
Ex

cl
us

io
n 

cr
it

er
ia

: 
• 

Pr
es

en
tin

g i
nf

ec
tio

n a
t t

he
 su

rg
ica

l s
ite

. 
• 

Co
m

or
bi

di
tie

s a
nd

 co
nt

ra
in

di
ca

tio
ns

 fo
r t

he
 su

rg
ica

l p
ro

ce
du

re
. 

Re
cr

ui
tm

en
t/

se
le

ct
io

n 
of

 p
at

ie
nt

s:
 

No
t m

en
tio

ne
d, 

48
 pa

tie
nt

s w
er

e e
va

lu
at

ed
; o

ut
 of

 w
hi

ch
, 8

 w
er

e l
os

t t
o f

ol
lo

w
-u

p, 
an

d t
hu

s, 
40

 
we

re
 in

clu
de

d i
n t

he
 st

ud
y. 

In
te

rv
en

ti
on

: T
yp

e 
of

 s
te

m
 c

el
ls

 w
it

h 
m

et
ho

d 
of

 th
ei

r 
ch

ar
ac

te
ri

za
ti

on
, 

Ro
ut

e 
of

 a
dm

in
is

tr
at

io
n,

 D
os

e 

Bo
ne

 m
ar

ro
w 

m
es

en
ch

ym
al 

ste
m

 ce
lls

; 
Ce

ll c
ou

nt
in

g a
nd

 vi
ab

ili
ty

 as
se

ss
m

en
t w

er
e p

er
fo

rm
ed

 us
in

g a
 sm

all
 ce

lls
 su

sp
en

sio
n a

t t
he

 
pr

oc
ed

ur
e s

ite
. L

iv
e c

ell
s w

er
e s

am
pl

ed
 by

 an
ti-

CD
34

 an
tib

od
y s

ta
in

in
g a

nd
 P

ro
pi

di
um

 Io
di

de
 

in
co

rp
or

at
io

n. 
 Us

in
g a

n u
ltr

as
ou

nd
-g

ui
de

d s
ta

nd
ar

d 1
0-

m
L s

yr
in

ge
, 2

0 m
L o

f t
he

 so
lu

tio
n 

wi
th

 B
M

AC
 w

as
 

in
jec

te
d i

n t
he

 gl
ut

ea
l t

en
do

n f
oo

tp
rin

t. 
O

ut
co

m
es

 r
ep

or
te

d 
w

ith
 ti

m
e 

po
in

ts
 

• 
VA

S 
• 

Em
oQ

oL
 

• 
Le

qu
es

ne
 

• 
Al

l o
ut

co
m

es
 as

se
ss

ed
 at

 ba
se

lin
e a

nd
 6 

m
on

th
s. 

Fu
nd

in
g 

No
t s

pe
cif

ied
 

Ro
B2

 A
ss

es
sm

en
t: 

Sp
ec

ify
 

se
pa

ra
te

ly
 fo

r 
ea

ch
 d

om
ai

n 
D1

: S
om

e c
on

ce
rn

s 
D2

: H
igh

 
D3

: H
igh

 
D4

: H
igh

 
D5

: L
ow

 
Ov

er
all

: H
igh

 



 
 

Evidence-based Guidelines for the use of stem cell therapy: Orthopedic conditions (Supplement) Page 196 
 

vii. List of excluded studies: 
 

S.No. Study and location Study Design 

1. Hernigou et al. 2014 
France 

Case control study 

2. Kim et al. 2017 
Republic of Korea 

Cohort study 

3. Kim et al. 2018 Prospective, non-randomized comparative, single-
blind study 

4. Jo et al. 2018 Dose comparison study 
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5. NON-UNION OF BONE 
 

i. Key question in PICO format  

ii. Search strategy 

iii. PRISMA flow diagram 

iv. Summary of included studies 

v. Evidence to decision framework 

vi. Data extraction 

vii. List of excluded studies 
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i. Key question in PICO format: 
 
Population: Patients with Non union of bone 
Intervention: Any Stem cell and product derived from stem cells 
Comparator: Usual Care/Conventional Care 
Critical Outcomes: Efficacy: Reduction in pain, Disability; Safety: Severe Adverse Events 
 

ii. Search strategy (September 2023): 

Details of database searches: 

Table 1: Database: Embase 
S. No. Keywords Results 

1. 'stem cell' OR 'stem cell'/exp OR 'stroma cell':ti,ab,kw OR 'stem 
cell':ti,ab,kw OR 'stroma cell'/exp OR 'stromal vascular fraction' OR 
'stromal vascular fraction'/exp OR 'stem cell'/exp/mj OR 'stem 
cell niche'/exp OR 'stem cell niche':ti,ab,kw OR 'stem cells':ti,ab,kw OR 
stemcell:ti,ab,kw OR stemcells:ti,ab,kw 

838304 

2. 'stem cell transplantation' OR 'stem cell transplantation'/exp OR 'stem 
cell transplantation':ti,ab,kw OR 'mesenchymal stem cell 
transplantation'/exp OR 'cell therapy'/exp OR 'cell therapy':ti,ab,kw OR 
'peripheral blood stem cell transplantation'/exp OR 'peripheral blood 
stem cell transplantation':ti,ab,kw OR 'peripheral blood stem cell'/exp 
OR 'peripheral blood stem cells':ti,ab,kw OR 'progenitor cell':ti,ab,kw 
OR 'mononuclear cell'/exp OR 'mononuclear cell':ti,ab,kw OR 'cord 
blood stem cell transplantation'/exp OR 'cord blood stem cell 
transplantation':ti,ab,kw OR 'cord blood stem cell'/exp OR 'cord 
blood stem cell':ti,ab,kw OR 'cord blood stem cells':ti,ab,kw 

1484105 

3. 'mesenchymal stem cell' OR 'mesenchymal stem cell'/exp OR 
'mesenchymal stem cells':ti,ab,kw OR 'mesenchymal stroma 
cell':ti,ab,kw OR 'mesenchymal stromal cell therapy'/exp OR 
('mesenchymal stromal cell'/exp)OR 'adipose derived stem cell'/exp 
OR 'adipose stem cells':ti,ab,kw OR 'adipose stem cell':ti,ab,kw OR 
'adipose derived stem cells':ti,ab,kw OR 'induced pluripotent stem 
cell'/exp OR 'induced pluripotent stem cell transplantation'/exp OR 
'induced pluripotent stem cells':ti,ab,kw OR 'totipotent stem cell'/exp 
OR 'totipotent stem cells':ti,ab,kw OR 'multipotent stem cell'/exp OR 
'multipotent stem cells':ti,ab,kw OR 'pluripotent stem cell'/exp OR 
'pluripotent stem celltransplantation'/exp OR 'pluripotent stem 
cells':ti,ab,kw 

190280 

4. 'human embryonic stem cell'/exp OR 'human embryonic stem cell' OR 
'embryonic stem cell'/exp OR 'embryonic stem cell 
transplantation'/exp OR 'embryonic stem cells':ti,ab,kw OR 'wharton 
jelly'/exp OR 'wharton jelly derived mesenchymal stem cell'/exp OR 
'satellite cell'/exp OR 'satellite cells':ti,ab,kw OR 
'lipoaspirate'/exp OR 'lipoaspiration'/exp OR 'cell therapy'/exp OR 'cell 
based therapy':ti,ab,kw OR 'cell transplantation'/exp 

319721 
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5. 'umbilical cord stem cell' OR 'umbilical cord stem cell'/exp OR 'cord 
blood stem cell transplantation'/exp OR 'fetal stem cell'/exp OR 'fetal 
stem cells':ti,ab,kw OR 'umbilical cord stem 
cells':ti,ab,kw OR 'colony forming cell':ti,ab,kw OR 

211508 

6. 'hematopoietic stem cell transplantation'/exp OR 'hematopoietic stem 
cell'/expOR 'hematopoietic stem cells':ti,ab,kw OR 'hematopoietic stem 
cell therapy':ti,ab,kw OR 'hemangioblast'/exp 
OR 'myoblast'/exp OR 'blastomere'/exp OR 'fetus blood'/exp OR 
'adipose tissue stem cell'/exp 

 

7. 'bone marrow stem cells' OR 'bone marrow aspiration'/exp OR 'bone 
marrow aspirate':ti,ab,kw OR 'bone marrow aspirate concentrate'/exp 
OR 'bone marrow cell'/exp OR 'bone marrow cell transfer':ti,ab,kw OR 
'colony forming unit'/exp OR 'epiblast stem cell'/exp OR 
polyblast:ti,ab,kw OR 'cord blood hematopoietic stem cell 
extract':ti,ab,kw OR 'hemacord'/exp OR 'remestemcel 
l':ti,ab,kw 

213692 

8. 'stem cell'/exp OR 'stem cell' OR allocord:ti,ab,kw OR ducord:ti,ab,kw 
OR autotemcel:ti,ab,kw OR azficel:ti,ab,kw OR skysona:ti,ab,kw OR 
'elivaldogeneautotemcel'/exp OR 
temcell:ti,ab,kw OR stempeucel:ti,ab,kw 

763000 

9. #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 2115156 
10. ('fracture nonunion'/exp OR 'fracture nonunion') OR 'fracture 

nonunion'/exp OR 'delayed union':ti,ab,kw OR 'fractures, 
ununited':ti,ab,kw OR 'ununited fracture':ti,ab,kw OR 'ununited 
fractures':ti,ab,kw OR 'pseudarthrosis'/exp OR 'bone 
nonunion':ti,ab,kw OR 'nonhealing fractures':ti,ab,kw OR 'nonhealing 
fracture':ti,ab,kw OR 'atrophic nonunion'/exp OR 
'oligotrophic nonunion' OR 'hypertrophic nonunion':ti,ab,kwOR 'non-
healing fracture':ti,ab,kw 

33602 

11. 'bone'/exp OR bone OR 'fracture'/exp OR fracture OR ('tibia'/exp OR 
tibia OR 'fibula'/exp OR fibula OR scaphoid OR 'spine'/exp OR spine OR 
'rib'/exp OR rib OR 'radius'/exp OR radius OR 'ulna'/exp OR ulna OR 
'femur'/exp OR femur OR 'metatarsal bone'/exp OR 'metatarsal bone' 
OR 'tarsal bone'/exp OR 'tarsal 
bone' OR 'talus'/exp OR talus) 

2601809 

12. #8 AND #9 AND #10 1180 
13. 'randomized controlled trial' OR 'randomized controlled trial'/exp OR 

('randomized controlled trial'/exp AND topic) OR 'clinical trial'/exp OR 
'clinical study'/exp OR 'observational study'/exp OR 'case control 
study'/exp OR 'cohort analysis'/exp OR 'cross- sectional study'/exp OR 
'controlled clinical trial'/exp OR 'clinical trial' OR 'clinical trial'/exp OR 
'controlled clinical trial'/expOR 'controlled study'/exp OR 'controlled 
trial, randomized':ti,ab,kw OR 'clinical study':ti,ab,kw OR 'phase 2 
clinical trial'/exp OR 'phase 1 clinical trial'/exp OR 'phase 3 clinical 
trial'/exp OR 'phase 4 clinical trial'/exp 

18558521 

14. #12 AND #13 659 
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Table 2: Database: Pubmed 
S.No. Keywords Results 

1. "stem cell"[All Fields] OR "stem cells"[MeSH Major Topic] OR "stem 
cells"[MeSH Terms] OR "stromal cells"[MeSH Terms] OR "stromal 
vascular fraction"[MeSH Terms] OR "stem cell niche"[MeSH Terms] OR 
"stemcell"[Title/Abstract] OR 
"stemcells"[Title/Abstract] OR "stroma cell"[Title/Abstract] 

475520 

2. "stem cell transplantation"[Title/Abstract] OR "stem cell 
transplantation"[MeSH Terms] OR "cell transplantation"[MeSH Terms] 
OR "cell transplantation"[Title/Abstract] OR "cell 
therapy"[Title/Abstract] OR "peripheral blood stem cells"[MeSH Terms] 
OR "peripheral blood stem cells"[Title/Abstract] OR "peripheral blood 
stem cell transplantation"[Title/Abstract] OR "peripheral blood stem cell 
transplantation"[MeSH Terms] OR "progenitor cells"[Title/Abstract] OR 
"progenitor cell"[Title/Abstract] OR "mononuclear cell"[Title/Abstract] 
OR "mononuclear cells"[Title/Abstract] OR "cord blood stem cell 
transplantation"[Title/Abstract] OR "cord blood stem 
cell"[Title/Abstract] OR "cord blood stem cells"[Title/Abstract] 

309319 

3. ((((((((((((((((((((((("mesenchymal stem cell"[Title/Abstract]) OR 
("mesenchymal stem cells"[Title/Abstract])) OR ("mesenchymal stem 
cell transplantation"[MeSH Terms])) OR ("mesenchymal stem 
cells"[MeSH Terms])) OR ("mesenchymal stroma cell"[Title/Abstract])) 
OR ("mesenchymal stroma cells"[Title/Abstract])) OR ("mesenchymal 
stromal cell therapy"[Title/Abstract])) OR ("mesenchymal stromal cell 
transplantation"[Title/Abstract])) OR ("mesenchymal stromal 
cell"[Title/Abstract])) OR ("adipose derived stem cell"[Title/Abstract])) 
OR ("adipose stem cell"[Title/Abstract])) OR ("adipose stem 
cells"[Title/Abstract])) OR ("induced pluripotent stem 
cell"[Title/Abstract])) OR ("induced pluripotent stem cells"[MeSH 
Terms])) OR ("induced pluripotent stem cell 
transplantation"ns[Title/Abstract])) OR ("totipotent stem cells"[MeSH 
Terms])) OR ("multipotent stem cells"[MeSH Terms])) OR ("pluripotent 
stem cells"[MeSH Terms])) OR ("totipotent stem cell"[Title/Abstract])) 
OR ("totipotent stem cells"[Title/Abstract])) OR ("multipotent stem 
cell"[Title/Abstract])) OR ("multipotent stem cells"[Title/Abstract])) OR 
("pluripotent stem 
cell"[Title/Abstract])) OR ("pluripotent stem cells"[Title/Abstract]) 

140092 

4. cells"[MeSH Terms])) OR ("embryonic stem cells/transplantation"[MeSH 
Terms])) OR ("embryonic stem cell transplantation"[Title/Abstract])) 
OR ("wharton jelly"[Title/Abstract])) OR ("wharton jelly"[MeSH 
Terms])) OR ("wharton jelly derived mesenchymal stem 
cells"[Title/Abstract])) OR ("satellite cells, perineuronal"[MeSH 
Terms])) OR ("satellite cells, skeletal muscle"[MeSH Terms])) OR 
("satellite cell"[Title/Abstract])) OR ("lipoaspiration"[Title/Abstract])) 
OR ("lipoaspirate"[Title/Abstract])) OR ("cell based 
therapy"[Title/Abstract]) 

40376 
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5. ((((((((((("umbilical cord stem cell"[Title/Abstract]) OR ("umbilical cord 
stem cells"[Title/Abstract])) OR ("umbilical cord stem 
cell"[Title/Abstract])) OR ("umbilical cord stem cells"[Title/Abstract])) 
OR ("colony forming cells"[Title/Abstract])) OR ("hematopoietic stem 
cell transplantation"[Title/Abstract])) OR ("hematopoietic stem 
cell"[Title/Abstract])) OR ("hematopoietic stem cells"[Title/Abstract])) 
OR ("hematopoietic stem cell therapy"[Title/Abstract])) OR 
("myoblasts"[MeSH Terms])) OR 
("blastomeres"[MeSH Terms])) OR ("adipose tissue stem 
cell"[Title/Abstract]) 

69117 

 ((((((((((((((((("bone marrow stem cells"[Title/Abstract]) OR ("bone 
marrow cells"[MeSH Terms])) OR ("bone marrow 
cells"[Title/Abstract])) OR ("bone marrow aspiration"[Title/Abstract])) 
OR ("bone marrow aspirate"[Title/Abstract])) OR ("bone marrow 
aspirate concentrate"[Title/Abstract])) OR ("bone marrow 
cell"[Title/Abstract])) OR ("bone marrow cell transfer"[Title/Abstract])) 
OR ("bone marrow cell transfusion"[Title/Abstract])) OR ("bone 
marrow cell transplant"[Title/Abstract])) OR ("bone marrow cell 
transplantation"[Title/Abstract])) OR ("colony forming 
unit"[Title/Abstract])) OR ("epiblast stem cell"[Title/Abstract])) OR 
("epiblast stem cells"[Title/Abstract])) OR ("polyblast"[Title/Abstract])) 
OR ("cord blood hematopoietic cell extract"[Title/Abstract])) OR 
("hemacord"[Title/Abstract])) OR 
("remestemcell"[Title/Abstract]) 

219235 

6. (((("allocord"[Title/Abstract]) OR (ducord[Title/Abstract])) OR 
("autotemcel"[Title/Abstract])) OR ("azficel"[Title/Abstract])) OR 
("skysona"[Title/Abstract]) 

25 

7. #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 757966 
8. (((((((((((((((((((("fractures, bone"[MeSH Terms]) OR ("delayed 

union"[Title/Abstract])) OR ("fracture nonunion"[Title/Abstract])) OR 
("fracture ununited"[Title/Abstract])) OR ("ununited 
fracture"[Title/Abstract])) OR ("ununited 
fractures"[Title/Abstract])) OR ("pseudoarthrosis"[Title/Abstract])) OR 
("bone nonunion"[Title/Abstract])) OR ("bone nonunion 
fractures"[Title/Abstract])) OR ("nonhealing fracture"[Title/Abstract])) 
OR ("nonhealing fractures"[Title/Abstract])) OR ("atrophic 
nonunion"[Title/Abstract])) OR ("atrophic nonunion 
bone"[Title/Abstract])) OR ("atrophic nonunion 
fractures"[Title/Abstract])) OR ("atrophic nonunion 
cells"[Title/Abstract])) OR ("oligotrophic nonunion"[Title/Abstract])) 
OR ("oligotrophic nonunions"[Title/Abstract])) OR ("hypertrophic 
nonunion"[Title/Abstract])) OR ("hypertrophic 
nonunions"[Title/Abstract])) OR ("non healing 
fracture"[Title/Abstract])) OR ("non healing fractures"[Title/Abstract]) 

213169 

9. ((((((((((((((((((((("bone"[Title/Abstract]) OR ("tibia"[MeSH Terms])) 
OR ("tibia"[Title/Abstract])) OR ("fibula"[MeSH Terms])) OR 
("fibula"[Title/Abstract])) OR ("scaphoid bone"[MeSH Terms])) OR 
("scaphoid"[Title/Abstract])) OR ("spine"[MeSH Terms])) OR 
("spine"[Title/Abstract])) OR ("rib"[Title/Abstract])) OR 

1193286 
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("rib"[Title/Abstract])) OR ("radius"[Title/Abstract])) OR 
("radius"[MeSH Terms])) OR ("ulna"[MeSH Terms])) OR 
("ulna"[Title/Abstract])) OR ("femur"[MeSH Terms])) OR 
("femur"[Title/Abstract])) OR ("metatarsal bones"[MeSH Terms])) OR 
("metatarsal"[Title/Abstract])) OR ("talus"[MeSH Terms])) OR 
("talus"[Title/Abstract])) OR ("tarsal"[Title/Abstract]) 

10. #8 AND #9 AND #10 1311 
11. #11 AND Filters: Clinical Trial, Clinical Trial, Phase I, Clinical Trial, Phase 

II, Clinical Trial, Phase III, Clinical Trial, Phase IV, Comparative Study, 
Observational Study, Pragmatic Clinical Trial, 
Randomized Controlled Trial 

92 

 
Table 3: Database: Web of Science 

S. No. Keywords Results 

1. 
((((((TI=("stem cell" OR "stem cells" OR "stemcell")) OR AB=("stem cell" 
OR "stem cells" OR "stemcell")) OR AK=("stem cell" OR "stem cells" OR 
"stemcell")) OR TS=('mesenchymal stem cell' OR 'mesen 
chymal stem cells' OR 'mesenchymal stem cell transplantation ‘OR 
'mesenchymal stem cell based therapeutics' OR "stem cell therapy" OR 
"stem cell transplantation therapy" OR "mesenchymal stem cell 
administration" )) OR TI=('mesenchymal stem cell' OR 'mesenchymal 
stem cells' OR 'mesenchymal stem cell transplantation ‘OR 'mesenchymal 
stem cell based therapeutics' OR "stem cell therapy" OR "stem cell 
transplantation therapy" OR "mesenchymal  stem  cell  administration"              
 )) OR AB=('mesenchymal stem cell' OR 'mesenchymal stem cells' OR 
'mesenchymal stem cell transplantation ‘OR 'mesenchymal stem cell 
based therapeutics' OR "stem cell therapy" OR "stem cell transplantation 
therapy" OR "mesenchymal stem cell administration" )) OR 
AK=('mesenchymal stem cell' OR 'mesenchymal stem cells' OR 
'mesenchymal stem cell transplantation ‘OR 'mesenchymal stem cell 
based therapeutics' 
OR "stem cell therapy" OR "stem cell transplantation therapy" OR 
"mesenchymal stem cell administration”) 

498013 

2. 
(((TS=("bone marrow derived mesenchymal stem cells" OR "bone 
marrow derived stem cell" OR "adipose derived stem cells" OR "adipose 
derived stem cell" OR "cord blood stem cell" OR "bone marrow derived 
mesenchymal stem cell")) OR TI=("bone marrow derived mesenchymal 
stem cells" OR "bone marrow derived stem cell" OR "adipose derived 
stem cells" OR "adipose derived stem cell" OR "cord blood stem cells" OR 
"bone marrow derived mesenchymal stem cell")) OR AB=("bone marrow 
derived mesenchymal stem cells" OR "bone marrow derived stem cell" 
OR "adipose derived stem cells" OR "adipose derived stem cell" OR "cord 
blood stem cell" OR "bone marrow derived mesenchymal stem cell")) OR 
AK=("bone marrow derived mesenchymal stem cells" OR "bone marrow 
derived stem cell" OR "adipose derived stem cells" OR "adipose derived 
stem cell" OR"bone marrow 
derived mesenchymal stem cell") 

20732 
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3. 
(((TS=("bone marrow aspiration" OR "bone marrow aspirate" OR "bone-
marrow aspiration" OR "bone marrow aspirate")) OR TI=("bone marrow 
aspiration" OR "bone marrow aspirate" OR "bone-marrow aspiration" OR 
"bone marrow aspirate")) OR AB=("bone marrow aspiration" OR "bone 
marrow aspirate" OR "bone-marrow aspiration" OR "bone marrow 
aspirate")) OR AK=("bone marrow aspiration" OR "bone marrow 
aspirate" OR 
"bone-marrow aspiration" OR "bone marrow aspirate") 

8062 

4. 
((TS=("mononuclear   cell"  OR  "mononuclear   cells"  OR 
"mesenchymal stromal cell therapy" OR "induced pluripotent stem cell" 
OR "induced pluripotent stem cell transplantation" OR "induced 
pluripotent stem cells")) OR TI=("mononuclear cell" OR "mononuclear 
cells" OR "mesenchymal stromal cell therapy" OR "induced pluripotent 
stem cell" OR "induced pluripotent stem cell transplantation" OR 
"induced pluripotent stem cells")) OR AB=("mononuclear cell" OR 
"mononuclear cells" OR "mesenchymal stromal cell therapy" OR 
"induced pluripotent stem cell" OR "induced pluripotent stem cell 
transplantation" OR "induced pluripotent stem cells") 

182356 

5. 
((TS=(“stroma cell” OR “stroma cells” OR “stromal vascular fraction” OR 
“stem cell niche” OR “stem cell transplantation” OR “peripheral blood 
stem cell” OR “peripheral blood stem cell transplantation” OR 
“progenitor cell” OR “progenitor cells” )) OR TI=(“stroma cell” OR 
“stroma cells” OR “stromal vascular fraction” OR “stem cell niche” OR 
“stem cell transplantation” OR “peripheral blood stem cell” OR 
“peripheral blood stem cell transplantation” OR “progenitor cell” OR 
“progenitor cells” )) OR AB=(“stroma cell” OR “stroma cells” OR “stromal 
vascular fraction” OR “stem cell niche” OR “stem cell transplantation” OR 
“peripheral blood stem cell” OR “peripheral blood stem cell 
transplantation” OR “progenitor cell” OR “progenitor cells” ) 

316797 

6. 
(((TS=("human embryonic stem cell" OR "embryonic stem cell" OR 
"embryonic stem cell" OR "wharton jelly" OR "wharton jelly derived 
mesenchymal stem cell" OR "satellite cell" OR "satellite cells" OR 
lipoaspirate OR lipoaspiration OR "cell therapy" OR "cell based therapy" 
OR "cell transplantation")) OR TI=("human embryonic stem cell" OR 
"embryonic stem cell" OR "embryonic stem cell" OR "wharton jelly" OR 
"wharton jelly derived mesenchymal stem cell" OR "satellite cell" OR 
"satellite cells" OR lipoaspirate OR lipoaspiration OR "cell therapy" OR 
"cell based therapy" OR "cell transplantation")) OR AB=("human 
embryonic stem cell" OR "embryonic stem cell" OR "embryonic stem cell" 
OR "wharton jelly" OR "wharton jelly derived mesenchymal stem cell" 
OR "satellite cell" OR "satellite cells" OR lipoaspirate OR lipoaspiration 
OR "cell therapy" OR "cell based therapy" OR "cell transplantation")) OR 
AK=("human embryonic stem cell" OR "embryonic stem cell" OR 
"embryonic stem cell" OR "wharton jelly" OR "wharton jelly derived 
mesenchymal stem cell" OR "satellite cell" OR "satellite cells" OR 
lipoaspirate OR lipoaspiration OR "cell therapy" OR "cell based therapy" 
OR "cell transplantation") 

287002 
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7. 
(((TS=("umbilical cord stem cell" OR "cord blood stem cell 
transplantation" OR "fetal stem cell" OR "fetal stem cells" OR "colony 
forming unit" OR "epiblast stem cell" OR "polyblast” OR "hematopoietic 
stem cell" OR "hematopoietic stem cells")) OR TI=("umbilical cord stem 
cell" OR "cord blood stem cell transplantation" OR "fetal stem cell" OR 
"fetal stem cells" OR "colony forming unit" OR "epiblast stem cell" OR 
"polyblast” OR “hemangioblast” OR “myoblast” OR “blastomere” OR 
"hematopoietic stem cell" OR "hematopoietic stem cells")) OR 
AB=("umbilical cord stem cell" OR "cord blood stem cell transplantation" 
OR "fetal stem cell" OR "fetal stem cells" OR "colony forming unit" OR 
"epiblast stem cell" OR "polyblast” OR “hemangioblast” OR “myoblast” 
OR “blastomere” OR "hematopoietic stem cell" OR "hematopoietic stem 
cells")) OR AK=("umbilical cord stem cell" OR "cord blood stem cell 
transplantation" OR "fetal stem cell" OR "fetal stem cells" OR "colony 
forming unit" OR "epiblast stem cell" OR "polyblast” OR “hemangioblast”  
OR  “myoblast”  OR  “blastomere”  OR 
"hematopoietic stem cell" OR "hematopoietic stem cells") 
“hemangioblast”  OR  “myoblast”  OR  “blastomere”  OR  

194236 

8. 
(((TS=("hemacord" OR "allocord" OR "duocord" OR "prochymal" OR 
"azficel" OR "omisirge" OR "SKYSONA" OR "elivaldogeneautotemcel" OR 
"stratagraft" OR "cartistem" OR "temcell" OR "stempeucel")) OR 
TI=("hemacord" OR "allocord" OR "duocord" OR "prochymal" OR "azficel" 
OR "omisirge" OR "SKYSONA" OR "elivaldogeneautotemcel" OR 
"stratagraft" OR "cartistem" OR "temcell" OR "stempeucel")) OR 
AB=("hemacord" OR "allocord" OR "duocord" OR "prochymal" OR 
"azficel" OR "omisirge" OR "SKYSONA" OR "elivaldogeneautotemcel" OR 
"stratagraft" OR "cartistem" OR "temcell" OR "stempeucel")) OR 
AK=("hemacord" OR "allocord" OR "duocord" OR "prochymal" OR 
"azficel" OR "omisirge" OR "SKYSONA" OR "elivaldogeneautotemcel" OR 
"stratagraft" OR "cartistem" OR "temcell" OR 
"stempeucel") 

67 

9. #7 OR #6 OR #5 OR #4 OR #3 OR #2 OR #1 868986 
10. (((TS=("fracture nonunion" OR "delayed union" OR "fractures ununited" 

OR "ununited fractures" OR "ununited fracture" OR "pseudoarthrosis" OR 
"bone nonunion" OR "nonhealing fracture" OR "nonhealing fractures" OR 
"atrophic nonunion" OR "oligotrophic nonunion" OR "hypertrophic 
nonunion" OR "nonunion" OR "non-union" OR "non union" OR "delayed 
union" OR "delayedunion")) OR TI=("fracture nonunion" OR "delayed 
union" OR "fractures ununited" OR "ununited fractures" OR "ununited 
fracture" OR "pseudoarthrosis" OR "bone nonunion" OR "nonhealing 
fracture" OR "nonhealing fractures" OR "atrophic nonunion" OR 
"oligotrophic nonunion" OR "hypertrophic nonunion" OR "nonunion" OR 
"non-union" OR "non union" OR "delayed union" OR "delayedunion")) OR 
AB=("fracture nonunion" OR "delayed union" OR "fractures ununited" OR 
"ununited fractures" OR "ununited fracture" OR "pseudoarthrosis" OR 
"bone nonunion" OR "nonhealing fracture" OR "nonhealing fractures" OR 
"atrophic nonunion" OR "oligotrophic nonunion" OR "hypertrophic 
nonunion" OR "nonunion" OR "non-union" OR "non union" OR "delayed 
union" OR "delayedunion")) OR AK=("fracture nonunion" OR "delayed 

20075 
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union" OR "fractures ununited" OR "ununited fractures" OR "ununited 
fracture" OR "pseudoarthrosis" OR "bone nonunion" OR "nonhealing 
fracture" OR "nonhealing fractures" OR "atrophic nonunion" OR 
"oligotrophic  nonunion"  OR  "hypertrophic  nonunion"  OR 
"nonunion" OR "non-union" OR "non union" OR "delayed union" OR 
"delayedunion") 

11. (((TS=("bone" OR "fracture" OR "tibia" OR "fibula" OR "scaphoid" OR 
"spine" OR "rib" OR "radius" OR "ulna" OR "femur" OR "tarsal" OR "tarsal 
bone" OR "talus")) OR TI=("bone" OR "fracture" OR "tibia" OR "fibula" OR 
"scaphoid" OR "spine" OR "rib" OR "radius" OR "ulna" OR "femur" OR 
"tarsal" OR "tarsal bone" OR "talus")) OR AB=("bone" OR "fracture" OR 
"tibia" OR "fibula" OR "scaphoid" OR "spine" OR "rib" OR "radius" OR 
"ulna" OR "femur" OR "tarsal" OR "tarsal bone" OR "talus")) OR 
AK=("bone" OR "fracture" OR "tibia" OR "fibula" OR "scaphoid" OR 
"spine" OR "rib" OR "radius" OR 
"ulna" OR "femur" OR "tarsal" OR "tarsal bone" OR "talus") 

2813775 

12. TS=(("randomized controlled trial") OR ("controlled clinical trial") OR 
("clinical trial") OR ("clinical study") OR ("observational study") OR 
("case control study") OR ("cohort analysis") OR ("cross-sectional study") 
OR ("controlled clinical trial") OR (“cohort analysis”) OR (“controlled 
study”) OR (“controlled trial”) OR (“phase 1 clinical trial”) OR (“phase 2 
clinical trial”) OR (“phase 3 clinical trial”) OR (“phase 4 clinical 
trial”)) 

1275945 

13. #9 AND #10 AND #11 900 
14. #13 AND #12 42 

 
 

Table 4: Database: Cochrane 
S. No. Keywords Results 

1. MeSH descriptor: [Stem Cells] explode all trees 1152 
2. MeSH descriptor: [Mesenchymal Stem Cells] explode all trees 284 
3. MeSH descriptor: [Stem Cell Transplantation] explode all trees 3193 
4. MeSH descriptor: [Bone Marrow Transplantation] explode all 

Trees 
1622 

5. MeSH descriptor: [Cord Blood Stem Cell Transplantation] explode all 
trees 

48 

6. MeSH descriptor: [Stromal Vascular Fraction] explode all trees 12 
7. MeSH descriptor: [Cell- and Tissue-Based Therapy] explode all 

Trees 
8748 

8. MeSH descriptor: [Satellite Cells, Skeletal Muscle] explode all 
Trees 

40 

9. MeSH descriptor: [Exosomes] explode all trees 28 
10. MeSH descriptor: [Secretome] explode all trees 3 
11. MeSH descriptor: [Bone Marrow Cells] explode all trees 1899 
12. MeSH descriptor: [Hematopoietic Stem Cells] explode all trees 368 
13. MeSH descriptor: [Hemangioblasts] explode all trees 1 
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14. MeSH descriptor: [Blastomeres] explode all trees 38 
15. ("stem-cells")  OR ("stem  cells")  OR ("stem cell")  OR 

("mesenchymal stem cell") OR ("mesenchymal stem cells") 
(Word variations have been searched) 

16220 

16. ("mesenchymal stem cell-based therapies") OR ("mesenchymal stem 
cell-based therapy") OR ("mesenchymal stem cell administration") OR 
("mesenchymal stem cell therapy") OR ("mesenchymal stem cell 
transplantation") 
(Word variations have been searched) 

649 

17. ("mesenchymal progenitor cell") OR ("mesenchymal stem cell-based 
therapeutics") OR ("mesenchymal stromal cells") OR ("stem cell 
transplantation") OR ("stem cell therapy") 
(Word variations have been searched) 

11225 

18. ("stem cell transplantation therapy") OR ("bone marrow derived stem 
cells") OR ("bone marrow derived mesenchymal cells") OR ("bone 
marrow aspirate") OR ("bone marrow aspiration") 
(Word variations have been searched) 

965 

19. ("stem cell transplant") OR ("bone marrow stem cell") OR ("bone- 
marrow stem cell") OR ("bone-marrow stem cells") OR ("cord blood 
stem cells") 
(Word variations have been searched) 

10826 

20. ("adipose-derived stem cell") OR ("adipose-derived stromal cell") OR 
(lipoaspirate) OR (lipoaspiration) OR (hemangioblast) 
(Word variations have been searched) 

308 

21. (hemacord) OR (allocord) OR (duocord) OR (prochymal) OR (azficel) OR 
("colony forming cells") 
(Word variations have been searched) 

57 

22. (omisirge) OR (SKYSONA) OR ("elivaldogeneautotemcel") OR 
(stratagraft) OR (cartistem) 
(Word variations have been searched) 

16 

23. (temcell) OR (stempeucel) OR ("epiblast stem cell") OR ("fetal stem cell") 
OR ("umbilical cord stem cell") 
(Word variations have been searched) 

40 

24. #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR 
#10 OR #11 OR #12 OR #13 OR #14 OR #15 OR #16 OR #17 OR #18 OR 
#19 OR #20 OR #21 OR #22 OR #23 

23739 

25. (nonunion OR "non-union") OR nonunion OR non-union 
OR “non union” OR union OR delayed union OR delayedunion 
(Word variations have been searched) 

7472 

26. ("bone nonunion") OR ("bone non-union") OR ("bone nonunion 
fracture") OR ("bone non-union fractures") 
(Word variations have been searched) 

60 

27. ("nonunion fractures") OR ("non-union fractures") OR ("bone nonunion 
fractures") OR ("bone non-union fractures") 
(Word variations have been searched) 

59 

28. ("nonhealing fracture") OR ("nonhealing fractures") OR ("non- healing 
fracture") OR ("non-healing fractures") OR ("bone non- union fractures") 
(Word variations have been searched) 

9 
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29. ("fracture nonunions") OR ("nonunion bone fracture") OR ("nonunion 
bone defect") OR ("non-union bone defect") OR ("fracture nonunion") 
(Word variations have been searched) 

458 

30. ("delayed union") OR ("non-union bone fracture") OR ("nonunion bone 
defects") OR ("non-union bone defects") OR ("nonunion delayed union") 
(Word variations have been searched) 

225 

31. ("non-union delayed union") OR ("oligotrophic nonunion") OR 
("oligotrophic non-union") OR ("oligotrophic nonunions") OR 
("hypertrophic nonunion") 
(Word variations have been searched) 

12 

32. (pseudoarthrosis) OR ("atrophic nonunion") OR ("atrophic non- union") 
OR ("hypertrophic non-unions") OR ("hypertrophic nonunion") 
(Word variations have been searched) 

116 

33. ("atrophic nonunion fracture") OR ("atrophic non-unions") OR 
("atrophic nonunions") OR ("atrophic non-union fracture") OR 
("atrophic nonunion fractures") 
(Word variations have been searched) 

17 

34. ("nonhealing fracture") OR ("nonhealing fractures")OR ("non- healing 
fracture") OR ("atrophic non-union fractures") OR ("fracture non-
union") OR ("fracture nonunion") OR ("non- healing fractures") 
(Word variations have been searched) 

493 

35. (tibia OR fibula OR scaphoid OR spine OR rib OR radius OR ulna OR 
femur OR tarsal OR metatarsal OR talus OR bone OR 
fracture) 

106258 

36. #25 OR #26 OR #27 OR #28 OR #29 OR #30 OR #31 OR #32 
OR #33 OR #34 

7543 

37. #36 AND #35 2539 
38. #24 AND #35 AND #36 8358 
39. #24 AND #37 171 
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iii. PRISMA flow diagram: 
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vii. List of excluded studies: 
 

Article details Reason for exclusion 
Tang YF et al. 2020  • Population is delayed fracture healing 

• Comparison is different (percutaneous autologous bone 
marrow injection) vs (percutaneous autologous bone 
marrow injection + platelet rich plasma). 

Zhang S et al. 2017  • Comparision: BM-MSC versus BMMSC + PRP 
Thus et al. 2015  • Not RCT 
Kim et al. 2009  • Included population is different (patient with fracture, 

not fracture nonunion) 
Wang et al. 2013  • Not RCT 
Gomez-Barrena et al. 2018  • Protocol 
Weel et al. 2015  • Protocol 
Rahman et al. 2021  • Delayed union population 

• Single group? 
• Full text could not be retrieved (Only abstract was used 

for evaluation) 
Kuroda et al. 2023  • Single arm study 

• Historical control 
Cheng et al. 2016  • Retrospective study 
Wang et al. 2013  • Not RCT 
Hedge et al. 2014  • Not RCT 
Guadalupe et al. 2016 • Population is mandibular fracture (not mandibular 

fracture non-union) 
Kuhota et al. 2017  • Different population (not a population with non union of 

bone). Rather population is patients undergoing posterolateral 
lumbar fusion. 

Lee et al. 2014  • Population is not a population with non union of bone 

Liebergall et al. 2013  • Population is delayed union 
Mayerson et al. 2019  • Population is not a population with non union (rather 

population is patients undergoing subtalar arthrodesis) 
Dallari et al. 2007  • Patients undergoing tibial osteotomy (not a 

patient population with non union) 
Manneli et al. 2017 • Population different (fractures of atrophic mandibles) 

• Not RCT 

Frutos et al. 2020  • Patients undergoing lumbar fission surgery 
Shim et al. 2020 • Population is patients with osteoporotic vertebral fractures 
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i. Key question in PICO format: 
 

Population: Patients with meniscopathies 
Intervention: Any Stem cell and product derived from stem cells 
Comparator: Usual Care/ Conventional Care 
Critical Outcomes: Efficacy: Reduction in pain, Disability; Safety: Severe Adverse Events 
 

ii. Search strategy (September 2023): 
 

Keyword Pubmed Embase Web of 
Science 

Cochrane 
Central  
(trials, 
reviews) 

(Meniscus OR Meniscopathiesor meniscal repair or 
meniscal tear) and Stem Cells 561 1001 732 28,3 

(Meniscus OR Meniscopathiesor meniscal repair or 
meniscal tear) and Mesenchymal Stem Cells 342 685 560 23 
(Meniscus OR Meniscopathiesor meniscal repair or 
meniscal tear) and Synoviocytes 68 192 60 3 
(Meniscus OR Meniscopathiesor meniscal repair or 
meniscal tear) and Bone Marrow Cells 157 454 252 11,2 
(Meniscus OR Meniscopathiesor meniscal repair or 
meniscal tear) and Adipocytes 13 47 10 0 
(Meniscus OR Meniscopathiesor meniscal repair or 
meniscal tear) and Chondrocytes 1221 2309 957 23,2 

(Meniscus OR Meniscopathiesor meniscal repair or 
meniscal tear) and Blood Cells 176 820 140 15,8 

(Meniscus OR Meniscopathiesor meniscal repair or 
meniscal tear) Cell and Culture 927 1029 634 8,4 

(Meniscus OR Meniscopathiesor meniscal repair or 
meniscal tear) and Tissue Engineering 1082 2670 1403 10,1 
(Meniscus OR Meniscopathiesor meniscal repair or 
meniscal tear) and Biologicals 2271 180 467 22,9 

(Meniscus OR Meniscopathiesor meniscal repair or 
meniscal tear) and scaffolds 670 533 769 17,3 

(Meniscus OR Meniscopathiesor meniscal repair or 
meniscal tear) and constructs 595 297 635 11,6 

(Meniscus OR Meniscopathiesor meniscal repair or 
meniscal tear) and cells 2237 3927 2141 75,13 
(Meniscus OR Meniscopathiesor meniscal repair or 
meniscal tear) and growth factors 

949 
 

430 568 15,4 

 (Meniscus OR Meniscopathiesor meniscal repair or 
meniscal tear) and regenerative medicine 398 676 274 4,1 

 (Meniscus OR Meniscopathiesor meniscal repair or 
meniscal tear) and implant 1155 1697 0 71,4 
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iii. PRISMA flow diagram: 
 
 

Electronic Database Searches:  
PubMed- 11705 
Embase- 16947 
Web of Science- 9602 
Cochrane Central- 396 
Total- n= 38650 

After Duplicates removal and Titles/abstract screening  

Records sought for retrieval 
(n = 246) 

Records not retrieved 
- Animal studies 
- Preclinical studies 

Records assessed for eligibility 
(n = 50) 

Records excluded: 
Reason 1- Case reports (n=8) 
Reason 2- Non-RCT (n=3) 
Reason 3- Synthetic Implants/ Scaffolds used 
(n=12) 
Reason 4- Osteoarthritis, Cartilage defect, Anterior 
cruciate ligament repair (n = 9) 
Reason 5- Collagen Implant (n = 4)  
Reason 6- Bone marrow venting procedure, 
Platelet rich plasma (n=2) 
Reason 7- Abstract only, Trial Incomplete/ 
Withdrawn (n=8) 
Reason 8– Autologous chondrocyte implantation 
(n=2)  
Reason 9- Non-English Abstract only (n=1) 

Randomised Control Trial study 
selected  
(n = 1) 

Id
en

tif
ic

at
io

n 
 

Sc
re

en
in

g 
  



Ev
id

en
ce

-b
as

ed
 G

ui
de

lin
es

 fo
r t

he
 us

e o
f s

te
m

 ce
ll t

he
ra

py
: O

rth
op

ed
ic 

co
nd

iti
on

s (
Su

pp
lem

en
t) 

Pa
ge

 22
9 

iv
.

Su
m

m
ar

y 
of

 in
cl

ud
ed

 st
ud

ie
s:

St
ud

y 
Po

pu
la

ti
on

 
In

te
rv

en
ti

on
 

Co
m

pa
ri

so
n 

O
ut

co
m

es
 

Va
ng

sn
es

s
et

 al
. 2

01
41

 Pa
tie

nt
s f

or
 a 

pa
rti

al 
m

ed
ial

 
M

en
isc

ec
to

m
y 

Gr
ou

p A
- S

in
gle

 in
tra

-a
rti

cu
lar

 in
jec

tio
n o

f  
50

 m
ill

io
n 

hu
m

an
 m

es
en

ch
ym

al 
ste

m
 c

ell
s 

su
sp

en
de

d 
in

 
2m

L 
(2

0m
g)

 
of

 
so

di
um

 
hy

alu
ro

na
te

 
(h

ya
lu

ro
ni

ca
cid

/h
ya

lu
ro

na
n)

, 
hu

m
an

 s
er

um
alb

um
in

 (1
.2%

), 
an

d 
Pl

as
m

aL
yt

e 
A 

to
 a 

vo
lu

m
eo

f 5
m

l a
fte

rp
ar

tia
l m

en
isc

ec
to

m
y. 

Gr
ou

p B
- S

in
gle

 in
tra

-a
rti

cu
lar

 in
jec

tio
n o

f  
15

0 
m

ill
io

n 
hu

m
an

 m
es

en
ch

ym
als

te
m

 c
ell

s 
su

sp
en

de
d 

in
 

2m
L 

(2
0m

g)
 

of
 

so
di

um
 

hy
alu

ro
na

te
 

(h
ya

lu
ro

ni
ca

cid
/h

ya
lu

ro
na

n)
, 

hu
m

an
 s

er
um

alb
um

in
 (1

.2%
), 

an
d 

Pl
as

m
aL

yt
e 

A 
to

 
a 

vo
lu

m
eo

f 
5m

L 
af

te
r 

pa
rti

al 
m

en
isc

ec
to

m
y. 

Ve
hi

cle
 c

on
tro

l- 
2m

L 
(2

0m
g)

 
of

 
so

di
um

 
hy

alu
ro

na
te

 
(h

ya
lu

ro
ni

ca
cid

/h
ya

lu
ro

na
n)

,
hu

m
an

se
ru

m
alb

um
in

 (
1.2

%
), 

an
d P

las
m

aL
yt

e A
 to

 a 
vo

lu
m

e 
of

 5
m

L 
wi

th
ou

t 
th

e 
hu

m
an

 
m

es
en

ch
ym

al 
ste

m
 ce

lls
. 

•
Sa

fe
ty

•
Pa

in
•

Fu
nc

tio
na

l
i m

pr
ov

em
en

t
•

M
en

isc
al

re
ge

ne
ra

tio
n

v.
Ev

id
en

ce
 to

 d
ec

is
io

n 
fr

am
ew

or
k:

Q
U

ES
TI

O
N 

Sh
ou

ld
 S

te
m

 c
el

l v
s.

 s
ta

nd
ar

d 
of

 c
ar

e 
be

 u
se

d 
fo

r 
M

en
is

co
pa

th
y?

 

PO
PU

LA
TI

O
N:

 
M

en
isc

op
at

hy
 

IN
TE

RV
EN

TI
O

N
: 

St
em

 ce
ll 

CO
M

PA
RI

SO
N

: 
St

an
da

rd
 of

 ca
re

 
M

AI
N

 O
UT

CO
M

ES
: 

Pa
in

, F
un

cti
on

al 
Sc

or
e, 

Se
rio

us
 A

dv
er

se
 E

ve
nt

s 
SE

TT
IN

G:
 

Ho
sp

ita
l/T

er
tia

ry
 C

ar
e s

et
tin

g 
PE

RS
PE

CT
IV

E:
 

Po
pu

lat
io

n 
BA

CK
GR

O
U

N
D

: 
Th

e 
m

en
isc

us
 i

s 
co

m
po

se
d 

of
 f

ib
ro

ca
rti

lag
in

ou
s 

tis
su

e 
an

d 
pl

ay
s 

a 
cr

uc
ial

 r
ol

e 
in

 p
ro

vi
di

ng
 s

ta
bi

lit
y, 

lo
ad

 
di

str
ib

ut
io

n, 
an

d 
sh

oc
k 

ab
so

rp
tio

n 
wi

th
in

 th
e 

kn
ee

 jo
in

t. 
In

ju
rie

s 
to

 th
e 

m
en

isc
us

 a
re

 c
om

m
on

, a
nd

 tr
ad

iti
on

al 



 
 

Ev
id

en
ce

-b
as

ed
 G

ui
de

lin
es

 fo
r t

he
 us

e o
f s

te
m

 ce
ll t

he
ra

py
: O

rth
op

ed
ic 

co
nd

iti
on

s (
Su

pp
lem

en
t) 

Pa
ge

 23
0 

 

tre
at

m
en

t m
et

ho
ds

 o
fte

n 
fa

ce
 li

m
ita

tio
ns

 in
 a

ch
iev

in
g 

op
tim

al 
ou

tco
m

es
. M

en
isc

op
at

hy
 re

fe
rs

 to
 a

ny
 p

at
ho

lo
gic

al 
co

nd
iti

on
 o

r d
iso

rd
er

 af
fec

tin
g t

he
 m

en
isc

i. T
he

 m
os

t c
om

m
on

 fo
rm

 o
f m

en
isc

op
at

hy
 is

 a 
m

en
isc

al 
te

ar
, w

hi
ch

 ca
n 

oc
cu

r d
ue

 to
 tr

au
m

at
ic 

in
ju

rie
s, 

de
ge

ne
ra

tiv
e c

ha
ng

es
 as

so
cia

te
d 

wi
th

 a
ge

in
g, 

or
 as

 a
 re

su
lt 

of
 re

pe
tit

iv
e 

str
es

s o
n 

th
e 

kn
ee

 jo
in

t. 
M

en
isc

al 
te

ar
s c

an
 v

ar
y 

in
 se

ve
rit

y, 
wi

th
 so

m
e 

te
ar

s c
au

sin
g 

sy
m

pt
om

s s
uc

h 
as

 p
ain

, s
we

lli
ng

, a
nd

 
lim

ite
d r

an
ge

 of
 m

ot
io

n. 
CO

N
FL

IC
T 

O
F 

IN
TE

RE
ST

S:
 

No
ne

 

AS
SE

SS
M

EN
T 

Pr
ob

le
m

 
 Is 

th
e p

ro
bl

em
 a 

pr
io

rit
y?

 
JU

D
GE

M
EN

T 
RE

SE
AR

CH
 E

VI
D

EN
CE

 
AD

D
IT

IO
N

AL
 

CO
N

SI
D

ER
AT

IO
N

S 

○N
o 

○P
ro

ba
bl

y n
o 

○P
ro

ba
bl

y y
es

 
●Y

es
 

○V
ar

ies
 

○D
on

't 
kn

ow
 

Th
e 

m
en

isc
us

 p
lay

s 
a 

vit
al 

ro
le 

in
 m

ain
ta

in
in

g 
th

e 
sta

bi
lit

y 
of

 t
he

 k
ne

e 
jo

in
t 

alo
ng

 w
ith

 
op

tim
izi

ng
 th

e 
tib

io
fe

m
or

al 
lo

ad
 tr

an
sfe

r a
nd

 d
ist

rib
ut

io
n. 

Th
is 

als
o 

he
lp

s i
n 

pr
es

er
vi

ng
 th

e 
he

alt
h 

of
 th

e 
ar

tic
ul

ar
 c

ar
til

ag
e. 

M
en

isc
al 

te
ar

s 
ar

e 
ve

ry
 c

om
m

on
 in

ju
rie

s 
of

 th
e 

kn
ee

 fo
r 

wh
ich

 p
at

ien
ts 

se
ek

 tr
ea

tm
en

t, 
wi

th
 a

n 
es

tim
at

ed
 in

cid
en

ce
 o

f 6
1/

10
0,0

00
 p

op
ul

at
io

n 
pe

r 
ye

ar
.2 I

n 
su

ch
 ca

se
s, 

it 
is 

vi
ta

l t
o 

try
 an

d 
pr

es
er

ve
 th

e m
en

isc
us

 b
y r

ep
air

in
g i

t i
n 

ap
pr

op
ria

te
 

in
di

ca
tio

ns
.  

  

D
es

ir
ab

le
 E

ffe
ct

s 
 Ho

w 
su

bs
ta

nt
ial

 ar
e t

he
 de

sir
ab

le 
an

tic
ip

at
ed

 ef
fe

cts
? 

JU
D

GE
M

EN
T 

RE
SE

AR
CH

 E
VI

D
EN

CE
 

AD
D

IT
IO

N
AL

 
CO

N
SI

D
ER

AT
IO

N
S 

●T
riv

ial
 

○S
m

all
 

○M
od

er
at

e 
○L

ar
ge

 
○V

ar
ies

 

VA
S:

 E
vi

de
nc

e 
fro

m
 o

ne
 tr

ial
, w

ith
 a

 to
ta

l o
f 4

4 
pa

rti
cip

an
ts,

 r
ep

or
tin

g 
th

e 
VA

S 
sh

ow
ed

 a
 

m
ea

n 
di

ffe
re

nc
e 

in
 p

ain
 r

ed
uc

tio
n 

of
 1

5.8
4 

(9
5%

 C
I: 

6.2
1 

to
 2

5.4
6)

 i
n 

th
e 

ste
m

 c
ell

 
tra

ns
pl

an
ta

tio
n 

ar
m

 as
 co

m
pa

re
d 

to
 th

os
e o

n 
us

ua
l c

ar
e a

t t
he

 en
d 

of
 si

x m
on

th
s a

nd
 a 

m
ea

n 
re

du
cti

on
 o

f 1
9.5

5 
(9

5%
 C

I: 
8.3

4 
to

 3
0.7

6)
 a

t t
he

 e
nd

 o
f 1

2 
m

on
th

s. 
Th

er
e 

se
em

s 
to

 b
e 

a 
de

cr
ea

se
 in

 p
ain

, w
hi

ch
 d

oe
s 

no
t c

ro
ss

 th
e 

M
CI

D 
of

 2
0. 

Th
er

ef
or

e, 
th

e 
re

du
cti

on
 in

 p
ain

, 

Th
e G

DG
 d

ec
id

ed
 th

e 
M

CI
D 

to
 be

 20
 %

.  



 
 

Ev
id

en
ce

-b
as

ed
 G

ui
de

lin
es

 fo
r t

he
 us

e o
f s

te
m

 ce
ll t

he
ra

py
: O

rth
op

ed
ic 

co
nd

iti
on

s (
Su

pp
lem

en
t) 

Pa
ge

 23
1 

 ○D
on

't 
kn

ow
 

 
th

ou
gh

 st
at

ist
ica

lly
 si

gn
ifi

ca
nt

, is
 un

im
po

rta
nt

 cl
in

ica
lly

 at
 bo

th
 ti

m
e p

oi
nt

s. 
Ly

sh
ol

m
 K

ne
e 

Sc
al

e 
Sc

or
e:

 E
vi

de
nc

e f
ro

m
 o

ne
 tr

ial
, w

ith
 a 

to
ta

l o
f 4

4 
pa

rti
cip

an
ts 

re
po

rti
ng

 
th

e 
Ly

sh
ol

m
 K

ne
e 

Sc
ale

 sc
or

e 
sh

ow
ed

 a
 m

ea
n 

di
ffe

re
nc

e 
of

 -6
.66

 (9
5%

 C
I -

20
.62

 to
 7

.30
) i

n 
th

e s
te

m
 ce

ll 
tra

ns
pl

an
ta

tio
n 

ar
m

 in
 co

m
pa

ris
on

 to
 u

su
al 

ca
re

 at
 th

e e
nd

 o
f s

ix 
m

on
th

s a
nd

 -
4.4

9 
(9

5%
 C

I -
16

.93
 to

 7
.95

) a
t t

he
 en

d 
of

 1
2 

m
on

th
s. 

Th
e d

iff
er

en
ce

s w
er

e s
ta

tis
tic

all
y n

on
-

sig
ni

fic
an

t. 
U

nd
es

ir
ab

le
 E

ffe
ct

s 
 Ho

w 
su

bs
ta

nt
ial

 ar
e t

he
 un

de
sir

ab
le 

an
tic

ip
at

ed
 ef

fe
ct

s?
 

JU
D

GE
M

EN
T 

RE
SE

AR
CH

 E
VI

D
EN

CE
 

AD
D

IT
IO

N
AL

 
CO

N
SI

D
ER

AT
IO

N
S 

○T
riv

ial
 

○S
m

all
 

○M
od

er
at

e 
○L

ar
ge

 
●V

ar
ies

 
○D

on
't 

kn
ow

 

Th
e 

sin
gle

 t
ria

l 
re

po
rte

d 
ni

ne
 s

er
io

us
 a

dv
er

se
 e

ve
nt

s 
in

 e
igh

t 
pa

rti
cip

an
ts 

wh
ich

 w
er

e 
de

em
ed

 b
y 

th
e 

bl
in

de
d 

in
ve

sti
ga

to
rs

 a
s u

nl
ik

ely
 to

 h
av

e 
be

en
 re

lat
ed

 to
 th

e 
in

ve
sti

ga
tio

na
l 

ag
en

t. 
Th

e 
SA

Es
 in

 th
e 

ste
m

 c
ell

 th
er

ap
y 

in
clu

de
d 

ac
ut

e 
m

yo
ca

rd
ial

 in
fa

rc
tio

n, 
ile

us
, f

em
ur

 
fra

ctu
re

, f
ib

ul
a f

ra
ctu

re
, o

ste
oa

rth
rit

is,
 m

en
isc

us
 le

sio
n. 

Th
e S

AE
s i

n 
us

ua
l c

ar
e a

rm
 in

clu
de

d 
sm

all
 in

te
sti

na
l o

bs
tru

ct
io

n 
an

d 
ha

nd
 fr

ac
tu

re
. T

he
 e

vi
de

nc
e 

is 
in

su
ffi

cie
nt

 t
o 

dr
aw

 fi
rm

 
co

nc
lu

sio
ns

 du
e t

o l
im

ite
d l

on
g t

er
m

 fo
llo

w 
up

 of
 th

e t
ria

l. 

  

Ce
rt

ai
nt

y 
of

 e
vi

de
nc

e 
 W

ha
t i

s t
he

 ov
er

all
 ce

rta
in

ty
 of

 th
e e

vi
de

nc
e o

f e
ffe

ct
s?

 
JU

D
GE

M
EN

T 
RE

SE
AR

CH
 E

VI
D

EN
CE

 
AD

D
IT

IO
N

AL
 

CO
N

SI
D

ER
AT

IO
N

S 

●V
er

y l
ow

 
○L

ow
 

○M
od

er
at

e 
○H

igh
 

○N
o i

nc
lu

de
d 

stu
di

es
 

Th
e e

vid
en

ce
 in

 th
is 

re
vi

ew
 is

 of
 ve

ry
 lo

w 
qu

ali
ty

 du
e t

o s
in

gle
 st

ud
y w

ith
 sm

all
 sa

m
pl

e s
ize

. 
  

Va
lu

es
 

 Is 
th

er
e i

m
po

rta
nt

 un
ce

rta
in

ty
 ab

ou
t o

r v
ar

iab
ili

ty
 in

 ho
w 

m
uc

h p
eo

pl
e v

alu
e t

he
 m

ain
 ou

tco
m

es
? 



 
 

Ev
id

en
ce

-b
as

ed
 G

ui
de

lin
es

 fo
r t

he
 us

e o
f s

te
m

 ce
ll t

he
ra

py
: O

rth
op

ed
ic 

co
nd

iti
on

s (
Su

pp
lem

en
t) 

Pa
ge

 23
2 

 

JU
D

GE
M

EN
T 

RE
SE

AR
CH

 E
VI

D
EN

CE
 

AD
D

IT
IO

N
AL

 
CO

N
SI

D
ER

AT
IO

N
S 

○I
m

po
rta

nt
 

un
ce

rta
in

ty
 or

 
va

ria
bi

lit
y 

○P
os

sib
ly 

im
po

rta
nt

 
un

ce
rta

in
ty

 or
 

va
ria

bi
lit

y 
●P

ro
ba

bl
y n

o 
im

po
rta

nt
 

un
ce

rta
in

ty
 or

 
va

ria
bi

lit
y 

○N
o i

m
po

rta
nt

 
un

ce
rta

in
ty

 or
 

va
ria

bi
lit

y 

M
ain

 ou
tco

m
e i

s c
lin

ica
l im

pr
ov

em
en

t i
n t

he
 fo

rm
 of

 re
du

ce
d p

ain
 an

d i
nc

re
as

ed
 fu

nc
tio

na
l 

ac
tiv

ity
 w

hi
ch

 is
 lik

ely
 to

 be
 hi

gh
ly 

va
lu

ed
 by

 m
os

t p
er

so
ns

.3, 
4  

  

Ba
la

nc
e 

of
 e

ffe
ct

s 
 Do

es
 th

e b
ala

nc
e b

et
we

en
 de

sir
ab

le 
an

d u
nd

es
ira

bl
e e

ffe
ct

s f
av

or
 th

e i
nt

er
ve

nt
io

n o
r t

he
 co

m
pa

ris
on

? 
JU

D
GE

M
EN

T 
RE

SE
AR

CH
 E

VI
D

EN
CE

 
AD

D
IT

IO
N

AL
 

CO
N

SI
D

ER
AT

IO
N

S 

○F
av

or
s t

he
 

co
m

pa
ris

on
 

○P
ro

ba
bl

y f
av

or
s 

th
e c

om
pa

ris
on

 
●D

oe
s n

ot
 fa

vo
r 

eit
he

r t
he

 
in

te
rv

en
tio

n o
r t

he
 

co
m

pa
ris

on
 

○P
ro

ba
bl

y f
av

or
s 

th
e i

nt
er

ve
nt

io
n 

○F
av

or
s t

he
 

in
te

rv
en

tio
n 

○V
ar

ies
 

It 
is 

les
s c

lea
r i

f b
en

ef
its

 of
 st

em
 ce

ll i
nt

er
ve

nt
io

n o
ut

we
igh

 th
e h

ar
m

s d
ue

 to
 sm

all
 to

 tr
iv

ial
 

be
ne

fit
, b

as
ed

 on
 lim

ite
d e

vi
de

nc
e. 

 



 
 

Ev
id

en
ce

-b
as

ed
 G

ui
de

lin
es

 fo
r t

he
 us

e o
f s

te
m

 ce
ll t

he
ra

py
: O

rth
op

ed
ic 

co
nd

iti
on

s (
Su

pp
lem

en
t) 

Pa
ge

 23
3 

 ○D
on

't 
kn

ow
 

Re
so

ur
ce

s 
re

qu
ir

ed
 

 Ho
w 

lar
ge

 ar
e t

he
 re

so
ur

ce
 re

qu
ire

m
en

ts 
(c

os
ts)

? 
JU

D
GE

M
EN

T 
RE

SE
AR

CH
 E

VI
D

EN
CE

 
AD

D
IT

IO
N

AL
 

CO
N

SI
D

ER
AT

IO
N

S 

●L
ar

ge
 co

sts
 

○M
od

er
at

e c
os

ts 
○N

eg
lig

ib
le 

co
sts

 
an

d s
av

in
gs

 
○M

od
er

at
e s

av
in

gs
 

○L
ar

ge
 sa

vi
ng

s 
○V

ar
ies

 
○D

on
't 

kn
ow

 

No
 d

ire
ct

 e
vi

de
nc

e 
of

 th
e 

re
so

ur
ce

s 
re

qu
ire

d 
in

 s
te

m
 c

ell
 tr

an
sp

lan
ta

tio
n 

in
 p

at
ien

ts 
wi

th
 

sp
in

al 
co

rd
 in

ju
ry

 w
as

 id
en

tif
ied

. H
ow

ev
er

, i
nd

ire
ct

 e
vi

de
nc

e 
sh

ow
s t

ha
t t

he
 m

ed
ian

 co
st 

of
 

au
to

lo
go

us
 tr

an
sp

lan
t w

as
 U

SD
, $

 12
,50

0 (
ra

ng
e $

 10
,33

1–
39

,36
7)

-R
s. 

10
,00

,00
0. 

  

Ce
rt

ai
nt

y 
of

 e
vi

de
nc

e 
of

 r
eq

ui
re

d 
re

so
ur

ce
s 

 W
ha

t i
s t

he
 ce

rta
in

ty
 of

 th
e e

vi
de

nc
e o

f r
es

ou
rc

e r
eq

ui
re

m
en

ts 
(c

os
ts)

? 
JU

D
GE

M
EN

T 
RE

SE
AR

CH
 E

VI
D

EN
CE

 
AD

D
IT

IO
N

AL
 

CO
N

SI
D

ER
AT

IO
N

S 

○V
er

y l
ow

 
○L

ow
 

●M
od

er
at

e 
○H

igh
 

○N
o i

nc
lu

de
d 

stu
di

es
 

No
 re

se
ar

ch
 ev

id
en

ce
 w

as
 id

en
tif

ied
. 

Th
e 

GD
G 

m
em

be
rs

 
we

re
 

fa
irl

y 
ce

rta
in

 
th

at
 

ste
m

 
ce

ll 
th

er
ap

y 
re

qu
ire

s 
lar

ge
 

re
so

ur
ce

s. 
 

Co
st

 e
ffe

ct
iv

en
es

s 
 Do

es
 th

e c
os

t-e
ffe

ct
iv

en
es

s o
f t

he
 in

te
rv

en
tio

n f
av

or
 th

e i
nt

er
ve

nt
io

n o
r t

he
 co

m
pa

ris
on

? 
JU

D
GE

M
EN

T 
RE

SE
AR

CH
 E

VI
D

EN
CE

 
AD

D
IT

IO
N

AL
 

CO
N

SI
D

ER
AT

IO
N

S 



 
 

Ev
id

en
ce

-b
as

ed
 G

ui
de

lin
es

 fo
r t

he
 us

e o
f s

te
m

 ce
ll t

he
ra

py
: O

rth
op

ed
ic 

co
nd

iti
on

s (
Su

pp
lem

en
t) 

Pa
ge

 23
4 

 ○F
av

or
s t

he
 

co
m

pa
ris

on
 

●P
ro

ba
bl

y f
av

or
s 

th
e c

om
pa

ris
on

 
○D

oe
s n

ot
 fa

vo
r 

eit
he

r t
he

 
in

te
rv

en
tio

n o
r t

he
 

co
m

pa
ris

on
 

○P
ro

ba
bl

y f
av

or
s 

th
e i

nt
er

ve
nt

io
n 

○F
av

or
s t

he
 

in
te

rv
en

tio
n 

○V
ar

ies
 

○N
o i

nc
lu

de
d 

stu
di

es
 

No
 re

se
ar

ch
 ev

id
en

ce
 w

as
 id

en
tif

ied
. 

Th
e i

nt
er

ve
nt

io
n w

as
 

no
t f

ou
nd

 to
 be

 
ef

fe
ct

iv
e a

nd
 he

nc
e 

th
e c

om
m

itt
ee

 
de

fe
rr

ed
 to

 co
m

m
en

t 
on

 co
st 

ef
fe

ct
ive

ne
ss

. 
 

Eq
ui

ty
 

 W
ha

t w
ou

ld
 be

 th
e i

m
pa

ct 
on

 he
alt

h e
qu

ity
? 

JU
D

GE
M

EN
T 

RE
SE

AR
CH

 E
VI

D
EN

CE
 

AD
D

IT
IO

N
AL

 
CO

N
SI

D
ER

AT
IO

N
S 

○R
ed

uc
ed

 
●P

ro
ba

bl
y r

ed
uc

ed
 

○P
ro

ba
bl

y n
o 

im
pa

ct 
○P

ro
ba

bl
y 

in
cr

ea
se

d 
○I

nc
re

as
ed

 
○V

ar
ies

 
○D

on
't 

kn
ow

 

No
 re

se
ar

ch
 e

vid
en

ce
 w

as
 id

en
tif

ied
 a

s s
te

m
 ce

ll 
th

er
ap

y 
is 

an
 e

xp
en

siv
e 

tre
at

m
en

t o
ffe

re
d 

on
ly 

at
 te

rti
ar

y 
ca

re
 ce

nt
er

s, 
it 

is 
lik

ely
 to

 in
cr

ea
se

 in
eq

ui
ty

 a
s i

t w
ou

ld
 n

ot
 b

e 
af

fo
rd

ab
le 

by
 

all
. 

As
 s

te
m

 c
ell

 th
er

ap
y 

is 
an

 
ex

pe
ns

iv
e 

tre
at

m
en

t 
of

fe
re

d 
on

ly 
at

 te
rti

ar
y 

ca
re

 
ce

nt
er

s, 
it 

is 
lik

ely
 to

 
in

cr
ea

se
 i

ne
qu

ity
 a

s 
it 

wo
ul

d 
no

t 
be

 
af

fo
rd

ab
le 

by
 al

l. 
 

Ac
ce

pt
ab

ili
ty

 
 Is 

th
e i

nt
er

ve
nt

io
n a

cc
ep

ta
bl

e t
o k

ey
 st

ak
eh

ol
de

rs
? 



 
 

Ev
id

en
ce

-b
as

ed
 G

ui
de

lin
es

 fo
r t

he
 us

e o
f s

te
m

 ce
ll t

he
ra

py
: O

rth
op

ed
ic 

co
nd

iti
on

s (
Su

pp
lem

en
t) 

Pa
ge

 23
5 

 JU
D

GE
M

EN
T 

RE
SE

AR
CH

 E
VI

D
EN

CE
 

AD
D

IT
IO

N
AL

 
CO

N
SI

D
ER

AT
IO

N
S 

○N
o 

○P
ro

ba
bl

y n
o 

●P
ro

ba
bl

y y
es

 
○Y

es
 

○V
ar

ies
 

○D
on

't 
kn

ow
 

De
sp

ite
 u

nc
er

ta
in

ty
 r

eg
ar

di
ng

 t
he

 m
ed

ica
l 

ris
ks

 a
nd

 b
en

ef
its

 a
ss

oc
iat

ed
 w

ith
 s

te
m

 c
ell

 
in

jec
tio

ns
, p

at
ien

ts 
wi

th
 s

pi
na

l c
or

d 
in

ju
ry

 h
av

e 
ve

ry
 h

igh
 e

xp
ec

ta
tio

ns
 f

ro
m

 s
te

m
, c

ell
 

th
er

ap
y.5

 

  

Fe
as

ib
ili

ty
 

 Is 
th

e i
nt

er
ve

nt
io

n f
ea

sib
le 

to
 im

pl
em

en
t? 

JU
D

GE
M

EN
T 

RE
SE

AR
CH

 E
VI

D
EN

CE
 

AD
D

IT
IO

N
AL

 
CO

N
SI

D
ER

AT
IO

N
S 

○N
o 

○P
ro

ba
bl

y n
o 

●P
ro

ba
bl

y y
es

 
○Y

es
 

○V
ar

ies
 

○D
on

't 
kn

ow
 

No
 re

se
ar

ch
 ev

id
en

ce
 w

as
 id

en
tif

ied
. S

te
m

 C
ell

 tr
an

sp
lan

ta
tio

n c
an

 be
 pe

rfo
rm

ed
 on

ly 
in

 
te

rti
ar

y c
ar

e c
en

te
rs

 so
 fe

as
ib

ili
ty

 in
 le

ss
er

 eq
ui

pp
ed

 ho
sp

ita
ls 

an
d c

lin
ics

 is
 no

t p
os

sib
le.

 
Fe

as
ib

le 
to

 
im

pl
em

en
t 

in
 

te
rti

ar
y c

en
tre

s. 
  

SU
M

M
AR

Y 
O

F 
JU

D
GE

M
EN

TS
 

 
JU

D
GE

M
EN

T 

PR
O

BL
EM

 
No

 
Pr

ob
ab

ly 
no

 
Pr

ob
ab

ly 
ye

s 
Ye

s 
 

Va
rie

s 
Do

n'
t k

no
w 

D
ES

IR
AB

LE
 

EF
FE

CT
S 

Tr
iv

ia
l 

Sm
all

 
M

od
er

at
e 

La
rg

e 
 

Va
rie

s 
Do

n'
t k

no
w 

U
ND

ES
IR

AB
LE

 
EF

FE
CT

S 
Tr

ivi
al 

Sm
all

 
M

od
er

at
e 

La
rg

e 
 

Va
ri

es
 

Do
n'

t k
no

w 

CE
RT

AI
NT

Y 
O

F 
Ve

ry
 lo

w
 

Lo
w 

M
od

er
at

e 
Hi

gh
 

 
 

No
 in

clu
de

d 



 
 

Ev
id

en
ce

-b
as

ed
 G

ui
de

lin
es

 fo
r t

he
 us

e o
f s

te
m

 ce
ll t

he
ra

py
: O

rth
op

ed
ic 

co
nd

iti
on

s (
Su

pp
lem

en
t) 

Pa
ge

 23
6 

 

 
JU

D
GE

M
EN

T 

EV
ID

EN
CE

 
stu

di
es

 

VA
LU

ES
 

Im
po

rta
nt

 
un

ce
rta

in
ty

 
or

 
va

ria
bi

lit
y 

Po
ss

ib
ly 

im
po

rta
nt

 
un

ce
rta

in
ty

 or
 

va
ria

bi
lit

y 

Pr
ob

ab
ly

 n
o 

im
po

rt
an

t 
un

ce
rt

ai
nt

y 
or

 v
ar

ia
bi

lit
y 

No
 im

po
rta

nt
 

un
ce

rta
in

ty
 or

 
va

ria
bi

lit
y 

 
 

 

BA
LA

N
CE

 O
F 

EF
FE

CT
S 

Fa
vo

rs
 th

e 
co

m
pa

ris
on

 
Pr

ob
ab

ly 
fa

vo
rs

 th
e 

co
m

pa
ris

on
 

D
oe

s 
no

t 
fa

vo
r 

ei
th

er
 

th
e 

in
te

rv
en

ti
on

 
or

 th
e 

co
m

pa
ri

so
n 

Pr
ob

ab
ly 

fa
vo

rs
 th

e 
in

te
rv

en
tio

n 
Fa

vo
rs

 th
e 

in
te

rv
en

tio
n 

Va
rie

s 
Do

n'
t k

no
w 

RE
SO

U
RC

ES
 

RE
Q

U
IR

ED
 

La
rg

e 
co

st
s 

M
od

er
at

e 
co

sts
 

Ne
gli

gib
le 

co
sts

 an
d 

sa
vi

ng
s 

M
od

er
at

e 
sa

vi
ng

s 
La

rg
e s

av
in

gs
 

Va
rie

s 
Do

n'
t k

no
w 

CE
RT

AI
NT

Y 
O

F 
EV

ID
EN

CE
 O

F 
RE

Q
U

IR
ED

 
RE

SO
U

RC
ES

 

Ve
ry

 lo
w 

Lo
w 

M
od

er
at

e 
Hi

gh
 

 
 

No
 in

clu
de

d 
stu

di
es

 

CO
ST

 
EF

FE
CT

IV
EN

ES
S 

Fa
vo

rs
 th

e 
co

m
pa

ris
on

 
Pr

ob
ab

ly
 

fa
vo

rs
 th

e 
co

m
pa

ri
so

n 

Do
es

 no
t f

av
or

 
eit

he
r t

he
 

in
te

rv
en

tio
n o

r 
th

e 
co

m
pa

ris
on

 

Pr
ob

ab
ly 

fa
vo

rs
 th

e 
in

te
rv

en
tio

n 
Fa

vo
rs

 th
e 

in
te

rv
en

tio
n 

Va
rie

s 
No

 in
clu

de
d 

stu
di

es
 

EQ
UI

TY
 

Re
du

ce
d 

Pr
ob

ab
ly

 
re

du
ce

d 
Pr

ob
ab

ly 
no

 
im

pa
ct 

Pr
ob

ab
ly 

in
cr

ea
se

d 
In

cr
ea

se
d 

Va
rie

s 
Do

n'
t k

no
w 

AC
CE

PT
AB

IL
IT

Y 
No

 
Pr

ob
ab

ly 
no

 
Pr

ob
ab

ly
 y

es
 

Ye
s 

 
Va

rie
s 

Do
n'

t k
no

w 

FE
AS

IB
IL

IT
Y 

No
 

Pr
ob

ab
ly 

no
 

Pr
ob

ab
ly

 y
es

 
Ye

s 
 

Va
rie

s 
Do

n'
t k

no
w 



 
 

Ev
id

en
ce

-b
as

ed
 G

ui
de

lin
es

 fo
r t

he
 us

e o
f s

te
m

 ce
ll t

he
ra

py
: O

rth
op

ed
ic 

co
nd

iti
on

s (
Su

pp
lem

en
t) 

Pa
ge

 23
7 

 TY
PE

 O
F 

RE
CO

M
M

EN
D

AT
IO

N
 

 
St

ro
ng

 
re

co
m

m
en

da
tio

n 
ag

ain
st 

th
e 

in
te

rv
en

tio
n 

Co
nd

iti
on

al 
re

co
m

m
en

da
tio

n 
ag

ain
st 

th
e 

in
te

rv
en

tio
n 

U
se

 o
nl

y 
in

 th
e 

co
nt

ex
t o

f 
ri

go
ro

us
ly

 
co

nd
uc

te
d 

RC
Ts

 

Co
nd

iti
on

al 
re

co
m

m
en

da
tio

n f
or

 ei
th

er
 

th
e i

nt
er

ve
nt

io
n o

r t
he

 
co

m
pa

ris
on

 

Co
nd

iti
on

al 
re

co
m

m
en

da
tio

n f
or

 
th

e i
nt

er
ve

nt
io

n 

St
ro

ng
 

re
co

m
m

en
da

tio
n f

or
 

th
e i

nt
er

ve
nt

io
n 

○ 
 

○ 
 

● 
○ 

 
○ 

 
○ 

 

CO
N

CL
U

SI
O

N
S 

Re
co

m
m

en
da

ti
on

 

St
em

 C
ell

 T
he

ra
py

 is
 n

ot
 r

ec
om

m
en

de
d 

in
 ro

ut
in

e p
ra

cti
ce

 fo
r t

he
 tr

ea
tm

en
t o

f m
en

isc
al 

te
ar

/m
en

isc
op

at
hy

. I
t m

ay
 b

e u
se

d 
on

ly 
in

 th
e 

co
nt

ex
t o

f r
igo

ro
us

ly 
co

nd
uc

te
d r

an
do

m
ize

d c
on

tro
lle

d t
ria

ls.
 

 Ju
st

ifi
ca

tio
n 

Th
is 

re
co

m
m

en
da

tio
n 

ha
s b

ee
n 

m
ad

e a
s t

he
re

 is
 ve

ry
 lo

w 
ce

rta
in

ty
 ev

id
en

ce
 o

f t
riv

ial
 re

du
cti

on
 in

 p
ain

 an
d 

no
 im

pr
ov

em
en

t i
n 

fu
nc

tio
n. 

Th
e u

nd
es

ira
bl

e e
ffe

cts
 ar

e v
ar

iab
le 

an
d h

et
er

og
en

ou
s. 

In
 ad

di
tio

n, 
th

e f
ol

lo
w 

up
 pe

rio
d i

s l
im

ite
d t

o c
om

m
en

t o
n l

on
g-

te
rm

 sa
fe

ty
 of

 st
em

 
ce

ll 
th

er
ap

y. 
Re

su
lts

 s
ho

ul
d 

be
 in

te
rp

re
te

d 
wi

th
 c

au
tio

n 
in

 v
iew

 o
f v

ar
io

us
 s

tu
dy

 li
m

ita
tio

ns
 li

ke
 r

isk
 o

f b
ias

 a
nd

 s
m

all
 n

um
be

r 
of

 
pa

rti
cip

an
ts 

an
d e

ve
nt

s i
n t

he
 si

ng
le 

tri
al.

 
            



 
 

Ev
id

en
ce

-b
as

ed
 G

ui
de

lin
es

 fo
r t

he
 us

e o
f s

te
m

 ce
ll t

he
ra

py
: O

rth
op

ed
ic 

co
nd

iti
on

s (
Su

pp
lem

en
t) 

Pa
ge

 23
8 

 

vi
. 

D
at

a 
ex

tr
ac

tio
n:

 
 

D
at

a 
ex

tr
ac

ti
on

 m
et

ho
ds

 
A 

sta
nd

ar
di

ze
d 

da
ta

 e
xt

ra
ct

io
n 

fo
rm

 w
ill

 b
e 

de
ve

lo
pe

d 
an

d 
ut

ili
ze

d 
to

 co
lle

ct
 re

lev
an

t i
nf

or
m

at
io

n 
fro

m
 in

clu
de

d 
stu

di
es

. D
at

a 
wi

ll 
be

 
ex

tra
ct

ed
 on

 st
ud

y c
ha

ra
cte

ris
tic

s, 
pa

rti
cip

an
t d

em
og

ra
ph

ics
, in

te
rv

en
tio

n d
et

ail
s, 

ou
tco

m
es

 m
ea

su
re

d, 
an

d f
ol

lo
w-

up
 du

ra
tio

n. 
 D

at
a 

ex
tr

ac
tio

n 
Sh

ee
t 

St
ud

y 
Va

ng
sn

es
s 

et
 a

l. 
20

14
1  

St
ud

y 
ty

pe
: 

A 
ra

nd
om

ize
d, 

do
ub

le-
bl

in
d, 

co
nt

ro
lle

d s
tu

dy
 

N
um

be
r 

of
 p

ar
ti

ci
pa

nt
s:

 
54

 
Co

un
tr

ie
s 

an
d 

se
tt

in
g:

 
Ca

lif
or

ni
a, 

Fl
or

id
a, 

Ill
in

oi
s, 

M
ar

yla
nd

, N
or

th
 Ca

ro
lin

a, 
an

d T
ex

as
 (U

ni
te

d 
sta

te
s o

f A
m

er
ica

) 
D

ur
at

io
n 

of
 s

tu
dy

 F
ol

lo
w

 u
p 

(p
os

t 
in

te
rv

en
ti

on
):

 
six

 w
ee

ks
, s

ix 
m

on
th

s, 
on

e 
ye

ar
, a

nd
 tw

o y
ea

rs
 po

sto
pe

ra
tiv

ely
 

M
et

ho
d 

of
 a

ss
es

sm
en

t o
f d

is
ea

se
 

co
nd

it
io

n:
 

• 
Pa

tie
nt

 kn
ee

 pa
in

 w
as

 as
se

ss
ed

 w
ith

 us
e o

f a
 vi

su
al 

an
alo

gu
e s

ca
le 

(V
AS

) o
f 0

 to
 10

0 
• 

M
en

isc
al 

vo
lu

m
e r

eg
en

er
at

io
n-

M
RI

 
• 

Fu
nc

tio
na

l im
pr

ov
em

en
t- 

Ly
sh

ol
m

 kn
ee

 sc
ale

 

Su
bg

ro
up

 a
na

ly
si

s 
w

it
hi

n 
st

ud
y:

 
No

t a
pp

lic
ab

le 
In

cl
us

io
n 

cr
it

er
ia

: 
          

• 
Ag

e 1
8 t

o 6
0, 

in
clu

siv
e 

• 
In

 ne
ed

 of
 m

ed
ial

 m
en

isc
ec

to
m

y 
• 

No
rm

al 
ax

ial
 al

ign
m

en
t 

• 
St

ab
le 

kn
ee

- p
re

vio
us

 lig
am

en
t r

ec
on

str
uc

tio
n, 

if 
sta

bl
e 

• 
Re

m
ov

al 
of

 at
 le

as
t 5

0%
 of

 th
e a

ffe
ct

ed
 po

rti
on

 of
 th

e m
ed

ial
 m

en
isc

us
 

• 
In

ta
ct

 ar
tic

ul
ar

 ca
rti

lag
e i

n p
os

te
rio

r m
en

isc
al 

we
igh

t-b
ea

rin
g z

on
e 

• 
W

ill
in

gn
es

s t
o f

ol
lo

w 
no

rm
al 

po
st-

op
er

at
iv

e r
eh

ab
ili

ta
tio

n. 
• 

W
ill

in
gn

es
s t

o p
ar

tic
ip

at
e i

n f
ol

lo
w-

up
 fo

r t
wo

 ye
ar

s f
ro

m
 th

e t
im

e o
f m

en
isc

ec
to

m
y 

su
rg

er
y. 

• 
Ab

ili
ty

 to
 un

de
rs

ta
nd

 an
d w

ill
in

gn
es

s t
o s

ign
 co

ns
en

t f
or

m
 

Ex
cl

us
io

n 
cr

it
er

ia
: 

• 
Pr

eg
na

nt
 or

 la
ct

at
in

g 
• 

AC
L o

r o
th

er
 su

pp
or

t s
tru

ct
ur

e d
am

ag
e c

on
fir

m
ed

 at
 su

rg
er

y 
• 

Gr
ad

e I
II 

or
 IV

 ca
rti

lag
e d

am
ag

e (
Ca

rti
lag

e l
os

s g
re

at
er

 th
an

 50
%

 th
ick

ne
ss

 in
 ar

ea
 >1

5m
m

 
on

 w
eig

ht
-b

ea
rin

g a
sp

ec
t o

f f
em

or
al 

co
nd

yle
 or

 ti
bi

al 
pl

at
ea

u)
 

• 
Sy

nv
isc

, s
te

ro
id

, o
r c

or
tic

os
te

ro
id

 in
jec

tio
ns

 in
 pr

ec
ed

in
g 3

 m
on

th
s 



 
 

Ev
id

en
ce

-b
as

ed
 G

ui
de

lin
es

 fo
r t

he
 us

e o
f s

te
m

 ce
ll t

he
ra

py
: O

rth
op

ed
ic 

co
nd

iti
on

s (
Su

pp
lem

en
t) 

Pa
ge

 23
9 

 

• 
Di

ffu
se

 sy
no

vi
tis

 at
 ti

m
e o

f a
rth

ro
sc

op
y 

• 
In

fla
m

m
at

or
y a

rth
rit

is 
• 

Or
al 

ste
ro

id
, m

et
ho

tre
xa

te
 th

er
ap

y 
• 

Un
ab

le 
to

 fo
llo

w 
po

st-
op

er
at

iv
e e

xe
rc

ise
 re

gim
en

 or
 re

tu
rn

 fo
r e

va
lu

at
io

ns
 

• 
Ac

tiv
e a

lco
ho

l o
r s

ub
sta

nc
e a

bu
se

 w
ith

in
 6 

m
on

th
s o

f s
tu

dy
 en

try
 

• 
Cu

rr
en

t a
nd

 ac
tiv

e t
ob

ac
co

 pr
od

uc
t u

se
 

• 
Pa

tie
nt

 is
 po

sit
iv

e f
or

 H
IV

 
• 

Pa
tie

nt
 is

 po
sit

iv
e f

or
 he

pa
tit

is 
(p

as
t h

ist
or

y o
f H

ep
at

iti
s A

 is
 al

lo
we

d)
 

• 
An

y m
ed

ica
l c

on
di

tio
n, 

wh
ich

 in
 th

e o
pi

ni
on

 of
 th

e c
lin

ica
l in

ve
sti

ga
to

r, 
wo

ul
d i

nt
er

fe
re

 
wi

th
 th

e t
re

at
m

en
t o

r o
ut

co
m

e o
f t

he
 pa

tie
nt

 
• 

In
dw

ell
in

g p
ac

em
ak

er
 

• 
Ce

re
br

al 
an

eu
ry

sm
 cl

ip
s 

• 
Ea

r, 
ey

e a
nd

 pe
ni

le 
im

pl
an

ts 
wi

th
 av

ian
 co

m
po

ne
nt

s 
• 

El
ec

tri
ca

l in
dw

ell
in

g d
ev

ice
 su

ch
 as

 bo
ne

 st
im

ul
at

or
 

• 
In

dw
ell

in
g m

ag
ne

ts 
as

 ti
ss

ue
 ex

pa
nd

er
 fo

r f
ut

ur
e i

m
pl

an
ts 

• 
Kn

ow
n a

lle
rg

y t
o a

vi
an

, b
ov

in
e o

r p
or

cin
e p

ro
te

in
 

Re
cr

ui
tm

en
t/

se
le

ct
io

n 
of

 p
at

ie
nt

s:
 

Pa
tie

nt
s f

or
 a 

pa
rti

al 
m

ed
ial

m
en

isc
ec

to
m

y b
as

ed
 on

 m
ag

ne
tic

 re
so

na
nc

e i
m

ag
in

g (
M

RI
) a

t 
sc

re
en

in
g a

nd
th

e s
ur

ge
on

’s 
ev

alu
at

io
n m

ee
tin

g t
he

50
%

 th
re

sh
ol

d e
xc

isi
on

 of
 th

e m
ed

ial
 

m
en

isc
us

. 
In

te
rv

en
ti

on
: 

Ty
pe

 o
f 

st
em

 c
el

ls
 

w
it

h 
m

et
ho

d 
of

 
th

ei
r 

ch
ar

ac
te

ri
za

ti
on

, 
Ro

ut
e 

of
 

ad
m

in
is

tr
at

io
n,

 D
os

e 

A 
sin

gle
 i

nt
ra

-a
rti

cu
lar

 i
nj

ec
tio

n 
of

 5
0 

or
 1

50
 m

ill
io

n 
hu

m
an

 m
es

en
ch

ym
als

te
m

 c
ell

s 
su

sp
en

de
d 

in
 2

m
L 

(2
0m

g)
 o

f 
so

di
um

 h
ya

lu
ro

na
te

 (
hy

alu
ro

ni
ca

cid
/h

ya
lu

ro
na

n)
, 

hu
m

an
 

se
ru

m
alb

um
in

 (1
.2%

), 
an

d P
las

m
aL

yt
e A

 to
 a 

vo
lu

m
eo

f 5
m

l a
fte

rp
ar

tia
l m

en
isc

ec
to

m
y. 

O
ut

co
m

es
 

re
po

rt
ed

 
w

it
h 

tim
e 

po
in

ts
: 

M
RI

 R
es

ul
ts 

fo
r M

en
isc

al 
Vo

lu
m

e, 
V 

To
ta

l L
ys

ho
lm

 K
ne

e S
ca

le 
Sc

or
es

, K
ne

e p
ain

 w
as

 as
se

ss
ed

 
wi

th
 us

e o
f a

 10
0-

m
m

VA
S s

ix 
we

ek
s, 

six
 m

on
th

s, 
on

ey
ea

r, 
an

d t
wo

 ye
ar

s p
os

to
pe

ra
tiv

ely
. 

Fu
nd

in
g:

 
Os

iri
s T

he
ra

pe
ut

ics
, C

ol
um

bi
a, 

M
ar

yla
nd

 (C
lin

ica
lT

ria
ls.

go
v: 

NC
T0

02
25

09
5)

 
Ro

B2
 A

ss
es

sm
en

t: 
Sp

ec
ify

 
se

pa
ra

te
ly

 fo
r 

ea
ch

 d
om

ai
n 

 



Evidence-based Guidelines for the use of stem cell therapy: Orthopedic conditions (Supplement) Page 240 

vii. List of excluded studies:

S No. Study Reason of exclusion 

1 Ciemniewska-Gorzela et al. 2021 Case report 
2 Dancy ME et al. 2023 Non-RCT 
3 Khalifeh Soltani S et al. 2019 Non-RCT 
4 Mizuno M et al. 2021 Case report 
5 Onoi Y et al. 2019 Case report 
6 Qiao Z et al. 2020 Other disease 
7 Sekiya I et al. 2022 Case report 
8 Sekiya I et al. 2019 Case report 
9 Sekiya I et al. 2015 Other disease 
10 Koh YG et al. 2016 Other disease 
11 clinicaltrials.gov/show/NCT04274543 Abstract only, Trial 

Incomplete/ Withdrawn 
12 clinicaltrials.gov/show/NCT04972331 Abstract only, Trial 

Incomplete/ Withdrawn 
13 Kaminski R et al. 2019 Other intervention 
14 clinicaltrials.gov/show/NCT05840887 Abstract only, Trial 

Incomplete/ Withdrawn 
15 Kalsi G et al. 2018 Other disease 
16 Hershman E et al. 2021 Other intervention 
17 Monllau JC et al. 2010 Other intervention 
18 Izaguirre A et al. 2010 Other intervention 
19 Sabater-Martos M et al. 2023 Other intervention 
20 Verdonk R et al. 2010 Other intervention 
21 Verdonk R et al. 2010 Other intervention 
22 Verdonk PC et al. 2010 Other intervention 
23 Zaffagnini S et al. 2015 Other intervention 
24 Dhollander AA et al. 2017 Other intervention 
25 Alley R et al. 2020 Other intervention 
26 trialsearch.who.int/Trial2.aspx?TrialID=JPRN-

UMIN000026383 
PY- 2017 

Abstract only, Trial 
Incomplete/ Withdrawn 

27 https://trialsearch.who.int/Trial2.aspx?TrialID=JPRN
-UMIN000017890
PY- 2015

Abstract only, Trial 
Incomplete/ Withdrawn 

28 https://trialsearch.who.int/Trial2.aspx?TrialID=JPRN
-UMIN000011881
PY- 2013

Abstract only, Trial 
Incomplete/ Withdrawn 
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29 https://trialsearch.who.int/Trial2.aspx?TrialID=EUC
TR2011-006270-13-ES 
PY- 2012 

Abstract only, Trial 
Incomplete/ Withdrawn 

30 Olivos-Meza A et al. 2019 Other intervention 
31 Park YB et al. 2017 Case report 
32 Centeno CJ et al. 2008 Other disease 
33 Mahajan PV et al. 2021 Other disease 
34 Katano H et al. 2021 Abstract only, Trial 

Incomplete/ Withdrawn 
35 Cho JJet al. 2016 Other disease 
36 Rue JP et al. 2008 Other intervention 
37 Martinčič D et al. 2019 Other intervention 
38 Benazzo F et al. 2008 Other disease 
39 Takahashi T et al. 2006 Other intervention 
40 Rodkey WG et al. 1999 Other intervention 
41 Roemer FW et al. 2020 Other disease 
42 Roemer FW et al. 2016 Other disease 
43 Kaminski R et al. 2018 Other intervention 
44 Kaminski R et al. 2019 Other intervention 
45 Grøntvedt T et al. 1995 Other disease 
46 Bouyarmane H et al. 2014 Other intervention 
47 Stone KR et al. 1997 Other intervention 
48 Faivre B et al. 2015 Other intervention 
49 Martín-Hernández C et al. 2015 Abstract only, Trial 

Incomplete/ Withdrawn 
50 Michael R et al. 2017 Non-RCT 
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