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Abstract: 

The aim of this study was to evaluate the effect of intra-articular (IA) or a combination of intra-
articular and intraosseous (IO) infiltration of Platelet Rich Plasma (PRP) on the cellular content of 
synovial fluid (SF) of osteoarthritic patients. Thirty-one patients received a single infiltration of PRP 
either in the IA space (n = 14) or in the IA space together with two IO infiltrations, one in the medial 
femoral condyle and one in the tibial plateau (n = 17). SF was collected before and after one week of 
the infiltration. The presence in the SF of mesenchymal stem cells (MSCs), monocytes, and 
lymphocytes was determined and quantified by flow cytometry. The number and identity of the 
MSCs were further confirmed by colony-forming and differentiation assays. PRP infiltration into the 
subchondral bone (SB) and the IA space induced a reduction in the population of MSCs in the SF. 
This reduction in MSCs was further confirmed by colony-forming (CFU-F) assay. On the contrary, IA 
infiltration alone did not cause variations in any of the cellular populations by flow cytometry or CFU-
F assay. The SF of osteoarthritic patients contains a population of MSCs that can be modulated by 
PRP infiltration of the SB compartment. 
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Abstract 

Aim: Evaluate intra-articular injection of bone marrow concentrate (BMC), followed by platelet-rich plasma 

(PRP) injection at 8 weeks follow-up in moderate/severe osteoarthritis. Design: Single center, retrospective 

Case Series (n = 125). Methods: Bone marrow was aspirated/concentrated using a standardized technique. 

Patients received a single intra-articular injection of BMC, with follow-up injection of PRP at 8 weeks. Results: 

Median absolute pain reduction in all joints was five points (71.4%) on visual analog scale. Median patient 

satisfaction was 9.0/10, while 91.7% indicated that they would repeat the procedure and 94% said that they 

would recommend the procedure to a friend. Conclusion: Intra-articular injection of BMC, followed by a PRP 

injection, can provide short-term benefits in moderate-to-severe osteoarthritis.  
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Abstract 
 
Background: Intra-articular injections of platelet-rich plasma (PRP) to treat symptoms of knee 
osteoarthritis (OA) have been successfully used in young patients and in the early stages of disease. 
No previous studies have analyzed outcomes of PRP injections during the late stages. 
 
Hypothesis: PRP reduces pain and leads to a more effective and lasting functional recovery than 
corticosteroid with local anesthetic. 
 
Study Design: Randomized controlled trial; Level of evidence, 2. 
 

Methods: A total of 75 patients with symptomatic knee OA (Kellgren-Lawrence grade 3 to 4) were 
enrolled in this study between August 2013 and July 2014. Patients were randomized to treatment 
either with a single leukocyte-reduced PRP or corticosteroid intra-articular injection. The primary 
variable was visual analog scale assessment at 1 month. Secondary outcomes were the Knee injury 
and Osteoarthritis Outcome Score (KOOS) and Short Form–36 (SF-36) at 1, 3, and 6 months after 
treatment. Patient satisfaction at final follow-up was assessed. Both groups were homogeneous and 
comparable in baseline characteristics. 
 

Results: All variables improved in both groups. Statistical differences between groups were not 
found for the majority of the outcome variables, although the magnitude of improvements tended 
to be greater in the PRP group. Quality-of-life differences between values at 3 and 6 months versus 
baseline increased significantly more in the study group (P = .05 and .03, respectively), and so did 
general health perception differences at 6 months (P = .018). 
 

Conclusion: A single PRP intra-articular injection is effective for relieving pain and improving 
activities of daily living and quality of life in late-stage knee OA. For patients with late-stage knee OA 
who are 67 years or older, 1 intra-articular injection of PRP has similar results to 1 shot of 
corticosteroid. 
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Abstract 
 
Platelet-rich plasma (PRP) has gained growing popularity in the treatment of articular cartilage 
lesions in the last decade. However, the potential harmful effects of leukocytes in PRP on cartilage 
regeneration have seldom been studied in vitro, and not at all in vivo yet. The objective of the 
present study is to compare the effects of leukocyte- and platelet-rich plasma (L-PRP) and pure 
platelet-rich plasma (P-PRP) on cartilage repair and NF-κB pathway, in order to explore the 
mechanism underlying the function of leukocytes in PRP in cartilage regeneration. The constituent 
analysis showed that P-PRP had significantly lower concentrations of leukocytes and pro-
inflammatory cytokines compared with L-PRP. In addition, cell proliferation and differentiation 
assays indicated P-PRP promoted growth and chondrogenesis of rabbit bone marrow mesenchymal 
stem cells (rBMSC) significantly compared with L-PRP. Despite similarity in macroscopic appearance, 
the implantation of P-PRP combining rBMSC in vivo yielded better cartilage repair results than the L-
PRP group based on histological examination. Importantly, the therapeutic effects of PRP on 
cartilage regeneration could be enhanced by removing leukocytes to avoid the activation of the NF-
κB pathway. Thus, PRP without concentrated leukocytes may be more suitable for the treatment of 
articular cartilage lesions. 
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Abstract 
 
Recently, a few small reports with short follow-up period have shown clinical benefits of platelet-rich 
plasma (PRP) for peripheral neuropathy including one pilot study and one small, non-randomized 
trial in patients with carpal tunnel syndrome (CTS). Therefore, we conducted a randomized, single-
blind, controlled trial to assess the 6-month effect of PRP in patients with CTS. Sixty patients with 
unilateral mild-to-moderate CTS were randomized into two groups of 30, namely the PRP and 
control groups. In the PRP group, patients were injected with one dose of 3 mL of PRP using 
ultrasound guidance and the control group received a night splint through the study period. The 
primary outcome measure was the visual analog scale (VAS) and secondary outcome measures 
included the Boston Carpal Tunnel Syndrome Questionnaire (BCTQ) score, the cross-sectional area 
(CSA) of the median nerve (MN), electrophysiological findings of the MN, and finger pinch strength. 
The evaluation was performed before treatment and at 1, 3, and 6 months post-injection. The PRP 
group exhibited a significant reduction in the VAS score, BCTQ score, and CSA of MN compared to 
the those of control group 6 months post-treatment (p < 0.05). Our study demonstrates that PRP is a 
safe modality that effectively relieves pain and improves disability in the patients with CTS. 
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Abstract: 

Intervertebral disc degeneration is a chronic disease that causes significant disability and dependence and 
exerts a high cost on society. It is the most common cause of back pain, and may involve any segment of the 
spine, being the lumbar the most frequently affected area. It is one of the most frequent reasons for 
consultation in the general population, second only to headache, affecting 80-85 % of people throughout life. 
Current 
therapeutic strategies are primary conservative, including physical therapy and anti-inflammatory medication. 
Surgical techniques are intended only to stabilize the spine and/or decompress the spinal or foraminal canal, 
searching for relieve of symptoms; however, do not address the cause of the degeneration and even accelerate 
the degeneration of adjacent segments. Understanding of the biology of platelet-rich plasma 
(PRP) and its effect on condral repair has led to the use of PRP as a promising biological therapeutic strategy 
for enhance the regenerative process and healing of the intervertebral disc. Very few studies have been 
conducted in vitro and there are even fewer clinical studies which link PRP with the management of 
degenerative disc disease. At present, there is no document linking PRP used in injection into the epidural space 
as a method of 
intervertebral disc regeneration in cases of disc disease. This is a preliminary study of pain management in 
patients with degenerative disc disease and axial pain, by using PRP injected into the epidural space, cervical or 
lumbar. 
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Abstract: 

Knee injection therapy is less effective for severe osteoarthritis (OA), specifically Kellgren-Lawrence (KL) grade 

4. Patient selection for knee injection trials has historically been based on extension anteroposterior (AP) 

radiographic evaluation; however, emerging evidence suggests that KL grading using a flexion posteroanterior 

(PA) radiograph more accurately and reproducibly predicts disease severity. The impact of radiographic view 

on patient selection and outcome after knee injection therapy remains unknown. 

 

 

 

 

 

https://journals.sagepub.com/doi/full/10.1177/2325967117706692
https://journals.sagepub.com/doi/full/10.1177/2325967117706692
javascript:popRef('corresp1-2325967117706692')
https://journals.sagepub.com/doi/full/10.1177/2325967117706692
https://journals.sagepub.com/doi/full/10.1177/2325967117706692
https://journals.sagepub.com/action/doSearch?target=default&ContribAuthorStored=Levy%2C+David+M
https://journals.sagepub.com/doi/full/10.1177/2325967117706692
https://journals.sagepub.com/doi/full/10.1177/2325967117706692
https://journals.sagepub.com/doi/full/10.1177/2325967117706692
https://journals.sagepub.com/doi/full/10.1177/2325967117706692
https://journals.sagepub.com/doi/full/10.1177/2325967117706692


 

 

 

Biologic Approaches for the Treatment of Partial Tears of the 

Anterior Cruciate Ligament. A current Concepts Review 

2017 

Consultar article 

Authors: Ignacio Dallo,* MD, Jorge Chahla,† MD, Justin J. Mitchell,† MD, Cecilia Pascual-Garrido,‡ MD, John 

A. Feagin,† MD, and Robert F. LaPrade,†§|| MD, PhD Investigation performed at the Steadman Philippon 

Research Institute, Vail, Colorado, USA 

 

Abstract: 

Background: Anterior cruciate ligament reconstruction (ACLR) has been established as the gold standard for 

treatment of complete ruptures of the anterior cruciate ligament (ACL) in active, symptomatic individuals. In 

contrast, treatment of partial tears of the ACL remains controversial. Biologically augmented ACL-repair 

techniques are expanding in an attempt to regenerate and improve healing and outcomes of both the native 

ACL and the reconstructed graft tissue. 
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Abstract: 

Platelet-rich plasma (PRP) is used to stimulate the repair of acute and chronic cartilage damage even though 
there is no definitive evidence of how this is achieved. Chondrocytes in injured and diseased situations 
frequently re-express phenotypic biomarkers of immature cartilage so tissue maturation is a potential 
pathway for restoration of normal structure and function. We used an in vitro model of growth factor-
induced maturation to perform a comparative study in order to determine whether PRP can also induce this 
specific form of remodeling that is characterised by increased cellular proliferation and tissue stiffness. Gene 
expression patterns specific for maturation were mimicked in PRP treated cartilage, with chondromodulin, 
collagen types II/X downregulated, deiodinase II and netrin-1 upregulated. PRP increased cartilage surface cell 
density 1.5-fold (P < 0.05), confirmed by bromodeoxyuridine incorporation and proportionate increases in 
proliferating cell nuclear antigen gene expression. Atomic force microscopy analysis of PRP and growth factor 
treated cartilage gave a 5-fold increase in stiffness correlating with a 10-fold upregulation of lysyl oxidase like-
1 gene expression (P < 0.001). These data show PRP induces key aspects of post-natal maturation in immature 
cartilage and provides the basis to evaluate a new biological rationale for its activity when used clinically to 
initiate joint repair. 
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Abstract: 

This work describes a technique of platelet-rich plasma (PRP) infiltration for the treatment of severe hip 

osteoarthritis (OA). Although the results achieved with intra-articular infiltrations of PRP are promising, they 

may be insufficient in the long-term for severe hip OA. The technique consists of a combined intra-articular 

and intraosseous infiltration of PRP to reach all joint tissues, especially the subchondral bone, and hence 

facilitate a greater distribution of PRP. Diagnosis is based on clinical and radiographic findings, and patients 

with grade III OA according to the Tönnis scale, as well as patients who have not responded to conventional 

treatment, are considered candidates for this technique. After an ultrasound-guided intra-articular PRP 

infiltration is performed, 2 intraosseous infiltrations are conducted with a fluoroscope; the first injection is 

applied into the acetabulum and the second into the femoral head. However, this technique presents more 

difficulty than the conventional administration, so it is necessary to consider several aspects described in this 

work. 
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Abstract: 

We aimed to evaluate the early clinical and radiological outcomes of arthroscopic one-stage treatment with 

hyaluronic acid-based cell-free scaffold (HACS) in combination with a concentration of autologous bone 

marrow aspirate (CBMA) technique compared to nanofracture (NF). 
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Abstract: 

AIM: To examine the evidence behind the use of concentrated bone marrow aspirate (cBMA) in cartilage, 

bone, and tendon repair; establish proof of concept for the use of cBMA in these biologic environments; and 

provide the level and quality of evidence substantiating the use of cBMA in the clinical setting.  

METHODS: We conducted a systematic review according to PRISMA guidelines. EMBASE, MEDLINE, and Web 

of Knowledge databases were screened for the use of cBMA in the repair of cartilage, bone, and tendon 

repair. We extracted data on tissue type, cBMA preparation, cBMA concentration, study methods, outcomes, 

and level of evidence and reported the results in tables and text.  

RESULTS: A total of 36 studies met inclusion/exclusion criteria and were included in this review. Thirty-one of 

36 (86%) studies reported the method of centrifugation and preparation of cBMA with 15 (42%) studies 

reporting either a cell concentration or an increase from baseline. Variation of cBMA application was seen 

amongst the studies evaluated. Twenty-one of 36 (58%) were level of evidence Ⅳ, 12/36 (33%) were level of 

evidence Ⅲ, and 3/36 (8%) were level of evidence Ⅱ. Studies evaluated full thickness chondral lesions (7 

studies), osteochondral lesions (10 studies), osteoarthritis (5 studies), nonunion or fracture (9 studies), or 

tendon injuries (5 studies). Significant clinical improvement with the presence of hyaline-like values and lower 

incidence of fibrocartilage on T2 mapping was found in patients receiving cBMA in the treatment of 

cartilaginous lesions. Bone consolidation and time to bone union was improved in patients receiving cBMA. 

Enhanced healing Submit a Manuscript: http://www.f6publishing.com DOI: 10.5312/wjo.v8.i6.491 World J 

Orthop 2017 June 18; 8(6): 491-506 ISSN 2218-5836 (online) WJO|www.wjgnet.com 492 June 18, 

2017|Volume 8|Issue 6| Gianakos AL et al. cBMA in orthopaedics rates, improved quality of the repair 

surface on ultrasound and magnetic resonance imaging, and a decreased risk of re-rupture was demonstrated 

in patients receiving cBMA as an adjunctive treatment in tendon repair.  

CONCLUSION: The current literature demonstrates the potential benefits of utilizing cBMA for the repair of 

cartilaginous lesions, bony defects, and tendon injuries in the clinical setting. This study also demonstrates 

discrepancies between the literature with regards to various methods of centrifugation, variable cell count 

concentrations, and lack of standardized outcome measures. Future studies should attempt to examine the 

integral factors necessary for tissue regeneration and renewal including stem cells, growth factors and a 

biologic scaffold. 
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Abstract: 

Purpose: To assess the clinical efficacy and safety of a treatment based on one cycle versus two cycles of 
intra-articular injections of plasma rich in growth factors (PRGF-Endoret) on patients with knee osteoarthritis 
(OA). 

Methods: Ninety patients with knee OA were included and evaluated. A total of 48 patients received one 
cycle (OC group) (3 injections on a weekly basis), while 42 patients received two cycles of PRGF-Endoret (TC 
group) spaced 6 months between them. Patients were evaluated with LEQUESNE and WOMAC scores before 
treatment and after 48 weeks. Safety assessment was also performed. 

Results: A significant reduction of all assessed outcome measures was shown for both groups at 48 weeks 
compared with baseline values (P < 0.001). Patients of TCs group showed a significantly higher reduction (P < 
0.05) in WOMAC stiffness subscales. Regarding LEQUESNE INDEX, a significantly higher reduction was 
observed in the TC group in all subscales except in pain score. In the maximum walking distance subscale 
(MCD), the improvement rate was 31.8% higher for the TCs group compared with the OC group (P < 0.01). In 
addition, the TC group showed a significant improvement in LEQUESNE activities of daily living (ADV) and 
global subscales of 14.7 and 11.8% (P < 0.05) higher, respectively, than the OC group. 

Conclusions: Treatment with two cycles of PRGF did not show a significantly higher pain reduction compared 
with one cycle treatment. However, two cycles of PRGF showed a significant improvement in WOMAC 
stiffness, LEQUESNE MCD, LEQUESNE ADV and LEQUESNE global subscales. Therefore, patients treated with 
two cycles present an improvement in quality of life. 
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Abstract: 

The aim of this study was to evaluate the benefit provided by intraosseous infiltration combined with intra-
articular injection of platelet-rich plasma to treat mild and moderate stages of knee joint degeneration 
(Kellgren-Lawrence score II-III) compared with other treatments, specifically intra-articular injection of PRP 
and of HA. Eighty-six patients with grade II to grade III knee OA according to the Kellgren-Lawrence 
classification were randomly assigned to intra-articular combined with intraosseous injection of PRP (group 
A), intra-articular PRP (group B), or intra-articular HA (group C). Patients in group A received intra-articular 
combined with intraosseous injection of PRP (administered twice, 2 weeks apart). Patients in group B received 
intra-articular injection of PRP every 14 days. Patients in group C received a series of five intra-articular 
injections of HA every 7 days. All patients were evaluated using the Visual Analogue Scale (VAS) and Western 
Ontario and McMaster Universities (WOMAC) score before the treatment and at 1, 3, 6, 12, and 18 months 
after treatment. There were significant improvements at the end of the 1st month. Notably, group A patients 
had significantly superior VAS and WOMAC scores than were observed in groups B and C. The VAS scores 
were similar in groups B and group C after the 6th month. Regarding the WOMAC scores, groups B and C 
differed at the 1st, 3rd, 6th, and 12th months; however, no significant difference was observed at the 18th 
month. The combination of intraosseous with intra-articular injections of PRP resulted in a significantly 
superior clinical outcome, with sustained lower VAS and WOMAC scores and improvement in quality of life 
within 18 months. 
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Abstract: 

The radial nerve is the most frequently injured nerve in the upper extremity. Numerous options in treatment 

have been described for radial nerve injury, such as neurolysis, nerve grafts, or tendon transfers. Currently, 

new treatment options are arising, such as platelet-rich plasma (PRP), an autologous product with proved 

therapeutic effect for various musculoskeletal disorders. We hypothesized that this treatment is a promising 

alternative for this type of nerve pathology. The patient was a healthy 27-year-old man who suffered a deep 

and long cut in the distal anterolateral region of the right arm. Forty-eight hours after injury, an end-to-end 

suture was performed without a microscope. Three months after the surgery, an electromyogram (EMG) 

showed right radial nerve neurotmesis with no tendency to reinnervation. Four months after the trauma, 

serial intraneural infiltrations of PRP were conducted using ultrasound guidance. The therapeutic effect was 

assessed by manual muscle testing and by EMG. Fourteen months after the injury and 11 months after the 

first PRP injection, functional recovery was achieved. The EMG showed a complete reinnervation of the 

musculature of the radial nerve dependent. The patient remains satisfied with the result and he is able to 

practice his profession. Conclusions: PRP infiltrations have the potential to enhance the healing process of 

radial nerve palsy. This case report demonstrates the therapeutic potential of this technology for traumatic 

peripheral nerve palsy, as well as the apt utility of US-guided PRP injections. 
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Abstract: 
 
Objectives: To evaluate the main symptoms of knee osteoarthritis (OA) and tissue structure changes after a 
single dose bone marrow–derived mononuclear cell (BM MNC) intra articular injection. Case series study. 
Patients with knee OA Kellgren Lawrence (K-L) grade II and III received 1 injection of BM MNC. The clinical 
results were analyzed with the Knee injury and Osteoarthritis Outcome Score (KOOS) and Knee Society Score 
(KSS) before, 3, 6, and 12 months after injection. Radiological evaluation was performed with a calibrated x-
ray and the magnetic resonance (MR) imaging before and 6 to 7 months postinjection. 
 
Results: A total of 34 knees were treated with BM MNC injections. Mean (±SD) age of patient group was 53.96 
± 14.15 years; there were 16 males, 16 females, KL grade II, 16; KL grade III, 18. The average injected count of 
BM MNCs was 45.56 ± 34.94 × 106 cells. At the endpoint of 12 months 65% of patients still had minimal 
perceptible clinical improvement of the KOOS total score. The mean improvement of KOOS total score was 
+15.3 and of the KSS knee score was +21.45 and the function subscale +27.08 (P < 0.05) points. The Whole 
Organ Magnetic Resonance Imaging Score (WORMS) improved from 44.31 to 42.93 points (P < 0.05). No 
adverse effects after the BM-MNC injection were observed. 
 
Conclusions: The single dose BM MNC partially reduces clinical signs of the knee osteoarthritis stage II/III and 
in some cases, decreases degenerative changes in the joint building tissue over 12-month period. 
 

 

 

 

 

https://journals.sagepub.com/doi/pdf/10.1177/1947603517746721
https://journals.sagepub.com/doi/pdf/10.1177/1947603517746721
https://journals.sagepub.com/doi/pdf/10.1177/1947603517746721
https://journals.sagepub.com/doi/pdf/10.1177/1947603517746721
https://journals.sagepub.com/doi/pdf/10.1177/1947603517746721
https://journals.sagepub.com/doi/pdf/10.1177/1947603517746721
https://journals.sagepub.com/doi/pdf/10.1177/1947603517746721
https://journals.sagepub.com/doi/pdf/10.1177/1947603517746721
https://journals.sagepub.com/doi/pdf/10.1177/1947603517746721
https://journals.sagepub.com/doi/pdf/10.1177/1947603517746721
https://journals.sagepub.com/doi/pdf/10.1177/1947603517746721
https://journals.sagepub.com/doi/pdf/10.1177/1947603517746721
https://journals.sagepub.com/doi/pdf/10.1177/1947603517746721


 

 

 

Stem Cells Combined With Platelet-rich Plasma Effectively Treat 

Corticosteroid-induced Osteonecrosis of the Hip: A Prospective 

Study 

Febrer 2018 

Consultar article 

Authors: Houdek, Matthew T. MD; Wyles, Cody C. MD; Collins, Mark S. MD; Howe, Benjamin M. MD; Terzic, 

Andre MD, PhD; Behfar, Atta MD, PhD; Sierra, Rafael J. MD 

Abstract: 
 

Background: Randomized trials have shown the benefits of injecting bone marrow-derived mesenchymal 

stem cells (BmMSCs) after standard hip decompression in patients with osteonecrosis of the femoral head. 

However, the combination of BmMSCs and platelet-rich plasma (PRP) injected into the femoral head after 

decompression has not been reported previously. This study reports the results in a preliminary series of 

patients with osteonecrosis of the femoral head treated with BmMSCs plus PRP. 

 

Questions/purposes: What is the survivorship free from reoperation, hip arthroplasty, and femoral head 

collapse in a preliminary series of patients with osteonecrosis of the femoral head treated with BmMSCs plus 

PRP? (2) Is there a change in the degree of femoral head involvement based on modified Kerboul angle? (3) 

What were the scores observed for pain and function at last followup? (4) Was there a difference in 

survivorship free from reoperation as a function of in vitro MSC count and viability? 

 

Methods:  Twenty-two consecutive patients (35 hips; 11 men and 11 women) with corticosteroid-induced 

osteonecrosis who met study inclusion criteria were enrolled; none declined participation, and none was lost 

to followup, although one patient (two hips) died within a year of the procedure for reasons unrelated to it, 

and five patients (seven hips) did not undergo MRI at the 1-year followup. All patients had precollapse 

osteonecrosis, rated either University of Pennsylvania Stage 1 (n = 4) or Stage 2 (n = 31 hips). Mean age and 

body mass index were 43 years and 31 kg/m2, respectively. Patients underwent pre- and postoperative 

radiographs and MRI to assess femoral head involvement using the modified Kerboul angle. Absolute cell 

count and colony-forming unit (CFU) assays were used to assess MSC abundance and viability of the bone 

marrow obtained at the time of surgery. Patients were followed at regular intervals to assess clinical response 

to treatment with a mean followup of 3 years (range, 2-4 years). The change in femoral head involvement was 

assessed with the modified Kerboul angle; the Harris hip score was used to assess clinical outcome; and 

conversion to THA, reoperation, and survivorship free from femoral head collapse were analyzed with the 

Kaplan-Meier method on a per-hip basis. 
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Abstract: 
 
Background: 

Gluteus medius/minimus tendinopathy is a common cause of lateral hip pain or greater trochanteric pain 
syndrome. 
 

Hypothesis: 
There would be no difference in the modified Harris Hip Score (mHHS) between a single platelet-rich 
plasma (PRP) injection compared with a corticosteroid injection in the treatment of gluteal tendinopathy. 

 
Study Design: 

Randomized controlled trial; Level of evidence, 1. 
 
 
Results: 

Participants had a mean age of 60 years, a ratio of female to male of 9:1, and mean duration of symptoms 
of >14 months. Pain and function measured by the mean mHHS showed no difference at 2 weeks 
(corticosteroid: 66.95 ± 15.14 vs PRP: 65.23 ± 11.60) or 6 weeks (corticosteroid: 69.51 ± 14.78 vs PRP: 
68.79 ± 13.33). The mean mHHS was significantly improved at 12 weeks in the PRP group (74.05 ± 13.92) 
compared with the corticosteroid group (67.13 ± 16.04) (P = .048). The proportion of participants who 
achieved an outcome score of ≥74 at 12 weeks was 17 of 37 (45.9%) in the corticosteroid group and 25 of 
39 (64.1%) in the PRP group. The proportion of participants who achieved the MCID of more than 8 points 
at 12 weeks was 21 of 37 (56.7%) in the corticosteroid group and 32 of 39 (82%) in the PRP group (P = 
.016). 
 

Conclusion: 
Patients with chronic gluteal tendinopathy >4 months, diagnosed with both clinical and radiological 

examinations, achieved greater clinical improvement at 12 weeks when treated with a single PRP injection 

than those treated with a single corticosteroid injection. 
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Abstract 

To evaluate the effects of intraarticular injections of autologous platelet‐rich plasma (PRP) or bone marrow 
concentrate (BMC) on osteoarthritis (OA), 24 adult goats were equally divided into control (Ctrl), saline (NS), 
PRP, and BMC groups, and OA was induced by surgery in NS, PRP, and BMC groups. Autologous PRP and BMC 
were obtained from whole blood and bone marrow aspirates, respectively. The data revealed, platelets were 
increased in BMC by 1.8‐fold, monocytes by 5.6‐fold, TGF‐β1 by 7.7‐fold, and IGF‐1 by 3.6‐fold (p  < 0.05), and 
platelets were increased in PRP by 2.9‐fold, and TGF‐β1 by 3.3‐fold (p  < 0.05). From the sixth week post‐
operation, saline, PRP, and BMC were administered by intraarticular injection once every 4 weeks, three 
consecutive times. After the animals were sacrificed, inflammatory cytokines in the synovial fluid was 
measured, and bone and cartilage degeneration progression was observed by macroscopy, histology, and 
immunohistochemistry. Compared with the NS group, the level of inflammatory cytokines was reduced in the 
PRP and BMC groups (p  < 0.05). Histologically, delayed cartilage degeneration and higher levels of 
extracellular matrix (ECM) were observed in both PRP and BMC treated groups (p  < 0.05). Furthermore, the 
BMC group showed greater cartilage protection and less ECM loss than the PRP group (p  < 0.05). In summary, 
this study showed that intraarticular injection of autologous PRP and BMC has therapeutic efficacy in a goat 
osteoarthritis model, with the greater benefit in terms of cartilage protection being observed in the BMC‐
treated group than PRP. © 2018 Orthopaedic Research Society. Published by Wiley Periodicals, Inc. J Orthop 
Res 36:2140–2146, 2018. 
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Abstract 

This systematic review with a meta-analysis aimed to summarize the current evidence of the effectiveness of 

mesenchymal stem cell (MSC) treatment for knee osteoarthritis (OA) and to examine whether rehabilitation is 

an effect modifier of the effect estimate of MSC treatment. A literature search yielded 659 studies, of which 

35 studies met the inclusion criteria (n = 2385 patients; mean age: 36.0–74.5 years). The meta-analysis results 

suggested that MSC treatment through intra-articular injection or arthroscopic implantation significantly 

improved knee pain (standardized mean difference [SMD]: −1.45, 95% confidence interval [CI]: −1.94, −0.96), 

self-reported physical function (SMD: 1.50, 95% CI: 1.09, 1.92), and cartilage quality (SMD: −1.99; 95% CI: 

−3.51, −0.47). However, the MSC treatment efficacy on cartilage volume was limited (SMD: 0.49; 95% CI: 

−0.19, 1.16). Minor adverse events (knee pain or swelling) were reported with a wide-ranging prevalence of 

2–60%; however, no severe adverse events occurred. The evidence for these outcomes was “very low” to 

“low” according to the Grades of Recommendation, Assessment, Development and Evaluation system 

because of the poor study design, high risk of bias, large heterogeneity, and wide 95% CI of the effects 

estimate. Performing rehabilitation was significantly associated with better SMD for self-reported physical 

function (regression coefficient: 0.881, 95% CI: 0.049, 1.712; P = 0.039). We suggest that more high quality 

randomized controlled trials with consideration of the potential rehabilitation-driven clinical benefit would be 

needed to facilitate the foundation of effective MSC treatment and regenerative rehabilitation for patients 

with knee OA. 
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Abstract 

Emerging autologous cellular therapies, utilizing platelet-rich plasma and mesenchymal stem cell applications, 
have the potential to play an adjunctive role in a standardized wound care treatment plan in patients 
suffering from chronic and recalcitrant wounds. The use of platelet-rich plasma growth is based on the fact 
that platelet growth factors can support the three phases of wound healing and then ultimately contribute to 
full wound closure. Mesenchymal stem cell-based therapies are also an attractive approach for the treatment 
of these difficult-to-heal wounds. This field of regenerative medicine focuses primarily on stem cells, which 
are specialized cells with the ability to self-renew and differentiate into multiple cell types. Mesenchymal 
stem cells can be isolated from bone marrow and adipose tissue via minimally manipulative and cell-
processing techniques, at point of care. Both platelet-rich plasma and mesenchymal stem cell applications 
have the potential to become an effective and ideal autologous biological cell-based therapy, which can be 
applied to chronic wounds to effectively change the wound bed microenvironment to enable and accelerate 
wound closure. 
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Abstract 

Supersaturated concentration of autologous platelets that augments the natural healing response of fascia. 
Previous studies have shown the superiority of PRP over corticosteroids (CS) for chronic plantar fasciitis. The 
aim of this study was to compare the pain and functional outcomes of PRP with CS and placebo injections for 
the treatment of chronic plantar fasciitis. We conducted a 3-arm randomized controlled trial of 90 patients: 
PRP (n = 30 patients), CS (n = 30 patients), and placebo (n = 30 patients). The patients were followed at 
regular intervals until 18 months postinjection using validated instruments. The mean visual analog scale 
score showed significant improvement in all groups between baseline and 18-month follow-up (PRP: 8.2 vs 
2.1; CS: 8.8 vs 3.6; placebo: 8.1 vs 5.4), with CS showing significantly better improvement than PRP in the 
short term, whereas longer-term PRP was significantly better than CS. The mean Roles and Maudley score 
showed significant improvement in all groups between baseline and 18-month follow-up (PRP: 1.7 vs 3.7; CS: 
1.2 vs 3.1; placebo: 1.2 vs 2.0), with CS showing significantly better improvement than PRP in the short term, 
whereas longer-term PRP was significantly better than CS. The mean Short Form 12 score showed significant 
improvement in all groups between baseline and 18-month follow-up (PRP: 55.4 vs 80.2; CS: 56.2 vs 76.2; 
placebo: 54.1 vs 62.4). We found that all 3 groups showed significant improvement between baseline and end 
of the follow-up period with regard to pain, function, and general health. The CS arm showed better 
improvement in the short term, whereas the PRP arm showed better results in the long term. In contrast to 
previous studies, we found no significant drop-off effect of CS in the long term, which may be owing to 
background natural healing process of the disease. In summary, both PRP and CS are safe and effective 
treatment options for chronic plantar fasciitis, showing superior results to placebo treatment. The longer-
term results and less reinjection and/or surgery rate of PRP makes it more attractive as an injection treatment 
option versus CS injection. 
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Abstract 

Concern that misinformation from direct-to-consumer marketing of largely unproven “biologic” treatments 
such as platelet-rich plasma and cell-based therapies may erode the public trust and the responsible 
investment needed to bring legitimate biological therapies to patients have resulted in calls to action from 
professional organizations and governing bodies. In response to substantial patient demand for biologic 
treatment of orthopaedic conditions, the American Academy of Orthopaedic Surgeons convened a 
collaborative symposium and established a consensus framework for improving and accelerating the clinical 
evaluation, use, and optimization of biologic therapies for musculoskeletal diseases. The economic and 
disease burden of musculoskeletal conditions is high. Of the various conditions discussed, knee osteoarthritis 
was identified as a “serious condition” associated with substantial and progressive morbidity and emerged as 
the condition with the most urgent need for clinical trial development. It was also recognized that stem cells 
have unique characteristics that are not met by minimally manipulated mixed cell preparations. The work 
group recommended that minimally manipulated cell products be referred to as cell therapy and that the 
untested and uncharacterized nature of these treatments be clearly communicated within the profession, to 
patients, and to the public. Minimum standards for product characterization and clinical research should also 
be followed. A framework for developing clinical trials related to knee OA was agreed upon. In addition to 
recommendations for development of high-quality multicenter clinical trials, another important 
recommendation was that physicians and institutions offering biologic therapies commit to establishing high-
quality patient registries and biorepository-linked registries that can be used for postmarket surveillance and 
quality assessments. 

 

https://journals.lww.com/jaaos/pages/articleviewer.aspx?year=2019&issue=01150&article=00003&type=Fulltext


 

 

 

 

 

 

 

 

 

Adipose-Based Therapies for Knee Pain-Fat or Fiction 

2019 

Consultar article 

Authors: Yoshiharu Shimozono, Lisa A Fortier, Donald Brown, John G Kennedy  

Abstract 

Regenerative cell therapies are emerging as promising treatments for numerous musculoskeletal conditions, 
including knee osteoarthritis (OA). Adipose-derived stem cells and possibly other adipose-based therapies 
have a greater chondrogenic potential than stem cells derived from bone marrow, and thus a lot of attention 
is being placed on them as potential regenerative agents in the treatment of knee OA. Several types of 
adipose-based therapies have good basic science and preclinical data supporting their translation to human 
therapeutic intervention. Cultured, adipose-derived stem cells appear to be good source of bioactive cells 
with convenient accessibility, relative abundance, and well-documented regenerative capacity. Non-culture 
expanded adipose-based therapy, in the forms of stromal vascular fraction and most recently micronized 
adipose tissue (MAT), have been utilized in patients to treat OA and other cartilage abnormalities with 
encouraging preliminary data. These adipose-based therapies have shown a lot of therapeutic potential; 
however, because of the regulatory restrictions on enzymatic isolation and cell expansion, only MAT is 
currently available in clinical practice in the United States. While no serious adverse reactions have been 
reported, adipose-derived therapies also have the potential for adverse reactions including inflammation and 
infection. The current review provides an update on the latest research and presents this evidence on the 
therapeutic potential of adipose-based therapies in the treatment of knee OA. 
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Abstract 

Knee osteoarthritis is a major painful and debilitating orthopaedic disease affecting a large number of adult 

individuals on a global scale. Over the years, this severe condition has been widely studied and while many 

alternatives have been utilized, platelet-rich plasma (PRP) remains one of the most popular solutions among 

researchers and clinicians alike. While there are different formulations and techniques involved in the 

preparation of PRP, produced either manually or via the use of commercial kits, the presence of leukocytes in 

a PRP mixture is a factor that raises concern due to their well-known pro-inflammatory activity. Although it is 

reasonable to worry about this, it should be taken into consideration that in order for the healing process to 

occur, the inflammatory phase is necessary. Leukocytes present in the inflammatory phase release both pro 

and anti-inflammatory molecules and, when combined with activated platelets, their potential increases. 

Additionally, due to the macrophage's plasticity to switch from the subtype 1 to subtype 2, it is suggested that 

the inclusion of the components from the buffy coat layer in a PRP mixture, classifying it as leukocyte-rich 

platelet-rich plasma or L-PRP, may provide benefits instead of detriments, from a standpoint of the 

regenerative potential of PRP. 
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Abstract 

Although chronic pain affects about 1% of the US population, it remains largely resistant to treatment. 
Despite great variability in pain outcomes, the application of autologous platelet-rich plasma (PRP) has 
become increasingly popular in attempts to reduce chronic pain. The variability in PRP efficacy raises the 
question of whether PRP actually has an analgesic capacity, and if so, can that capacity be made consistent 
and maximized. The best explanation for the variability in PRP analgesic efficacy is the failure during PRP 
preparation and application to take into account variables that can increase or eliminate its analgesic 
capabilities. This suggests that if the variables are reduced and controlled, a PRP preparation and application 
protocol can be developed leading to PRP inducing reliable, complete, and long-term pain relief. The goal of 
this study was to examine some of the variables that influence platelets and see how they might be controlled 
to increase the analgesic potential of PRP. Among the variables examined are the physiological status of the 
patient, methods used to prepare PRP, and methods of PRP application. The goal of modifying these variables 
is to minimize platelet serotonin content, maximize platelet content of factors that reduce inflammation and 
pain, while maintaining their bioactivity, maximize platelet capacity to aggregate at injury sites, induce rapid 
and simultaneous release of their contents, and optimize PRP application protocols. It is concluded that 
controlling some or many of these variables will lead to PRP that induces reliable, maximum, and long-term 
relief of chronic pain. 
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Abstract 

Meniscal tears are the most common orthopaedic injuries, with chronic lesions comprising up to 56% of 

cases. In these situations, no benefit with surgical treatment is observed. Thus, the purpose of this study was 

to investigate the effectiveness and safety of percutaneous intrameniscal platelet rich plasma (PRP) 

application to complement repair of a chronic meniscal lesion. This single centre, prospective, randomized, 

double-blind, placebo-controlled study included 72 patients. All subjects underwent meniscal trephination 

with or without concomitant PRP injection. Meniscal non-union observed in magnetic resonance 

arthrography or arthroscopy were considered as failures. Patient related outcome measures (PROMs) were 

assessed. The failure rate was significantly higher in the control group than in the PRP augmented group (70% 

vs. 48%, P = 0.04). Kaplan-Meyer analysis for arthroscopy-free survival showed significant reduction in the 

number of performed arthroscopies in the PRP augmented group. A notably higher percentage of patients 

treated with PRP achieved minimal clinically significant difference in visual analogue scale (VAS) and Knee 

injury and Osteoarthritis Outcome Score (KOOS) symptom scores. Our trial indicates that percutaneous 

meniscal trephination augmented with PRP results in a significant improvement in the rate of chronic 

meniscal tear healing and this procedure decreases the necessity for arthroscopy in the future (8% vs. 

28%, P = 0.032). 
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Abstract 

A previously published trial showed that patients with chronic gluteal tendinopathy achieved greater 

clinical improvement at 12 weeks when treated with a single platelet-rich plasma (PRP) injection than 

those treated with a single corticosteroid injection (CSI). 
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Abstract 

There is intense clinical interest in the potential effects of platelet-rich plasma (PRP) for the treatment of 
osteoarthritis (OA). This study tested the hypotheses that (i) "lower" levels of the inflammatory mediators 
(IMs), interleukin-1β, and tumor necrosis factor α (TNF-α) and (ii) "higher" levels of the growth factors (GFs), 
insulin-like growth factor 1, and transforming growth factor β1 within leukocyte-poor PRP correlate with 
more favorable chondrocyte and macrophage responses in vitro. Samples were collected from 10 "healthy" 
young male (23-33 years old) human subjects (H-PRP) and nine older (62-85 years old) male patients with 
severe knee OA (OA-PRP). The samples were separated into groups of "high" or "low" levels of IM and GF 
based on multiplex cytokine and enzyme-linked immunosorbent assay data. Three-dimensional (3D) alginate 
bead chondrocyte cultures and monocyte-derived macrophage cultures were treated with 10% PRP from 
donors in different groups. Gene expression was analyzed by quantitative polymerase chain reaction. 
Contrary to our hypotheses, the effect of PRP on chondrocytes and macrophages was mainly influenced by 
the age and disease status of the PRP donor as opposed to the IM or GF groupings. While H-PRP showed 
similar effects on expression of chondrogenic markers (Col2a1 and Sox9) as the negative control group (p > 
0.05), OA-PRP decreased chondrocyte expression of Col2a1 and Sox-9 messenger RNA by 40% and 30%, 
respectively (Col2a1, p = 0.015; Sox9, p = 0.037). OA-PRP also upregulated TNF-α and matrix metallopeptidase 
9 (p < 0.001) gene expression in macrophages while H-PRP did not. This data suggests that PRP from older 
individuals with OA contain factors that may suppress chondrocyte matrix synthesis and promote 
macrophage inflammation in vitro. 
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Abstract 

There has been considerable advancement over the last few years in the treatment of osteoarthritis, common 

chronic disease and a major cause of disability in older adults. In this pathology, the entire joint is involved 

and the regeneration of articular cartilage still remains one of the main challenges, particularly in an actively 

inflammatory environment. The recent strategies for osteoarthritis treatment are based on the use of 

different therapeutic solutions such as cell and gene therapies and tissue engineering. In this review, we 

provide an overview of current regenerative strategies highlighting the pros and cons, challenges and 

opportunities, and we try to identify areas where future work should be focused in order to advance this field. 
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Abstract 

The purpose of this study was (1) to perform a summary of meta-analyses comparing platelet-rich plasma 
(PRP) injection with hyaluronic acid (HA) and placebo injection for KOA patients, (2) to determine which meta-
analysis provides the best available evidence to making proposals for the use of PRP in the treatment of KOA 
patients, and (3) to highlight gaps in the literature that require future investigation. 
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Abstract 

Ensayo clínico fase III, doble-ciego, controlado, en el que se aleatorizaron a los pacientes en dos grupos de 

tratamiento (PRP o AH) con una única infiltración de cadera ecoguiada. El seguimiento fue de 12 meses, 

registrando escala de dolor (EVA) y escalas funcionales (HHS y WOMAC), analgesia consumida, respondedores 

(criterios OARSI) y efectos adversos. Se analizaron, en el grupo experimental, las concentraciones celulares en 

sangre periférica y en el PRP infiltrado 
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Abstract 

Autologously prepared bone marrow aspirate concentrates, have the potential to play an adjunctive role in 
various patient pathologies that have not been able to heal with conventional treatment modalities. The use 
of bone marrow aspirate (BMA) and concentrates in regenerative medicine treatment plans and clinical 
applications is based on the fact that bone marrow cells, including progenitor and nucleated cells, platelets, 
and other cytokines, support in tissue healing and tissue regenerative processes. The use of concentrated 
BMA cells focuses primarily on mesenchymal stem cells (MSCs), with the ability to self-renew and 
differentiate into multiple cell types. Concentrated bone marrow cells can be retrieved from harvested BMA 
and ensuing minimal manipulative cell processing techniques, executed at point of care (POC). The application 
of bone marrow biological therapies may offer solutions in musculoskeletal pathologies, spinal disorders, 
chronic wound care, and critical limb ischemia (CLI), to effectively change the local microenvironment to 
support in tissue healing and facilitate tissue regeneration. This chapter will address the cellular content of 
bone marrow tissue, harvesting and preparation techniques, and discuss the biological characteristics of 
individual marrow cells, their inter-connectivity, and deliberate on the effects of BMA concentration. 
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AbSTrACT
Platelet-rich plasma (PRP) is one of the many new 
developments within the expanding field of regenerative 
medicine. It aims to improve the process of tissue repair 
through local delivery of autologous bioactive agents 
to influence critical physiological mechanisms such 
as inflammation, angiogenesis or extracellular matrix 
synthesis. Within orthopaedics and sports medicine, the 
use of PRP has been rapidly increasing in popularity 
as patients seek non-surgical approaches to acute 
and chronic musculoskeletal injury and disease. The 
popularity of this new treatment option has prompted 
a rapid increase in research endeavours. Although 
preclinical studies were encouraging, clinical studies 
often reported controversial results. The differences 
in the composition and application techniques of PRP 
have made comparisons regarding its efficacy difficult 
and somehow inconclusive. Although PRP appears to 
be a safe treatment option with potentially beneficial 
effects to injured musculoskeletal tissues, continuous 
efforts are needed to identify factors that influence the 
biological response to PRP treatment. It is likely that 
in the near future the PRP preparation will be tailored 
not only to the specific pathology of interest but also to 
stage of disease. However, the growing emphasis on an 
evidence-based approach in the sports medicine setting 
demands additional research efforts before incorporating 
this technology in routine clinical care. The current review 
explores the latest findings on PRP efficacy in several 
musculoskeletal conditions, focusing on results of the 
highest level of evidence available.

InTroduCTIon
Platelet-rich plasma (PRP) represents a biological 
treatment for various musculoskeletal injuries 
involving tendons, ligaments, cartilage and bone. 
It is a refined product of autologous blood with a 
platelet concentration greater than that of whole 
blood. It is rich in growth factors (GFs) and cyto-
kines that have been shown to initiate and promote 
healing by stimulating cell migration, cell prolifer-
ation, angiogenesis and matrix synthesis.1 PRP is 
actually the most common term used in literature for 
referring to a cluster of products including autolo-
gous conditioned plasma, platelet-enriched plasma, 
platelet-rich concentrate, autogenous platelet gel, 
platelet releasate, platelet rich in GFs and others.2 
Differences in PRP include the concentrations of 
blood cells and bioactive materials. Among them, 
the concentrations of platelets and leucocytes have 
been known to play critical roles.3 Since initial 
definition, the platelet concentration of PRP of 
10^6 platelets/μL in a 5 mL volume of plasma has 

been used as a ‘working PRP’,4 since lesser concen-
trations cannot be relied on to enhance wound 
healing, while greater concentrations have not yet 
been shown to further enhance wound healing.4 
However, optimal platelet concentration is still 
undetermined. The role of leucocytes in PRP has 
not been fully elucidated either. Some researchers 
reported that the presence of leucocytes has some 
advantages, including anti-infectious and immune 
regulation potentials.5 6 In addition, leucocytes 
can help platelets to promote angiogenesis by 
the production of vascular endothelial growth 
factor (VEGF).7 However, recent in vitro and in 
vivo evidences demonstrated that the presence of 
leucocytes in PRP induced predominantly cata-
bolic and inflammatory changes in differentiated 
tenocytes, whereas leucocyte-poor PRP mainly 
induced anabolic changes.8–10 At present, no clin-
ical studies suggest what would be the optimal PRP 
formulation with respect to the concentration of 
leucocytes. It could be generally said that, so far, 
same PRP has been applied to different conditions 
without consideration of kind and stage of injuries 
and diseases.

PRP is usually prepared with a commercial kit, 
which instructed to apply a predetermined dose for 
all types of injuries and diseases including osteo-
arthritis (OA), rotator cuff (RC) disease, Achilles 
tendinopathy, epicondylitis and so on. Further-
more, no consensus has been reached about the 
choice of PRP for certain stage of injuries and 
disease. Yuan et al suggested leucocyte-rich PRP 
for acute soft tissue injuries.11 Zhou et al suggested 
that leucocyte-rich PRP could benefit early-phase 
healing because of its ability to fight off infections, 
whereas leucocyte-poor or pure PRP could be used 
for late-stage healing because of its anabolic effects. 
It can also be said that ‘one-size-fits-all’ approach 
would not bring about optimal results and individ-
ualisation should be necessary.8 Further studies are 
requested for determining optimal time and choice 
of PRP.

Definitely, the theoretical concept that concen-
trating platelets at the injured site could accelerate 
and optimise the healing mechanisms set the ratio-
nale for the development of a myriad of studies to 
investigate the therapeutic applications of PRP for 
various orthopaedic injuries. Although the in vitro 
effects have been promising, only a few randomised 
clinical trials (RCTs) have demonstrated favourable 
clinical translation.1 2 Contrasting clinical results 
may be due to the heterogeneity of PRP formula-
tions. However, the increase in recently published 
studies has prompted the present narrative review 
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Figure 1 After platelet-rich plasma (PRP) preparation and activation, it is infiltrated as a liquid formulation that will become a transient scaffold. The 
generated fibrin matrix is embedded with a pool of growth factors stemmed from activated platelets and plasma. They are released in a gradual and 
sustained manner at the dysfunctional and degenerated sites as the fibrinolytic occurs. GFs, growth factors; PDGF, platelet-derived growth factor; TGF-β, 
transforming growth factor-β; VEGF, vascular endothelial growth factor. 

of the literature, exploring the current indications for clinical use 
of PRP, emphasising its effectiveness and safety.

PrP in cartilage defects and knee oA
The treatment of cartilage injuries remains daunting despite 
both advances in pharmacological management of pain and 
inflammation and advances in the surgical procedures and tech-
niques. Concerning cartilage defects, current treatments aim to 
achieve the restoration of hyaline cartilage, and although there 
is a wide range of surgical options such as microfracture, osteo-
chondral autograft or allograft transfer, or autologous chondro-
cyte implantation, the perfect hyaline cartilage has not yet been 
achieved. To overcome this drawback, new treatments based on 
regenerative medicine are emerging, namely PRP, mesenchymal 
stem cells (MSCs) or gene therapy.12 Focusing on the PRP, the 
use of this therapy as an adjuvant in surgical techniques for 
chondral defects involves new perspectives in surgery based on 
synergetic effects of PRP on cartilage repair. Particularly, it pres-
ents a chondroprotective13 14 and an anti-inflammatory effect on 
human chondrocytes.15 16

Similarly, among the new emerging therapies to address knee 
OA, PRP is one of the most outstanding treatments. Indeed, 
intra-articular infiltrations of PRP transports many bioactive 
mediators within an autologous fibrin network, which are 
released gradually and several groups have proven to consider-
ably reduce pain, improve joint stiffness and physical function in 
patients with knee OA.17–19

Platelet GFs and fibrin, together with plasmatic GFs (hepato-
cyte growth factor (HGF) and insuline-like growth factor-1 (IGF-
1)) present within PRP, stimulate cell proliferation and migration, 
synthesis and deposition of extracellular matrix (ECM) compo-
nents, angiogenesis and tissue remodelling.20 Thus, the injection 
of PRP in its liquid formulation delivers GFs locally, and simulta-
neously mimics and amplifies the spontaneous healing response 
in injured areas and in special cell niches, which would otherwise 
be inaccessible. This in situ generated fibrin bioscaffold interacts 
with ECM proteins and cells, binding to fibronectin,21 achieving 

a transient three-dimensional scaffold which will gradually 
release GFs and maintain their concentration at the site of the 
scaffold formation (figure 1).

Cartilage loss is not considered the key pathological process 
that causes knee OA. The initiating factor seems to be the result 
of a malfunction present in the whole joint, including all tissues 
crucial for maintaining articular homeostasis.22 Considering this 
aspect, and with the aim of repairing a physiological homeostatic 
network at the tissue level in synovial joint failure, new thera-
peutic approaches are needed. Currently, intra-articular delivery 
is the conventional modality to deliver PRP in patients who 
suffer from knee OA and it has been shown to be safe and effica-
cious in improving clinical symptoms. However, this route does 
not target subchondral bone, and some mechanistic and dosage 
aspects remain to be elucidated in order to determine, harness, 
and optimise the therapeutic potential of PRP products.23 Since 
the subchondral bone has been proposed as a target, intraosseous 
infiltrations are gaining attention to achieve better results in 
several osteochondral damages. PRP administered in an intraos-
seous way acts directly in the subchondral bone, whose role in 
the pathophysiology of knee OA is increasingly recognised.24 25 
Lesions on the subchondral bone lead to a pathological condi-
tion, and elevated crosstalk between the subchondral bone and 
the cartilage appears, disrupting homeostasis and facilitating 
an inflammatory environment in the joint. The action of PRP 
on this structure could restore homeostatic balance, reduce the 
presence of inflammatory mediators, and modulate the aberrant 
fibroneurovascular tissue typical of joint pathologies. After the 
intraosseous injection, GFs gain access to the subchondral bone 
and deep layers of cartilage because of mechanical and biological 
connections between these two tissues, thus achieving an upreg-
ulation of transforming growth factor-β and PRP (figure 2).

The association with MSCs is an alternative method of 
obtaining the positive effect of PRP on cartilage pathologies, 
since PRP may directly enhance the reparative properties of 
the MSCs administrated into the knee or seeded at the cartilage 
defect.26 Indeed, MSCs hold an important therapeutic potential 
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Figure 2 Intra-articular (IA) and intraosseous (IO) infiltrations of 
platelet-rich plasma (PRP) stimulate the synthesis of hyaluronic acid 
(HA) and lubricin by synoviocytes and chondrocyte, favour a homing and 
chondrogenic differentiation effect on mesenchymal stem cells (MSCs) 
of subchondral bone (SB) and synovial fluid (SF), and suppress NF-κβ 
pathway activation. As a result, concentration cytokines is reduced, 
inflammation is dampened and SF homeostasis is restored. AC, articular 
cartilage; NF-κβ, nuclear factor kappa B; SM, synovial membrane.

promoting regeneration, derived from their proliferative and 
multipotential differentiation properties, along with their anti-
apoptotic effect. These cells could lead to the formation of new 
chondrocytes and cartilage regeneration, a process that has been 
observed in promising preclinical studies and clinical trials.27–29

It should be taken into account that current treatments only 
relieve symptoms and do not stop the course of the disease, and 
this often forces the patient to repeat the previously mentioned 
treatments or to undergo a total joint replacement. Treatments 
that stop or slow knee OA are necessary to prevent or delay 
surgery, improve the quality of life and avoid the economic costs 
of this condition.

PrP in tendon injuries
Tendon injuries and rupture have become a widespread problem 
not only in young athletes but also in general population, partic-
ularly in ageing population. The most common affected tendons 
include those around elbow and wrist and those of patellar and 
Achilles tendinopathies, and RC.

Lateral epicondylitis
Lateral epicondylitis (LE) has a reported prevalence of 3%. 
Conservative therapies include rest, physical therapy and/or 
steroid injections. Recently, PRP has garnered greater attention 
as a potential long-term treatment option in severe cases. Mishra 
and Pavelko30 were the first to report the use of PRP for patients 
considering surgery for chronic severe elbow tendinosis. The 
authors found 60% improvement in pain scores for PRP-treated 
patients versus a 16% improvement in control patients 8 weeks 
after treatment. Moreover, at final follow-up (mean, 25.6 
months; range, 12–38 months), the PRP patients reported over 
90% reduction in pain compared with pretreatment scores. 
Subsequently, several studies have been published on this topic 
and recent meta-analysis have been conducted.31 32 Ariracha-
karan et al31 published a network meta-analysis including 10 
RCTs, of which 7 compared PRP with either autologous blood 
or steroids. The authors found that PRP led to a significant 
reduction in Visual Analogue Scale (VAS) pain scores compared 
with steroids. However, when PRP was compared with autolo-
gous blood, no significant differences were observed. Functional 

outcomes, as measured by the Disabilities of the Arm, Shoulder 
and Hand (DASH) score, also displayed a significant benefit in 
favour of PRP in comparison to both steroids and autologous 
blood at 3-month follow-up.

Patellar tendinopathy
Patellar tendinopathy or jumper’s knee is a common overuse 
tendon disorder.

PRP may offer opportunities in aiding regeneration of tissue 
with low healing potential. High-quality evidence on PRP effi-
cacy on this topic is still limited. However, a recent meta-anal-
ysis including only two RCT studies, comparing PRP injections 
with extracorporeal shockwave therapy and dry needling of the 
tendon, showed no significant difference at 3 months, but supe-
rior results in favour of PRP treatment at longer follow-up (6 
months or longer).33

Achilles tendinopathy/rupture
Achilles tendinopathy is one of the most frequent ankle and foot 
overuse injuries.34

Besides standard conservative treatment modalities, the admin-
istration of PRP injections have also been proposed. A recent 
systematic reviews found only 3 RCTs and 17 non-randomised 
trials.35 Although non-randomised trials showed encouraging 
results with good return to sport participation and beneficial 
effects lasting up to midterm, RCTs failed to show any superi-
ority of PRP compared with placebo or physiotherapy.

In case of Achilles tendon ruptures, surgical treatment is 
required. No beneficial effect of PRP administration during and/
or immediately after tendon suturing has been documented.35 In 
particular, the only RCT available36 revealed that PRP addition 
could be even detrimental in tissue healing since no biomechan-
ical advantages and lower performance were reported in PRP 
patients with respect to the ‘suture-alone’ group.

PrP in rC tears
RC repair has shown high satisfactory results in patients with RC 
tear. However, despite advances in biomechanical strategies for 
enhancing the structural integrity after repair, retear rate is still 
high, especially in large to massive tears, due to inferior quality 
of healing caused by failure of regeneration of native tendon to 
bone interface.37 Thus, two main questions about the use of PRP 
in RC repair would be its effect on the quality and speed of 
healing after repair.

In contrast to promising results in basic research literature, 
most clinical studies using PRP in RC repair have failed to 
demonstrate superior outcomes to conventional repair. To our 
knowledge, more than 40 original clinical studies with respect to 
effects of PRP on RC disease were reported in English language 
publications. A large portion of these studies is RCTs or, at least, 
comparative studies with controls (table 1).

A recent systematic review of RCTs comparing PRP or plate-
let-rich fibrin with a control group in arthroscopic RC repair 
showed that the use of PRP results in improved healing rates, 
pain levels and functional outcomes especially in large tears 
(>3 cm).38 Previously, Warth et al reported significantly lower 
retear rates with PRP application in patients who underwent 
double-row repair for large RC tears in subgroup analysis of a 
meta-analysis of 11 level 1 or 2 studies.39 In contrast, Vavken et 
al40 and Chahal et al41 reported that PRP would be effective in 
reducing retear rates in small and medium RC tears. Although 
these studies seemed to report divergent conclusions, they all 
suggest that PRP may have a potential role in enhancing RC 
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Table 1 Clinical studies of PRP for RC tear

no Year Author Stage of disease usage design Clinical outcomes Structural outcomes

1 2008 Everts Impingement Surgery RCT Better NA

2 Randelli RC tear Surgery Case series Improved NA

3 2011 Castricini RC tear Surgery RCT No difference No difference

4 Jo RC tear Surgery Case series No difference No difference

5 Randelli RC tear Surgery RCT No difference except for <1 month No difference

6 Barber RC tear Surgery RCT No difference except for Rowe Better

7 Marquez RC tear Surgery RCT No difference No difference

8 2012 Gumina RC tear Surgery RCT No difference Better

9 Bergeson RC tear Surgery RCT No difference Worse

10 Rodeo RC tear Surgery RCT No difference No difference

11 Malavolta RC tear Surgery Case series Improved No difference

12 2013 Ruiz-Moneo RC tear Surgery RCT No difference No difference

13 Scarpone RC tear Injection Case series Improved Improved

14 Weber RC tear Surgery RCT No difference No difference

15 Antuna RC tear Surgery RCT No difference No difference

16 Jo RC tear Surgery RCT No difference Better

17 Rha RC tear Injection RCT Better NA

18 Kesikburun RC tear Injection RCT No difference NA

19 2014 Charousset RC tear Surgery RCT No difference No difference

20 Zumstein RC tear Surgery RCT No difference No difference

21 Malavolta RC tear Surgery RCT No difference No difference

22 Wertherl RC tear Surgery Case–control No difference No difference

23 2015 Hak RC tear Surgery RCT No difference NA

24 Wang RC tear Surgery RCT No difference No difference

25 Von Wehren RC tear Injection Case–control Better in early No difference

26 Jo RC tear Surgery RCT No difference Better

27 Ilhanli RC tear Injection RCT No difference except for DASH NA

28 Carr Tendinopathy Surgery RCT No difference NA

29 2016 Zhang RC tear Surgery RCT No difference Better

30 Wesner RC tear Injection Case series Better Better

31 Say RC tear Injection Case–control Worse NA

32 Shams RC tear Injection RCT Better at 12 weeks No difference

33 Pandey RC tear Surgery RCT Better Better in large only

34 Holtby RC tear Surgery RCT Better at 1 month in pain reduction No difference

35 Flury RC tear Surgery RCT No difference No difference

36 Barber RC tear Surgery RCT No difference No difference

37 Zumstein RC tear Surgery RCT No difference No difference

38 D'Ambrosi RC tear Surgery RCT Better at 1 month in pain reduction No difference

39 Gwinner RC tear Surgery RCT No difference No difference

40 2017 Sengodan RC tear Injection Case series Improved Improved

41 Ladermann RC tear Injection Case series Improved Improved

42 Kim RC tear Injection Case series Better No difference

43 Ebert RC tear Surgery RCT No difference except for abduction 
power

No difference

DASH, Disabilities of the Arm, Shoulder and Hand score; NA, not available; PRP, platelet-rich plasma; RC, rotator cuff; RCT, randomised controlled trial.

healing after repair. We believe that controversies regarding 
effects of PRP in RC repair are raised from differences in 4Ds: 
Drug (PRP); Delivery (application method); Disease (stage 
of disease) and Donor (patients). For further elucidation of 
effects and mechanism of PRP in RC tear, larger well-organ-
ised controlled trial would be necessary, but only with careful 
consideration of the 4Ds. Moreover, efforts to standardise the 
process and to provide adequate information that could char-
acterise PRP should be attempted for defining the optimal PRP 
formulation to manage RC injuries. It has been applied through 
either in liquid form or in solid form of gel. Injection of PRP 
in liquid form would be simple and easy. However, when used 

in arthroscopic RC repair, concerns have been raised regarding 
risks of dissipation of injected PRP due to the arthroscopic 
environment. Application of PRP gels may avoid this problem. 
However, threading and passing gels through the cannula could 
be more technically demanding. Furthermore, as gelation is 
usually done by adding calcium with or without thrombin, this 
could not completely avoid the risk of bioactive materials loss 
especially which are immediately released with gelation. Lastly, 
while most studies reported results with autologous PRP, there 
may be certain conditions in which autologous PRP is not avail-
able or appropriate such as patients with haematological diseases, 
elderly patients with multiple comorbidities, patients who do not 
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want to draw blood for any reason, and so on. Autologous PRP 
might not be optimal for patients with diabetes mellitus since 
it has been reported that expression of platelet-derived growth 
factor decreased in diabetic animals,42 and for patients who 
take antiplatelet medication such as aspirin and non-steroidal 
anti-inflammatory drugs (NSAIDs) as these drugs significantly 
impaired platelet function which may result in reduced thera-
peutic effects of PRP.43 Under these circumstances, allogeneic 
PRP could be an option. Jo et al recently reported that allogeneic 
PRP in arthroscopic RC repair did not cause any local or general 
complications and that it has the efficacy comparable to autolo-
gous PRP with respect to the clinical and structural outcomes.44

For now, certainly we do not find solid clinical evidences 
supporting the use of PRP for treatment of RC tears, thus PRP 
may not be yet recommended for routine use in clinical prac-
tice. However, this does not necessarily mean that we should 
abandon PRP or stop studying. On the contrary, now is the time 
for conducting better clinical studies with careful consideration 
of 4Ds of PRP to answer the simple question from patients, ‘Is 
PRP good for RC tear?’

other indications
Ulnar collateral ligament injury
Tears of the ulnar collateral ligament (UCL) are common in 
overhead-throwing athletes.45 Surgery is usually reserved to 
patients with complete tears of the ligament or partial tears 
who have failed non-operative treatment. Standard non-oper-
ative treatments consist of activity modification, use of NSAIDs 
and a structured physical therapy programme. However, the 
use of PRP has been also explored.46–48 Podesta et al46 showed 
that a single leucocyte-rich PRP injection was a safe adjunct to 
standard non-operative management in partial UCL tears of 34 
overhead-throwing athletes, with 88% of patients returning to 
their prior level of competition after an average rehabilitation 
course of 20 weeks. Subsequently, Deal et al47 showed that 22 
out of 23 (96%) overhead athletes were able to return to play 
and demonstrated reconstitution of the medial UCL on MRI 
after two injections of leucocyte-rich PRP. Moreover, Hoffman 
et al48 examined the feasibility of using a dermal allograft, PRP 
and MSCs construct to augment the UCL reconstruction in a 
professional baseball pitcher.

Anterior cruciate ligament reconstruction
Anterior cruciate ligament (ACL) tears are among the most 
common sports-related injuries. Up to now, there is an increasing 
demand for minimally invasive options to enhance intrinsic 
ACL healing especially in case of partial ruptures. Managing of 
partial tears can be very challenging, ranging from non-oper-
ative treatment to surgery (augmentation or traditional recon-
struction). Unlike other ligaments, the ACL possesses limited 
intrinsic capacity for spontaneous healing after injury, due to its 
intra-articular location and a thin synovial membrane.49 The use 
of biological approaches, including different GFs, PRP, MSCs, 
biological scaffolds and augmented ACL primary repair, has 
been the focus of current research in ACL-accelerated repair 
and healing. Several in vitro and animal studies demonstrated 
that intraligamentary administration of PRP determines an 
increase in cellular density and neovascularisation of the ACL. 
This results in a better organisation of collagen fibres for supe-
rior tensile resistance and biomechanical properties.50 In light of 
these findings, the application of PRP augmentation in clinical 
practice appeared justified. Regarding treatment of partial tears, 
only two clinical studies evaluated the effect of intraligamentary 

injections of PRP, reporting satisfactory clinical results51 52 and 
signs of ACL healing at MRI evaluation performed at average 3 
months from the procedure.52 On the opposite, recent systematic 
reviews focused on the effect of PRP in ACL reconstruction and 
highlighted some controversies. It has been shown that intraop-
erative use of PRP is safe because no complications or adverse 
reaction were reported, and it maybe play a positive role in the 
healing mechanisms after ACL surgery for what regards graft 
maturation over time. However, no beneficial effects in terms of 
clinical outcome, bone–graft integration and prevention of bony 
tunnel enlargement have been proved.50 53

Patellar tendon donor site in ACL reconstruction
The bone-patellar tendon-bone ligament is a widely used auto-
graft for ACL reconstruction. Donor site complications include 
anterior knee pain, ranging from 4% to 60%.54 The empty 
space or gap left in place after graft harvest has been defined 
as the cause of persistent discomfort and pain at the donor 
site for several months, even at rest.55 Recent studies showed 
that the application of PRP to the harvest site contributed to 
accelerated and better healing response evaluated by MRI and 
provides significant earlier improvement of pain scores in the 
first 2 months measured by VAS.55 56 Therefore, based on these 
findings, PRP could be at least considered as a valid option to 
address the problem of donor-site morbidity when the patellar 
tendon is the surgeon’s choice for graft harvesting.

Meniscal tears
Meniscal lesions in the avascular zone are still an unsolved 
problem in sports traumatology, and most of the time partial 
meniscectomy is the only treatment option. Unfortunately, the 
loss of meniscus predisposes the knee joint to degenerative 
changes.57 Several in vitro or animal studies have demonstrated 
that injection of GFs or PRP could increase meniscal cell activity 
and stimulate repair.58 59 However, few clinical studies are 
available: three case–control studies60–62 and one case report63 
showing controversial results. Some authors reported encour-
aging results when a single or multiple percutaneous PRP injec-
tions are administered weekly61 63 or when a single injection is 
performed right after an open meniscal repair.62 PRP seemed to 
be effective in relieving pain and stopping tear progression on 
MRI. Conversely, Griffin et al60 showed no differences in terms 
of functional results and reoperation rate after arthroscopic 
meniscal repair with or without a single PRP injection. However, 
given the lack of power and nature of those studies, no definitive 
conclusions can be drawn.

Plantar fasciitis
Plantar fasciitis (PF) is a common foot complaint that affects 
both active people and physically inactive middle age group. 
Conservative treatments have always been the first approach for 
treating PF with great success. However, around 10% of patients 
seemed not to respond positively.64 Therefore, PRP injections 
into the plantar fascia, with or without ultrasound guidance, 
have been recently introduced as an alternative therapy. Recent 
systematic reviews, comparing corticosteroid versus PRP injec-
tions, reported controversial results. Three reviews without 
meta-analysis reported superiority of PRP treatment.64–66 On 
the opposite, two recent meta-analysis of nine RCTs failed to 
confirm those data.67 68 Tsikopoulos et al67 showed that corti-
costeroid injections are more effective in pain relief in the short 
term, whereas Yang et al68 reported no differences in short and 
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box 1 Key articles

1. Marx RE (2001) Platelet-rich plasma (PRP): what is PRP and 
what is not PRP? Implant Dent 10:225–228.

2. Mishra A, Pavelko T (2006) Treatment of chronic elbow 
tendinosis with buffered platelet-rich plasma. Am J Sports 
Med 34:1774–1778.

3. Zimmermann R, Arnold D, Strasser E, et al (2003) Sample 
preparation technique and white cell content influence the 
detectable levels of growth factors in platelet concentrates. 
Vox Sang 85:283–289.

4. Dohan DM, Choukroun J, Diss A, et al (2006) Platelet-rich 
fibrin (PRF): a second-generation platelet concentrate. 
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concentrates? Oral Surg Oral Med Oral Pathol Oral Radiol 
Endod 101:e51–e55.

5. Zhang JY, Fabricant PD, Ishmael CR, et al (2016) Utilization 
of platelet-rich plasma for musculoskeletal injuries: an 
analysis of current treatment trends in the United States. 
Orthop J Sports Med 4:2325967116676241.

6. Campbell KA, Saltzman BM, Mascarenhas R, et al (2015) 
Does intra-articular platelet-rich plasma injection provide 
clinically superior outcomes compared with other therapies 
in the treatment of knee osteoarthritis? A systematic review 
of overlapping meta-analyses. Arthroscopy 31:2213–2221.

7. Arirachakaran A, Sukthuayat A, Sisayanarane T, et al (2016) 
Platelet-rich plasma versus autologous blood versus steroid 
injection in lateral epicondylitis: systematic review and 
network meta-analysis. J Orthop Traumatol 17:101–112.
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platelet-rich plasma in arthroscopic rotator cuff repair: a 
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augmentation for ACL reconstruction. BioMed Res Int 
2015:371746.

box 2 Key issues of patient selection

 ► Platelet-rich plasma (PRP) might provide some benefit in 
patients who have knee osteoarthritis, lateral epicondylitis 
and ulnar collateral ligament injury.

 ► Inconsistent or minimal benefits are reported for PRP usage 
in rotator cuff repair, patellar and Achilles tendinopathies, 
anterior cruciate ligament (ACL) repair/reconstruction, donor 
site of patellar tendon in ACL reconstruction, meniscal repair, 
muscle injuries and plantar fasciitis.

 ► No clinical studies suggest what would be the optimal PRP 
formulation with respect to the concentration of leucocytes.

 ► Up to now, PRP has been applied to different conditions 
without consideration of kind and stage of injuries and 
diseases.

box 3 Essential and/or typical features of platelet-rich 
plasma (PrP)

 ► Most common term referred to a cluster of products 
including: autologous conditioned plasma, platelet-enriched 
plasma, platelet- rich concentrate, autogenous platelet gel, 
platelet releasate, platelet rich in growth factors and others.

 ► Refined product of autologous blood with a platelet 
concentration greater than that of whole blood.

 ► Platelet concentration of 10^6 platelets/μL in a 5-mL volume 
of plasma is defined as ‘working PRP’.

 ► Differences in PRP preparations include the concentrations of 
platelets, leucocytes and bioactive materials.

 ► Main advantages: autologous biological product, accessible, 
easily prepared, minimal complications, wide range of 
potential therapeutic actions.

box 4 Major pitfalls of platelet-rich plasma (PrP)

 ► Optimal concentration of platelets and leucocytes has not 
been defined.

 ► Contrasting clinical results may be due to the heterogeneity 
of PRP formulations.

 ► No consensus has been reached about the choice of PRP for 
certain stage of injuries and disease.

intermediate effects and only limited evidence supporting PRP 
superiority for long-term pain relief.

Muscle injuries
Muscle injuries represent up to 55% of all sports injuries and 
are a challenging problem in sports traumatology.69 Avail-
able treatment options range from rest, ice, compression and 

elevation to anti-inflammatory medications, rehabilitation 
exercise programmes, electrotherapeutic modalities, hyper-
baric oxygen therapy and prolotherapy injections.70 Clinical 
evidence to support the use of these modalities is limited and 
they are generally not sufficient to enhance muscle regeneration 
efficiently especially when fast resumption of sport activity is 
a primary target. Recently, several clinical studies on profes-
sional athletes investigated the role of PRP.71 72 PRP therapies 
may influence muscle regeneration by acting on the myogenic 
precursors,73 which are located between the basal lamina and 
the plasma membrane of each individual myofibre and are quies-
cent in the uninjured state. Their activities are controlled by GFs 
and other cytokines, including IGFs, HGF, VEGF, basic FGF or 
angiopoietin type 1, plasmin and urokinase plasminogen. Once 
activated, however, they proliferate and differentiate into multi-
nucleated myotubes and, eventually, myofibres.74

In clinical management of muscle injuries, the current hypoth-
esis is that intramuscular injections of PRPs deliver supraphys-
iological concentrations of the above-mentioned factors at the 
injured site, influencing cell migration, proliferation, differenti-
ation or fusion and ultimately enhancing muscle regeneration.71

Few randomised studies are available.75–78 Indeed, most of 
the non-randomised studies affirmed that PRP improves quality 
of repair tissue79 or accelerates the functional recovery by 
enhancing several aspects of myogenesis and, therefore, allowing 
an earlier resumption of sports activities.72 80 81 However, RCT 
showed controversial results.75–78 A Hamid et al77 showed that 
a single autologous PRP injection combined with a rehabilita-
tion programme was significantly more effective in functional 
recovery, time to return to sport and pain management than 
a rehabilitation programme alone in a group of 28 patients 
affected by hamstring injuries. On the opposite, subsequent 
studies showed no benefit of intramuscular PRP administra-
tion compared with placebo injections in athletes with acute 
hamstring injuries in the time to healing; time to return to 
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play; reinjury rate and alterations of subjective, clinical or MRI 
measures.75 76 78 82

Future perspectives
PRP has numerous advantages as an autologous biological 
product for the treatment of musculoskeletal injuries: it is 
accessible, easily prepared, has minimal complications, and has 
abroad range of potential therapeutic actions. Moreover, its 
safety allows basic science and clinical research to be interdepen-
dent rather than successive steps. However, some concerns arise 
about conflicting clinical results for different pathological condi-
tions and about the paucity of guidelines developed by profes-
sional organisations. The present review showed that PRP might 
provide some benefit in patients who have knee OA, LE and 
UCL injury. On the other hand, current evidence is inconsistent 
or displays minimal benefits for PRP usage in RC repair, patellar 
and Achilles tendinopathies, ACL repair/reconstruction, donor 
site of patellar tendon in ACL reconstruction, meniscal repair, 
muscle injuries and PF. That being said, it must be highlighted 
that available systematic reviews and meta-analyses have limited 
statistical pooling and subgroup analyses. Future meta-analyses 
should focus on performing subgroup analysis based on the type 
of PRP preparation used to determine whether the effects differ 
based on the different formulations. Currently, there is insuf-
ficient literature to support a consensus on the optimal PRP 
preparation for each indication, dose volume, dosing interval, 
and whether activation is necessary, and if so, by what method. 
Probably not only different pathologies but also different stages 
of a disease will require different types of PRP. Therefore, further 
research into this field is justified by the idea that regenerative 
medicine would like to move from an old concept ‘one-size-
fits-all’ to a ‘patient-tailored’ therapy. Rigorous cost-effective 
analysis, defined algorithms and evidence-based protocols are 
needed before drawing definitive conclusion on PRP efficacy. So 
far, the clinician who supports the use of PRP should consider 
the biology of the condition being treated and the intended goal 
for PRP therapy. In the same way, patients should be informed 
that while PRP has several theoretical advantages with minimal 
complications, its use is still investigational.
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Objective. ,e purpose of this meta-analysis was to determine whether platelet-rich plasma (PRP) was better than hyaluronic acid
(HA) for the treatment of knee osteoarthritis (OA) in overweight or obese patients.Design. Two reviewers independently used the
keywords combined with free words to search English-based electronic databases according to Cochrane Collaboration
guidelines, such as PubMed, Embase, ScienceDirect, and Cochrane library. ,e pooled data were analyzed using RevMan 5.3.
Results. Ten randomized controlled trials (RCTs) with 1096 patients were included. During the first twomonths of follow-up, there
was no significant difference between the two groups. At the 3rd, 6th, and 12th months of follow-up, the pooled analysis showed
that PRP was better than HA for the treatment of knee OA in overweight or obese patients. ,ere were significant differences
between the two groups at Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) total score (3 months:
MD� − 1.35, [95% CI: − 2.19 to − 0.50], P � 0.002, I2 � 0%; 6 months: MD� − 7.62, [95% CI: − 13.51 to − 1.72], P � 0.01, I2 � 88%; 12
months: MD� − 12.11, [95% CI: − 20.21 to − 4.01], P � 0.003, I2 � 94%). Conclusions. For overweight or obese patients with knee
OA, intra-articular injection of PRP in a short time was not necessarily superior to HA, but long-term use was better than HA in
pain and functional relief.

1. Introduction

Knee OA is a chronic disease caused by a variety of causes,
characterized by degeneration of articular cartilage, which
has an adverse impact on the quality of life of patients [1].
Moreover, articular cartilage regeneration is very difficult;
once damaged, it is difficult to repair [2]. It is also one of the
most common causes of pain and disability in adults. ,is
disease mostly occurs in the elderly, more women than men,
65 years old patients with knee OA prevalence of 50% [3].
Obesity is an important factor in the development of OA [4].
According to the recommendation of WHO, the patients
with BMI ≥25Kg/m2 were defined as overweight, and the
patients with BMI ≥30Kg/m2 were defined as obese [4].

,ere are many conservative treatments for OA, such as
drug therapy, intra-articular injection of HA and PRP [5],
physical therapy [6], and ozone therapy [7]. All kinds of
treatments aim at relieving knee pain and improving joint
mobility [8]. Intra-articular HA injection is widely used in
the treatment of knee OA. Its viscosity-inducing properties
increase joint lubrication and provide therapeutic effects,
which have been reported in many studies and meta-analysis
[9]. In addition, PRP, as biologic therapy, has become an
interesting treatment option to improve the joint status of
patients with OA [10].

Many studies had compared the effects of PRP and HA
in patients with knee OA [5, 11–19]. For example, in one
study, there was no difference between HA and PRP at any
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time point on pain relief in patients with knee OA [5]. In one
study, PRP was shown to be superior to HA in the short-
term relief of early OA symptoms of the knee [11]. More-
over, no meta-analysis has been conducted on the efficacy of
HA and PRP in overweight or obese patients with knee OA.
,erefore, our goal was to compare the efficacy of the two
treatment methods in patients with knee OAwith body mass
index (BMI) ≥25Kg/m2 by meta-analysis.

2. Methods

We carried out this meta-analysis in accordance with the
Preferred Reporting Items for Systematic Reviews andMeta-
Analyses (PRISMA) [20].

2.1. Search Strategy. In order to obtain all the literature
related to our research, in the first step, two reviewers in-
dependently used the keywords combined with free words to
search English-based electronic databases according to
Cochrane Collaboration guidelines, such as PubMed (1966
to December 1, 2019), Embase (1980 to December 1, 2019),
ScienceDirect (1980 to December 1, 2019), and Cochrane
library (1966 to December 1, 2019). In the second step, the
potentially related literature was searched from the list of
references of all included studies. We used Medical Subject
Headings (MeSH) terms and corresponding keywords to
search the following terms “platelet-rich plasma or PRP,”
“hyaluronic acid or HA,” “knee osteoarthritis,” “over-
weight,” and “obesity” with the Boolean operators “AND or
OR.” Two researchers independently conducted preliminary
screening by reading the titles and abstracts of the retrieved
literature. ,en, the selected literature should be further
filtered by reading the full text as much as possible. All
disagreeable literature was resolved after discussion.

2.2. Selection Criteria. All trials included in our study meet
the following criteria: (1) All studies were original RCTs; (2)
the mean BMI of patients for each study was ≥25Kg/m2 [21];
(3) patients were diagnosed with knee OA according to the
criteria of American College of Rheumatology with radio-
graphic confirmation (Kellgren-Lawrence score of I-IV or
Ahlbäck grades 1 to 3) in all studies [22, 23]; (4) all studies
included PRP and HA groups, all of which were intra-ar-
ticular injections, with a comparison of outcomes between
the two groups; (5) the full text of the included literature can
be obtained, and the measurement data of WOMAC, In-
ternational Knee Documentation Committee (IKDC) Sub-
jective Score, Visual Analogue Scale (VAS), and EuroQol
visual analogue scale (EQ-VAS) can be extracted [24–26].

,e following studies were excluded from the meta-
analysis: nonrandomized studies; the patients with BMI
<25 kg/m2; studies not suitable with the inclusive criteria;
and articles for which we were unable to obtain the full text
and relevant data for pooled analysis.

2.3. Data Extraction. Data were extracted independently by
two researchers. After discussion, disagreements in the data

extraction process were resolved, and then another re-
searcher used the spreadsheet to collect the data. We
extracted the following data: first author, publication year,
country, study type, number of participants (PRP :HA),
BMI, age, gender, radiographic classification of OA, inter-
vention (PRP :HA), application method, follow-up dura-
tion, parameters for evaluation, and outcomes data. A small
number of studies did not provide complete data, and we
tried to get the original data by contacting the author teams.

2.4.RiskofBiasAssessment. ,e risk of bias in each included
RCTwas assessed according to the Cochrane Handbook for
Systematic Reviews [27]. ,e evaluation of bias can be
divided into 7 sections: random sequence generation, al-
location concealment, blinding of participant and per-
sonnel, blinding of outcome assessment, incomplete
outcome data, selective reporting, and other bias. Each
section can have a high risk of bias, low risk of bias, and
unclear risk of bias depending on the actual content of the
included study [27].

2.5. StatisticalAnalysis. Different studies compared PRP and
HA groups according to different follow-up months and
outcome measures. We pooled and calculated data of dif-
ferent outcome measures for all studies under the same
follow-up month and placed them on the same form. ,e
same outcome measure was divided into subgroups
according to the follow-up month. We analyzed continuous
data using weighted mean differences (WMD) and their 95%
confidence interval (CI), such as WOMAC total score,
WOMAC pain score, WOMAC stiffness score, WOMAC
physical function score, IKDC, VAS, and EQ-VAS. Statis-
tical heterogeneity was calculated by using a chi-square test
and I2 test. It is considered that the I2 values of 25%, 50%,
and 75% indicate low, moderate, and high heterogeneity,
respectively [28]. When I2≤ 50%, we performed a fixed-
effect model for the meta-analysis. Otherwise, the random-
effect model was performed. Publication bias was assessed by
using the funnel plot. ,e meta-analysis was performed
using RevMan 5.3 for Windows (Cochrane Collaboration,
Oxford, UK). If the result of the meta-analysis was a
probability of P< 0.05, it was considered to be statistically
significant.

3. Results

3.1. Literature Search. In the first step, we searched multiple
databases and identified 436 records. After removing the
duplicate records and the irrelevant records by reading the
titles and abstracts, a total of 25 records were selected and the
next step was to read the full text. According to the inclusion
criteria, records of non-RCT, records with an average BMI
<25Kg/m2, and records for which data could not be
extracted were excluded. In the end, 10 RCTs were suc-
cessfully included. ,e following flow chart showed the
search strategy and the process of the study selection
(Figure 1) [5, 11–19].
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3.2. Study Characteristics. ,is meta-analysis included a
total of 10 RCTs published between 2012 and 2018. Char-
acteristics of all the studies included in the meta-analysis are
shown in Table 1. All studies compared differences in the
therapeutic effects of PRP and HA in overweight or obese
patients with knee OA and were followed for a minimum of
1 month to a maximum of 24 months. In these studies,
patients in the PRP group were more than patients in the HA
group and more female patients than male patients. A total
of 9 studies had an average BMI of ≥25Kg/m2 and <30Kg/
m2 (overweight level) [5, 11, 13–19], and the remaining
study had an average BMI of ≥30Kg/m2 (obesity level) [12].
In nine studies, the severity of OAwas classified according to
the Kellgren and Lawrence grading scale, and the remaining
study was classified according to the Ahlbäck grading
scale. Of the 10 studies, PRP for 2 studies was PRGF-Endoret
[11, 12], 3 studies used low-molecular-weight HA [5, 14, 19],
and 4 studies used high-molecular-weight HA
[12, 13, 16, 18].

3.3. Risk of Bias. Of the 10 studies, 8 studies
[5, 11–13, 15–18] were considered to have a low risk of bias,
while 2 studies [14, 19] were found to have a high risk of
bias. Random sequence generation was found in 10 studies.
Allocation concealment and blinding of participants and
personnel were found in 7 studies [5, 11–13, 15, 17, 18].
Blinding of outcome assessment was found in 6 studies
[5, 11–13, 15, 17]. As shown in Figure 2, incomplete

outcome data and selective reports were not found in 10
studies.

3.4. Comparative Analysis of 6erapeutic Effects of PRP and
HA. After carefully reading and analyzing the included
articles, we summarized the evaluation tools used to
measure the effect of patients after receiving PRP or HA,
including WOMAC scores, IKDC subjective score, VAS,
and EQ-VAS. As shown in Table 2, there are differences in
the therapeutic effects of PRP and HA depending on the
months of follow-up. ,is article used WOMAC scores as
the primary outcome measurement. Secondary outcome
measures were IKDC subjective score, VAS, and EQ-VAS.
As the primary outcome measurement, WOMAC scores
are composed of three parts: pain, stiffness, and physical
function. ,erefore, we divide WOMAC in different
months into 3 subgroups. At the same time, we performed a
subgroup analysis of IKDC, VAS, and WOMAC total score
at different time points.

3.4.1. Two Months after Follow-Up. In the first month, a
total of 3 studies [15, 16, 19] (143 patients) provided data on
VAS for the PRP and HA groups, and a total of 3 studies
[5, 16, 19] (221 patients) provided data on WOMAC pain
score. ,ere was no significant difference between the two
groups according to the results of the pooled analysis (VAS:
P � 0.89, I2 � 0%; WOMAC pain score: P � 0.96, I2 �16%).
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Figure 1: Flow diagram of the study selection process for the meta-analysis.
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A total of 2 studies (122 patients) provided data on
WOMAC total score, stiffness score, and physical function
score for the PRP and HA groups [16, 19]. Based on the
results of the pooled analysis, there was no significant
difference between the two groups at WOMAC scores
(total score: P � 0.24, I2 � 78%; stiffness score: P � 0.35,
I2 � 35%; physical function score: P � 0.12, I2 � 59%)
(Table 2). I2 > 50% in WOMAC total score and physical
function score represent high heterogeneity [28]. Het-
erogeneity may be related to too few inclusion studies, and
more research is needed in the future to analyze sources of
heterogeneity.

In the second month, a total of 2 studies (350 patients)
provided data on EQ-VAS and IKDC score for the PRP and
HA groups [13, 18]. ,ere was no significant difference
between the two groups according to the results of the
pooled analysis (EQ-VAS: P � 0.12, I2 � 0%; IKDC:
P � 0.73, I2 � 0%).

3.4.2. 6ree Months after Follow-Up. In the third month, a
total of 3 studies [15, 16, 19] (141 patients) provided data on
VAS for the PRP and HA groups, and a total of 3 studies
[5, 16, 19] (221 patients) provided data on WOMAC pain
score. ,ere was no significant difference between the two
groups according to the results of the pooled analysis (VAS:
P � 0.45, I2 � 72%; WOMAC pain score: P � 0.78, I2 � 0%).
A total of 2 studies (122 patients) provided data onWOMAC
total score, stiffness score, and physical function score for the
PRP and HA groups [16, 19]. Based on the results of the
pooled analysis, there was a statistically significant difference
between the two groups at WOMAC scores (total score:
P � 0.002, I2 � 0%; stiffness score: P � 0.008, I2 � 0%;
physical function score: P< 0.00001, I2 � 0%) (Figure 3).

3.4.3. Six Months after Follow-Up. In the 6th month, a total
of 3 studies [5, 16, 19] (221 patients) provided data on VAS
for the PRP and HA groups, 3 studies [13, 17, 18] (433
patients) provided data on EQ-VAS, and 3 studies [5, 13, 17]
(365 patients) provided data on IKDC score. ,ere was no
significant difference between the two groups according to
the results of the pooled analysis of the above relevant data
(VAS: P � 0.44, I2 � 75%; EQ-VAS: P � 0.08, I2 � 0%; IKDC:
P � 0.10, I2 �10%).

A study with a mean BMI of ≥30 Kg/m2 reported the
WOMAC score for the sixth month of follow-up [12]. ,e
results of the following pooled analysis included this study.
4 studies (394 patients) reported relevant data onWOMAC
total score, WOMAC stiffness score, and WOMAC
physical function score during the month (total score:
P � 0.01, I2 � 88%; stiffness score: P � 0.02, I2 � 61%;
physical function score: P � 0.06, I2 � 89%) [11, 12, 16, 19].
Based on the results of the pooled analysis of WOMAC
total score and WOMAC stiffness score, there was a sta-
tistically significant difference between the two groups in
overweight or obese patients with knee OA. From the
overall WOMAC score and the extent of joint stiffness
relief, it could be concluded that the PRP group was su-
perior to the HA group. However, there was no significant
difference between the two groups according to the result of
the WOMAC physical function score in overweight or
obese patients with knee OA. 5 studies (493 patients)
provided data on the WOMAC pain score for the PRP and
HA groups (P � 0.01, I2 � 87%) [5, 11, 12, 16, 19]. ,is
result indicated a statistically significant difference between
the two groups, which meant that in overweight or obese
patients with knee OA, the PRP group was superior to the
HA group in terms of pain relief.

,e results of the following pooled analysis excluded this
study with an average BMI of ≥30Kg/m2. 3 studies (298
patients) reported relevant data on WOMAC total score,
WOMAC stiffness score, and WOMAC physical function
score during the month (total score: P< 0.00001, I2 � 23%;
stiffness score: P � 0.001, I2 � 0%; physical function score:
P< 0.0001, I2 � 0%) [11, 16, 19]. A total of 4 studies (397
patients) provided data on the WOMAC pain score for the
PRP and HA groups (P< 0.0001, I2 � 0%) [5, 11, 16, 19].
Based on the results of the pooled analysis of the WOMAC
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score, there was a statistically significant difference between
the two groups in overweight patients with knee OA (Fig-
ure 4). After removing the literature with an average BMI of
>30Kg/m2, the heterogeneity of the WOMAC score was
significantly reduced.

3.4.4. Twelve Months after Follow-Up. In the 12th month, 2
studies [13, 18] (350 patients) and 3 studies [5, 16, 19] (221
patients) provided data on EQ-VAS and VAS for the PRP
and HA groups, respectively. Based on the results of the
pooled analysis, there was a statistically significant difference
between the two groups (EQ-VAS: P � 0.001, I2 � 0%; VAS:
P � 0.02, I2 � 91%). ,is conclusion suggests that PRP is
superior to HA in terms of pain relief from the 12th month
of follow-up. A total of 2 studies (282 patients) provided data
on the IKDC score for the PRP and HA groups [5, 13].,ere
was still no significant difference between the two groups
according to the results of the pooled analysis (P � 0.21,
I2 � 60%). Based on the IKDC score at different follow-up
months, it can be concluded that there was no statistically
significant difference between the PRP group and the HA
group (Figure 5).

,e results of the following pooled analysis included this
study with an average BMI of ≥30Kg/m2. 4 studies (351
patients) reported relevant data on WOMAC total score,
WOMAC stiffness score, and WOMAC physical function
score during the month (total score: P � 0.003, I2 � 94%;
stiffness score: P � 0.0007, I2 � 81%; physical function score:
P � 0.003, I2 � 94%) [12, 14, 16, 19]. Based on the results of
the pooled analysis of WOMAC total score, WOMAC
stiffness score, and WOMAC physical function score, there
was a statistically significant difference between the two
groups in overweight or obese patients with knee OA. ,e
pooled analysis showed that the relief of joint stiffness and
the recovery of physical function in the PRP group were
more significant than those in the HA group. 5 studies (450
patients) provided data on the WOMAC pain score for the
PRP and HA groups (P � 0.002, I2 � 89%) [5, 12, 14, 16, 19].
,is result indicated a statistically significant difference
between the two groups, which meant that in overweight or
obese patients with knee OA, the PRP group was superior to
the HA group in terms of pain relief.

,e results of the following pooled analysis excluded this
study with an average BMI of ≥30Kg/m2. 3 studies (261
patients) reported relevant data on WOMAC total score,

Table 2: Outcomes of the meta-analysis in different follow-up months.

Follow-up Evaluation tools Number of studies Patients PRP :HA MD 95% CI P< 0.05 I2 (%)

1 months

VAS 3 69/74 0.01 [− 0.13, 0.15] No 0
WOMAC total score 2 58/64 − 3.33 [− 8.84, 2.18] No 78
WOMAC pain score 3 107/114 0.01 [− 0.47, 0.50] No 16

WOMAC stiffness score 2 58/64 − 0.11 [− 0.47, 0.24] No 35
WOMAC physical function score 2 58/64 − 2.35 [− 5.28, 0.57] No 59

2 months EQ-VAS 2 179/171 2.15 [− 0.57, 4.88] No 0
IKDC 2 179/171 − 0.59 [− 3.90, 2.72] No 0

3 months

VAS 3 68/73 − 0.20 [− 0.71, 0.31] No 72
WOMAC total score 2 58/64 − 1.35 [− 2.19, − 0.50] Yes 0
WOMAC pain score 3 107/114 0.05 [− 0.31, 0.41] No 0

WOMAC stiffness score 2 58/64 − 0.38 [− 0.67, − 0.10] Yes 0
WOMAC physical function score 2 58/64 − 1.92 [− 2.57, − 1.27] Yes 0

6 months

VAS 3 107/114 − 0.35 [− 1.23, 0.54] No 75
EQ-VAS 3 223/210 1.89 [− 0.19, 3.96] No 0
IKDC 3 187/178 2.23 [− 0.41, 4.86] No 10

WOMAC total score 3 147/151 − 3.89 [− 5.60, − 2.18] Yes 23
4§ 195/199§ − 7.62§ [− 13.51, − 1.72]§ Yes§ 88§

WOMAC pain score 4 196/201 − 0.76 [− 1.11, − 0.42] Yes 0
5§ 244/249§ − 1.74§ [− 3.13, − 0.36]§ Yes§ 87§

WOMAC stiffness score 3 147/151 − 0.41 [− 0.67, − 0.16] Yes 0
4§ 195/199§ − 0.62§ [− 1.12, − 0.11]§ Yes§ 61§

WOMAC physical function score 3 147/151 − 1.64 [− 2.36, − 0.91] Yes 0
4§ 195/199§ − 4.23§ [− 8.58, 0.13]§ No§ 89§

12 months

VAS 3 107/114 − 1.27 [− 2.36, − 0.18] Yes 91
EQ-VAS 2 179/171 4.64 [1.86, 7.42] Yes 0
IKDC 2 143/139 5.45 [− 3.13, 14.03] No 60

WOMAC total score 3 135/126 − 8.79 [− 16.22, − 1.35] Yes 93
4§ 183/168§ − 12.11§ [− 20.21, − 4.01]§ Yes§ 94§

WOMAC pain score 4 184/176 − 1.41 [− 2.43, − 0.39] Yes 82
5§ 232/218§ − 1.95§ [− 3.18, − 0.71]§ Yes§ 89§

WOMAC stiffness score 3 135/126 − 0.65 [− 0.92, − 0.39] Yes 11
4§ 183/168§ − 0.99§ [− 1.57, − 0.42]§ Yes§ 81§

WOMAC physical function score 3 135/126 − 6.53 [− 12.13, − 0.94] Yes 93
4§ 183/168§ − 8.90§ [− 14.82, − 2.99]§ Yes§ 94§

§Include a study with BMI> 30Kg/m2.
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PRP

SDMean Total
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SDMean Total

Weight
(%)

Mean difference
IV, random, 95% CI

Mean difference
IV, random, 95% CI

2.15.1. Pain

Subtotal (95% CI)

Subtotal (95% CI)

Heterogeneity: tau2 = 0.00; chi2 = 1.67, df = 2 (P = 0.43); I2 = 0%

Heterogeneity: tau2 = 0.00; chi2 = 0.75, df = 1 (P = 0.39); I2 = 0%

Test for overall effect: Z = 0.28 (P = 0.78)

Test for overall effect: Z = 2.65 (P = 0.008)

Heterogeneity: tau2 = 0.00; chi2 = 0.45, df = 1 (P = 0.50); I2 = 0%
Test for overall effect: Z = 5.80 (P < 0.00001)

Test for subgroup differences: chi2 = 27.13, df = 2 (P < 0.00001), I2 = 92.6%

Heterogeneity: tau2 = 0.38; chi2 = 30.01, df = 6 (P < 0.0001); I2 = 80%
Test for overall effect: Z = 1.92 (P = 0.05)

2.15.2. Stiffness

2.15.3. Physical function 

Total (95% CI)
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Figure 3: Forest plots showing the effect of PRP on WOMAC scores at 3rd months of follow-up compared with HA in overweight patients
with knee OA. WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index.
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(%)

Mean difference
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Mean difference
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Heterogeneity: tau2 = 0.00; chi2 = 2.31, df = 3 (P = 0.51); I2 = 0%
Test for overall effect: Z = 4.32 (P < 0.0001)

Subtotal (95% CI)
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Test for overall effect: Z = 3.18 (P = 0.001)
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Test for subgroup difference: chi2 = 10.75, df = 2 (P = 0.005), I2 = 81.4%

Heterogeneity: tau2 = 0.09; chi2 = 15.20, df = 9 (P = 0.09); I2 = 41%
Test for overall effect: Z = 4.02 (P < 0.0001) –10 –5 0 5 10
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Figure 4: Forest plots showing the comparison of the effects of PRP and HA on WOMAC scores at 6th months of follow-up in overweight
patients with knee OA.
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SDMean Total
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Subtotal (95% CI)

Heterogeneity: tau2 = 0.00; chi2 = 0.03, df = 1 (P = 0.86); I2 = 0%
Test for overall effect: Z = 0.35 (P = 0.73)

Heterogeneity: tau2 = 0.69; chi2 = 2.21, df = 2 (P = 0.33); I2 = 10%
Test for overall effect: Z = 1.66 (P = 0.10)

Heterogeneity: tau2 = 24.45; chi2 = 2.52, df = 1 (P = 0.11); I2 = 60%
Test for overall effect: Z = 1.25 (P = 0.21)

Heterogeneity: tau2 = 1.70; chi2 = 7.61, df = 6 (P = 0.27); I2 = 21%
Test for overall effect: Z = 1.62 (P = 0.11)
Test for subgroup difference: chi2 = 2.62, df = 2 (P = 0.27), I2 = 23.7%
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Figure 5: Forest plots showing the comparison of the effects of PRP and HA on IKDC score at 2nd, 6th, and 12th months of follow-up in
overweight patients with knee OA. IKDC: International Knee Documentation Committee.
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Figure 6: Forest plots showing the comparison of the effects of PRP and HA onWOMAC scores at 12th months of follow-up in overweight
patients with knee OA.
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WOMAC stiffness score, and WOMAC physical function
score during the month (total score:, P � 0.02, I2 � 93%;
stiffness score: P< 0.00001, I2 �11%; physical function score:
P � 0.02, I2 � 93%) [14, 16, 19]. 4 studies (360 patients)
provided data on WOMAC pain score for the PRP and HA
groups (P � 0.007, I2 � 82%) [5, 14, 16, 19] (Figure 6). Based
on the results of the pooled analysis of the WOMAC score,
there was a statistically significant difference between the
two groups in overweight patients with knee OA.

3.5. Publication Bias. ,e funnel plot is often used to assess
publication bias, which is usually only performed when we
have at least 10 studies. ,e number of studies included will
have an effect on the effectiveness of the funnel plot to test
publication bias. If too few studies are included, the funnel
plot’s testing power will decrease accordingly. As shown in
Figure 7, we used funnel plots to detect publication bias (A:

Related studies onWOMAC scores at 3rd months of follow-
up; B: Related studies on WOMAC scores at 6th months of
follow-up; C: Related studies on IKDC score; D: Related
studies on WOMAC scores at 12th months of follow-up).
No significant funnel asymmetry that could indicate pub-
lication bias was observed (Figures 7(a) and 7(d)). Visual
inspection of the funnel plots showed asymmetry
(Figures 7(b) and 7(c)). ,e asymmetry of the funnel plots
may be due to insufficient trials and statistical heterogeneity.

3.6. Sensitivity Analysis. If necessary, a sensitivity analysis
was conducted to identify the origins of the significant
heterogeneity. Due to the high heterogeneity of the
WOMAC scores, we performed a sensitivity analysis to
assess the reliability of the results. When we excluded a study
with an average BMI ≥30Kg/m2, the heterogeneity de-
creased significantly.,erefore, we concluded that this study
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Figure 7: Funnel plot to detect publication bias. (a) WOMAC scores at 3rd months. (b) WOMAC scores at 6th months. (c) IKDC score.
(d) WOMAC scores at 12th months.
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is a source of heterogeneity. At the same time, limited studies
meeting the inclusion criteria may affect the reliability of the
results. More high-quality RCTs are still needed in the future
to compliment our conclusions.

4. Discussion

Obesity is associated with the prevalence and morbidity of
knee OA and is considered a major risk factor [29, 30]. In
obesity, being overweight can increase the joint load and
have a detrimental effect on weight-bearing joints. Toomuch
fat can cause degenerative changes in articular cartilage by
subjecting it to more than biomechanical pressure [30].

HA is the most important component in synovial fluid
and plays a role in the nutrition and protection of joints [31].
A large number of clinical studies have also shown that HA
can alleviate joint pain and improve joint function [32]. PRP
is an autogenous mixture of high concentrations of platelets
and associated growth factors and other bioactive compo-
nents produced by centrifugation of whole blood, which can
be used to treat injuries to bones, tendons, and ligaments
[33]. PRP induces chondrocyte regeneration by improving
the metabolic function of the damaged structure [34], and it
has been shown to have positive effects on chondrogenesis
and mesenchymal stem cell proliferation [35]. Intra-artic-
ular PRP injection in patients with knee OA showed sig-
nificant improvement in pain relief, symptom improvement,
and quality of life [36]. ,is may be due to the immediate
and sustained release of growth factors over a long period of
time, which promotes healing and produces sustained
clinical effects [37]. However, there is no consensus on the
optimal ratio of PRP to various components. HA acts as
lubricant and PRP provides a variety of factors to stimulate
synovium and surrounding tissues. So, the combination of
HA and PRPmay bemore effective than either method alone
[38].

According to the analysis of WOMAC, EQ-VAS, VAS,
IKDC, and other evaluation tools, different results can be
seen in different months. Previous systematic studies have
shown that PRP is an effective alternative therapy for long-
term relief of knee pain and improvement of joint function
[39]. However, based on the data from the literature in-
cluded in the analysis, we found that the symptoms of
patients in HA and PRP groups improved significantly in
the first twomonths, and the improvement between the two
groups was similar (according to WOMAC scores, EQ-
VAS, and IKDC). However, after 3months of follow-up, in
WOMAC scores, the PRP group was superior to the HA
group in terms of joint stiffness relief and body function
recovery, but there was no difference in pain relief. At 6
months, according to VAS and EQ-VAS scores, the PRP
group had no better analgesic effect than the HA group in
overweight or obese patients with knee OA. In the 12th
month, according to VAS, EQ-VAS and WOMAC scores,
PRP was superior to HA in pain relief and functional
improvement. However, there was no significant difference
in the IKDC score between the PRP group and the HA
group at any time. ,is indicated that PRP and HA had
obvious alleviating effects on patients with knee OA, but

the effect of reducing the severity of illness was uncertain.
And PRP did not have the same effect in all stages of
patients. Some researchers have found that PRP is more
effective in young patients with early or moderate arthritis,
but has limited effect on late OA [40]. ,e use of PRP can
significantly improve the prognosis of patients 6 months
after injection, and these improvements began in 2 months
and lasted for 12months. However, it is not clear whether
the use of multiple PRP injections can lead to better
outcomes [41].

In the process of analyzing the results, different results
have different heterogeneity. ,rough careful analysis of the
included studies, we find that the following reasons may be
the source of heterogeneity: Firstly, the patients included in
each article have different degrees of illness, and related
studies have found that PRP andHA have different effects on
patients with OA at different stages, such as the effect of PRP
on patients with advanced knee OA is not obvious [42]. In
addition, we found that the results of the study were het-
erogeneous in the follow-up period of 6 and 12months, but
the heterogeneity of the results was significantly reduced
when the study with an average BMI >30Kg/m2 was re-
moved. ,is study may be the source of heterogeneity, and
we classified and analyzed it. In subgroup analysis, how to
choose the effect model is a problem to be solved. We find
that no matter whether a fixed-effect model or a random-
effect model is used in Figures 3–6, the statistical significance
of the P value and the value of I2 have not changed, and the
results are still robust. If too few pieces of literature are
included, the deviation of I2 value is likely to increase, which
may lead to the selection of the wrong effect model [43, 44].
In particular, when a random-effect model should be se-
lected, a fixed-effect model is wrongly selected, and the
results may deviate greatly, or even the conclusion is re-
versed [45, 46]. Because of the relatively limited number of
studies meeting the inclusion criteria, we chose a random-
effects model.

4.1. Limitations. Although PRP and HA have been meta-
analyzed for knee OA in the past [47, 48], as far as we know,
this is the first meta-analysis of the effects of HA and PRP in
overweight or obese patients with knee OA, and all the
studies included are RCTs, and the heterogeneity of most of
the results is not high, which makes the results more ac-
curate. Of course, this article also has its drawbacks: it only
contains English systematic reviews. Non-English language
literature may be neglected, leading to language bias. Be-
cause some non-RCT studies and studies of patients with an
average BMI <25Kg/m2 were removed during the inclusion
process, the sample size of the study was not very large,
which made the study have relevant deviation. Due to the
limited number of studies included, the number of studies
related to many outcome indicators was small during the
subgroup analysis, which may result in high heterogeneity
and publication bias. In addition, the dosage and frequency
of drug injections used in each study were different, and
multiple PRP injections were more effective for early pa-
tients than single injections [17], which also led to deviations
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from the results of the study. And the companies that
produced PRP and HA were different, which might also be a
source of heterogeneity. In addition, the methods of pro-
ducing PRP and HA were different in various studies, and
two independent studies had found that there might be
significant biological differences between PRP preparations
in single donor models [49]. In addition, different ways of
injection by physicians could also have an impact on the
results.

5. Conclusions

In overweight or obese patients with knee OA, the degree of
remission between PRP and HA in the first two months was
similar (WOMAC score, EQ-VAS, and IKDC). At 6 months
and 12 months, PRP was better than HA in relieving pain
and improving joint function. However, for the IKDC score,
there was no significant difference between PRP and HA at
any time, which required larger sample size to analyze and
discuss.
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A. Gharaibeh, “Treatment of knee joint osteoarthritis with
autologous platelet-rich plasma in comparison with hyalur-
onic acid,” American Journal of Physical Medicine & Reha-
bilitation, vol. 91, no. 5, pp. 411–417, 2012.

[40] G. Filardo, E. Kon, A. Roffi, B. Di Matteo, M. L. Merli, and
M. Marcacci, “Platelet-rich plasma: why intra-articular? A
systematic review of preclinical studies and clinical evidence
on PRP for joint degeneration,” Knee Surgery, Sports Trau-
matology, Arthroscopy, vol. 23, no. 9, pp. 2459–2474, 2015.

[41] K. A. Campbell, B. M. Saltzman, R. Mascarenhas et al., “Does
intra-articular platelet-rich plasma injection provide clinically
superior outcomes compared with other therapies in the
treatment of knee osteoarthritis? A systematic review of
overlapping meta-analyses,” Arthroscopy: 6e Journal of Ar-
throscopic & Related Surgery, vol. 31, no. 11, pp. 2213–2221,
2015.

[42] E. Kon, B. Mandelbaum, R. Buda et al., “Platelet-rich plasma
intra-articular injection versus hyaluronic acid viscosupple-
mentation as treatments for cartilage pathology: from early
degeneration to osteoarthritis,” Arthroscopy: 6e Journal of
Arthroscopic & Related Surgery, vol. 27, no. 11, pp. 1490–1501,
2011.

[43] M. Borenstein, L. V. Hedges, J. P. T. Higgins, and
H. R. Rothstein, “A basic introduction to fixed-effect and
random-effects models for meta-analysis,” Research Synthesis
Methods, vol. 1, no. 2, pp. 97–111, 2010.

[44] J. Wetterslev, K. ,orlund, J. Brok, and C. Gluud, “Estimating
required information size by quantifying diversity in random-
effects model meta-analyses,” BMC Medical Research Meth-
odology, vol. 9, p. 86, 2009.

[45] A. E. Ades, G. Lu, and J. P. T. Higgins, “,e interpretation of
random-effects meta-analysis in decision models,” Medical
Decision Making, vol. 25, no. 6, pp. 646–654, 2005.

[46] R. DerSimonian and R. Kacker, “Random-effects model for
meta-analysis of clinical trials: an update,” Contemporary
Clinical Trials, vol. 28, no. 2, pp. 105–114, 2007.

[47] Y. Han, H. Huang, J. Pan et al., “Meta-analysis comparing
platelet-rich plasma vs hyaluronic acid injection in patients
with knee osteoarthritis,” Pain Medicine, Malden, Mass,
vol. 20, no. 7, pp. 1418–1429, 2019.

[48] Y. H. Han, H. T. Huang, J. K. Pan et al., “Comparison of
platelet-rich plasma vs hyaluronic acid injections in patients
with knee osteoarthritis: a protocol for a systematic review
andmeta-analysis,”Medicine, vol. 97, Article ID e13049, 2018.

[49] J. Magalon, O. Bausset, N. Serratrice et al., “Characterization
and comparison of 5 platelet-rich plasma preparations in a
single-donor model,”Arthroscopy:6e Journal of Arthroscopic
& Related Surgery, vol. 30, no. 5, pp. 629–638, 2014.

12 Pain Research and Management

http://handbook.cochrane.org/


Review Article
How to Choose Platelet-Rich Plasma or Hyaluronic Acid for the
Treatment of Knee Osteoarthritis in Overweight or Obese
Patients: A Meta-Analysis

Pan Luo ,1 Zhencheng Xiong,1 Wei Sun ,1,2 Lijun Shi,1 Fuqiang Gao ,2 and Zirong Li2

1Peking Union Medical College, Chinese Academy of Medical Sciences, Graduate School of Peking Union Medical College,
Department of Orthopedics, China-Japan Friendship Hospital, China-Japan Friendship Institute of Clinical Medicine,
Beijing 100029, China
2Department of Orthopedics, China-Japan Friendship Hospital,
National Health and Family Planning Commission of the People’s Republic of China, Beijing 100029, China

Correspondence should be addressed to Wei Sun; 18801270626hh@sina.com

Received 19 September 2019; Revised 6 January 2020; Accepted 7 February 2020; Published 10 March 2020

Guest Editor: Ji Tu

Copyright © 2020 Pan Luo et al.,is is an open access article distributed under the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Objective. ,e purpose of this meta-analysis was to determine whether platelet-rich plasma (PRP) was better than hyaluronic acid
(HA) for the treatment of knee osteoarthritis (OA) in overweight or obese patients.Design. Two reviewers independently used the
keywords combined with free words to search English-based electronic databases according to Cochrane Collaboration
guidelines, such as PubMed, Embase, ScienceDirect, and Cochrane library. ,e pooled data were analyzed using RevMan 5.3.
Results. Ten randomized controlled trials (RCTs) with 1096 patients were included. During the first twomonths of follow-up, there
was no significant difference between the two groups. At the 3rd, 6th, and 12th months of follow-up, the pooled analysis showed
that PRP was better than HA for the treatment of knee OA in overweight or obese patients. ,ere were significant differences
between the two groups at Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) total score (3 months:
MD� − 1.35, [95% CI: − 2.19 to − 0.50], P � 0.002, I2 � 0%; 6 months: MD� − 7.62, [95% CI: − 13.51 to − 1.72], P � 0.01, I2 � 88%; 12
months: MD� − 12.11, [95% CI: − 20.21 to − 4.01], P � 0.003, I2 � 94%). Conclusions. For overweight or obese patients with knee
OA, intra-articular injection of PRP in a short time was not necessarily superior to HA, but long-term use was better than HA in
pain and functional relief.

1. Introduction

Knee OA is a chronic disease caused by a variety of causes,
characterized by degeneration of articular cartilage, which
has an adverse impact on the quality of life of patients [1].
Moreover, articular cartilage regeneration is very difficult;
once damaged, it is difficult to repair [2]. It is also one of the
most common causes of pain and disability in adults. ,is
disease mostly occurs in the elderly, more women than men,
65 years old patients with knee OA prevalence of 50% [3].
Obesity is an important factor in the development of OA [4].
According to the recommendation of WHO, the patients
with BMI ≥25Kg/m2 were defined as overweight, and the
patients with BMI ≥30Kg/m2 were defined as obese [4].

,ere are many conservative treatments for OA, such as
drug therapy, intra-articular injection of HA and PRP [5],
physical therapy [6], and ozone therapy [7]. All kinds of
treatments aim at relieving knee pain and improving joint
mobility [8]. Intra-articular HA injection is widely used in
the treatment of knee OA. Its viscosity-inducing properties
increase joint lubrication and provide therapeutic effects,
which have been reported in many studies and meta-analysis
[9]. In addition, PRP, as biologic therapy, has become an
interesting treatment option to improve the joint status of
patients with OA [10].

Many studies had compared the effects of PRP and HA
in patients with knee OA [5, 11–19]. For example, in one
study, there was no difference between HA and PRP at any
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time point on pain relief in patients with knee OA [5]. In one
study, PRP was shown to be superior to HA in the short-
term relief of early OA symptoms of the knee [11]. More-
over, no meta-analysis has been conducted on the efficacy of
HA and PRP in overweight or obese patients with knee OA.
,erefore, our goal was to compare the efficacy of the two
treatment methods in patients with knee OAwith body mass
index (BMI) ≥25Kg/m2 by meta-analysis.

2. Methods

We carried out this meta-analysis in accordance with the
Preferred Reporting Items for Systematic Reviews andMeta-
Analyses (PRISMA) [20].

2.1. Search Strategy. In order to obtain all the literature
related to our research, in the first step, two reviewers in-
dependently used the keywords combined with free words to
search English-based electronic databases according to
Cochrane Collaboration guidelines, such as PubMed (1966
to December 1, 2019), Embase (1980 to December 1, 2019),
ScienceDirect (1980 to December 1, 2019), and Cochrane
library (1966 to December 1, 2019). In the second step, the
potentially related literature was searched from the list of
references of all included studies. We used Medical Subject
Headings (MeSH) terms and corresponding keywords to
search the following terms “platelet-rich plasma or PRP,”
“hyaluronic acid or HA,” “knee osteoarthritis,” “over-
weight,” and “obesity” with the Boolean operators “AND or
OR.” Two researchers independently conducted preliminary
screening by reading the titles and abstracts of the retrieved
literature. ,en, the selected literature should be further
filtered by reading the full text as much as possible. All
disagreeable literature was resolved after discussion.

2.2. Selection Criteria. All trials included in our study meet
the following criteria: (1) All studies were original RCTs; (2)
the mean BMI of patients for each study was ≥25Kg/m2 [21];
(3) patients were diagnosed with knee OA according to the
criteria of American College of Rheumatology with radio-
graphic confirmation (Kellgren-Lawrence score of I-IV or
Ahlbäck grades 1 to 3) in all studies [22, 23]; (4) all studies
included PRP and HA groups, all of which were intra-ar-
ticular injections, with a comparison of outcomes between
the two groups; (5) the full text of the included literature can
be obtained, and the measurement data of WOMAC, In-
ternational Knee Documentation Committee (IKDC) Sub-
jective Score, Visual Analogue Scale (VAS), and EuroQol
visual analogue scale (EQ-VAS) can be extracted [24–26].

,e following studies were excluded from the meta-
analysis: nonrandomized studies; the patients with BMI
<25 kg/m2; studies not suitable with the inclusive criteria;
and articles for which we were unable to obtain the full text
and relevant data for pooled analysis.

2.3. Data Extraction. Data were extracted independently by
two researchers. After discussion, disagreements in the data

extraction process were resolved, and then another re-
searcher used the spreadsheet to collect the data. We
extracted the following data: first author, publication year,
country, study type, number of participants (PRP :HA),
BMI, age, gender, radiographic classification of OA, inter-
vention (PRP :HA), application method, follow-up dura-
tion, parameters for evaluation, and outcomes data. A small
number of studies did not provide complete data, and we
tried to get the original data by contacting the author teams.

2.4.RiskofBiasAssessment. ,e risk of bias in each included
RCTwas assessed according to the Cochrane Handbook for
Systematic Reviews [27]. ,e evaluation of bias can be
divided into 7 sections: random sequence generation, al-
location concealment, blinding of participant and per-
sonnel, blinding of outcome assessment, incomplete
outcome data, selective reporting, and other bias. Each
section can have a high risk of bias, low risk of bias, and
unclear risk of bias depending on the actual content of the
included study [27].

2.5. StatisticalAnalysis. Different studies compared PRP and
HA groups according to different follow-up months and
outcome measures. We pooled and calculated data of dif-
ferent outcome measures for all studies under the same
follow-up month and placed them on the same form. ,e
same outcome measure was divided into subgroups
according to the follow-up month. We analyzed continuous
data using weighted mean differences (WMD) and their 95%
confidence interval (CI), such as WOMAC total score,
WOMAC pain score, WOMAC stiffness score, WOMAC
physical function score, IKDC, VAS, and EQ-VAS. Statis-
tical heterogeneity was calculated by using a chi-square test
and I2 test. It is considered that the I2 values of 25%, 50%,
and 75% indicate low, moderate, and high heterogeneity,
respectively [28]. When I2≤ 50%, we performed a fixed-
effect model for the meta-analysis. Otherwise, the random-
effect model was performed. Publication bias was assessed by
using the funnel plot. ,e meta-analysis was performed
using RevMan 5.3 for Windows (Cochrane Collaboration,
Oxford, UK). If the result of the meta-analysis was a
probability of P< 0.05, it was considered to be statistically
significant.

3. Results

3.1. Literature Search. In the first step, we searched multiple
databases and identified 436 records. After removing the
duplicate records and the irrelevant records by reading the
titles and abstracts, a total of 25 records were selected and the
next step was to read the full text. According to the inclusion
criteria, records of non-RCT, records with an average BMI
<25Kg/m2, and records for which data could not be
extracted were excluded. In the end, 10 RCTs were suc-
cessfully included. ,e following flow chart showed the
search strategy and the process of the study selection
(Figure 1) [5, 11–19].
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3.2. Study Characteristics. ,is meta-analysis included a
total of 10 RCTs published between 2012 and 2018. Char-
acteristics of all the studies included in the meta-analysis are
shown in Table 1. All studies compared differences in the
therapeutic effects of PRP and HA in overweight or obese
patients with knee OA and were followed for a minimum of
1 month to a maximum of 24 months. In these studies,
patients in the PRP group were more than patients in the HA
group and more female patients than male patients. A total
of 9 studies had an average BMI of ≥25Kg/m2 and <30Kg/
m2 (overweight level) [5, 11, 13–19], and the remaining
study had an average BMI of ≥30Kg/m2 (obesity level) [12].
In nine studies, the severity of OAwas classified according to
the Kellgren and Lawrence grading scale, and the remaining
study was classified according to the Ahlbäck grading
scale. Of the 10 studies, PRP for 2 studies was PRGF-Endoret
[11, 12], 3 studies used low-molecular-weight HA [5, 14, 19],
and 4 studies used high-molecular-weight HA
[12, 13, 16, 18].

3.3. Risk of Bias. Of the 10 studies, 8 studies
[5, 11–13, 15–18] were considered to have a low risk of bias,
while 2 studies [14, 19] were found to have a high risk of
bias. Random sequence generation was found in 10 studies.
Allocation concealment and blinding of participants and
personnel were found in 7 studies [5, 11–13, 15, 17, 18].
Blinding of outcome assessment was found in 6 studies
[5, 11–13, 15, 17]. As shown in Figure 2, incomplete

outcome data and selective reports were not found in 10
studies.

3.4. Comparative Analysis of 6erapeutic Effects of PRP and
HA. After carefully reading and analyzing the included
articles, we summarized the evaluation tools used to
measure the effect of patients after receiving PRP or HA,
including WOMAC scores, IKDC subjective score, VAS,
and EQ-VAS. As shown in Table 2, there are differences in
the therapeutic effects of PRP and HA depending on the
months of follow-up. ,is article used WOMAC scores as
the primary outcome measurement. Secondary outcome
measures were IKDC subjective score, VAS, and EQ-VAS.
As the primary outcome measurement, WOMAC scores
are composed of three parts: pain, stiffness, and physical
function. ,erefore, we divide WOMAC in different
months into 3 subgroups. At the same time, we performed a
subgroup analysis of IKDC, VAS, and WOMAC total score
at different time points.

3.4.1. Two Months after Follow-Up. In the first month, a
total of 3 studies [15, 16, 19] (143 patients) provided data on
VAS for the PRP and HA groups, and a total of 3 studies
[5, 16, 19] (221 patients) provided data on WOMAC pain
score. ,ere was no significant difference between the two
groups according to the results of the pooled analysis (VAS:
P � 0.89, I2 � 0%; WOMAC pain score: P � 0.96, I2 �16%).
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Full-text articles 
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Figure 1: Flow diagram of the study selection process for the meta-analysis.
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A total of 2 studies (122 patients) provided data on
WOMAC total score, stiffness score, and physical function
score for the PRP and HA groups [16, 19]. Based on the
results of the pooled analysis, there was no significant
difference between the two groups at WOMAC scores
(total score: P � 0.24, I2 � 78%; stiffness score: P � 0.35,
I2 � 35%; physical function score: P � 0.12, I2 � 59%)
(Table 2). I2 > 50% in WOMAC total score and physical
function score represent high heterogeneity [28]. Het-
erogeneity may be related to too few inclusion studies, and
more research is needed in the future to analyze sources of
heterogeneity.

In the second month, a total of 2 studies (350 patients)
provided data on EQ-VAS and IKDC score for the PRP and
HA groups [13, 18]. ,ere was no significant difference
between the two groups according to the results of the
pooled analysis (EQ-VAS: P � 0.12, I2 � 0%; IKDC:
P � 0.73, I2 � 0%).

3.4.2. 6ree Months after Follow-Up. In the third month, a
total of 3 studies [15, 16, 19] (141 patients) provided data on
VAS for the PRP and HA groups, and a total of 3 studies
[5, 16, 19] (221 patients) provided data on WOMAC pain
score. ,ere was no significant difference between the two
groups according to the results of the pooled analysis (VAS:
P � 0.45, I2 � 72%; WOMAC pain score: P � 0.78, I2 � 0%).
A total of 2 studies (122 patients) provided data onWOMAC
total score, stiffness score, and physical function score for the
PRP and HA groups [16, 19]. Based on the results of the
pooled analysis, there was a statistically significant difference
between the two groups at WOMAC scores (total score:
P � 0.002, I2 � 0%; stiffness score: P � 0.008, I2 � 0%;
physical function score: P< 0.00001, I2 � 0%) (Figure 3).

3.4.3. Six Months after Follow-Up. In the 6th month, a total
of 3 studies [5, 16, 19] (221 patients) provided data on VAS
for the PRP and HA groups, 3 studies [13, 17, 18] (433
patients) provided data on EQ-VAS, and 3 studies [5, 13, 17]
(365 patients) provided data on IKDC score. ,ere was no
significant difference between the two groups according to
the results of the pooled analysis of the above relevant data
(VAS: P � 0.44, I2 � 75%; EQ-VAS: P � 0.08, I2 � 0%; IKDC:
P � 0.10, I2 �10%).

A study with a mean BMI of ≥30 Kg/m2 reported the
WOMAC score for the sixth month of follow-up [12]. ,e
results of the following pooled analysis included this study.
4 studies (394 patients) reported relevant data onWOMAC
total score, WOMAC stiffness score, and WOMAC
physical function score during the month (total score:
P � 0.01, I2 � 88%; stiffness score: P � 0.02, I2 � 61%;
physical function score: P � 0.06, I2 � 89%) [11, 12, 16, 19].
Based on the results of the pooled analysis of WOMAC
total score and WOMAC stiffness score, there was a sta-
tistically significant difference between the two groups in
overweight or obese patients with knee OA. From the
overall WOMAC score and the extent of joint stiffness
relief, it could be concluded that the PRP group was su-
perior to the HA group. However, there was no significant
difference between the two groups according to the result of
the WOMAC physical function score in overweight or
obese patients with knee OA. 5 studies (493 patients)
provided data on the WOMAC pain score for the PRP and
HA groups (P � 0.01, I2 � 87%) [5, 11, 12, 16, 19]. ,is
result indicated a statistically significant difference between
the two groups, which meant that in overweight or obese
patients with knee OA, the PRP group was superior to the
HA group in terms of pain relief.

,e results of the following pooled analysis excluded this
study with an average BMI of ≥30Kg/m2. 3 studies (298
patients) reported relevant data on WOMAC total score,
WOMAC stiffness score, and WOMAC physical function
score during the month (total score: P< 0.00001, I2 � 23%;
stiffness score: P � 0.001, I2 � 0%; physical function score:
P< 0.0001, I2 � 0%) [11, 16, 19]. A total of 4 studies (397
patients) provided data on the WOMAC pain score for the
PRP and HA groups (P< 0.0001, I2 � 0%) [5, 11, 16, 19].
Based on the results of the pooled analysis of the WOMAC
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Figure 2: Risk of bias summary: +, low risk of bias; − , high risk of
bias; ?, bias unclear.
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score, there was a statistically significant difference between
the two groups in overweight patients with knee OA (Fig-
ure 4). After removing the literature with an average BMI of
>30Kg/m2, the heterogeneity of the WOMAC score was
significantly reduced.

3.4.4. Twelve Months after Follow-Up. In the 12th month, 2
studies [13, 18] (350 patients) and 3 studies [5, 16, 19] (221
patients) provided data on EQ-VAS and VAS for the PRP
and HA groups, respectively. Based on the results of the
pooled analysis, there was a statistically significant difference
between the two groups (EQ-VAS: P � 0.001, I2 � 0%; VAS:
P � 0.02, I2 � 91%). ,is conclusion suggests that PRP is
superior to HA in terms of pain relief from the 12th month
of follow-up. A total of 2 studies (282 patients) provided data
on the IKDC score for the PRP and HA groups [5, 13].,ere
was still no significant difference between the two groups
according to the results of the pooled analysis (P � 0.21,
I2 � 60%). Based on the IKDC score at different follow-up
months, it can be concluded that there was no statistically
significant difference between the PRP group and the HA
group (Figure 5).

,e results of the following pooled analysis included this
study with an average BMI of ≥30Kg/m2. 4 studies (351
patients) reported relevant data on WOMAC total score,
WOMAC stiffness score, and WOMAC physical function
score during the month (total score: P � 0.003, I2 � 94%;
stiffness score: P � 0.0007, I2 � 81%; physical function score:
P � 0.003, I2 � 94%) [12, 14, 16, 19]. Based on the results of
the pooled analysis of WOMAC total score, WOMAC
stiffness score, and WOMAC physical function score, there
was a statistically significant difference between the two
groups in overweight or obese patients with knee OA. ,e
pooled analysis showed that the relief of joint stiffness and
the recovery of physical function in the PRP group were
more significant than those in the HA group. 5 studies (450
patients) provided data on the WOMAC pain score for the
PRP and HA groups (P � 0.002, I2 � 89%) [5, 12, 14, 16, 19].
,is result indicated a statistically significant difference
between the two groups, which meant that in overweight or
obese patients with knee OA, the PRP group was superior to
the HA group in terms of pain relief.

,e results of the following pooled analysis excluded this
study with an average BMI of ≥30Kg/m2. 3 studies (261
patients) reported relevant data on WOMAC total score,

Table 2: Outcomes of the meta-analysis in different follow-up months.

Follow-up Evaluation tools Number of studies Patients PRP :HA MD 95% CI P< 0.05 I2 (%)

1 months

VAS 3 69/74 0.01 [− 0.13, 0.15] No 0
WOMAC total score 2 58/64 − 3.33 [− 8.84, 2.18] No 78
WOMAC pain score 3 107/114 0.01 [− 0.47, 0.50] No 16

WOMAC stiffness score 2 58/64 − 0.11 [− 0.47, 0.24] No 35
WOMAC physical function score 2 58/64 − 2.35 [− 5.28, 0.57] No 59

2 months EQ-VAS 2 179/171 2.15 [− 0.57, 4.88] No 0
IKDC 2 179/171 − 0.59 [− 3.90, 2.72] No 0

3 months

VAS 3 68/73 − 0.20 [− 0.71, 0.31] No 72
WOMAC total score 2 58/64 − 1.35 [− 2.19, − 0.50] Yes 0
WOMAC pain score 3 107/114 0.05 [− 0.31, 0.41] No 0

WOMAC stiffness score 2 58/64 − 0.38 [− 0.67, − 0.10] Yes 0
WOMAC physical function score 2 58/64 − 1.92 [− 2.57, − 1.27] Yes 0

6 months

VAS 3 107/114 − 0.35 [− 1.23, 0.54] No 75
EQ-VAS 3 223/210 1.89 [− 0.19, 3.96] No 0
IKDC 3 187/178 2.23 [− 0.41, 4.86] No 10

WOMAC total score 3 147/151 − 3.89 [− 5.60, − 2.18] Yes 23
4§ 195/199§ − 7.62§ [− 13.51, − 1.72]§ Yes§ 88§

WOMAC pain score 4 196/201 − 0.76 [− 1.11, − 0.42] Yes 0
5§ 244/249§ − 1.74§ [− 3.13, − 0.36]§ Yes§ 87§

WOMAC stiffness score 3 147/151 − 0.41 [− 0.67, − 0.16] Yes 0
4§ 195/199§ − 0.62§ [− 1.12, − 0.11]§ Yes§ 61§

WOMAC physical function score 3 147/151 − 1.64 [− 2.36, − 0.91] Yes 0
4§ 195/199§ − 4.23§ [− 8.58, 0.13]§ No§ 89§

12 months

VAS 3 107/114 − 1.27 [− 2.36, − 0.18] Yes 91
EQ-VAS 2 179/171 4.64 [1.86, 7.42] Yes 0
IKDC 2 143/139 5.45 [− 3.13, 14.03] No 60

WOMAC total score 3 135/126 − 8.79 [− 16.22, − 1.35] Yes 93
4§ 183/168§ − 12.11§ [− 20.21, − 4.01]§ Yes§ 94§

WOMAC pain score 4 184/176 − 1.41 [− 2.43, − 0.39] Yes 82
5§ 232/218§ − 1.95§ [− 3.18, − 0.71]§ Yes§ 89§

WOMAC stiffness score 3 135/126 − 0.65 [− 0.92, − 0.39] Yes 11
4§ 183/168§ − 0.99§ [− 1.57, − 0.42]§ Yes§ 81§

WOMAC physical function score 3 135/126 − 6.53 [− 12.13, − 0.94] Yes 93
4§ 183/168§ − 8.90§ [− 14.82, − 2.99]§ Yes§ 94§

§Include a study with BMI> 30Kg/m2.
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Study or subgroup
PRP

SDMean Total
HA
SDMean Total

Weight
(%)

Mean difference
IV, random, 95% CI

Mean difference
IV, random, 95% CI

2.15.1. Pain

Subtotal (95% CI)

Subtotal (95% CI)

Heterogeneity: tau2 = 0.00; chi2 = 1.67, df = 2 (P = 0.43); I2 = 0%

Heterogeneity: tau2 = 0.00; chi2 = 0.75, df = 1 (P = 0.39); I2 = 0%

Test for overall effect: Z = 0.28 (P = 0.78)

Test for overall effect: Z = 2.65 (P = 0.008)

Heterogeneity: tau2 = 0.00; chi2 = 0.45, df = 1 (P = 0.50); I2 = 0%
Test for overall effect: Z = 5.80 (P < 0.00001)

Test for subgroup differences: chi2 = 27.13, df = 2 (P < 0.00001), I2 = 92.6%

Heterogeneity: tau2 = 0.38; chi2 = 30.01, df = 6 (P < 0.0001); I2 = 80%
Test for overall effect: Z = 1.92 (P = 0.05)

2.15.2. Stiffness

2.15.3. Physical function 

Total (95% CI)
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Figure 3: Forest plots showing the effect of PRP on WOMAC scores at 3rd months of follow-up compared with HA in overweight patients
with knee OA. WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index.
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Mean difference
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Test for overall effect: Z = 4.32 (P < 0.0001)

Subtotal (95% CI)
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Test for overall effect: Z = 3.18 (P = 0.001)
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Figure 4: Forest plots showing the comparison of the effects of PRP and HA on WOMAC scores at 6th months of follow-up in overweight
patients with knee OA.
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Study or subgroup
PRP
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Test for overall effect: Z = 1.66 (P = 0.10)

Heterogeneity: tau2 = 24.45; chi2 = 2.52, df = 1 (P = 0.11); I2 = 60%
Test for overall effect: Z = 1.25 (P = 0.21)
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Figure 5: Forest plots showing the comparison of the effects of PRP and HA on IKDC score at 2nd, 6th, and 12th months of follow-up in
overweight patients with knee OA. IKDC: International Knee Documentation Committee.
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WOMAC stiffness score, and WOMAC physical function
score during the month (total score:, P � 0.02, I2 � 93%;
stiffness score: P< 0.00001, I2 �11%; physical function score:
P � 0.02, I2 � 93%) [14, 16, 19]. 4 studies (360 patients)
provided data on WOMAC pain score for the PRP and HA
groups (P � 0.007, I2 � 82%) [5, 14, 16, 19] (Figure 6). Based
on the results of the pooled analysis of the WOMAC score,
there was a statistically significant difference between the
two groups in overweight patients with knee OA.

3.5. Publication Bias. ,e funnel plot is often used to assess
publication bias, which is usually only performed when we
have at least 10 studies. ,e number of studies included will
have an effect on the effectiveness of the funnel plot to test
publication bias. If too few studies are included, the funnel
plot’s testing power will decrease accordingly. As shown in
Figure 7, we used funnel plots to detect publication bias (A:

Related studies onWOMAC scores at 3rd months of follow-
up; B: Related studies on WOMAC scores at 6th months of
follow-up; C: Related studies on IKDC score; D: Related
studies on WOMAC scores at 12th months of follow-up).
No significant funnel asymmetry that could indicate pub-
lication bias was observed (Figures 7(a) and 7(d)). Visual
inspection of the funnel plots showed asymmetry
(Figures 7(b) and 7(c)). ,e asymmetry of the funnel plots
may be due to insufficient trials and statistical heterogeneity.

3.6. Sensitivity Analysis. If necessary, a sensitivity analysis
was conducted to identify the origins of the significant
heterogeneity. Due to the high heterogeneity of the
WOMAC scores, we performed a sensitivity analysis to
assess the reliability of the results. When we excluded a study
with an average BMI ≥30Kg/m2, the heterogeneity de-
creased significantly.,erefore, we concluded that this study
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Figure 7: Funnel plot to detect publication bias. (a) WOMAC scores at 3rd months. (b) WOMAC scores at 6th months. (c) IKDC score.
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is a source of heterogeneity. At the same time, limited studies
meeting the inclusion criteria may affect the reliability of the
results. More high-quality RCTs are still needed in the future
to compliment our conclusions.

4. Discussion

Obesity is associated with the prevalence and morbidity of
knee OA and is considered a major risk factor [29, 30]. In
obesity, being overweight can increase the joint load and
have a detrimental effect on weight-bearing joints. Toomuch
fat can cause degenerative changes in articular cartilage by
subjecting it to more than biomechanical pressure [30].

HA is the most important component in synovial fluid
and plays a role in the nutrition and protection of joints [31].
A large number of clinical studies have also shown that HA
can alleviate joint pain and improve joint function [32]. PRP
is an autogenous mixture of high concentrations of platelets
and associated growth factors and other bioactive compo-
nents produced by centrifugation of whole blood, which can
be used to treat injuries to bones, tendons, and ligaments
[33]. PRP induces chondrocyte regeneration by improving
the metabolic function of the damaged structure [34], and it
has been shown to have positive effects on chondrogenesis
and mesenchymal stem cell proliferation [35]. Intra-artic-
ular PRP injection in patients with knee OA showed sig-
nificant improvement in pain relief, symptom improvement,
and quality of life [36]. ,is may be due to the immediate
and sustained release of growth factors over a long period of
time, which promotes healing and produces sustained
clinical effects [37]. However, there is no consensus on the
optimal ratio of PRP to various components. HA acts as
lubricant and PRP provides a variety of factors to stimulate
synovium and surrounding tissues. So, the combination of
HA and PRPmay bemore effective than either method alone
[38].

According to the analysis of WOMAC, EQ-VAS, VAS,
IKDC, and other evaluation tools, different results can be
seen in different months. Previous systematic studies have
shown that PRP is an effective alternative therapy for long-
term relief of knee pain and improvement of joint function
[39]. However, based on the data from the literature in-
cluded in the analysis, we found that the symptoms of
patients in HA and PRP groups improved significantly in
the first twomonths, and the improvement between the two
groups was similar (according to WOMAC scores, EQ-
VAS, and IKDC). However, after 3months of follow-up, in
WOMAC scores, the PRP group was superior to the HA
group in terms of joint stiffness relief and body function
recovery, but there was no difference in pain relief. At 6
months, according to VAS and EQ-VAS scores, the PRP
group had no better analgesic effect than the HA group in
overweight or obese patients with knee OA. In the 12th
month, according to VAS, EQ-VAS and WOMAC scores,
PRP was superior to HA in pain relief and functional
improvement. However, there was no significant difference
in the IKDC score between the PRP group and the HA
group at any time. ,is indicated that PRP and HA had
obvious alleviating effects on patients with knee OA, but

the effect of reducing the severity of illness was uncertain.
And PRP did not have the same effect in all stages of
patients. Some researchers have found that PRP is more
effective in young patients with early or moderate arthritis,
but has limited effect on late OA [40]. ,e use of PRP can
significantly improve the prognosis of patients 6 months
after injection, and these improvements began in 2 months
and lasted for 12months. However, it is not clear whether
the use of multiple PRP injections can lead to better
outcomes [41].

In the process of analyzing the results, different results
have different heterogeneity. ,rough careful analysis of the
included studies, we find that the following reasons may be
the source of heterogeneity: Firstly, the patients included in
each article have different degrees of illness, and related
studies have found that PRP andHA have different effects on
patients with OA at different stages, such as the effect of PRP
on patients with advanced knee OA is not obvious [42]. In
addition, we found that the results of the study were het-
erogeneous in the follow-up period of 6 and 12months, but
the heterogeneity of the results was significantly reduced
when the study with an average BMI >30Kg/m2 was re-
moved. ,is study may be the source of heterogeneity, and
we classified and analyzed it. In subgroup analysis, how to
choose the effect model is a problem to be solved. We find
that no matter whether a fixed-effect model or a random-
effect model is used in Figures 3–6, the statistical significance
of the P value and the value of I2 have not changed, and the
results are still robust. If too few pieces of literature are
included, the deviation of I2 value is likely to increase, which
may lead to the selection of the wrong effect model [43, 44].
In particular, when a random-effect model should be se-
lected, a fixed-effect model is wrongly selected, and the
results may deviate greatly, or even the conclusion is re-
versed [45, 46]. Because of the relatively limited number of
studies meeting the inclusion criteria, we chose a random-
effects model.

4.1. Limitations. Although PRP and HA have been meta-
analyzed for knee OA in the past [47, 48], as far as we know,
this is the first meta-analysis of the effects of HA and PRP in
overweight or obese patients with knee OA, and all the
studies included are RCTs, and the heterogeneity of most of
the results is not high, which makes the results more ac-
curate. Of course, this article also has its drawbacks: it only
contains English systematic reviews. Non-English language
literature may be neglected, leading to language bias. Be-
cause some non-RCT studies and studies of patients with an
average BMI <25Kg/m2 were removed during the inclusion
process, the sample size of the study was not very large,
which made the study have relevant deviation. Due to the
limited number of studies included, the number of studies
related to many outcome indicators was small during the
subgroup analysis, which may result in high heterogeneity
and publication bias. In addition, the dosage and frequency
of drug injections used in each study were different, and
multiple PRP injections were more effective for early pa-
tients than single injections [17], which also led to deviations
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from the results of the study. And the companies that
produced PRP and HA were different, which might also be a
source of heterogeneity. In addition, the methods of pro-
ducing PRP and HA were different in various studies, and
two independent studies had found that there might be
significant biological differences between PRP preparations
in single donor models [49]. In addition, different ways of
injection by physicians could also have an impact on the
results.

5. Conclusions

In overweight or obese patients with knee OA, the degree of
remission between PRP and HA in the first two months was
similar (WOMAC score, EQ-VAS, and IKDC). At 6 months
and 12 months, PRP was better than HA in relieving pain
and improving joint function. However, for the IKDC score,
there was no significant difference between PRP and HA at
any time, which required larger sample size to analyze and
discuss.
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[12] V. Vaquerizo, M. Á. Plasencia, I. Arribas et al., “Comparison of
intra-articular injections of plasma rich in growth factors
(PRGF-Endoret) versus Durolane hyaluronic acid in the
treatment of patients with symptomatic osteoarthritis: a ran-
domized controlled trial,” Arthroscopy: 6e Journal of Arthro-
scopic & Related Surgery, vol. 29, no. 10, pp. 1635–1643, 2013.

[13] G. Filardo, B. Di Matteo, A. Di Martino et al., “Platelet-rich
plasma intra-articular knee injections show No superiority
versus viscosupplementation,”6eAmerican Journal of Sports
Medicine, vol. 43, no. 7, pp. 1575–1582, 2015.

[14] S. A. Raeissadat, S. M. Rayegani, H. Hassanabadi et al., “Knee
osteoarthritis injection choices: platelet-rich plasma (PRP)
versus hyaluronic acid (A one-year randomized clinical
trial),” Clinical Medicine Insights Arthritis and Musculoskel-
etal Disorders, vol. 8, pp. 1–8, 2015.

[15] K. L. Paterson, M. Nicholls, K. L. Bennell, and D. Bates, “Intra-
articular injection of photo-activated platelet-rich plasma in
patients with knee osteoarthritis: a double-blind, randomized
controlled pilot study,” BMC Musculoskelet Disord, vol. 17,
p. 67, 2016.

[16] T. M. Duymus, S. Mutlu, B. Dernek, B. Komur, S. Aydogmus,
and F. N. Kesiktas, “Choice of intra-articular injection in
treatment of knee osteoarthritis: platelet-rich plasma, hya-
luronic acid or ozone options,” Knee Surgery, Sports Trau-
matology, Arthroscopy, vol. 25, no. 2, pp. 485–492, 2017.
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Review

Biologic Approaches for the
Treatment of Partial Tears of the
Anterior Cruciate Ligament

A Current Concepts Review

Ignacio Dallo,* MD, Jorge Chahla,† MD, Justin J. Mitchell,† MD, Cecilia Pascual-Garrido,‡ MD,
John A. Feagin,† MD, and Robert F. LaPrade,†§|| MD, PhD

Investigation performed at the Steadman Philippon Research Institute, Vail, Colorado, USA

Background: Anterior cruciate ligament reconstruction (ACLR) has been established as the gold standard for treatment of
complete ruptures of the anterior cruciate ligament (ACL) in active, symptomatic individuals. In contrast, treatment of partial tears
of the ACL remains controversial. Biologically augmented ACL-repair techniques are expanding in an attempt to regenerate and
improve healing and outcomes of both the native ACL and the reconstructed graft tissue.

Purpose: To review the biologic treatment options for partial tears of the ACL.

Study Design: Review.

Methods: A literature review was performed that included searches of PubMed, Medline, and Cochrane databases using the
following keywords: partial tear of the ACL, ACL repair, bone marrow concentrate, growth factors/healing enhancement, platelet-
rich plasma (PRP), stem cell therapy.

Results: The use of novel biologic ACL repair techniques, including growth factors, PRP, stem cells, and bioscaffolds, have been
reported to result in promising preclinical and short-term clinical outcomes.

Conclusion: The potential benefits of these biological augmentation approaches for partial ACL tears are improved healing, better
proprioception, and a faster return to sport and activities of daily living when compared with standard reconstruction procedures.
However, long-term studies with larger cohorts of patients and with technique validation are necessary to assess the real effect of
these approaches.

Keywords: anterior cruciate ligament repair; partial anterior cruciate ligament tear; stem cell therapy; platelet-rich plasma; healing
enhancement; bone marrow aspirate concentrate

The anterior cruciate ligament (ACL) is one of the most
studied structures of the human musculoskeletal system,
being the subject of many anatomic and biomechanical

studies. While treatment options for complete ruptures of
the ACL are well studied, partial ACL tears remain more
nebulous in their postinjury treatment course. Partial ACL
tears were first described almost 5 decades ago.91 However,
since the initial description, there remains no consensus on
the classification for these injuries, and the optimal treat-
ment continues to be a subject of considerable debate.71

Complete tears of the ACL can result in immediate ante-
roposterior and rotational knee instability. Anterior cruci-
ate ligament reconstruction (ACLR) has been reported to
achieve a near-native biomechanical function in symptom-
atic patients.34 However, when the ACL is partially torn,
the natural evolution of these lesions is poorly understood
and thus, the evidence regarding treatment options is
limited.69

Unlike other ligaments of the knee, such as the posterior
cruciate ligament (PCL) and medial collateral ligament
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(MCL), the ACL possesses limited intrinsic capacity for
spontaneous healing after an injury.83-89 Early reports of
direct suture repair of the ACL culminated in failure in 40%
to 100% of cases.47 In part, the poor healing capacity of the
ACL has been speculated to be a consequence of its intra-
articular location and a thin synovial membrane. Generally,
ligamentous injuries trigger the release of proinflammatory
cytokines that initiate formation of a fibrin-platelet clot scaf-
fold that is rapidly replaced by granulation tissue, and weeks
later by immature, parallel collagen fibers.83 However, sev-
eral studies have demonstrated the inhibitory properties of
the intra-articular synovial fluid of the knee on fibrin-
platelet clot formation and ACL fibroblast migration in
patients suffering ACL injury.47,68,83 Thus, the capacity for
spontaneous repair and remodeling after ACL injury is rel-
atively poor, thereby requiring surgical reconstruction or
augmentation to recover stability in many cases.89

This clearly induces a dilemma in the treatment of par-
tial ACL injuries. Despite being the historical standard of
care for complete ACL disruptions, ACLR procedures have
been reported to potentially result in diminished proprio-
ception, postoperative muscular weakness, inability to fully
restore normal kinematics, donor site morbidity, and pos-
sible premature osteoarthritis (OA).8,30,37,44 Biau et al10

reported in a meta-analysis that only 40% of patients who
had an ACLR achieved full recovery independent of the
surgical technique, and Kartus et al37 reported that 65%
of patients had anterior knee pain and disturbance of ante-
rior sensitivity caused by intraoperative injury to the infra-
patellar nerve(s) after ACLR with patellar tendon
autograft. These findings are of particular concern in com-
bination with the findings of Barenius et al,8 which showed
that 57% and 18% of patients will develop osteoarthritis at
14-year follow-up in the ACL reconstructed knee and in the
contralateral knee, respectively. Zhou et al93 evaluated
knee proprioception with a passive reproduction test and
isokinetic strength in 36 patients who had their ACL recon-
structed with semitendinosus/gracilis grafts (reconstructed
group: 6 months after surgery) and 13 healthy adults with-
out any knee injury. They reported a significant difference
in proprioception between the reconstructed and control
groups and concluded that impaired knee proprioception
is observed 6 months after ACLR.

Many studies have shown significantly greater transla-
tional and rotational laxity of the reconstructed knees rel-
ative to the contralateral uninjured sides, regardless of the
graft type.9,78 Additionally, high-demand activities among
patients with ACLR reportedly lead to increased tibial rota-
tion and impaired neuromuscular control that potentially
results in an increase of cartilage load and thus higher risk
of reinjury.27 Shah et al,70 in a case series of 49 National
Football League (NFL) athletes who had undergone pri-
mary ACLR, concluded that the return to play after ACLR
in NFL football players was lower than previously per-
ceived; only 63% of NFL athletes returned to NFL game
play at an average of 10.8 months after surgery. In con-
trast, a higher rate of return to play was found in recrea-
tional athletes; Ardern et al6 in a systematic review found
that an average of 82% of athletes returned to sports in this
group.

Thus, due to the evolving understanding of tissue engi-
neering and regenerative medicine, there has been a recent
interest in the development of new biological treatment
techniques to address partial injuries of intra-articular
structures, such as the ACL. The use of biologic approaches,
including different growth factors, platelet-rich plasma
(PRP), stem cells, biological scaffolds, and augmented ACL
primary repair, has been the focus of current research in
ACL accelerated repair and healing. These alternatives to
the current surgical reconstruction techniques have the
potential to preserve the native insertion site of the remain-
ing fibers and therefore its proprioceptive function, which
may in turn lead to biomechanics that are more natu-
ral.42,53 As biologic approaches appear to be one possible
future treatment for a subset of orthopaedic injuries, the
purpose of this article was to review the current biologic
treatments of partial tears of the ACL.

HISTORICAL OUTCOMES OF ACL REPAIR

The first ACL repair was reported in 1895.67 In Europe, in
1927, Wittek86 described and illustrated the different types
of tears of the ACL. Later, in 1935, Wittek87 published a
technique to surgically treat ACL tears using a distally
based strip of extensor retinaculum and the medial border
of the patellar tendon, brought into the joint through a
tibial tunnel and secured against the anterior-superior
aspect of the PCL with sutures. In the 1970s, Feagin and
Curl24 began to further evaluate the possibility of ACL
repair in isolated and acute tears utilizing a polyglycolic
acid suture woven through the tibial stump and passed
up through bone tunnels in the femur. Postoperatively,
patients were immobilized for 6 weeks at 30� of flexion, and
then allowed to begin a motion program with progressive
return to activity. The authors reported that 25 of these 30
active patients had good results at a minimum of 2 years’
follow-up. However, at 5 years’ follow-up the results
showed that 71% of patients had pain and 94% had knee
instability.23 These findings led to the conclusion that pri-
mary ACL repair had good outcomes in only one-third of
patients treated in this cohort. However, the patients who
initially had good outcomes at 5 years (one third) preserved
the good outcomes at 30 years postoperatively.79

This seemed to suggest that there was a small subset of
patients that could progress well after ACL repair if indi-
cated appropriately. It should be noted that long-term clin-
ical studies that reported ACL repair as ineffective were
based on these original ‘‘failed’’ cohorts from the 1970s and
1980s and thus may not accurately reflect modern surgical
acumen.80 ACL repair has been abandoned in favor of
ACLR largely because of the unpredictable results of the
procedure. Historically, it was suggested that suture tech-
niques alone may be useful for ACL injuries in which the
ends of the torn tissue can be reapproximated under com-
pression. Not surprisingly, a lower-demand subset of
patients experienced better results than high-demand
patients when this technique was utilized.65 Long-term
follow-up studies of primary repair reported poor results
in nearly 30% of the patients,76 high rates of additional
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surgery needed (64%),79 and revision to ACLR for instabil-
ity (13%-24%). In addition, objective laxity >5 mm by KT-
1000 assessment was reported in 21% of these patients.76

Modern surgical options and advancements in biological
understanding have led researchers to reconsider the
repair of ACL ruptures. However, longer follow-up with
larger cohorts are needed to assess the real efficacy of this
approach.

Partial ACL tears (Figure 1) must be treated early
enough to prevent a large number of secondary
instability-derived events, particularly meniscal damage,
accelerated cartilage degenerative changes and functional
disability.71 Preserving native ACL remnant fibers, when
partially torn, may provide several theoretical advantages
over reconstruction, including preservation of the natural
anatomy, physiology, proprioception, and intrinsic cell
populations, as well as some of the complex biomechanical
properties of the knee.65 There are several basic research
studies and surgical techniques published on preservation
of the nondamaged fibers in cases of partial ACL tears.
However, there are few published studies on the short- and
medium-term clinical outcomes.71

BASIC SCIENCE AND ANATOMY

When considering partial tears of the ACL, understanding
the anatomy and properties of this ligament is vital. The
ACL is an intra-articular and extrasynovial ligament with
a multifilament structure consisting of 2 separate bundles
that maintain different tensions according to the degree of
flexion of the knee joint.2,38 These distinct anteromedial
(AM) and posterolateral (PL) bundles act in concert during
both flexion and extension moments of the knee with the

AM bundle tight in flexion and the PL bundle tight in
extension.3,4,81,92 These bundles attach proximally at the
posterior aspect of the medial wall of the lateral femoral
condyle posterior to the lateral intercondylar ridge, and are
similar in size at the femoral insertion94 (Figure 2). The
length of the ACL has been reported to be between 22 and
41 mm, and the midbody width has been shown to be 7 to
12 mm.29,58

The ACL is a collagen composite structure, mostly com-
posed of type I collagen, and presents an elastic behavior
that reveals the ability of the ligament to alleviate sudden
deformations and characteristic relaxation of tension to
reduce the risk of injury in the event of a prolonged defor-
mation.41 The stress-strain behaviors of the ACL are non-
linear.33 Woo et al88 reported that the ultimate failure load
of the ACL averaged 2160 N, while the mean ACL stiffness
was 242 N/mm. A partial tear would be considered a ‘‘plas-
tic’’ deformation, where the tissue has been stretched to the
point where it cannot elastically recover. According to a
recent systematic review, noncontact ACL injuries are most
likely to occur when landing on a slightly flexed knee that is
loaded by moments in 3 orthogonal planes. An internally
directed tibial torque and knee valgus moment, combined
with a quadriceps muscle contraction to resist the flexion
moment. These forces appear to be particularly detrimental
to elastic properties of the ACL.66 Partial tear occurs when
the forces through the ACL surpass the yield point.41 When
the ultimate strength is reached, the ACL fibers start to
break until a complete rupture takes place at the so-
called break point. The toe region represents the first
non-linear region where collagen fibers are sequentially
recruited to bear load, and it is followed by the linear region
where collagen fibers temporarily deform.84

Because of its importance in ligament viability in both
the native state and during reparative treatments of an
ACL tear, the vascularity of the ACL has also been stud-
ied.1,28 The blood supply to the cruciate ligaments

Figure 1. Magnetic resonance imaging (sagittal view) demon-
strating a partial anterior cruciate ligament (ACL) tear. On the
upper-right corner, the corresponding arthroscopic view
(through the anterolateral portal) shows the posterolateral
bundle tear of the ACL in a left knee.

Figure 2. Lateral view of a right knee with the medial femoral
condyle removed to reveal the insertion of the anterior
cruciate ligament (ACL) on the medial wall of the lateral
femoral condyle. This image demonstrates the insertion of the
ACL posterior to the lateral intercondylar ridge (resident’s
ridge), and the positions of the posterolateral (PL) and
anteromedial (AM) ACL bundles.

The Orthopaedic Journal of Sports Medicine Biologic ACL Repair 3



originates from the middle genicular artery, which provides
4 branches to the PCL and only 1 branch to the ACL. At the
femoral and tibial insertions of the ligaments, the middle
genicular vessels anastomose with a vascular subcortical
network. These anastomoses are scant and therefore
unlikely to be able to support the repair of a torn ligament.
Injection and immunohistochemistry studies have con-
firmed these avascular areas.62,63

CLASSIFICATION OF PARTIAL ACL TEARS

Limited literature exists regarding the definition and clas-
sification of partial ACL tears and subsequent therapeutic
algorithms. A partial ACL tear combines a positive
Lachman’s test with a firm endpoint. Panisset et al,61 in a
prospective study of 418 cases clinically, reported that a
significant degree of laxity was detected between a popula-
tion with complete ACL tears (98% of the patients had a
positive Lachman test and 80% had a positive pivot-shift
test) and a group with partial tears (30%-64%) had a hard
or delayed stop in the Lachman test and had a negative
pivot-shift test.

Important characteristics of partial ACL tears are a
hyperintense signal within the ACL fibers on magnetic res-
onance imaging (MRI), arthroscopic findings of a partial
tear, and a side-to-side difference in KT-1000 criterion
(<5 mm).43,71 Noyes et al59 defined these injuries according
to the percentage of uninjured ACL tissue remaining at the
time of arthroscopy. Using a nerve hook, the authors care-
fully probed the ligament and removed overlying synovium
to finally assess the residual ligament present. The region of
the tear, the fiber bundles in relationship to the tibia, and the
estimated amount of the gross tearing was assessed. They
recognized that although not totally objective, direct visuali-
zation of the gross disruption remains the only means avail-
able toquantifyACL tissue. DeFrancoand Bach19 categorized
partial tears based on a combination of knee laxity on physical
examination and the arthroscopic appearance. Gobbi et al32

classified partial tears into 4 separate grades based on MRI
findings of the affected bundle, which were confirmed at the
moment of the arthroscopic surgery. Grade 1 injuries involved
a partial lesion of the AM bundle, while grade 2 lesions
involved a similar partial lesion of the PL bundle. Grade 3
injuries represented incomplete injury of both bundles, and
grade 4 was found to be a complete tear of both bundles.

BIOLOGIC TECHNIQUES FOR ACL REPAIR OR
REGENERATION

Few reports documenting spontaneous healing of partial
ACL tears are available in the literature.17,35 While ACLR
has demonstrated good results with different graft options
for complete ACL ruptures, nonsurgical treatment and pri-
mary repair of the partial and complete tear of the ACL has
been reported to fail to heal in the majority of patients.24

Recent clinical and animal studies suggest a possibility of
ACL healing after primary suture of the ligament aug-
mented with the use of growth factors and bone marrow–

derived mesenchymal stem cells (BMSCs).54,74 This might
be clinically important in the treatment of partial ACL
tears, because growth factors and bioactive proteins play
an important role in tissue healing as they can regulate key
processes in tissue repair, including cell proliferation, che-
motaxis, migration, cellular differentiation, and extracellu-
lar matrix (ECM) synthesis.31

ACL Repair by the Healing Response

First described by Steadman et al72 the ‘‘healing response
technique’’ was proposed to treat tearing or avulsion of the
ACL from its proximal insertion on the femur. This tech-
nique involves a microfracture of the medial wall of the
lateral femoral condyle performed close to the femoral ACL
footprint. This reportedly leads to the formation of a blood
clot and subsequent hematoma formation at the anatomic
location of the ACL insertion, causing scarring and poten-
tial attachment of the proximal ACL.

Steadman et al72 evaluated 13 skeletally immature ath-
letes with proximal ACL tears who underwent a healing
response procedure. Three (23%) patients had a reinjury
30 to 55 months after surgery. Subjective follow-up on the
remaining 10 patients demonstrated resolution of pain
without subjective instability or giving way, and all
patients considered their knee function to be normal. At
69 months, the average Lysholm score was 96 and Tegner
score was 8.5 (range, 7-10). Patient satisfaction at follow-up
was 9.9 (1¼ very dissatisfied and 10¼ very satisfied). Clin-
ical examination was performed on 7 of 10 patients at 35
months postoperative (range, 12-63 months). Five patients
had a negative pivot-shift and 2 had a 1þ pivot-shift. KT-
1000 measurements improved to 2 mm (range, 0-3 mm).

More recently, the same group evaluated 48 active
middle-aged patients who underwent the healing response
procedure with an average follow-up of 7.6 years (range,
2.2-13.4 years).73 The average preoperative Lysholm score
was 54 (range, 10-82) and improved to an average score of
90 postoperatively (P ¼ .001). Median Tegner activity scale
at follow-up was 5 (range, 2-9). Median patient satisfaction
was 10 (range, 4-10).

Wasmaier et al85 showed contrary results, demonstrat-
ing no differences between patients treated by the healing
response technique or conservatively (nonsurgical) with
regard to clinical scores, joint laxity, and rate of revision
surgery. However, more recently, in an interesting histo-
logical study investigating spontaneously reattached tib-
ial ACL remnants, Nguyen et al57 concluded that the
human proximal one-third ACL has an intrinsic healing
response with typical characteristics similar to the MCL,
which can heal spontaneously.

The recent findings of ACL healing in animal models56

stimulate the interests in future translational studies to
develop and evaluate the bioenhanced suture repair of torn
ACLs in humans.

ACL Repair Augmented With Growth Factors

Growth factors, such as transforming growth factor beta1
(TGF-b1),90 fibroblast growth factor–2 (FGF-2),45 growth
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and differentiation factors 5 and 7,18 and basic-FGF
(bFGF),39 have been reported to regulate and improve cel-
lular activities and proliferation, ECM deposition, and
influence the differentiation of mesenchymal stem cells
(MSCs) into fibroblasts in the repair process of torn liga-
ments. Particularly, the growth factors outlined below have
exhibited positive effects on various biological processes
needed to improve ACL healing. TGF-b is a key regulator
during embryologic tendon development and also plays a
significant role in the early modulation of scar tissue for-
mation during connective tissue healing.50

In Vitro Studies. Marui et al46 reported that the appli-
cation of TGF-b1 resulted in increased collagen synthesis
up to 1.5 times greater than controls in both MCL and ACL
fibroblasts. Madry et al45 showed the enhanced healing of
the human ACL by overexpression of FGF-2 via direct
recombinant adeno-associated virus (rAAV) vector–mediated
gene transfer.

Animal Models. In a recent study, Takayama et al77

assessed the effects of angiogenesis in ACLRs in a mice
model. Angiogenesis blocking (thorough a virally trans-
duced sFLT1 [soluble FMS-like tyrosine kinase–1]) reduced
graft maturation and biomechanical strength; however,
overexpression of vascular endothelial growth factor
(VEGF) did not result in improvements in biomechanical
strength. Kobayashi et al39 reported on the positive effect of
bFGF in improving ACL tissue healing in a canine model by
increased vascularity compared with the control. In the
bFGF group, a bFGF-impregnated pellet was sutured to the
infrapatellar fat pad close to the defect. In the control group,
the same pellet without bFGF was used. More recently,
Kondo et al40 studied the effect of TGF-b1 in an in vivo model
of ACL injury in rabbits (n¼ 36). Different concentrations of
TGF-b1 were utilized against no treatment acting as con-
trols. They reported significant improvement of bio-
mechanical and histological healing properties of injured
ACLs treated with TGF-b1 compared with controls.

In vitro and animal studies using specific growth factors
such as TGF-b, bFGF, VEGF, and FGF-2 demonstrated to
stimulate cell proliferation and ECM synthesis and influ-
ence the differentiation of MSCs into fibroblasts in the
repair process of torn ligaments.

ACL Repair Augmented With PRP

In a similar manner, PRP is known to contain several
growth factors and has been the center of attention regard-
ing noninvasive therapies. The combination of bioactive
agents can mediate the tissue healing process after an
injury through both the inflammatory and remodeling
phases.16 Platelets are involved in homeostasis, aggrega-
tion and clot formation steps, which finally leads to
enhanced tissue healing.49 These processes are mediated
by the release of platelet-derived growth factor (PDGF),
TGF-b1, VEGF, bFGF, and epidermal growth factor
through degranulation of alpha granules. Among these
growth factors, PDGF and TGF-b1 have been reported to
be the most critical modulators in the healing process by
contributing to increased fibroblast proliferation and colla-
gen production.22,48

Animal Models. Murray et al52 reported on a porcine
model using clotted PRP in the gap of a transected ACL
and concluded that there was no beneficial effect of adding
PRP. It was theorized that the fibrin clot containing the
platelets may have been prematurely dissolved in the
intra-articular environment, leading to the failure of iso-
lated PRP as a system for localized growth factor delivery.
These observations led to the exploration of scaffolds to hold
the PRP at the wound site of the ACL and protect it from
early degradation. Cheng et al15 showed that the addition
of PRP to the collagen hydrogel resulted in a significantly
increased cellular metabolic activity, reduced apoptotic
rate, and stimulation of collagen production in the cells
from the immature and adolescent animals but had less
effect on adult cells animals.

Clinical Studies. Seijas et al69 reported a high return to
sport in 19 professional soccer players with a partial ACL
tear treated with intraligamentous placement of platelet-
derived growth factors into the intact bundle (Figure 3).
Platelet-rich growth factors (PRGF-Endoret) were applied
using the technique described by Anitua (PRGF-Endoret)5

with a spine needle in both the proximal origin of the
bundle and in the middle portion thereof in an amount of
4 mL. The average time between the injury and the time of
surgery was 5.8 weeks. At the end of the surgery, when the
joint had been dried and all surgical instruments had been
removed, another injection of PRGF-Endoret was admin-
istered (6 mL) in the articular space. Fifteen patients
returned to play at an average of 16.20 weeks (1 rerupture
at 7 months), while the 3 patients returned in 12.33 weeks.
However, 1 patient was not able to return to sport due to
the extent of their cartilage lesions. No notable complica-
tions were reported in any patients in the series, as well as
no obvious bleeding or infections. A postoperative MRI
study was performed in all patients and showed the rem-
nant ACL bundle with complete ligamentization at 1 year
postsurgery and good anatomic arrangement.

While a paucity of evidence in clinical studies on the use
of PRP on partial ACL tears exists, the safety and versatil-
ity of PRP injections has inspired and stimulated its ther-
apeutic use for other pathologies. It is used extensively on a

Figure 3. Arthroscopic view of partial tear of the anterior
cruciate ligament (ACL) in a right knee treated with an
injection of platelet-rich plasma (PRP) as viewed through the
anteromedial portal.
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number of other orthopaedic injuries. Podesta et al64

reported on 34 athletes with a partial-thickness ulnar col-
lateral ligament (UCL) tear confirmed on MRI; 30 of 34
athletes (88%) returned to the same level of play without
any complaints at an average follow-up of 70 weeks. They
concluded that this study indicates that PRP was an effec-
tive option to successfully treat partial UCL tears of the
elbow in athletes.

Animal models using PRP alone for ACL tears may have
failed because the main structural protein within PRP was
degraded by the active plasmin within the joint and the
PRP was unable to remain in the ACL wound site. More
studies are needed in animals to understand further
the effect of PRP on the healing process in the intra-
articular knee environment. While clinical studies showed
a higher rate of return to sport and ACL ligamentization at
1 year follow-up when combined with PRP, further studies
and longer follow-ups are required with the use of PRP in
partial ACL injuries to draw definitive conclusions.

Cell Therapy

Cell therapy has been widely studied in vitro and in pre-
clinical studies.11-13 MSCs are adult stem cells from various
sources, being multipotent and having the capacity of self-
renewal. MSCs can differentiate into mesoderm-associated
cell types such as chondrocytes, adipocytes, or osteoblasts.
In vivo, they are often located in the perivascular area.11

Animal Models of MSCs ACL Repair

In a rat model of partial ACL tear, Kanaya et al36 reported
that intra-articular injection of MSCs resulted in a healed
ligament with superior histological scores and a greater
failure load compared with nontreated control knees. In
a more recent study, Oe et al60 used intra-articular injec-
tion of either fresh BMSCs or cultured MSCs at 1 week
after ACL transection in a rat model. They showed that
the donor cells were located within the wound site and the
ACL exhibited almost normal histology, with more mature
spindle cells with higher levels of TGF-b in the BMSCs
group. They concluded that the direct intra-articular
BMSCs injection was an effective option for the treatment
of partial ACL tears.

ACL Repair MSCs Clinical Studies

In the only clinical study in humans, Centeno et al14

reported on 10 patients with ACL tears treated with an
intra-ligamentous injection of autologous bone marrow con-
centrate and PRP using fluoroscopic guidance. ACL laxity
and MRI evidence of grade 1, 2, (partial), or 3 (complete)
tears was documented including patients with partial and
complete ACL tears with less than 1-cm retraction. ACL
tears were analyzed by MRI images pre- and postinjection.
A software was used to objectively quantify changes
through 5 different types of measurements of ACL pixel
intensity for ligament integrity. Seven of 10 patients
showed improvement in at least 4 of 5 of these objective
MRI measures. The mean visual analog scale change was

a decrease of 1.7 (P ¼ .25), the mean Lower Extremity
Functional Scale change was an increase of 23.3 (P ¼ .03),
and mean reported improvement was 86.7%.

Scaffolds þ Suture þ PRP

Animal Models. The use of collagen-based scaffolds has
been shown to be effective. ACL fibroblasts have been pre-
viously shown to effectively attach, proliferate, and express
collagen on collage-based scaffolds.21 Porcine small intesti-
nal submucosa (SIS) was among the first scaffolds used to
enhance the regeneration and repair of ligaments and ten-
dons. 7,20 SIS is a collagen-based (90% of dry weight) bioab-
sorbable scaffold that contains cytokines and growth
factors such as FGF and TGF-b.55 Fisher et al25 reported
significant improvement in tissue mechanical and histolog-
ical properties using a primary repair technique supple-
mented with SIS bioscaffold and hydrogel. There was no
excessive hypertrophy of the ECM-treated ACLs, and the
cross-sectional area was comparable to the sham-operated
control group.

Recent in vivo work by Fleming et al26 reported no sig-
nificant improvement of suture repair when supplemented
with a collagen scaffold alone used for complete ACL tears
in a porcine model. However, by combining a collagen scaf-
fold with autologous platelets, Vavken et al82 demonstrated
significantly improved ACL repair outcomes in a series of
large animal studies, which showed superior tissue
mechanical properties using primary repair augmented
with a collagen-PRP hydrogel compared with suture repair
alone. Additional studies have also now demonstrated that
the combination of an ECM-based collagen scaffold and
PRP is substantially more effective than the application
of each of these factors alone.52 The mechanism behind this
remains unclear, but it may be due to a synergic effect
between the collagen, PRP, and other ECM molecules.

Clinical Studies. Gobbi et al32 evaluated the clinical
results of suture repair of the ACL plus microfracture of
the intercondylar notch and adjunctive PRP injection with
5-year follow-up in 58 athletes. They reported that 78% of
the patients returned to their sports activities. A signifi-
cant decrease in the side-to-side difference in anterior
translation was also reported, from 4.1 mm (SD ¼ 1.6)
preoperatively to 1.4 mm (SD ¼ 0.8) postoperatively at the
5-year follow-up. This difference was statistically signifi-
cant (P < .05). Four patients had a retear during sporting
activity and underwent ACLR within 2 years from the
primary repair surgery. In this case series, they concluded
that ACLR was an effective technique to restore knee sta-
bility and function in young individuals with acute partial
ACL tears.

FUTURE DIRECTIONS

Biological Enhancement of the ACL

Newer approaches using scaffolds loaded with cells and
growth factors could probably lead to improved rates of
healing of ACL tears.75 After many years of preclinical
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studies, Murray et al51 introduced the use of a collagen
scaffold soaked with whole blood to deliver platelets in com-
bination with a novel bioenhanced primary repair tech-
nique using a suture stent, called bridge-enhanced ACL
repair (BEAR technique) and reported that it resulted in
biomechanical properties of the repaired ACL equivalent to
an ACLR after 3, 6, and 12 months of healing in an animal
model.82 Furthermore, this novel technique of bio-
enhanced repair prevented the development of cartilage
lesions, which were seen 12 months after untreated ACL
transection and ACLR in an animal model.51

CONCLUSION

ACLR can be associated with muscle weakness, biomechan-
ical limitation, loss of proprioception, donor site morbidity
with the use of autograft tissue, graft failure, and early
posttraumatic osteoarthritis. Advancements in tissue engi-
neering and regenerative medicine have resulted in a new
interest in the biologic treatment of partial tears of the
ACL. The use of novel biologic ACL repair techniques,
including growth factors, PRP, stem cells, and bioscaffolds,
have been reported to result in promising preclinical and
short-term clinical outcomes. Further studies are necessary
to define the role of these approaches in the treatment of
the partial tears of ACL, to better understand the biology of
the healing process, and to assess long-term outcomes.
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Bone Marrow Aspirate Concentrate
Is Equivalent to Platelet-Rich Plasma for the
Treatment of Knee Osteoarthritis at 1 Year

A Prospective, Randomized Trial

Adam W. Anz,*† MD, Ryan Hubbard,† MD, Nicole K. Rendos,† PhD, Peter A. Everts,‡ PhD, FRSM,
James R. Andrews,† MD, and Joshua G. Hackel,† MD

Investigation performed at the Andrews Research & Education Foundation,
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Background: Approximately 47 million people in the United States have been diagnosed with arthritis. Autologous platelet-rich
plasma (PRP) injections have been documented to alleviate symptoms related to knee osteoarthritis (OA) in randomized controlled
trials, systematic reviews, and meta-analyses. Autologous bone marrow aspirate concentrate (BMC) injections have also emerged
as a treatment option for knee OA, with a limited clinical evidence base.

Purpose: To compare the efficacy of BMC to PRP for the treatment of knee OA regarding pain and function at multiple time
points up to 12 months after an injection. We hypothesized that BMC will be more effective in improving outcomes in patients
with knee OA.

Study Design: Randomized controlled trial; Level of evidence, 2

Methods: A total of 90 participants aged between 18 and 80 years with symptomatic knee OA (Kellgren-Lawrence grades 1-3)
were randomized into 2 study groups: PRP and BMC. Both groups completed the Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) and subjective International Knee Documentation Committee (IKDC) questionnaires before and 1, 3,
6, 9, and 12 months after a single intra-articular injection of leukocyte-rich PRP or BMC.

Results: There were no statistically significant differences in baseline IKDC or WOMAC scores between the 2 groups. All IKDC and
WOMAC scores for both the PRP and BMC groups significantly improved from baseline to 1 month after the injection (P < .001).
These improvements were sustained for 12 months after the injection, with no difference between PRP and BMC at any time point.

Conclusion: Both PRP and BMC were effective in improving patient-reported outcomes in patients with mild to moderate knee OA
for at least 12 months; neither treatment provided a superior clinical benefit. Autologous PRP and BMC showed promising clinical
potential as therapeutic agents for the treatment of OA, and while PRP has strong clinical evidence to support its efficacy, BMC has
limited support. This study did not prove BMC to be superior to PRP, providing guidance to clinicians treating OA. It is possible that
the results were affected by patients knowing that there was no control group.

Registration: NCT03289416 (ClinicalTrials.gov identifier).

Keywords: platelet-rich plasma; bone marrow aspirate; bone marrow concentrate; regenerative medicine; osteoarthritis

In the United States, it is estimated that 47 million people
have been diagnosed with arthritis; 4.3 million have been
diagnosed with isolated osteoarthritis (OA) of the knee, and
knee arthritis accounts for 20% of disability claims.22 The
prevalence of the disease continues to climb and is expected
to double by 2030. In addition, 4 of 5 patients with OA have
movement limitations.22 Currently, there are no curative

treatments for OA. Nonsurgical treatment options include
weight loss, oral medications such as nonsteroidal anti-
inflammatory drugs (NSAIDs) and acetaminophen, inject-
ables such as corticosteroids and hyaluronic acid (HA),
physical treatments such as rehabilitative therapy, unload-
ing braces, assistive devices (ie, canes or walkers), activity
modification, and genicular nerve radiofrequency abla-
tion.11,32,45,48 Surgical options include arthroscopic sur-
gery, osteotomy, and total joint replacement. However,
expectations are not always met with current surgical
options, and not all patients with knee OA are candidates
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for surgical treatments. For these and other reasons, many
patients choose nonoperative treatments, and there has
been great interest in injections classified as regenerative.
There is a current unmet clinical need to improve the qual-
ity of life of patients suffering from all stages of OA, and for
these patients, injection therapies have a developing role.

Although commonly used for the treatment of knee OA,
the clinical efficacy of HA and corticosteroid injections
to treat knee OA has been questioned.1 This has led to
the development of additional injection options, such as
autologous blood– and bone marrow–derived products.
Leukocyte-poor platelet-rich plasma (LP-PRP) has preclin-
ical basic science, randomized controlled comparative clin-
ical, and meta-analysis studies supporting its safety and
efficacy.§ Bone marrow aspirate concentrate (BMC), a more
cellular and protein-rich product,6 has also emerged as a
treatment. A benchtop comparative study of the compo-
nents of PRP and BMC has suggested that BMC contains
a higher number of cells that will culture/differentiate,
often referred to as stem cells, and a higher concentration
of potentially advantageous chemokines.6 A higher cellular
component of cells that can be grown in culture suggests a
higher potential for tissue regeneration and anti-
inflammatory effects; however, clinical superiority remains
theoretical.18 The full clinical potential of BMC is unclear,
but studies have shown promise with preclinical animal
studies for cartilage repair,41 clinical case series for the
treatment of OA,8,9,18 and clinical studies suggesting a role
in open implantation for cartilage repair.4,15,16,41

Clinical comparisons of PRP and BMC are lacking. The
main objective of this study was to compare, with validated
patient-reported outcomes, the effectiveness of BMC to
PRP for the treatment of knee OA after a single injection.
We hypothesized that BMC will outperform PRP at multi-
ple time points after an injection.

METHODS

Participants

This study was approved by the affiliated hospital’s institu-
tional review board, which oversees the facility where the
study was performed. Participants aged between 18 and

80 years with evidence of knee OA were screened for eligi-
bility in the study (N ¼ 110). All participants were informed
of the experimental procedures, risks, and benefits of the
study and provided written informed consent before the
screening appointment. Participants were instructed not to
take any prescription over-the-counter NSAIDs for 3 weeks
before the screening appointment. NSAID use was not mon-
itored or regulated after treatment.

Patients were screened with a 4-view radiographic series
of the knee (long-leg, lateral, sunrise, and bilateral Rosen-
berg views), and they were included in the study if they had
pain or swelling of the knee of at least 4 months in duration
and a Kellgren-Lawrence grade24,27 between 1 and 3 on the
radiographic evaluation. The population studied is typical
of patients with knee OA who typically inquire about ortho-
biologic injections. Exclusion criteria included patients
with a major mechanical axis deviation of more than 50%
into either compartment (varus or valgus), a corticosteroid
injection within 3 months or an HA injection within
6 months, or a history of any of the following medical con-
ditions: diabetes, autoimmune disorders, disorders requir-
ing immunosuppression, rheumatoid arthritis, hemophilic
arthropathy, infectious arthritis, Charcot knee, Paget dis-
ease of the femur or tibia, history of cancer, ongoing infec-
tious diseases, or significant cardiovascular, renal, or
hepatic diseases.

Participants were enrolled over the course of 4 years.
There were 91 participants who met the inclusion and
exclusion criteria; 1 declined to participate. A total of 90
participants were randomized using a computer-generated
sequence into 2 groups: BMC (n ¼ 49) and PRP (n ¼ 41);
enrollment was stopped at 90 participants. All participants
received the allocated treatment (Figure 1). In the BMC
group, 4 participants withdrew, and in the PRP group, 1
participant withdrew, while 1 was lost to follow-up, leaving
84 participants in the study. Participant characteristics are
summarized in Table 1. There were no significant differ-
ences between the groups in these characteristics.

Patient-Reported Outcomes

Both groups completed the Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC)3 and subjec-
tive International Knee Documentation Committee
(IKDC)19 questionnaires before any treatment. An a priori
power analysis (G*Power 3.1.9.3) revealed that a sample§References 5, 7, 10, 13, 25, 29, 30, 35, 36, 38-40, 42, 44, 46, 47, 49.
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size of 25 and 50 patients in each group was necessary to
detect large effects using a power of 0.8 and alpha of 0.05
using the WOMAC and IKDC, respectively. Participants
also completed the WOMAC and IKDC questionnaires at
1, 3, 6, 9, and 12 months after the allocated injection.

Injection Protocol

Group 1 (BMC group) received a single intra-articular
injection of BMC. Group 2 (PRP group) received a single
intra-articular injection of PRP. Because of the invasive
nature of obtaining marrow aspirate, blinding of the parti-
cipants and clinicians was not feasible. All injections and all
associated procedures were performed in the clinic setting
by either the first author (A.W.A.: 34 PRP, 40 BMC) or the
last author (J.G.H.: 7 PRP, 9 BMC).

The harvest of blood for PRP production involved stan-
dard, antecubital venipuncture with a 60-mL syringe pre-
loaded with 10 mL of sodium citrate anticoagulant. Blood
was processed at the point of care with a dual-spin protocol/
disposable (PurePRP; EmCyte) to make leukocyte-rich
(LR-PRP), which is monocyte/lymphocyte rich and neutro-
phil poor. The blood was loaded into a first cylinder dispos-
able and centrifuged for 1.5 minutes at 3800 rpm, according
to the instructions for use. A 2-layer soft stack, that is,
platelet plasma suspension above the red cell layer, was
produced. The top platelet plasma suspension was aspi-
rated off until red blood cells filled the aspiration pipe and
was then loaded into a second disposable and centrifuged
for 5 minutes at 3800 rpm, creating a platelet-poor plasma
(PPP) top layer and platelet buffy coat at the bottom of the
disposable. PPP was aspirated off, leaving approximately
7 mL of pure PRP. The plasma and platelet buffy coat were
resuspended into the remaining plasma by swirling, and
the final PRP, approximately 7 mL, was aspirated into the
injection syringe.

For bone marrow harvest, two 30-mL syringes and a tra-
ditional 11-gauge, 11-cm Jamshidi needle (Ranfac) were
prerinsed with heparin. The two 30-mL syringes were
loaded with 5 mL of sodium citrate anticoagulant in each
syringe. Aspiration was performed from a bone puncture at
the posterior superior iliac spine with the Jamshidi needle.
For bone marrow aspiration, participants were placed into
the lateral decubitus position. The posterior superior iliac
spine was localized with ultrasound and prepared with
ChloraPrep (chlorhexidine gluconate; BD). The skin, sub-
cutaneous tissues, and periosteum were anesthetized with
1% lidocaine, and no systemic analgesics or anxiolytics

Assessed for eligibility (n = 110)

Excluded (n = 20)
• Not mee�ng inclusion criteria (n = 19)
• Declined to par�cipate (n = 1)

Randomized (n = 90)

Allocated to BMC (n = 49)
• Received interven�on (n = 49)

Allocated to PRP (n = 41)
• Received interven�on (n = 41)Alloca�on

Withdrawn
• Withdrew consent (n = 1)
• Total knee replacement (n = 2)
• Cancer diagnosis (n = 1)

Follow-Up

Lost to follow-up (n = 1)

Withdrawn
• Knee Surgery (n = 1)

Analyzed (n = 45) Analyzed (n = 39)Analysis

Figure 1. CONSORT (Consolidated Standards of Reporting Trials) flow diagram. BMC, bone marrow aspirate concentrate; PRP,
platelet-rich plasma.

TABLE 1
Participant Characteristicsa

All
(n ¼ 84)

BMC
(n ¼ 45)

PRP
(n ¼ 39)

Sex, male/female, n 49/35 27/18 22/17
Age, y 54.1 ± 11.9 55.8 ± 11.3 52.2 ± 12.4
Height, cm 173.9 ± 11.7 175.2 ± 11.1 172.3 ± 12.3
Weight, kg 86.7 ± 20.5 89.5 ± 20.6 83.5 ± 20.3
Body mass index, kg/m2 28.2 ± 5.7 27.7 ± 5.0 27.9 ± 5.8
Kellgren-Lawrence

grade
1.8 ± 0.7 1.8 ± 0.7 1.9 ± 0.7

aValues are reported as mean ± SD unless otherwise indicated.
BMC, bone marrow aspirate concentrate; PRP, platelet-rich plasma.
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were required. The needle was used to puncture the poste-
rior superior iliac spine, advanced 3 to 5 cm, and aspiration
performed while withdrawing and rotating the needle.
Aspiration was performed until the 30-mL mark was
reached on the first syringe, and then the needle was
advanced a second time in a divergent trajectory. Aspira-
tion was repeated with the second 30-mL syringe while
withdrawing and rotating the needle. Bone marrow
was processed at the point of care with a dual-spin
protocol/disposable (PureBMC; EmCyte). The bone marrow
was loaded into a first cylinder disposable through a bone
marrow aspiration filter, according to the instructions for
use. It was then centrifuged for 2.5 minutes at 3800 rpm.
This produced a 3-layer hard stack: platelet plasma suspen-
sion, early buffy coat, and red cell layer. The top plasma
layer and 2-mL buffy coat were aspirated off and loaded
into a concentrating accessory disposable. A second centri-
fuge was performed for 7 minutes at 3800 rpm, creating a
PPP top layer and BMC buffy coat at the bottom of the
disposable. PPP was aspirated off, leaving approximately
7 mL of plasma and the BMC buffy coat. The BMC buffy
coat was reconstituted into the plasma by swirling, and the
final BMC, approximately 7 mL, was loaded into the injec-
tion syringe. Intra-articular injections were performed as a
standard sterile procedure with ultrasound guidance and a
superolateral, parapatellar approach.23

This study was initiated before guidelines were issued for
minimal reporting of biologic product studies33; the report-
ing standards were published near the conclusion of the
study. For this reason, 4 participants, 3 in the BMC group
and 1 in the PRP group, were selected to have cellular anal-
ysis of the product. For this analysis, a small sample (1 mL)
of the whole blood or bone marrow aspirate and BMC or
PRP was separated and sent to an independent laboratory
for analysis (BSR Laboratories). The laboratory analysis
included obtaining a complete blood count for all samples
with the addition of flow cytometry for human CD34þ
hematopoietic stem/progenitor analysis and colony-
forming unit–fibroblast (CFU-F) for bone marrow aspirate
and BMC after the cell culture protocol of the laboratory.

After the injection, participants were given follow-up
care instructions that included no use of NSAIDs for at

least 7 days and partial weightbearing on the limb for 2
to 3 days, followed by the initiation of a standard physical
therapy program at 1 week after the injection for 4 weeks.

Statistical Analysis

Separate 2 (group) � 6 (time) mixed-design analyses of var-
iance (ANOVAs) were used to detect differences between
groups and among time points for the WOMAC and IKDC.
If the Mauchly test of sphericity was statistically signifi-
cant (P � .05), the Huynh-Feldt adjustment was used to
correct for the violation of sphericity. Statistical signifi-
cance was set a priori at P < .05. All analyses were con-
ducted using SPSS version 24.0 software (IBM).

RESULTS

The mixed-design ANOVAs revealed a significant effect of
time on the IKDC score (F3.79,310.88 ¼ 31.928; P < .001; Zp

2

¼ 0.280), with no differences between the BMC and PRP
groups. Both groups significantly improved from baseline
to 1-month follow-up, and scores plateaued at 3 months,
remaining consistent with no further significant improve-
ment through 6, 9, and 12 months (Figure 2A and Table 2).
For the BMC group, mean scores after 1 month improved by
30.0 points for the IKDC and 43.9 for the WOMAC, and for
the PRP group, the scores improved by 23.2 points for the
IKDC and 39.3 for the WOMAC.

A significant effect of time was observed on all WOMAC
subscales: WOMAC total (F3.88,318.09 ¼ 29.165; P < .001;
Zp

2 ¼ 0.262), WOMAC pain (F4.18,342.65 ¼ 24.735; P <
.001; Zp

2 ¼ 0.232), WOMAC stiffness (F4.18,342.88 ¼ 32.306;
P < .001; Zp

2 ¼ 0.283), and WOMAC function (F4.00,327.80 ¼
25.389; P < .001; Zp

2 ¼ 0.236). Both groups significantly
improved on all WOMAC subscales from baseline to
1-month follow-up, with no further significant improve-
ment in scores (Figure 2B and Table 2). Scores remained
significantly improved between baseline and 3, 6, 9, and 12
months after both BMC and PRP injections.

Results from the composition analysis of the samples
sent for independent review are presented in Table 3. The

Figure 2. Overall (A) International Knee Documentation Committee (IKDC) scores and (B) Western Ontario and McMaster Univer-
sities Osteoarthritis Index (WOMAC) scores versus time for the bone marrow aspirate concentrate (BMC) and platelet-rich
plasma (PRP) treatment groups. *Significant difference from baseline for BMC (P < .05). ^Significant difference from baseline for
PRP (P < .05).
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results of the cellular composition analysis showed an
increase in platelet, white blood cell, CD34þ, and CFU-F
counts with concentration, with an expected decrease in the
red blood cell count.

DISCUSSION

The objective of this study was to compare the efficacy of
PRP to BMC for the treatment of knee OA. This study
showed significant improvement in WOMAC and IKDC
scores for both the PRP and BMC groups as early as 4
weeks after the injection, and the improvement remained
through to 12-month follow-up. The most important finding
of this study is that BMC was not superior to PRP for the
treatment of OA out to 12 months, contrary to our hypoth-
esis. To our knowledge, this is the first direct clinical com-
parative study of PRP and BMC. For the BMC group, mean

scores at 1-month follow-up improved by 30.0 points for the
IKDC and 43.9 for the WOMAC, and for the PRP group, the
scores improved by 23.2 points for the IKDC and 39.3 for
the WOMAC. The improvement in WOMAC (minimal
detectable change ¼ 22.8) and IKDC (minimal detectable
change ¼ 13.7) scores was clinically significant for estab-
lished values in OA.2,17

PRP has a pyramid of developmental work, starting with
preclinical benchtop and animal studies, continuing with
high level of evidence clinical trials, and ending with sys-
tematic reviews. In benchtop studies, PRP has clear
mechanisms of action to improve the catabolic and inflam-
matory environment of OA.7,35,47 Animal studies have
reflected benchtop principles, with histological and mor-
phological findings documenting a beneficial effect on the
synovium and cartilage.25,38,49

Clinical studies have established safety and efficacy for
PRP, with comparison including HA and saline as

TABLE 2
IKDC and WOMAC Scoresa

Baseline 1 mo 3 mo 6 mo 9 mo 12 mo

IKDC
BMC 45.0 ± 14.2 58.5 ± 18.4b 63.6 ± 16.7b 63.7 ± 21.4b 63.7 ± 22.9b 64.3 ± 20.8b

95% CI 40.5-49.6 53.0-64.1 58.6-68.7 57.6-69.7 57.4-70.0 58.3-70.3
D from baseline, % 30.0 41.3 41.6 41.6 42.9

PRP 47.4 ± 16.6 58.4 ± 19.1b 61.6 ± 17.5b 65.0 ± 19.1b 63.1 ± 19.2b 63.7 ± 19.6b

95% CI 42.5-52.3 52.5-64.4 56.2-67.1 58.5-71.5 56.3-69.9 57.2-70.1
D from baseline, % 23.2 30.0 37.1 33.1 34.4

WOMAC total
BMC 35.3 ± 18.1 19.8 ± 14.3b 15.2 ± 13.3b 19.4 ± 18.6b 17.6 ± 16.1b 19.4 ± 16.2b

95% CI 29.9-40.6 15.2-24.3 11.0-19.4 14.5-24.3 12.7-22.6 14.5-24.3
D from baseline, % 43.9 56.9 45.0 50.1 45.0

PRP 32.1 ± 17.9 19.5 ± 16.3b 18.2 ± 15.3b 16.2 ± 13.6b 18.4 ± 17.1b 16.8 ± 16.9b

95% CI 26.4-37.9 14.6-24.4 13.7-22.8 11.0-21.5 13.1-23.7 11.5-22.1
D from baseline, % 39.3 43.3 49.5 42.7 47.7

WOMAC pain
BMC 7.0 ± 3.3 3.9 ± 3.4b 3.2 ± 3.1b 4.1 ± 4.0b 3.2 ± 3.3b 3.5 ± 3.1b

95% CI 6.0-8.1 2.9-4.9 2.3-4.1 3.1-5.1 2.2-4.2 2.5-4.4
D from baseline, % 44.3 54.3 41.4 54.3 50.0

PRP 6.2 ± 3.8 3.8 ± 3.3b 3.5 ± 3.1b 2.6 ± 2.7b 3.5 ± 3.5b 2.9 ± 3.1b

95% CI 5.1-7.3 2.8-4.9 2.5-4.5 1.5-3.7 2.4-4.5 1.9-3.9
D from baseline, % 38.7 43.5 58.1 43.5 53.2

WOMAC stiffness
BMC 3.8 ± 1.6 2.1 ± 1.5b 1.8 ± 1.5b 1.9 ± 1.7b 2.1 ± 1.6b 2.3 ± 1.6b

95% CI 3.3-4.4 1.7-2.5 1.3-2.2 1.4-2.4 1.6-2.6 1.8-2.8
D from baseline, % 44.7 52.6 50.0 44.7 39.5

PRP 3.4 ± 1.5 2.1 ± 1.4b 1.9 ± 1.4b 1.7 ± 1.4b 1.8 ± 1.6b 1.8 ± 1.5b

95% CI 2.9-3.9 1.6-2.6 1.5-2.4 1.2-2.3 1.3-2.3 1.3-2.3
D from baseline, % 38.2 44.1 50.0 47.1 47.1

WOMAC function
BMC 22.9 ± 13.2 12.9 ± 9.3b 9.5 ± 9.3b 12.5 ± 12.4b 11.5 ± 11.1b 12.8 ± 11.6b

95% CI 19.1-26.7 9.7-16.1 6.5-12.6 9.2-15.9 8.0-14.9 9.3-16.3
D from baseline, % 43.7 58.5 45.4 49.8 44.1

PRP 21.3 ± 12.5 12.7 ± 11.8b 12.2 ± 11.4b 11.2 ± 9.9b 12.4 ± 12.2b 11.3 ± 12.2b

95% CI 17.2-25.4 9.3-16.2 8.7-15.4 7.6-14.9 8.7-16.1 7.5-15.1
D from baseline, % 40.4 42.7 47.4 41.8 46.9

aValues are reported as mean ± SD unless otherwise indicated. BMC, bone marrow aspirate concentrate; IKDC, International Knee
Documentation Committee; PRP, platelet-rich plasma; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.

bSignificant improvement from baseline (P < .05).
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controls.10,13,36,39,40,42,44 The body of evidence has pro-
gressed to meta-analyses and systematic reviews.5,14,29,30,46

One study for comparison, by Smith,44 involved United
States Food and Drug Administration observations,
employed stricter inclusion/exclusion criteria than the cur-
rent study, and reported similar findings out to 12 months.
Smith44 reported on 114 participants screened to yield
30 participants and then randomized into 2 groups. A series
of 3 weekly injections of LP-PRP was compared with saline
as a control; the WOMAC served as the primary efficacy
outcome measure. No adverse events were reported, and
at the conclusion, WOMAC scores for the participants
receiving LP-PRP had improved by 78% from baseline,
whereas scores for the placebo group had improved by only
7%.44 The current study illustrates similar improvement in
WOMAC scores as reported by Smith. By contrast, how-
ever, the current study had less restrictive selection crite-
ria, had a scenario more consistent with clinical practice,
and studied a single injection instead of a series.

Systematic reviews and meta-analyses provide further
evidence and are clarifying a consensus that PRP is an
effective intra-articular treatment for knee OA.5,29-31,46

A 2017 systematic review of the literature found 29 well-
designed studies including 26 evaluating knee OA and 3
evaluating hip OA.31 The compilation included 9 prospec-
tive randomized controlled trials (RCTs; 8 knee and 1 hip),
4 prospective comparative studies, 14 case series, and 2
retrospective comparative studies. As a control group, HA
was used in 11 studies (7 RCTs, 2 prospective comparative
studies, and 2 retrospective comparative studies). Only 2
RCTs, 1 for the knee and 1 for the hip, did not report the
significant superiority of PRP compared with the control
group that received HA. Also, 9 of 11 HA studies showed
significantly better results in the PRP group.31 Conclu-
sively, PRP has been shown consistently to be safe and
effective for improvements in pain and function for patients
with sustained benefit lasting �12 months.5,29-31,46 The
current study further supports this conclusion. Addition-
ally, in this study, BMC showed similar improvement as
PRP out to 12 months.

Developing orthopaedic literature has produced opinions
that LP-PRP is the preferred preparation for knee OA
because variable results have been found with LR-PRP.12,28

Kon et al28 conducted a prospective comparative trial in 150
patients comparing a series of 3 LR-PRP injections to 2
different preparations of HA. The PRP group showed stron-
ger and longer efficacy than the HA groups. The study
involved 5-mL injection volumes, a 600% increase in plate-
lets from baseline whole blood, and a 2-spin preparation
method. Leukocyte values with differentials were not
reported.28 These authors followed with an RCT comparing
PRP to a high–molecular weight HA in 192 participants
and did not find superior clinical improvement in the PRP
group.12 In that study, platelets were increased by a factor
of 4.6 and leukocytes by a factor of 1.1. Leukocyte differen-
tials were not reported.12 Our study involved LR-PRP,
which was prepared to be 7 mL, monocyte/lymphocyte rich,
and neutrophil poor. The findings of the current study
reaffirm leukocyte differential and product volume as 2
variables that affect PRP effectiveness and warrant further
study. The volume reported by Smith44 in his RCT of
LP-PRP was 3 to 8 mL.

Evidence firmly supporting the clinical use of BMC for
knee OA is lacking. Overall, 2 studies from a single data
registry cohort and an additional case series are the only
studies supporting its clinical efficacy.8,9,26 Centeno et al8

reported on 840 procedures involving BMC, divided into 2
groups: 616 procedures performed on 518 patients in the
first group and 224 procedures performed on 163 patients
in the second group. The first group received an injection of
hypertonic dextrose solution, followed 2 to 5 days later by
an injection of bone marrow concentrate, PPP, and platelet
lysate. The platelet lysate was created by storing buffy
coat–based PRP at –20�C. The second group received the
same injections as the first group in addition to a lipoaspi-
rate point-of-care product injected with the BMC solution.
The lipoaspirate component was prepared from 5 to 15 mL
of lipoaspirate. Outcomes included the numerical pain
rating scale score at an average of 6.5 months and a lower
extremity functional scale (LEFS) score at an average of

TABLE 3
Results of Cellular Composition Analysisa

Sample

Bone Marrow Aspirate Bone Marrow Aspirate Concentrate

RBC,
�106/mL

Platelet,
�106/mL

WBC,
�106/mL

CD34þ,
Cells/mL

CFU-F,
Cells/mL

RBC, �106/
mL

Platelet,
�106/mL

WBC,
�106/mL

CD34þ,
Cells/mL

CFU-F,
Cells/mL

1 3120 175 15.9 33,373 42 1020 492 41.6 90,305 194
2 2310 64 18.7 40,827 37 1250 337 46.6 112,558 86
3 3480 64 113,470 57 1130 410 309,910 136

Whole Blood Platelet-Rich Plasma

RBC,
�106/mL

Platelet,
�106/mL

WBC,
�106/mL

Mono/Lym,
�106/mL

Gran,
�106/mL

RBC,
�106/mL

Platelet,
�106/mL

WBC,
�106/mL

Mono/Lym,
�106/mL

Gran,
�106/mL

4 4.03 238 8.5 1.1/2.0 5.3 0.12 1216 14.7 2.3/11.9 0.4

aCFU-F, colony-forming unit–fibroblast; Gran, granulocyte; Lym, lymphocyte; Mono, monocyte; RBC, red blood cell; WBC, white blood cell.

6 Anz et al The Orthopaedic Journal of Sports Medicine



6 months. Centeno et al reported moderate survey response
rates, 66% and 74%, and included patients with symptom-
atic knee OA, determined by magnetic resonance imaging,
broadly defined as any abnormality of the cartilage, bone,
or meniscus. The response rate for the last available LEFS
score was 33.3% at an average of 6.2 months for the first
group and 40.6% at 5.7 months for the second group (by
contrast, the current study had 95% of treated participants
reporting at 12 months). The LEFS score was of a possible
80 points, and the study reported a respective increase of
7.9 and 9.8 in the 2 groups. The mean numerical pain rating
scale score, of a possible 10, decreased from 4.0 to 2.6 and
from 4.3 to 3.0 in the 2 groups. Adverse events were
reported as 6.0% and 8.9% in the 2 groups.8

A single-blind, placebo-controlled study investigating
BMC for knee OA involved participants with bilateral knee
OA: one knee receiving BMC and the other knee receiving
saline as a control. This study, by Shapiro et al,43 involved
25 participants. Similar to the current study, the harvest
included 52 mL of bone marrow aspirate, 8 mL of anticoag-
ulant citrate dextrose solution-A (ACDA), and an automated
concentration system. The BMA technique used by Shapiro
et al included bilateral iliac crests and small-volume aspi-
rates, a harvest technique advocated by Hernigou et al20,21

to maximize cellular content. By contrast, the technique
utilized in the present study involved a posterior superior
iliac spine harvest and a divergent technique using 30-mL
syringes and a traditional aspiration needle. A comparative
study of techniques has suggested no difference in the cell
composition of products with the Hernigou et al technique
versus the divergent technique used in this study.34

The low CFU-F aspiration numbers in this study were
concentrated by the centrifugation device. Several reasons
may have contributed to the low number of CFU-F counts,
including age and sex variability among participants and
the traditional needle. The BMA needle used in this study
has a design configuration with an open end, with a poten-
tial for peripheral blood contamination. Furthermore, mar-
row processing revealed a relatively high red blood cell
count. Through 6 months, Shapiro et al43 found improve-
ment in both groups but no significant difference between
BMC and saline using Osteoarthritis Research Society
International measures and the visual analog scale. Their
study concluded that BMC cannot be recommended for the
regular treatment of OA. Our outcomes similarly showed
that a single BMC injection for mild to moderate knee OA
was not superior to a single PRP injection for improvement
in pain and function, questioning the value of the increased
invasiveness of the BMC procedure when compared with
PRP. We do not have any data to support whether PRP or
BMC injections are superior to placebo. In clinical practice,
we have noted trends regarding the reimbursement of bio-
logic products. HA injections are covered by most insurance
companies, PRP costs on average US $714,37 and BMC
costs on average US $3000.

One limitation of this study was the lack of blinding.
Neither the participants nor practitioners were blinded to
the treatment, given the invasive nature of bone marrow
aspiration; this could have introduced reporting bias in the
patient-reported outcomes. A second limitation was that

there was no control group, and the patients knew that
there was no control group; therefore, their survey
responses may have been biased. Previous studies have
shown a dramatic placebo effect when analyzing the effects
of biologics.43 An additional critique is that a comparative
arm of steroids or HA was not provided and would have
further improved this study’s real-world applicability. The
length of follow-up was 12 months, and it is possible that a
longer follow-up would show a difference between BMC and
PRP outcomes. Our intent is to continue to follow this
cohort for another year.

A third limitation was the lack of product sampling
throughout the study. A recent consensus statement has
developed a minimal reporting requirement for biologic
studies33; however, this study was initiated before the con-
sensus statement. While we tested 4 samples, it is hard to
develop any comparison of the PRP to BMC product differ-
ences in cellular compositions. Also, our experience with this
study highlighted variability when sending samples for cul-
turing. There is a chance that viability data were affected by
sending samples to a remote laboratory. Since this study’s
conclusion, we have brought in house the ability to test sam-
ples with an automated hemocytometer, flow cytometry,
microscopy, and culturing. This study included patients
with essentially no joint space narrowing (Kellgren-
Lawrence grade 1) and excluded patients with changes in
underlying bone shapes (Kellgren-Lawrence grade 4);
therefore, we cannot conclude whether either technique
would be effective for severe OA. Additionally, the study
was not powered to compare the results of the treatment
for different Kellgren-Lawrence grades. Finally, we used
LR-PRP, whereas subject leader experts have been advo-
cating LP-PRP. Results may be different with LP-PRP.

CONCLUSION

This study demonstrated that both PRP and BMC were
effective in improving patient-reported outcomes in
patients with mild to moderate knee arthritis for at least
12 months. Through the 12-month period, neither treat-
ment provided a superior clinical benefit.
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Abstract: It is generally accepted that citrate or the A-form of acid-citrate-dextrose (ACD-A) are 
suitable for preparing platelet-rich plasma (PRP) for regenerative therapy. However, this is based 
on evidence from blood transfusions and not from regenerative medicine. Thus, we examined the 
effects of anticoagulants, such as ACD-A, ethylenediaminetetraacetic acid (EDTA), and heparin, on 
the regenerative quality of PRP to address this gap. The blood samples were collected in the 
presence of anticoagulants and were processed to prepare pure-PRP. Platelet size, activation status, 
and intra-platelet free Ca2+ concentration were determined while using a hematology analyzer and 
flow cytometer. Platelet-derived growth factor-BB (PDGF-BB) was quantified while using an ELISA. 
In pure-PRP samples, EDTA caused platelet swelling and activation, but yielded the highest number 
of platelets. Heparin aggregated platelets and disturbed the overall counting of blood cells. 
However, no significant differences in PDGF-BB levels were observed among the anticoagulants 
tested. Moreover, when considering the easy preparation of platelet suspensions, without the need 
for high-level pipetting skills, these findings suggest the comparable potency of EDTA-derived 
pure-PRP in tissue regeneration and support the use of EDTA in the preparation of pure-PRP. 
Further in vivo studies are required in animal models to exclude the possible negative effects of 
including EDTA in pure-PRP preparations. 

Keywords: anticoagulants; EDTA; ACD-A; heparin; platelets; platelet-rich plasma; PDGF 
 

1. Introduction 

The development and clinical use of platelet-rich plasma (PRP) is undoubtedly an outstanding 
innovation and it has markedly impacted regenerative medicine. PRP has been increasingly used in 
various fields of regenerative therapy to date since the first report appeared in 1998 [1]. In parallel, 
several in-vitro studies that were performed by our group and others have provided evidence to 
support its clinical application [2–7]. However, its academic value has not been highly considered. A 
major reason for this paradoxical evaluation is due to the low predictable clinical outcomes of PRP. 
Several randomized controlled trials (RCT) have been performed while using PRP; however, all of 
the evaluations contradict each other, especially in bone regeneration. In addition, different or 
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unexpected clinical outcomes have been superficially explained by individual differences in terms of 
both PRP potency and host site conditions. We think that there are three probable reasons for this: (1) 
application cases are scarcely selected, (2) PRP preparation quality is rarely assured, and (3) PRP 
action mode is considerably complicated to be revealed clearly. 

As PRP is considered to be a type of adjuvant therapy [8], its clinical outcomes could be majorly 
influenced by the regenerative potential of each individual and prior or simultaneous medication or 
surgical treatments. These factors are rarely modified to make them compatible with PRP therapy, 
whereas PRP quality can be considerably optimized by clinicians in clinical settings. In this context, 
the term “PRP quality” that we have used in our previous and present studies can be tentatively 
defined as “the basic concept underlying the maximization of PRP therapy predictability”. However, 
it is poorly understood which factors, such as platelet counts, platelet functional activity, and 
inclusion of leukocytes, primarily influence “PRP quality”. Thus, further investigation should be 
performed to affirm or modify this definition and eventually establish a practical basis for PRP 
quality assurance and control. We have provided a supplemental explanation of “PRP quality” in the 
Discussion section. 

It is difficult to perform large-scale RCTs and obtain convincing evidence without any stable 
quality assurance and control. Based on this concept, in the past several years, we have studied PRP 
preparation quality control and standardization [8–12]. Recently, several impact articles have been 
published to emphasize the necessity of PRP standardization, including platelet-rich fibrin (PRF) 
standardization [13–22]. However, some concerns, such as the operator skill being the most 
influential factor for PRP quality during manual PRP preparation, are yet to be addressed. 

Several medical societies have attempted to formulate PRP preparation guidelines. Harrison et 
al. (2018) recently surveyed the consciousness of clinicians toward PRP preparation and therapy [23]. 
Clinician consciousness toward anticoagulants, especially EDTA use, exceeded expectations. 
Although citrate-based anticoagulants have been generally used for blood transfusion [24], and Marx 
(2001) and Anitua et al. (2016) recommended using citrate or A-form of acid-citrate-dextrose (ACD-
A) as an anticoagulant for preparing PRP [25,26], Harrison et al. (2018) reported that ~20% subjects 
think that EDTA is more preferable than citrate or ACD-A for PRP preparation [23]. 

It is thought that anticoagulants that are suitable for PRP preparation should be minimally 
harmful against cells or tissues surrounding the implantation sites. In addition, such adverse effects 
should be reversible, even if occurring after implantation. All of the anticoagulants used in this study 
are used as medications in clinical settings. Thus, it can be assumed that when administered at an 
appropriate dose, these anticoagulants are safe and they cause no recognizable adverse effects on the 
surrounding tissues. In this study, we aimed to compare the quality of pure-PRP samples prepared 
from whole-blood samples that were anticoagulated with various anticoagulants and examined their 
size, activation status, and intra-platelet free Ca2+ concentrations using an automated hematology 
analyzer and a flow-cytometer (FCM). We also quantified the platelet-derived growth factor-BB 
(PDGF-BB) as a representative growth factor in PRP treatment while using ELISA. This study focuses 
on a fundamental, but probably long misunderstood, topic in regenerative dentistry. 

2. Materials and Methods 

2.1. Preparation of Pure-PRP 

The blood samples were collected from 15 non-smoking healthy volunteers aged 26 to 72 years. 
Peripheral blood (~7 mL) was collected in three different plastic vacuum blood collection tubes 
(Venoject II; Terumo, Tokyo, Japan) containing (1) 1 mL ACD-A (2.20 w/v% sodium citrate, 0.90 w/v% 
citrate, 2.20 w/v% glucose) (Terumo, Tokyo, Japan), (2) EDTA powder (contained in Venoject II; 
Terumo), and (3) heparin-coated films (contained in Venoject II; Terumo). The whole-blood samples 
were gently mixed by repeated gentle agitation and then stored at 22–25 °C for up to 24 h. The whole-
blood samples were then centrifuged at 472× g for 10 min. (1st soft spin) using a centrifuge equipped 
with swing rotor (KS-5000; Kubota, Tokyo, Japan) at 22–25 °C and the upper plasma fractions were 
again centrifuged at 984× g for 5 min. (2nd hard spin) while using a centrifuge that was equipped 
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with an angle rotor (Sigma 1-14; Sigma Laborzentrifugen GmbH, Osterode am Harz, Germany) at 
22–25°C The platelet pellets were gently resuspended in 250 μL supernatant acellular plasma and 50 
μL platelet suspension, i.e., pure-PRP, were used to determine blood cell counts. The remaining was 
stored at −80 °C until use for ELISA. 

For FCM analysis (see below), the platelet pellets were suspended in phosphate buffer saline 
(PBS) containing 0.1% bovine serum albumin (BSA) to obtain a 40–60 × 104 platelets/μL solution. 
Notably, a single operator prepared all of the PRP samples. 

The ethics committee for human participants at the Niigata University School of Medicine 
approved the study design and consent forms for all procedures (Niigata, Japan, project code: 2297, 
approved on 14 October 2015) and complied with the Helsinki Declaration of 1964, as revised in 2013. 
We have got the written informed consent from the patient. 

2.2. Determination of Cell Counts and Platelet Size 

Platelet, white (WBC), and red blood cell (RBC) counts in whole-blood samples and PRP 
preparations were determined while using a pocH 100iV automated hematology analyzer (Sysmex, 
Kobe, Japan). In the case of ACD-A-anticoagulated samples, which were diluted by ACD-A, 
individual cell counts were compensated by the dilution factor (1.2). Platelet size parameters, such as 
platelet distribution width (PDW), mean platelet volume (MPV), and platelet-large cell ratio (P-LCR), 
were simultaneously determined. 

2.3. Flow-cytometric Analysis of Surface Antigens (CD41, CD62P) 

In a previous study [27], we found that 24-h storage of ACD-A-anticoagulated whole blood 
samples did not significantly reduce the quality of platelet-rich fibrin. Thus, we stored the whole-
blood samples for up to 24 h with appropriate agitation to compare the effects of EDTA with those 
of ACD-A. As described previously [10,28], platelet suspensions were prepared and treated with 
CaCl2 (0.1% at the final concentration) in polypropylene sample tubes for 10 min. After incubation, 
the platelets were fixed with ThromboFix (Beckman-Coulter, Brea, CA, USA) for 30 min. The platelets 
were then washed with PBS and simultaneously probed with phycoerythrin-conjugated mouse 
monoclonal anti-CD41 and fluorescein isothiocyanate-conjugated anti-CD62P antibodies (5 μL per 
100 μL sample) (BioLegend, San Diego, CA, USA) for 50 min. at room temperature. Mouse IgG1 
(BioLegend) was employed for isotype controls. After washing twice with PBS, the platelets were 
analyzed on an FCM (Cell Lab Quanta SC; Beckman-Coulter Inc., Brea, CA, USA). Data were 
analyzed while using the FlowJo software (FlowJo LLC, Ashland, OR, USA). 

2.4. Flow-cytometric Analysis of Intra-Platelet Free Ca2+ Concentrations 

As described above, 100 μL platelet suspensions were prepared from whole-blood samples that 
were stored with gentle agitation for 24 h at room temperature and in 0.1% BSA-containing PBS. 
Platelet suspensions were then treated with 5 μg/mL Fluo4-AM (Dojin, Kumamoto, Japan) [29] for 30 
min. and directly subjected to flow-cytometric analysis [30,31] at 488 nm/535 nm 
(excitation/emission). 

2.5. Determination of PDGF-BB Levels by ELISA 

Pure PRP preparations were prepared from whole-blood samples stored for 24 h and then stored 
at −80 °C until use. After thawing and diluting the samples with PBS, PDGF-BB concentrations were 
determined while using human PDGF-BB Quantikine ELISA kits (R&D Systems Inc., Minneapolis, 
MN, USA) [7]. We did not activate platelets before freezing in this study; however, we preliminarily 
conformed that the freeze-thawing process could release growth factor stored in platelets. With 
respect to the dilution of the samples, the PDGF-BB levels in whole-blood samples were diluted by 
1.2-fold only in the case of ACD-A. Furthermore, the pure-PRP samples that were prepared from the 
anticoagulated blood samples were diluted by a factor of 50 with PBS. 



Biomedicines 2020, 8, 42 4 of 14 

2.6. Statistical Analysis 

The data are expressed as the mean ± standard deviation (SD) (Figures 1 and 2) or by box plots 
(Figures. 3–7). For multigroup comparisons, statistical analyses were conducted to compare the mean 
values by one-way analysis of variance (ANOVA), followed by Tukey’s multiple-comparison test 
(SigmaPlot 12.5; Systat Software, Inc., San Jose, CA, USA). Differences with p values of < 0.05 were 
considered to be statistically significant. 

3. Results 

Figure 1 shows the time-course effects of anticoagulants on platelet, WBC, and RBC counts in 
whole-blood samples. Heparin induces platelet aggregation and adhesion to WBC; hence, platelet 
counts cannot necessarily be accurately determined by the automated hematology analyzer. 
However, we presented these data as reference for comparison. As predicted, heparin- 
anticoagulation treatments significantly reduced platelet counts when compared to other 
anticoagulant treatments at the same time points from 1 to 24 h. However, the WBC counts 
significantly reduced only at 24 h after heparin-anticoagulation treatments when compared to ACD-
A-anticoagulation treatments. In contrast, no significant differences were observed in RBC counts 
among the groups. 

 
Figure 1. Time-course effects of anticoagulants on platelet and white and red blood cell counts in 
whole-blood samples. Whole-blood samples were stored following mild mixing at room temperature 
for up to 24 h. (a) Platelet counts: heparin-anticoagulation treatments significantly (p < 0.05, vs. A-
form of acid-citrate-dextrose (ACD-A) and EDTA) reduced platelet counts (vs. other anticoagulation 
treatments) at the same time points from 1 to 24 h. (b) White blood cell counts: heparin-
anticoagulation treatments significantly reduced white blood cell counts only at 24 h (vs. ACD-A-
anticoagulation treatments). (c) Red blood cell counts: no significant differences were observed 
among the groups. n = 15. 
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Figure 2 shows the time-course effects of anticoagulants on platelet size (PDW, MPV, and P-
LCR) in whole-blood samples. EDTA- and heparin-anticoagulation treatments significantly increased 
the platelet distribution width when compared to the ACD-A-anticoagulation treatments at the same 
time points from 1 to 24 h, among all of the parameters studied. 

 
Figure 2. Time-course effects of anticoagulants on platelet size (platelet distribution width, mean 
platelet volume and platelet-large cell ratio) in whole-blood samples. Whole-blood samples were 
stored following mild mixing at room temperature for up to 24 h. (a) platelet distribution width. (b) 
Mean platelet volume. (c) platelet–large cell ratio. In all the parameters, EDTA and heparin 
anticoagulation treatments significantly increased platelet distribution width (vs. ACD-A 
anticoagulation treatments) at the same time points from 1 to 24 h. n = 15. 

Figure 3 shows the platelet, WBC, and RBC counts in pure PRP preparations. EDTA- 
anticoagulation treatments yielded the highest counts of platelets. WBCs were not contaminated in 
all of the pure-PRP samples, and a significant difference in the WBC counts was observed between 
ACD-A and heparin-anticoagulated samples. Additionally, RBCs were not contaminated; however, 
EDTA–anticoagulation treatments increased RBC counts the most. 
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Figure 3. Counts of platelets, white blood cells, and red blood cells in pure-platelet-rich plasma (PRP) 
preparations. Pure-PRP samples were prepared from whole-blood samples stored for 24 h. (a) Platelet 
counts. (b) White blood counts. (c) Red blood cell counts. n = 15. 

Figure 4 shows the effects of anticoagulants on platelet size in pure-PRP. The representative 
platelet histograms show that heparin-anticoagulation treatments increased the number of large 
platelets. A comparison of PDW, MPV, and P-LCR among different anticoagulated samples revealed 
that they were increased in EDTA- and heparin-anticoagulated samples when compared to 
anticoagulant-free and ACD-A-anticoagulated whole-blood samples. 
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Figure 4. Effects of anticoagulants on platelet size in pure-PRP. Pure-PRP samples were prepared 
from whole-blood samples stored for 24 h. (a–c) Representative platelet histograms. (d–f) Parameters 
of platelet size. n = 15. An arrow in panel c represents platelet detected as “large platelet”. 

Figure 5 shows the effects of anticoagulants and CaCl2 stimulation on CD62P expression on 
platelets. The representative histograms of CD62P+ platelets (Figure 5a) reveal that both EDTA- and 
heparin-anticoagulation treatments increased the CD62P+ platelet count in non-stimulated control 
platelets. CaCl2 stimulation also increased CD62P+ platelet counts (vs. control) in all of the groups. 
However, EDTA and heparin seemed to reduce CaCl2 effectiveness (Figure 5b and c). CaCl2 
stimulation significantly increased CD41+, CD62P+ platelet counts in ACD-A- and EDTA-
anticoagulated samples, but not in heparin-anticoagulated samples. However, the increase was much 
higher in the ACD-A-anticoagulated samples than in the EDTA-anticoagulated samples. Thus, EDTA 
and heparin both increased the basal (i.e., control) levels of CD62P+ platelets, but reduced the CaCl2-
induced increase in CD62P+ platelet levels. 
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Figure 5. Effects of anticoagulants and CaCl2 stimulation on CD62P expression in platelets. Pure-PRP 
samples were prepared from whole-blood samples stored for 24 h. Platelet suspensions in 0.1% BSA-
supplemented PBS were stimulated with 0.1% CaCl2 and fixed platelets were subjected to flow-
cytometrical analysis. (a) Representative histograms of CD62P+ platelets. (b) Percentages of CD41+, 
CD62P+ platelets. (c) CaCl2-induced increases in the double positive platelets. n = 14. 

Figure 6 shows the effects of anticoagulants on intra-platelet free Ca2+ concentrations, which is 
thought to influence platelet activity and functions [32]. The representative histograms of Fluo4+ 
platelets reveal that the overall fluorescence intensity in EDTA-anticoagulated samples was 
somewhat lower than that in the ACD-A-anticoagulated samples. Moreover, the fluorescence 
intensity in the heparin-anticoagulated samples was the highest. The quantification of median values 
confirmed this order (heparin >> ACD-A > EDTA) (Figure 6b). The Fluo4+ platelet percentage was 
lower in EDTA- and heparin-anticoagulated samples than that in ACD-A-anticoagulated samples; 
however, the difference was not significant. 
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Figure 6. Effects of anticoagulants on intra-platelet free Ca2+ concentration. Pure-PRP samples were 
prepared from whole-blood samples stored for 24 h. (a) Representative histograms of Fluo4+ platelets. 
(b) Median fluorescence intensities of platelets. (c) Percentages of Fluo4+ cells. n = 6. 

Figure 7 presents the effects of anticoagulants on PDGF-BB concentrations in pure-PRP samples, 
the values of which were corrected by the dilution factor. No significant difference in the PDGF-BB 
concentration was observed in various anticoagulated samples (Figure 7a); however, the platelet 
counts were the highest in EDTA-anticoagulated samples (Figure 3a). Based on these data, PDGF-BB 
concentration in pure-PRPs were calculated per unit platelet count (107 platelets). PDGF-BB 
concentrations were the highest in these samples due to apparent low platelet count in heparin-
anticoagulated samples, as shown in Figure 7b. 

 
Figure 7. Effects of anticoagulants on Platelet-derived growth factor-BB (PDGF-BB) concentration in 
pure-PRP samples. Pure-PRP samples were prepared from whole-blood samples stored for 24 h and 
stored at −80 °C until ELISA. (a) PDGF-BB concentration and (b) PDGF-BB levels in 107 platelets. n = 15. 
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4. Discussion 

This study examined the effects of three anticoagulants, ACD-A, EDTA, and heparin, on pure-
PRP quality, i.e., platelet and growth factor contents. To date, it has been generally accepted that 
citrate-based anticoagulants, such as citrate and ACD-A, are suitable for preparation of PRP in 
regenerative therapy. However, the biomedical basis for this choice is mainly based on accumulated 
evidence in transfusion [24]. 

To the best of our knowledge, the reason for EDTA exclusion in PRP preparations has not clearly 
been explained previously. As described or demonstrated in previous studies [23,33–35], we have 
confirmed that EDTA significantly swelled and activated the platelets. Moreover, EDTA is more 
efficient than ACD-A (or citrate) for inhibiting platelet aggregation and subsequent platelet collection 
in PRP. The preparation of well-suspended and homogenous PRP is much easier with EDTA than 
with other anticoagulants, which should be considered to be an advantage of EDTA use over other 
anticoagulants. Thus, it is not clear whether these effects are sufficient for excluding EDTA use. We 
speculate that perhaps the conventional protocol for PRP preparation using citrate-based 
anticoagulants has been followed in the field of regenerative therapy for two major reasons: one is 
that this protocol has been widely and continuously used as a standard method for laboratory 
investigation for testing platelet aggregation and surgical procedures utilizing “fibrin glue”. The 
additional reason might be overconcern of EDTA’s cytotoxicity. 

In our hypothesis, EDTA has been repeatedly claimed to be inappropriate for PRP preparation, 
as EDTA might functionally disrupt platelets by chelating Ca2+ involved in many functions [32], and 
their growth factors may be lost or reduced from PRP prepared from EDTA-anticoagulated whole-
blood samples. As predicted, platelet functions were suppressed to some extent; however, their 
growth factors seemed to be more preserved than predicted. Accumulated data from in-vitro studies 
indicate that the efficacy of PRP that is used in regenerative medicine is mostly dependent on the 
release and quality of growth factors [5,6,33,36]. Most clinicians and researchers widely accept this 
concept. However, it can also be considered that the quantity and quality of growth factors are strictly 
related to those of platelets contained in PRP preparations. Based on this concept, we have developed 
simple methods for point-of-care testing and claimed their importance to assure PRP quality and 
improve the predictability of PRP therapy [8,12,37]. In any case, assuming that PRP clinical potency 
is eventually dependent on the PRP function as a carrier of growth factors, these findings suggest 
that EDTA might be used in PRP preparation. 

As for the negative effects of EDTA, it has often been demonstrated that EDTA suppresses the 
regenerative activity of cells that are involved in tissue regeneration, e.g., stromal cells [22,33]. 
However, these findings were obtained in vitro, where the culture system is closed and the exchange 
of nutrients and waste is limited. Thus, EDTA might influence stromal or some other cell types in this 
closed environment. In contrast, EDTA must diffuse away or bind to calcium-containing components, 
such as hydroxyapatite in skeletal tissue, and blood is continuously circulated. Thus, it can be 
reasoned that EDTA does not remain at the implantation sites long enough in its free form to hamper 
the activity of surrounding cells. Only a few publications have suggested possible clinical 
applicability of EDTA-anticoagulated PRP preparations based on the results of preclinical animal or 
clinical studies. Tajima et al. demonstrated that EDTA-anticoagulated PRP preparations, in 
combination with adipose-derived stem cells, stimulate bone regeneration without apparent adverse 
effects [38]. 

Usually, PRP is prepared on-site, as needed for regenerative therapy. Thus, as a standard 
protocol of preparation, PRP should be derived from autologous blood and directly used without 
freezing or other processing that disrupts blood cells. However, it is not necessary to maintain 
platelets as living cells in PRP if PRP is used as a source of growth factors that are involved in tissue 
regeneration. If PRP, especially leukocyte-rich PRP, is also expected to kill bacteria and debride their 
debris, it might be required that leukocytes be maintained in PRP, as they are in our body. In this 
study, we confirmed that, even though their activity was suppressed to some extent, platelets were 
alive and maintained their functions in EDTA-prepared PRP. Since large-sized leukocyte types, 
which have a relatively short life in vitro [39], were countable in EDTA-anticoagulated stored whole-
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blood samples, we speculate that leukocytes remain alive and functional in PRP. However, the effects 
on leukocytes should be investigated in detail in later studies. 

The limitations of this study should be noted. To date, a question as to which anticoagulants are 
suitable for PRP preparation in regenerative therapy has often been addressed [35,40,41]. These studies 
performed no animal studies to obtain evidence strongly supporting the choice of EDTA, although it is 
commonly concluded that EDTA is superior to other anticoagulants in yielding nonaggregate platelets. 
In this study, we did not, either, but we demonstrated that platelets are not severely damaged 
functionally after 24-h incubation. Nevertheless, to date, EDTA has not been recommended for use in 
PRP preparation for regenerative therapy [23]. The trend seems to be changing in PRP preparation 
protocols from “anticoagulant-dependent” to “no additives” for higher safety. However, it is not too 
late to reevaluate the choice of EDTA for the preparation of high-quality PRP. 

Finally, we would like to provide a supplementary explanation regarding “PRP quality”. The term 
“quality” was introduced from the manufacturing perspective on the basis of the concept that cells used 
for regenerative therapy are biomedical products, i.e., biomedicines. In the case of most advanced cell 
medicinal products, such as mesenchymal stem cells, quality is generally defined by safety and efficacy, 
which are further classified into sterility, purity, identity, potency, and stability [9,42]. In particular, 
purity is considered to be the most important parameter because of the possibility of pluripotent 
nucleated cells giving rise to tumorigenesis. However, because of their cell contents, the possibility of 
this occurring with PRP is unlikely and, therefore, less attention has been paid to quality assurance. 
Instead, we have persistently stressed the necessity for the quality inspection of individual PRP samples 
for other possible parameters, such as growth factor retention and quality and quantity of platelets, 
prior to clinical use, to ensure and standardize PRP quality [8,9,12,37]. At minimum, all of the product 
inspections should be conducted immediately after application to “normalize” the clinical outcomes 
and thus make randomized clinical trial results more convincing. From a similar point of view, Milants 
et al. concurrently proposed novel classifications of PRP on the basis of blood cell content and activation 
status [43]. However, the current situation is not yet conducive for the establishment of a standard PRP 
therapy with predictable results. Standardization at the level of setting a preparation protocol, the 
necessity of which has been increasingly proposed, cannot fundamentally solve the problem of less-
predictable clinical outcomes due to their quality variations. 

5. Conclusions 

The anticoagulant that is used for PRP preparation needs to be carefully selected to avoid platelet 
aggregation or damage. In this study, we demonstrated that ACD-A preserved platelet morphology 
(size) and functionality (activation and growth factor retention) better than other anticoagulants that 
are used for PRP preparation. As ACD-A has a lower chelating ability compared with EDTA [44] and 
has no detectable adverse effects on platelets, leukocytes, or other cells involved in tissue 
regeneration, it is a good choice for use as an anticoagulant. Heparin is inappropriate for PRP 
preparation and therapy due to the difficulties that are inherent in quality control and retrieval of 
coagulation activity. Historically, EDTA has also been considered to be inappropriate for PRP 
preparation. However, we found that EDTA can simplify the preparation of well-suspended PRP and 
preserve PDGF-BB levels to a similar extent as ACD-A. Therefore, if EDTA doses served by PRP 
preparations are maintained at sub-toxic topical levels at implantation sites, these in-vitro data 
suggest that EDTA should be reconsidered as a promising alternative to citrate-based anticoagulants 
for PRP preparation. 

Author Contributions: Conceptualization, H.A. and T.K.; methodology, T.K.; validation, T.T. and K.N.; formal 
analysis, H.M.; investigation, H.A., H.K., A.S., and M.N.; data curation, K.I and T.W.; writing—original draft 
preparation, H.A., T.T. and T.K.; writing—review and editing, T.K.; visualization, T.T.; supervision, K.N.; project 
administration, T.W.; funding acquisition, T.K. All authors have read and agreed to the published version of the 
manuscript. 

Funding: This research was funded by JSPS KAKENHI (Grant Number 18K09595). 



Biomedicines 2020, 8, 42 12 of 14 

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design of the 
study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to 
publish the results. 

Abbreviations 

PRP platelet-rich fibrin 
PRF 
RCT 

platelet-rich fibrin 
randomized controlled trial 

WBC white blood cell 
RBC red blood cells 
PDW platelet distribution width 
MPV mean platelet volume 
P-LCR platelet-large cell ratio 
ACD-A A-formula of acid-citrate-dextrose 
EDTA ethylenediaminetetraacetic acid 
FCM flow-cytometer 
BSA bovine serum albumin 
PDGF-BB platelet-derived growth factor-BB 
PBS phosphate buffered saline 
AM acetoxy methyl 
CD cluster of differentiation 
IgG immunoglobulin G 
ELISA enzyme-Linked Immuno-Sorbent assay 
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Abstract: Knee osteoarthritis (OA) is one of the most prevalent disorders in elderly population. 

Among various therapeutic alternatives, we employed stromal vascular fraction (SVF), a 

heterogeneous cell population, to regenerate damaged knee cartilage. OA patients were classified 

on the basis of age, gender, body mass index (BMI), and x-ray-derived Kellgren–Lawrence (KL) 

grade. They were treated with SVF and followed-up for 24 months. Visual analogue scale (VAS) 

and Western Ontario and McMaster Universities Osteoarthritis (WOMAC) Index were used to 

determine treatment efficacy. Cartilage healing was assessed using the MRI-based Outerbridge 

score (OS) and evaluation of bone marrow edema (BME) lesions, while a placebo group was used 

as a control. Time- and KL-dependent changes were also monitored. We observed a decreasing 

trend in VAS score and WOMAC index in the SVF-treated group up to 24 months, as compared 

with the placebo group. Besides, a significant increase and decrease in Lysholm and OS, 

respectively, were observed in the treatment group. Compared with the values before treatment, 

the greatly reduced WOMAC scores of KL3 than KL2 groups at 24 months, indicate more 

improvement in the KL3 group. Highly decreased BME in the treated group was also noted. In 

conclusion, the SVF therapy is effective in the recovery of OA patients of KL3 grade in 24 months. 

Keywords: knee osteoarthritis (OA); KL grade; stromal vascular fraction (SVF); MRI; WOMAC; 

VAS; OS; BME 

 

1. Introduction 

Knee osteoarthritis (OA) is one of the most common progressive joint disorders, especially 

among elderly population in the United States and other developed countries [1–3]. Cartilage 

devolution, stiffness, loss of joint function, bone loss/rearrangement, and pain are primary 



Cells 2019, 8, 308 2 of 16 

2 
 

characteristics of OA [4,5]. In the clinics, OA patients are categorized on the basis of their Kellgren–

Lawrence (KL) grades (1 to 4), whose range of symptomatic characteristics includes the narrowing of 

the joint space to definite deformity of bone ends [6]. Multiple risk factors for OA include age, gender, 

inflammation, genetics, mechanical wear and tear during exercise, sports, or any other stressful 

activity [7–10]. There is wide perception that obesity and increase in life expectancy are major causes 

of the increase in OA in the last decades; however, a recent study carried out by Wallace et al. suggests 

that life longevity and body mass index (BMI) are not the only factors for the increase in OA, and 

extensive research is needed to determine other factors associated with OA increase [11]. The self-

renewal ability of chondrocytes is significantly lost in aged persons (>60 years), and this severely 

affects cartilage structure and maintainance [12]. Moreover, it has also been established that the 

secretion of proteolytic enzymes such as aggrecanases and metalloproteinases further degrades the 

damaged cartilage [13,14]. OA-related pain is treated by non-pharmacological approaches such as 

physical therapy, yoga, land- and water-based exercise, tai chi, and weight loss [15–20], as well as 

with pharmacological agents such as nonsteroidal anti-inflammatory drugs (NSAIDs) [21,22], 

chondroprotective compounds, calcium, opioids [23,24], and hormones [25]. Hyaluronic acid (HA) is 

intra-articularly administered to restore the viscoelastic properties of injured cartilage [26,27]. 

Surgical treatments including arthroscopy, microfracture, subchondral drilling, and abrasion 

arthroplasty are used to treat late-stage OA; however, the limitations of these procedures include the 

formation of fibrocartilage, which has less ability to absorb shock, thereby compromising the 

functional characteristics of the native cartilage tissues [25]. 

An alternative surgical technique, the autologous chondrocyte implantation (ACI), has been 

recently used to overcome the limitations associated with the previously mentioned surgical 

techniques. ACI is a common surgical intervention to promote healing of cartilage injuries in OA 

[28,29]. However, the effectiveness of ACI is restricted because of the limited availability of 

chondrocytes and the compatibility between implanted chondrocytes and host site [30]. Cell-based 

regenerative therapies along with biomaterials, especially stem cells and hydrogels, are emerging 

and promising procedures to counter OA. Bone marrow-derived stem cells (BM-MSCs), peripheral 

blood-derived stem cells, adipose-derived stem cells (ADSCs), and synovial fluid-derived stem cells 

have been studied in the presence or absence of biomaterials [31]. The paracrine effects of stem cells 

have been widely associated with regeneration and repair activities [32]. The adipose tissue is 

considered a rich and preferable source of stem cells due to the feasibility of harvesting tissue and 

isolating stem cells.  

Stromal vascular fraction (SVF) is a heterogeneous population of various immune, precursor, 

progenitor, and stem cells. SVF is considered to be as equal as or sometimes more effective than 

ADSCs; therefore, it provides other functional advantages, such as structural support, over ADSCs 

[33–36]. However, SVF is immunologically restricted because of the presence of various cells and only 

fit for autologous treatment [37], whereas, ADSCs are multipotent cells that can differentiate into 

chondrocytes, with capability of self-renewal, high plasticity, and immunomodulatory and anti-

inflammatory properties [38,39]. SVF has been widely studied as an alternative therapeutic agent to 

treat sclerosis, myocardial and bone-related disorders, blood vessel regeneration, and pulmonary 

diseases [40–42]. Recent works have also been extensively focused on evaluating SVF potential in 

orthopedic ailments [41,42]. Various clinical studies combining SVF with  plasma-rich protein (PRP) , 

hyaluronic acid (HA), ceramic and fibrin glue were carried out to assess the potential of SVF in the 

treatment of OA [43–45]. Considering the therapeutic significance of SVF, this study was carried out 

to assess the therapeutic efficacy of SVF in OA treatment through the regeneration of articular 

cartilage. During our study, we specifically investigated time- and KL grade-dependent changes up 

to 24 months. 

2. Materials and Methods 

2.1. Study Design and Participants 
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This study was an open-label, single-center, non-randomized, placebo-controlled, phase I/II 

clinical trial to evaluate the improvement in knee pain and knee function, as well as cartilage 

restoration. The 33 patients enrolled in the study were deliberately allocated to two groups, which 

were designated arthroscopic microfracture treatment only and arthroscopic microfracture treatment 

combined with SVF injection. Observation and follow-up data were recorded after 12 and 24 months. 

The eligibility criteria included: osteoarthritic knee joint with KL grades 2–3 and age >38 years. 

Patients meeting the following criteria were excluded: autoimmune or inflammatory disease, 

infection requiring parenteral administration of antibiotics, serious internal disorders, corticosteroids 

or viscosupplements injection into the affected knee within the past 3 months, and stiffness due to 

previous severe injury. The protocol was approved by the Viet Nam Ministry of Health (No. 

2288/QDBYT) and the Ethical Committee in Biomedical Research of Van Hanh General Hospital (No. 

90-084/QD-BVVH). Patients participating in this research provided an informed consent, in 

accordance with the Declaration of Helsinki. 

2.2. Fat Tissue Harvest and SVF Isolation 

Lipoaspirates were harvested from patients’ lower abdomen by a standard liposuction 

technique. Briefly, through incision, a solution of tumescent lidocain, 250 mL of normal saline, 0.9% 

and 0.2 mL of 1:1000 epinephrine was injected in the subcutaneous fat. Thereafter, 50–100 mL of 

lipoaspirate was collected through Triport Harvester Cannula (Tulip Medical Product, CA 92117 

USA), and a 60 mL Luer-lock syringe. The SVF from the lipoaspirate was isolated by means of 

collagenase digestion (Collagenase NB 6 GMP Grade, Nordmark Biochemicals, Ho Chi Minh City, 

Vietnam) and the ADSC Extraction Kit (Geneworld Co. Ltd., Ho Chi Minh City, Vietnam) approved 

by the Viet Nam Ministry of Health. The SVF was then washed thrice with sterile PBS to remove 

collagenase. Finally, the SVF was diluted with normal saline 0.9% to obtain 6 mL of solution 

containing 90–120 million cells to administer in each knee joint. 

2.3. Arthroscopy Microfracture Procedure 

Spinal anesthesia for knee arthroscopy was done by using 2 mL (5 mg/mL) bupivacaine 

hydrochloride. The debris, crystal, and synovitis were removed, and microfracture holes were placed 

3–4 mm apart by the arthroscopy microfracture technique, as described by Steadman et al [46]. After 

arthroscopy, the knee joint was drained for 6 hours, and the drainage tube was withdrawn before the 

injection of the SVF. The rehabilitation period of the patients under the guidance of a physician 

included three time points. In the first 6 weeks, walking with crutches, partial weight bearing, and 

passive motion of the joint up to 90° were allowed. During 6–12 weeks, normal walking in 

combination with the use of a knee protector and quadriceps and hamstring training were performed. 

After 12 weeks, balance and core training with unlimited knee joint movement was administered. 

2.4. Follow-Up and Evaluation 

Patients were monitored in the hospital for one week post-arthroscopy. After this, patients were 

followed for 24 months. Clinical manifestations such as pain, stiffness, and functional mobility were 

substantially recorded. Western Ontario and McMaster Universities Arthritis Index (WOMAC) [47], 

Lysholm [48], and visual analogue scale (VAS) scores were assessed before treatment and at 12 and 

24 months after surgery. Magnetic resonance imaging (MRI) was performed before treatment and at 

12 and 24 months after treatment. Specifically, the MRI analysis was performed to assess the extent 

of cartilage damage according to the Modified Outerbridge Classification [49]. 

2.5. Statistical Analysis 

The data are expressed as the mean ± SD. The comparisons between groups were performed by 

one-way analysis of variance (ANOVA) and t-test, using SPSS-22 (IBM, New York, NY, USA), and p 

values <0.05 were considered statistically significant. 
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3. Results 

3.1. Patient Characteristics 

The study was conducted from September 2014 to June 2017 at Van Hanh Hospital, Ho Chi Minh 

city, Vietnam. The overall schematic is illustrated in Figure 1, which shows that the OA patients were 

identified on the basis of their clinical and MRI scores, in addition to x-ray-dependent KL grades. 

 

Figure 1. The schematic of the study, which shows that the osteoarthritis (OA) patients were identified 

on the basis of their clinical and MRI scores, in addition to x-ray-dependent Kellgren–Lawrence (KL) 

grades. These pateints were further treated with stromal vascular fraction (SVF), and all the outcome 

scores were assessed after 12 and 24 months. 

Eighteen patients who satisfied the exclusive and inclusive criteria were selected to receive the 

treatment of SVF, a heterogeneous cell population containing mesenchymal progenitor/stem cells, 

preadipocytes, endothelial cells, pericytes, T cells, and M2 macrophages [50]. The demographic 

characteristics of the patients are shown in Table 1. 

Table 1. Population characteristics of the patients. BMI: Body mass index. 

Characteristics Placebo Group 
SVF-Treated 

Group 

Age 58.2 ± 5.70 59 ± 6.04 

Sex 

Male 

Female 

 

3 

12 

 

5 

13 

BMI 

Normal: Overweight: Obese 

 

9:5:3 

 

11:5:3 

KL grades 

KL2 

KL3 

 

5 

10 

 

4 

14 

The patients were classified on the basis of their age, gender, BMI, and KL grade (Table 1). In 

general, the two groups (SVF treatment and placebo) shared quite similar demographic 

characteristics. 

3.2. Changes in VAS and Western Ontario and WOMAC Index after SVF Treatment 

VAS is a reliable scale for the assessment of pain in osteoarthritic condition [51], whereas 

WOMAC includes a questionnaire about pain, stiffness, and inability of conducting activities in daily 
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life [52]. In both scales, the lower score represents a better functional status of the patient. The effects 

of the SVF treatment on the VAS and WOMAC scores of KL2 and KL3 patients are represented in 

Figure 2A,B, respectively. The results revealed that after 12 months, no significant difference was 

found between the VAS scores of the SVF treatment and placebo groups (5.1 ± 2.5 vs. 4.9 ± 2.4). 

However, both scores were significantly decreased compared to that before the SVF treatment (p < 

0.05). Further, as compared to the placebo group, a sharp decreasing trend in the VAS score of the 

treatment group was observed up to 24 months. The VAS score in the treated group continuously 

reduced after 12 and 24 months. Specifically, compared to the mean VAS score at 12 months, the score 

at 24 months was significantly reduced (5.1 ± 1.2 vs. 3.4 ± 1.8, p < 0.05). On the contrary, the score of 

the placebo group after 12 and 24 months increased from 4.9 ± 2 to 5.9 ± 2.47, but this difference was 

not significant. A similar trend was also observed for the WOMAC score in the placebo group, which 

was significantly decreased after 12 months of treatment (47.3 ± 17.1 vs. 28.6 ± 12.7, p < 0.05). However, 

a significant increase was observed thereafter at 24 months (36.5 ± 20.3 vs. 28.6 ± 12.7, p < 0.05). 

Meanwhile, the WOMAC score in the treated group decreased sharply after 12 months (44.7 ± 15.4 

vs. 16.4 ± 12.1, p < 0.05) and further declined significantly to 11.1 ± 11.9 at 24 months (11.1 ± 11.9 vs. 

16.4 ± 12.1, p < 0.05). Overall, at 24 months, both VAS and WOMAC scores in the placebo and 

treatment groups diminished compared with the scores before treatment. However, the decreasing 

trend in the treatment group was larger than in the placebo group, which is indicative of 

improvement after SVF therapy. 

3.3. Changes in Lysholm Score after SVF Treatment 

The Lysholm Knee Scale is another recommended measure of knee function [48]. As per 

Lysholm scale interpretation, a higher score represents better knee function. Before treatment, the 

Lysholm scores of the placebo and treatment groups showed a significant difference (64.1 ± 10.2, 52.8 

± 13.2; p < 0.05) (Figure 2C). The results showed that the score of the placebo group increased to 76.5 

± 12.4 after 12 months; thereafter, a notable decrease was recorded after 24 months (68.3 ± 15.0). 

However, the overall increase from the value before treatment to that at 24 months in the placebo 

group was found not to be significant (64.1 ± 10.2 vs. 68.3 ± 15.0). Similarly, the treatment group 

showed no statistically significant increase in Lysholm score after 24 months, compared to 12 months. 

However, compared to the value before treatment, this score was significantly increased at 24 months 

(52.8 ± 13.2 vs. 85.9 ± 9.9, p < 0.05), implying an improvement in knee function. 
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Figure 2. Assessment of clinical outcomes of OA patients treated with SVF at 12 and 24 months. (A) 

Visual analogue scale (VAS) score (B) Western Ontario and McMaster Universities Arthritis Index 

(WOMAC) index, and (C) Lysholm score of the SVF-treated group compared to the placebo group. 

3.4. MRI-Based Evaluation of Bone Edema and Cartilage Healing 

MRI results showed that after 24 months of treatment, bone marrow edema was decreased in 

both the placebo and the SVF treatment groups; however, the decrease in bone marrow edema in the 

SVF treatment group was larger (22 mm vs. 8 mm) than in the placebo group (20 mm vs. 12 mm) 

(Figure 3A). Similarly, the Outbridge score was decreased from 4 (at 0 months) to 3 (at 12 months) 

and 1 (at 24 months), implying a considerable improvement in cartilage generation in the SVF-treated 

group (Figure 3B). 

3.5. Cartilage Injury Evaluation by MRI-based Outerbridge Score 

The level of cartilage injury was measured by the Outerbridge score (OS) [53]. The OS of the 

study groups were recorded on the basis of MRI examination for assessment of cartilage lesions, 

particularly, depth of defect (Figure 3C) [54]. In the placebo group, the OS score increased slightly 

after 12 months (2.7 ± 1.3 vs. 2.9 ± 1.3), and this trend was maintained up to 24 months (3.2 ± 1.1). On 

the contrary, as compared to the values before treatment, the OS score in the treated group decreased 

after 12 and 24 months from 3.0 ± 0.8 to 2.7 ± 0.7 and 2.0 ± 0.7, respectively. The OS score pattern 

initially showed no significant difference between placebo and treatment groups (2.7 ± 1.3 vs. 3.0 ± 

0.8); however, after 24 months, a significant difference between the OS scores of the two groups could 

be observed (3.2 ± 1.1 vs. 2.0 ± 0.7; p < 0.05). Taken together, the OS score of the treated group clearly 

decreased, while that of the placebo group displayed nearly no change. 

3.6. Bone Marrow Edema (BME) 

BME-like lesions are also associated with the pathogenesis of osteoarthritis and are characterized 

by histologic abnormalities such as bone marrow necrosis and fibrosis, in addition to trabecular 

abnormalities [55]. Therefore, MRI was also used to assess BME before and after 12 and 24 months of 

treatment (Figure 3D). Before the sham treatment, the length of BME in the placebo group was 1.9 ± 

0.74 mm; an increase in BME length was observed at 12 and 24 months (2.0 ± 0.53 mm and 2.1 ± 0.64 

mm, respectively p < 0.05). Interestingly, compared to the placebo, the BME length before SVF 

treatment (2.4 ± 0.34 mm) was significantly larger than after 12 and 24 months of treatment (1.5 ± 0.5 

mm and 0.9 ± 0.73 mm, respectively (p < 0.05). On the whole, these results indicate a reduction in the 

formation of BME-like lesions after SVF treatment.  
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Figure 3. MRI analysis of OA knee-joints after SVF therapy. (A) Bone marrow edema (BME) and (B) 

(B) Cartilage healing and decrease in bone marrow edema (orange arrow) determined though the 

Outbridge score (OS) at 0, 12, and 24 month, respectively. (C) Cartilage injury evaluation by OS scores 

indicating the depth of defect in cartilage lesions before treatment and at 12 and 24 months after 

treatment in placebo and SVF-treated groups. (D) Length of BME lesions before and 12 and 24 months 

after treatment in placebo and treatment groups. 

3.7. Comparative Assessment of the VAS Score between KL2 and KL3 Groups 

The X-ray image-derived KL grading scale is a gold standard for determining the severity of 

OA, on the basis of which, the total OA patients were divided into KL2 and KL3 groups [6]. Further, 

we analyzed the relation between KL grading and VAS score in KL2 and KL3 treatment groups 

(Figure 4). Before treatment, the VAS score of the KL2 treatment group was 8.50 ± 1.92; it decreased 

to 4.50 ± 1 after 12 months. Notably, this score further decined to 3.00 ± 2 after 24 months of treatment, 

indicating a 57.2% decrease in the VAS score. Next, the effect of the placebo on VAS score of KL2 

group was assessed. We found no considerable reduction in the VAS score of the KL2 placebo group 

before and after 24 months of placebo administration. Similarly, a reduction in the VAS score of the 

KL3 group was also observed post-treatment. Before treatment, the VAS score was 8.36 ± 1.00 and 

was reduced after 12 and 24 months of treatment to 5.29 ± 1.27 and 3.57 ± 1.79, respectively. This 

reduction in the VAS score was 64.7% after 24 months compared to the value before treatment. Taken 

together, the improvement in the pain status of KL3-grade patients was better than for KL2-grade 

patients. 
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Figure 4. VAS scores of KL-grade 2 and 3 patients in SVF-treated OA groups at 12 and 24 months. 

After treatment, improvement was noted in patients with KL grade 2 and KL grade 3 (64.7% and 

57.2%). Δ: percentage of reduction in VAS score. 

3.8. Correlation between WOMAC Score and KL Grades to Determine Treatment Efficacy 

Similarly, after treatment of KL2- and KL3-grade patients, differences in the WOMAC scores 

between the two groups were observed (Figure 5). The WOMAC scores before treatment in KL2 and 

KL3 patients were 52.00 ± 18.26 and 42.64 ± 14.51, respectively. After 12 and 24 months of treatment, 

the WOMAC score of the KL2 treatment group revealed a decreasing pattern, being 24.25 ± 19.77 and 

18.25 ± 20.07, respectively. Similarly, the WOMAC score of the KL3 treatment group also dropped 

after 12 and 24 months of treatment to 18.21 ± 8.20 and 9.00 ± 8.46, respectively; however, this decline 

found to be not significant. Overall, compared with the value before treatment, at 24 months, the 

percentage of WOMAC score of the KL3 group was reduced with respect to that of the KL2 group 

(78.9% vs. 64.9%), indicating a greater extent of improvement in the KL3 group. 

 

Figure 5. WOMAC scores in KL-grade 2 and 3 patients after SVF therapy at 12 and 24 months. After 

treatment, the reduction of the WOMAC score in KL-grade 3 patients was comparatively greater than 

that observed in KL-grade 2 patients (78.9% vs. 68.9%). The WOMAC scores of KL-grade 2 and 3 

patients in the placebo group remained constant. Δ: percentage of reduction in WOMAC score. 
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3.9. Relative KL Grading and Lysholm Score between KL2 and KL3 OA Groups 

The impact of KL-OA grades on the Lysholm score is represented in Figure 6. Before treatment, 

the Lysholm score of the KL2 treatment group was 40.25 ± 11.18; it increased rapidly to 82 ± 9.38 after 

12 months of treatment. However, after 24 months, only a marginal increase in the Lysholm score in 

the KL 2-treated group to 86 ± 10.42 was observed, corresponding to a 33.6% increase compared to 

the value before treatment (40.25 ± 11.18 vs 86 ± 10.42). The Lysholm score of the KL3 treatment group 

followed almost a similar pattern as that of the KL2 group. The score before treatment was 56.4 ± 

11.66 and increased to 83.1 ± 8.52 after 12 months of treatment, showing an increase of 53.1%. 

However, a slight increase to 85.0 ± 10.19 after 24 months of treatment was observed. These data 

showed that the improvement of the KL3 group were greater than that the KL2 group. 

 

Figure 6. Lysholm scores of KL-grade 2 and 3 patients after SVF therapy at 12 and 24 months. After 

24 months of treatment. The increase of the Lysholm score in KL-grade 3 patients was comparatively 

greater than that in KL-grade 2 patients (33.6%. vs. 53.1%). Δ: percentage of improvement in lysholm 

score. 

3.10. Comparative Outerbridge Score (OS) between KL2 and KL3 Groups 

The comparative profile of cartilage injury, as measured by the OS score in KL2 and KL3 patients 

after treatment, is represented in Figure 7. No significant improvement was observed in the OS of the 

KL 2 placebo group up to 24 months of treatment when compared to the scores before treatment. 

Specifically, the OS of the KL2 treatment group before treatment was 3.25 ± 0.55; however, it 

decreased to 2.58 ± 0.70 after 12 months of treatment and further reduced to 2.0 ± 1.19 after 24 months. 

The net decrease in OS score after 24 months of treatment was 38.5%. In accordance with the OS score 

pattern of the KL2 treatment group, the OS score of the KL3 treated group also decreased after 12 and 

24 months of treatment to 2.8 ± 0.51 and 2.0 ± 0.61, respectively, compared to the value before 

treatment of 2.9 ± 0.51. The OS score of the KL3 placebo group showed a linear increase after 24 

months of treatment. In contrast to the WOMAC and VAS scores, OS showed no difference in 

improvement between KL2 and KL3 groups. 
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Figure 7. OS in SVF-treated and placebo groups of KL-grade 2 and 3 patients after at 12 and 24 months. 

After treatment, improvement was noted in KL-grade 2 and KL-grade 3 patients (38.5% and 31.7%). 

Δ: percentage of reduction in OS score. 

4. Discussion 

SVF contains a heterogeneous cell population of progenitor cells and ADSCs, which possess 

enhanced therapeutic potential against immune disorders, degenerative tissue pathologies, and other 

ischaemic conditions [37]. The complexity of knee OA related to pain, stiffness, muscle atrophy, and 

ligament damage has made its treatment difficult. Surgical procedures and drugs for controlling pain 

and inflammation have proven to be inadequate [56]. However, recent developments in regenerative 

therapy have provided the opportunity to address the bottlenecks associated with OA treatment. 

Similar to other MSCs, SVFs containing ADSCs are considered a better candidate at par with ADSCs 

and in some case better than pure ADSCs [35,36]. Therefore, this study assessed the efficacy of SVF 

treatment in OA therapy. In particular, the VAS, WOMAC, Lysholm, and MRI-based Outerbridge 

scores were evaluated to assess the improvement in OA status. VAS, WOMAC, and Lysholm score, 

closely represent the real-time status of OA; therefore, they are precise enough to evaluate the 

effectiveness of OA treatments [57]. The VAS score is directly measured through questionnaires [58]. 

The level of pain is established between two extreme points—no pain at all and worst pain imaginable 

[59]. This scale is simple, reliable, and valid to represent the level of pain [60]. As compared to the 

placebo group, a considerable reduction in the VAS score of the treatment group was observed after 

24 months of treatment, reflecting an improvement of pain. On the contrary, no significant difference 

between the VAS scores of SVF and placebo groups after 12 months of treatment was found when an 

arthroscopic procedure was conducted prior to SVF administration. During this process, the inflamed 

tissues in both the groups were removed, which might have suppressed the pain symptom even in 

the placebo group, compared to the pain level before treatment. In coherence to our study, the 

SVF/PRP treatment has also been reported to improve the VAS score of OA patients [58]. A recent 

clinical study approved by the Japanese Regenerative Medicine Safety Act has documented a 40% 

decrease in VAS score after SVF treatment [61]. Furthermore, our study demonstrated that the 

WOMAC score was considerably decreased after 24 months of SVF treatment. These decreases in 

VAS (Figure 2A) and WOMAC scores (Figure 2B) compared to placebo groups were significant, 

which indicates improvement in the painful condition of OA patients. Following the pattern of VAS 

and WOMAC scores, the Lysholm score was also employed to assess the improvement in quality of 

life and status of instability post-surgery and post-treatment. The current modified Lysholm score is 

based on eight features, including limp, support, locking, instability, pain, swelling, stair climbing, 

and squatting [62]. Lysholm is mainly based on the opinion of a patient assessing function and 

stability of treatment; an increased score indicates improved quality of life. Our study indicates a 
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significant effect of SVF on the Lysholm score in OA patients 24 months post-treatment as compared 

to the placebo group. This increase in Lysholm score is an indication of patient relief to therapy. This 

result is in accordance with previous studies carried out to assess the efficacy of SVF therapy in OA 

treatment. 

Further, the level of cartilage injury was assessed on the MRI-based OS score. An increase in OS 

score represents a loss of cartilage thickness. In this study, initially there was no significant difference 

between the OS scores of the treatment and placebo groups; however, a significant decrease in OS 

score was observed in the treatment group compared to the placebo group after 24 months of 

treatment (p < 0.05). These data establish the role of SVF in improving the BME score which is used 

as an indicator of knee OA progression and is characterized by increased accumulation of fluid [63]. 

A significant decrease in the BME score was observed in the SVF-treated group after 24 months of 

treatment with respect to the placebo which showed increased tendency. The comparison of the BME 

and OS scores of placebo and treatment groups at the end of 24 months of treatment indicated 

considerable improvements in the cartilage phenotype, particularly increased thickness.  

KL classification is a five-grade scaling system in which the radiographs of eight joints are used 

to grade knee OA [64]. In this study, KL2- and KL3-grade patients were included to assess the effect 

of SVF treatment on the OA grade. On the basis of the decrease in WOMAC score and the increase in 

Lysholm score and considering the static response of the placebo groups during the 24 months of this 

study, it can be inferred that the SVF treatment was more effective in KL3-grade patients than in KL2-

grade patients. The greater improvement of KL3-grade group patients might be attributed to the 

subjective assessment of the VAS score, WOMAC score, and Lysholm score, whereby patients with 

a severe condition tend to feel a greater improvement. In contrast, in the case of MRI scores (OS and 

BME scores) which are based on objective assessment, no differences between the two groups were 

witnessed. Inflammation plays a central role in pathogenesis of osteoarthritis and significantly 

contributes to joint pain [65]. Hence, the reduction of pain observed by us is likely to be related to the 

anti-inflammatory properties of SVF cells. As a corollary, it is also plausible that the better results 

obtained for KL3 patients, characterized by a higher level of inflammation before treatment compared 

to KL2 patients, depend on a better and more profitable exploitation of the anti-inflammatory activity 

of SVF. On the other hand, the degenerative properties of SVF will have the same effect on KL2 and 

KL3 patients.  

The claim of SVF potential in improving clinical scores of OA patients might be attributed to 

SVF, which is a mixture of ADSCs, endothelial precursor cells (EPCs), endothelial cells (ECs), 

macrophages, smooth muscle cells, lymphocytes, pericytes, and pre-adipocytes [37,66]. The 

improvements in the clinical scores might be attributed to immuno-modulator and anti-inflammatory 

effects of SVF cells, which can lead to tissue remodeling. SVF cells secrete immunosuppressive and 

anti-inflammatory molecules like IL-10, IL-1, receptor antagonist (IL-1ra), indoleamine 2,3-

dioxygenase, transforming growth factor (TGF)-β, and prostaglandin [67]. Further, the anti-fibrotic 

effect of ASDC might also play a role through the secretion of HGF or adrenomodullin, thereby 

reducing the fibrotic activity of overexpressed TGF-β1 and its target genes, such as collagen type I, 

type III, and α-SMA in OA knee [68–70].  

Besides these therapeutic activities, the regenerative ability of SVF may be due to ADSCs 

differentiation potential into chondrocytic and osteocytic cells lineages. EPCs may also induce 

angiogenesis by releasing growth factors such as vascular endothelial growth factor (VEGF) and 

insulin-like growth factor-1 (IGF-1) [71]. Macrophages and monocytes have been demonstrated to 

mediate the immune response through secretion of various cytokines [72]. These macrophages are 

modulated by T regulatory cells, which may possess immunosuppressive characteristics [73]. In a 

mouse model, the pericytes found in SVF were able to regenerate the muscle tissue [74], which 

indicates their therapeutic potential role in knee joint. Eventually, stromal cells can secrete 

extracellular matrix components which improve cellular adhesion, migration, cell–matrix 

interactions, and regeneration [75,76]. To our knowledge, this is the first study reporting time- and 

KL grade-dependent changes of intra-articularly transplanted SVF in osteoarthritic patients over a 

period of two years. The main limitation of this study is the small sample size. However, even a small 
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sample might have some valid scientific merit with cost effectiveness [77,78]: on the basis of it we 

have inferred SVF-mediated therapeutic clinical outcomes in this study. To overcome this limitation, 

this study will be extended to a larger population and conducted for a longer time. 

5. Conclusions 

On the basis of the improvements observed in treated patients during follow-up and the 

behavior of the placebo group, our study revealed a trend toward a better efficacy of SVF with the 

microfracture method for OA treatment over a period of two years. We also inferred that the SVF 

therapy is more effective in KL 3-grade OA patients compared with KL 2-grade OA patients. 
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Good morning, first of all on behalf of EA and myself Id like to thank Omer for inviting us to this specific yet interesting meeting



✓ Why the use of  Growth Factors 
             in joint  pathologies	

✓ Which PRP to use	

✓ How to use it

PRP and degenerative joint pathology

In this presentation 
I would like to discuss  3 questions. 
What benefits can we get from using PRP in a degenerative process such as the chondropathy ? Then,  the characteristics of the PRP that we use. And finally,  I’m going to show you our administration  protocols including the Intraosseus 
infiltrations 



INCREASING THE TOLERABLE 
PHYSIOLOGICAL  LOAD 

Degradation

EXTRACELLULAR MATRIX

Adaptation

Chondrocyte

p38 MAPK

NF/kβ

Metabolic activity

Mainly chondrocyte, MSCs, and CPCs  

- Inhibition of NF-kβ as stress-induced 
  response pathway.
- Suppressing IL-1B and TNFα induced 
  cartilage degradation.

ANTIINFLAMMATORY

CELL   PHENOTYPE   MODULATION

JOINT´S PAIN REDUCTION

- Hyaluronic acid secretion.
- Arresting of Type II collagen cleavage.

CHONDROPROTECTIVE

PRGF

CITED2CITED2

SDF-1

Anitua E, Sánchez  A new biological approach to orthopaedic surgery and 
sports medicine 2013.

Anitua E et al.  A biological therapy to osteoarthritis treatment using 
platelet-rich plasma. Expert Opin. Biol. Ther 2013, 13 (8)



Anitua E et al. Cell Proliferation 2009;42:162-70
Bendinelli P et al. J Cell Physiol 2010;225(3):757-66
Anitua E, Sánchez M, Orive G, et al. Biomaterials 2007;28:4551-4560
Anitua E et al. J Biomed Mater Res A 2006;77:285-293.

PRGF

Trophic Factors
IGF-1, EGF, PDGF, CTGF

Chemotaxis: MSCs and 
CPCs
SDF-1, VEGF, PDGF, IGF-1

Angiogénesis: +  -
VEGF, angiopoietin

Antiinflammatory
Antiapoptotic
HGF IGF-I y 2

OA and PRGF

This is part of the scientific rationale behind the application of PRGF on Cartilage injuries



Animal Experiments

Testing biosafety on a sheep model
Checking the cartilage regeneration

We also performed  experimental surgery on animals  We wanted  to asses whether we could improve the cartilage regeneration, using others 
ways of PRP administration. We also wanted to verify  the biosafety of the product  . .We saw that the treatment was safe without any 
complications or side-effects. We never observed any fibrosis nor synovitis. 



Animal Experiments

Anitua E, Sánchez. A new biological approach to orthopaedic surgery 
and sports medicine . Book 2013.

Then we injected the joint whith  PRP stained with methylene  blue We saw that, when we infiltrate it  in an intrarticular way,  the PRP coagulates into the joint covering all the synovial membrane 
and stimulating in this way directly the synoviocytes, modulating joint homeostasis.



Growth Factors

TGFB, FGFs, HGF, IGF, PDGF, VEGF, CTGF

Cytokines

IL-2, -3, -4, TNF, Interferon

Cell adhesion molecules

L-selectin, PECAM-1, MAC-1

Anitua E, Sánchez. A new biological approach to orthopaedic surgery 
and sports medicine . Book 2013.

Heparan Sulfate Domains of Fibrin 
Matrix

Chemokines

SDF-1, PF4

Fibrin Matrix biological functions



Sánchez M, Azofra J, Anitua E, Andía I, Padilla S, 
Santisteban J, Mújica I. Plasma rich in growth factors to 
treat an articular cartilage Avulsion: A Case Report. Med. 
Sci. Sports Exerc. 2003; 35(10): 1648-1652. 

PRP and OA clinical studies

Ten years ago, our group published  two important papers depicting the application of PRGF-assisted arthoscopic surgery of the knee. We were the first to report the successful application of PRGF-assisted regenerative techniques in the treatment of an articular cartilage avulsion in a 12-yr-old 
soccer player. With this biological engineering approach, new perspectives in knee surgery were opened (Sanchez et al 2003a). We reattached the fragment whith resorbable pins  as well as injecting PRP between the bone and cartilage whith and excellent outcome



Sanchez M, et al. 
Intra-articular 
injection of an 
autologous 
preparation rich in 
growth factors for the 
treatment of knee 
OA: a retrospective 
cohort study. Clin Exp 
Rheumatol 
2008;26(5):910-913. 

PRP and OA clinical studies

We also published in 2008 a retrospéctive cohort study comparing the intra-articular injections of hyaluronic acide with administration of an 
autologous preparation rich in growth factors for the treatment of knee OA 



Randomized Clinical Trial:  Level  I

PRP and OA clinical studies

!
In 2012 We carried out a multi-center randomized  clinical trial, Comparing PRGF® Endoret® that is a pure PRP with Hyaluronic Acid. We 
performed 3 intra-articular infiltrations on a weekly basis.



Randomized Clinical Trial:  
Level  I

PRP and OA clinical studies

Later other studys of level I have been published whith encouraging  results



✓ Why the use of  Growth Factors in joint  pathologies	

✓ Wich PRP to use	

✓ How to use it

PRP and degenerative joint pathology

The next question is which system to use:  Which are the characteristics of the ideal PRP for treatment of cartilage degeneration?



Plasma Rich In Growth Factors

Which system to use?

Platelet-Rich plasma, PRPs ?, 	

Platelet concentrate?, platelet gel?,	

PCCs, AGF, PG, PRF, ACP, PRGF....

Are we talking about the same biological 
product??

WE  CANNOT   TAKE   ORANGES   FOR  APPLES  IN   
THE   FIELD   OF   PRPs 

 There are more than 50 different systems on the market with different apearance, some of them red or yellow or orange. All of them under 
the umbrela of PRP
, but we should ask if we are talking about only one product, 
In our opinion the PRPs are different products.



Plasma Rich In Growth Factors (PRGF)

- We DON´T prepare platelet concentrates 
but platelet-enriched plasma. 	


!
- We DON´T include leukocytes in our 

preparation. 	

!
- We DON´T use bovine thrombine to   

coagulate.

We propose a PRP that does not concentrate a lot of platelets. And It has  NOT to contain leukocytes. 



Blood L-PRPPRGF-ENDORET

Not all PRPs are the same

Anitua E, Sánchez. A new biological approach to orthopaedic surgery 
and sports medicine . Book 2013.

Appearances may sometimes be very telling   but only when  human eyes can receive the support of technology (Electron microscopy)



✓ Why the use of  Growth Factors 
             in joint  pathologies	

✓ Which PRP to use	

✓ How to use it

PRP and degenerative joint pathology

Finally, we move to the most important part, in my opinion, of the subject. How should we admínister a PRP?  
Wich are the best aplication prótocoles??



PRP and osteochondral lesions

As we could see in the cheep model we attempt to get the same result by injecting the PRP directly where the MSC are. We treat osteochondral lesions by 
completely debrading the pathological tissue until we obtain a cancellous bone with a good aspect. We can do microfractures in the lesion. We then infiltrate 
liquid PRP into the bone.We use a specific instrument for this infiltration. We then infiltrate weekly for 3 weeks with intra-articular lnjention with 8 cc of PRP



PRP and osteochondral lesions

Sometimes we have to resort to osteochondral grafts in cases of big lesions such as in this case. This is a patient operated on some years ago 
of an osteochondral lesion performed an osteosynthesis with screws. Later, the patient presented a relapse of this osteochondral lesion as you 
can see here



PRP and osteochondral lesions

We debrided all the pathological tissue obtaining this bleeding bone. We infiltrated intraosseous liquid plasma and insert a fibrin clot in the 
defect. 



PRP and osteochondral lesions

Next, we carved an osteochondral graft from a fresh frozen allograft and placed it into the lesion site. We infiltrated liquid PRGF into the 
interface between the graft and the condyle, and this is the aspect following surgery



6 weeks

PRP and osteochondral lesions

At 6 weeks, we did a CT scan and you can see  the osteochondral allograft incorporation in the medial condyle only 6 weeks later.



PRP and osteochondral lesions

11/2011 04/2012 03/2013

we performed an arthro CT scan 16 months later to evaluate the thikness of the carti



We	  use	  the	  plasma	  also	  in	  a	  chondroprotec2ve	  way.	  This	  is	  the	  case	  of	  a	  51	  year	  old	  woman	  who,	  following	  a	  fall,	  suffered	  a	  complex	  fracture	  of	  the	  2bia



a multifragment  fracture of both tibia plateaus with a very poor prognosis and high risk of osteoarthritis



22-7-2008

PRP and osteochondral lesions

We operated on this patient on July 22, 2008. We performed an osteosynthesis with 2 plates and placed a fresh, frozen bone allograft with PRP 
leukocytes free.  This is the X ray control immediately after surgery. 



1-9-2008

PRP and osteochondral lesions

This is the x-ray  control, 6 weeks later, you can see the fast incorporation of the graft and the excellent  bone callus.



1-9-2008

PRP and osteochondral lesions

And here you can see her knee 6 weeks after surgery



53

2014 2014

2008 2008

PRP and osteochondral lesions

Since then we have to infiltrate 3 intraarticular injections of PRP every year in order to prevent or slow the osteoarthritis. Here you can see the X ray 6 years later, after removing the plates



2014

PRP and osteochondral lesions

and this is the appearance of her knee with this range of motion and good alignment of the axis. Actually, 6 years later,  she continues to 
climb mountains and skii



Hypothesis for the use of PRP in the treatment of OA

PRP infiltration in subchondral bone plus into the joint

We thought that thePRP  intraoseus administration could be usefull in the treatment of osteoarthritis. The infiltration into the subchondral bone could stimulate the prolioferation of MSC and the synthesis of differents proteins On the other hand 
the intrarticular infiltration increases the synthesis of hyaluronic acid and other growth factors. We also know the aintinflamatory effect of the PRP



Superficial zone   A

Transitional zone    B

Radial zone   C

Calcified cartilage   D

Collagen

WATER 
distribution

Tidemark

Cells

Signaling 
Molecules

CROSS-TALK

Subchondral bone

Mechanical forces

Hydrostatic pressure
Stretch constraints

Shear stress

Anitua E, Sánchez  A new biological approach to orthopaedic surgery and sports medicine 2013.

Anitua E et al.  A biological therapy to osteoarthritis treatment using platelet-rich plasma. Expert 
Opin. Biol. Ther 2013, 13 (8)



PRP and osteochondral lesions

In this slide you can see how after we  debraded de pathological tissu, we infiltrated the PRP percutaneusly from the medial side of the medial condile. You can see, once i have aspirated the saline, how the PRP gets to the joint and coagulates in 
the lesion. As you can see we injected it with a special tool used for the bone biopsies. It might have a mechanical effect as well as a biological effect. We are investigating if the injection in the subchondral bone increases the nombre of cells in 
the joint



IntraOsseus infiltration

The procedure takes place in the operating room1 Mark infiltration sites

2

3

4

5 6 7 8 9 10

11

12

13

14Prepare surgical siteLocal anaesthesiaDrain offIntraArticular infiltrationPositioning the trocar inside the tibia1st IntraOsseus InfiltrationPositioning trocar inside femoral condyle2nd IntraOsseus Infiltration

- We infiltrate under local anesthesia and sedation:
- First of all, we drain out the joint effusion and infiltrate 8 cc in an intraartiular way
- Then, we infiltrate 4 cc of prp into the tibial plateau under fluoroscopy control
- Finally we infiltrate 4 cc into the  condiyle
- Then, we make two more weekly intrarticular injections of 8 cc of PRP



PRP intraosseus indications:	

!
- Osteoarthritis III or IV grade in young patient or excluded 

for surgery	

!
- Necrosis of the condyle or tibia plateau	

!
- Osteochondral lesions

OUR PROTOCOL

Our protocol intraosseus infiltration is especially indicated for:
Osteoarthritis III or IV grade in young patient or excluded for surgery. Also we we infiltrate the PRP into the bone in cases of necrosis of the condile or tibial plateau, as well as in the during surgical treatment of osteochondral lessions.



Commitments to change (recommendations)

OA Patient

Diagnosis
X-Ray 

Ahlback Scale 
Kellgren Scale 

Mobility

Ahlbäck I-II Ahlbäck III-IV Ahlbäck V 

Classic treatment or 
PRP intraarticular

PRP 
intraosseus Surgery

Patients will be diagnosed of  osteoarthrits with a physical examination and  imaging techniques, scales such as Ahlbäck or Kellgren. Depending on a osteoartritis grade, different treatments will be applied: 
If the patient presents Albhac grade I or II we propose a classic treatment or intraarticular infiltrations of PRP
If it is grade III or IV, we apply one  intraosseus inflitration and two more intraarticular infiltrations.
If grade V, the patient undergoes a total knee arthroplastie



There is still a big confussion with the PRP terminology

The existing PRPs are different (quality & quantity) 

PRP is not a magic bullet

PRGF acts as a biological system where GFs  
and other proteins are members of a 	


molecular network

A Brief Discussion

There is still a big confusion with the PRP terminology 

!
!

PRP is not a magic bullet or silver bullet



FUTURE ?
??

Intuition is a great source of ideas but not of conclusions!
 (G. Williams)!

THANKS  FOR  YOUR  
PATIENCE AND ATTENTION 

It is impossible to know the future. We can only dream.....and work  





OUR PROTOCOL

Main Inclusion Criteria
- Patients of both sex aged 40 to 72	

- Internal tibiofemoral OA	

- Grade 3-4 according to Ahlbäck Scale	

- VAS > 2.5

Trial Flow

Diagnostic	

KOOS Scale

Intraosseus	

+             

Intraarticular	
!
(Week 1)

Intraarticular	
!
(Week 2)

Intraarticular	
!
(Week 3)

2M REV	

KOOS Scale	
!
(Month 2)

6M REV	

KOOS Scale	
!
(Month 6)

PRP intraosseus administration in knee OA	

Uncontrolled Clinical Trial (historic control) – Phase 2

Primary Variable
Clinical significant pain 
improvement (>10 points) 
according to KOOS Scale

We are currently conducting a clinical trial of PRP intraosseus infiltration in patients with osteoarthritis grade 3 and 4 according to Ahlbäck scale. We use as  a primary variable the clinical improvement of pain with KOOS scale. Three injections 

will be applied on a weekly basis. The first infiltration is a combination of intraosseus and intraarticular injection; the next two infiltrations will be intraarticular. 
Two revisions at 2 and 6 months will be performed.
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Introduction: This was a prospective case series designed to investigate treatment for anterior 

cruciate ligament (ACL) tears using an injection of autologous bone marrow concentrate.

Methods: Consecutive adult patients presenting to a private outpatient interventional musculo-

skeletal and pain practice with knee pain, ACL laxity on exam, and magnetic resonance imaging 

(MRI) evidence of a grade 1, 2, or 3 ACL tears with less than 1 cm retraction were eligible for 

this study. Eligible patients were treated with an intraligamentous injection of autologous bone 

marrow concentrate, using fluoroscopic guidance. Pre- and postprocedural sagittal MRI images of 

the ACLs were analyzed using ImageJ software to objectively quantify changes between pre- and 

posttreatment scans. Five different types of measurement of ACL pixel intensity were examined 

as a proxy for ligament integrity. In addition pain visual analog scale (VAS) and Lower Extremity 

Functional Scale (LEFS) values were recorded at baseline and at 1 month, 3 months, 6 months, 

and annually postinjection. Objective outcomes measured were pre- to post-MRI measurement 

changes, as analyzed by the ImageJ software. Subjective outcomes measured were changes in 

the VAS and LEFS, and a self-rated percentage improvement.

Results: Seven of ten patients showed improvement in at least four of five objective measures 

of ACL integrity in their postprocedure MRIs. In the entire study group, the mean gray value, 

median, raw integrated density, and modal gray value all decreased toward low-signal ACLs 

(P=0.01, P=0.02, P=0.002, and P=0.08), indications of improved ligament integrity. Seven of 

ten patients responded to the self-rated metrics follow up. The mean VAS change was a decrease 

of 1.7 (P=0.25), the mean LEFS change was an increase of 23.3 (P=0.03), and mean reported 

improvement was 86.7%.

Conclusion: Based on this small case series, autologous bone marrow concentrate shows 

promise in the treatment of grade 1, 2, and possibly grade 3 ACL tears without retraction. Further 

investigation using a controlled study design is warranted.

Keywords: anterior cruciate ligament injury, regenerative therapy, bone marrow concentrate, 

mesenchymal stem cells, knee instability

Introduction
The anterior cruciate ligament (ACL) is a commonly injured knee ligament in the 

United States population, and accordingly, there are more than 150,000 ACL surgical 

reconstruction procedures performed per year.1 The ACL can be torn completely, which 

has a clear natural history of resulting in long-term instability in 15%–66% of patients, 

or be partial torn, in which the natural history is less clear.2 A review by Pujol et al 

showed that partial ACL tears could have a favorable short- to medium-term outcome 

with nonoperative management if sports activity was limited. Surgical indications for 
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both partial and complete ACL ruptures are continued insta-

bility, or ligament injury and returning to pivoting sport.3

Although ACL reconstruction can have good success 

rates, one of the potential adverse outcomes following ACL 

reconstruction is lack of restoration of full physiologic move-

ment, due to the biomechanically disadvantageous location 

of the graft placement.4 This leads to increased tibial rotation 

and impaired neuromuscular control during high-demand 

activities among patients with ACL grafts,4 potentially result-

ing in increased cartilage load and thus higher risk of reinjury. 

For these and other reasons, although surgical reconstruction 

remains a standard and common procedure for management 

of ACL tears, alternative treatments are needed that can both 

address the integrity of the ligament and at the same time 

maintain the biomechanical competence of the knee joint.

Regenerative therapy of some select ACL injuries is one 

such possible treatment. Regenerative therapy, a cell-based 

technique directed at improved healing of the injured ligament, 

carries with it the potential of preserving the proprioceptive 

nerve fibers and collagenous architecture of the ligament, 

which in turn, preserves the normal biomechanics of the knee 

joint.5 Several experimental techniques aimed at regeneration 

of the ACL have been described in the literature. The appli-

cation of extracellular matrix derived from pigs, combined 

with suture repair of torn ACLs, has been shown to accelerate 

healing of the ligament versus suture repair alone in a goat 

model.6 In other animal studies, partial ACL tears treated with 

platelet rich plasma (PRP) combined with a collagen matrix 

demonstrated healing and improved function in comparison 

with a control group.7 Seijas et al reported high return to sport 

in professional football players with a partial ACL tear treated 

with surgical reconstruction of the torn bundle and intraliga-

mentous placement of platelet-derived growth factors into the 

intact bundle.2 Other in vitro and in vivo animal models have 

demonstrated neovascularization, granulation, and stimula-

tion of mesenchymal stem cells (MSCs), such as fibroblasts, 

 following the application of various growth factors and PRP 

to torn ACLs.7 Additional animal studies have described intra-

articular (IA) injection of bone marrow–derived MSCs, with 

promising results for repair of ACL tears.7,8

There may be merit in healing ACL tears in situ. First, 

ACL grafts are placed in a nonphysiologic position, which 

could impact normal biomechanics.9 Second, osteoarthritis 

is common after ACL reconstruction.10 One possible benefit 

from MSCs is that they may aid in cartilage repair.11 Finally, 

proprioception is often lost after ACL repair,12 which may be 

due to the fact that the ligament graft doesn’t contain viable or 

intact proprioceptors. An in site repair may allow for  retention 

of intact proprioceptors, leading to better neuromuscular 

control. These principles may translate to an effective clinical 

application, but as of the date of the present study, there is a 

paucity of evidence for MSC therapy as a treatment for ACL 

injuries in humans. Adult MSCs have been demonstrated as 

safe, multipotent therapeutic agents in regenerative medicine, 

including for a number of orthopedic applications.13 We have 

previously published longitudinal studies demonstrating the 

safety and efficacy of MSCs to treat knee osteoarthritis.14,15

In the present study, we describe a treatment for magnetic 

resonance imaging (MRI)-documented ACL tears in a case 

series of adults using bone marrow concentrate (BMC) rich 

in MSCs, in which therapeutic efficacy was assessed by pain 

and functional outcome measures as well as MRI evidence 

of structural alteration of the ACL. This is an introductory 

study on the use of regenerative therapies for treatment of 

different ACL injuries. We believe there is a subset of patients 

who may benefit from regenerative therapies, such as patients 

with nonhealing grade 1–2 tears for whom surgery may not be 

recommended or patients with grade 3 tears without retrac-

tion of the ligament fibers who are surgical candidates but 

wish to avoid surgery. Regenerative therapies in the former 

subset of patients would likely be more effective. Based on 

the work of Rudolph et al, patients with more normal knee 

kinematics after ACL rupture (copers) may perform better 

than those with functional instability (noncopers).16 With this 

study, we hoped to gain insight on the safety and preliminary 

efficacy for this treatment, as well as provide the foundation 

for future more rigorous investigation.

Methods and materials
Consecutive patients presenting to an interventional pain 

practice with complaints of knee instability with or without 

pain and with an ACL tear previously documented with MRI, 

and laxity with Lachman testing17 on exam were enrolled in 

a case series of the first set of ACL treatments, under a larger 

registry of all MSC treatments tracked by our clinic. Patients 

were not paid for their participation. Patients were included 

in the analysis of prospectively collected registry data if they 

had a grade 1, 2, or 3 ACL tear without greater than 1 cm 

retraction, and agreed to  participate. We defined retraction 

as any visible area of increased MRI signal intensity within 

the substance of the ligament that was full thickness and 

resulted in a discontinuity of the course of the structure. To 

our knowledge, this is the first study of ACL tears to focus on 

the extent of the separation of torn ACL fragments, thus this 

delineation has not been  validated  previously. Patients treated 

during acute (,1 month postinjury), subacute injury 
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Figure 1 ACL injection with fluoroscopy.
Abbreviation: ACL, anterior cruciate ligament.

(1–6 months postinjury), or in a chronic state of injury (.6 

months postinjury)18 were eligible for inclusion.  Exclusion 

criteria were grade 3 ACL tear with .1 cm retraction, active 

neoplasm within the past 5 years, a history or presence of 

anemia, or age younger than 16 years. Patients provided 

consent verbally and in writing. Clinical outcomes for pain 

and function were recorded at baseline and prospectively at 

1 month, 3 months, 6 months, and annually following treat-

ment. Additionally, percentage improvement on a Likert scale 

was recorded at 1 month, 3 months, 6 months, and annually 

following treatment. Institutional review board oversight 

and approval was provided by the International Cellular 

Medicine Society.

ACL injuries were graded as follows:19

•	 Grade 1 sprain: the ligament is partial torn, with less than 

half of the ligament substance disrupted

•	 Grade 2 sprain: the ligament is partially torn, with more 

than half of the ligament substance disrupted

•	 Grade 3 sprain: the ligament is completely torn.

Treatment protocol
Preinjection
The first step of the treatment was a preinjection of a hyper-

tonic dextrose solution into the ACL 2–5 days prior to injec-

tion of the BMC. The purpose of this preinjection procedure 

was to introduce a chemical irritant to the ACL in order to 

prompt a brief inflammatory response. A 25 gauge 3.0 inch 

Quinke needle (catalog number 405170; BD Biosciences, 

Franklin Lakes, NJ, USA) was inserted through the skin 

overlying the patellar tendon and directed through the inferior 

patellar tendon to a location just anterior to the tibial spine, 

on lateral fluoroscopy. Midline needle placement was con-

firmed on the anterior posterior fluoroscopic view.  Iodixanol 

 (Visipaque™ NDC 0407-2223-06; GE Healthcare, Little 

Chalfont, UK) radiographic contrast was injected to confirm 

flow in the ACL sheath traveling between the radiographic 

origin and insertion landmarks, in both views (Figure 1). This 

was followed by injection of 3–5 mL of 12.5% dextrose (NDC 

0409-6648-02) and 0.1% lidocaine (NDC 0409-4276-02) in 

normal saline (NDC 0409-4888-50).

Harvest and concentration of bone marrow aspirate
The next step of the treatment was to harvest bone marrow 

and isolate the portion containing MSCs from each patient, 

in preparation for reinjection. Prior to the procedure, the 

patients were restricted from taking corticosteroids and 

nonsteroidal anti-inflammatory drugs (NSAIDs) for at least 2 

weeks, as these medications can impair soft tissue healing.20–24 

Whole bone marrow isolate was harvested from the patients’ 

iliac crest, under ultrasound or fluoroscopic guidance. 

 Approximately 10–15 mL of bone marrow aspirate was drawn 

from six sites into heparinized syringes. There were 1,000 

units of heparin (NDC 25021-403-01 and 25021-404-01) 

per 1 mL of volume collected in the syringe. The aspirate 

was processed by hand, in a sterile ISO-7-class clean room 

and in ISO-5-class laminar flow cabinets, to isolate the buffy 

coat through centrifugation. This isolation produced 1–5 mL 

of BMC, which was then taken via sterile transport over the 

short distance back to the operating room. The nucleated cell 

count of the injectate was counted and recorded by lab staff 

with a cell counter (TC10; Bio-Rad Laboratories, Hercules, 

CA, USA) via light microscopy. Coincident with this har-

vest procedure, approximately 60 mL of heparinized venous 

blood was drawn to be used for isolating PRP and platelet 

lysate (PL). To prepare the PRP, plasma was prepped via 

centrifugation at 200× g to separate the plasma and buffy 

coat layers from the red blood cells. The resultant liquid 

lying above the concentrated solids (supernatant) was red 

cell/white cell–poor. To prepare the PL, PRP was drawn off 

and stored at -20°C overnight; platelets were recentrifuged, 

and the supernatant drawn off. The purpose of freezing was 

to initiate lysis of the platelets. No commercial automated 

systems were used. All samples were processed in a current 

good manufacturing practice (cGMP) air-handling lab, using 

“off the shelf ” equipment and a dedicated lab staff.

Reinjection of the BMC
Needle placement into the ACL was accomplished utilizing 

the same procedural protocol described for the preinjection. 

The injectate consisted of 2–3 mL of BMC, PRP, and PL, 
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and was injected directly into the ligament. The needle was 

withdrawn from the ligament approximately 1 cm, and while 

still in the joint, approximately 2–4 mL of a mixture of 1 mL 

of PRP, 1 mL of PL, and any remaining BMC were injected 

into the joint.

After the procedure, the patients were given instructions to 

participate in activity as tolerated. No posttreatment bracing was 

administered. All of the patients were encouraged to participate 

in physical therapy, but this was not required nor controlled. 

A physical therapy prescription was given if asked.

Outcome measures
Patients were enrolled in a treatment registry and tracked 

prospectively via an electronic database system using 

ClinCapture software (Clinovo Clinical Data Solutions, 

Sunnyvale, CA, USA) (http://www.clinovo.com/clincapture). 

The program includes an automated emailing system to 

send patients clinical outcome questionnaires to complete. 

A pain visual analog scale (VAS) and the Lower Extremity 

 Functional Scale (LEFS)25 were recorded preoperatively 

(same day as the procedure) and postoperatively. Post-

operatively, matching questionnaires were sent at 1 month, 3 

months, 6 months, 12 months, and 24 months. In addition, a 

subjective percentage-improvement Likert-scale (from –90% 

worsened to 100% improved) was recorded postoperatively. 

The last recorded follow ups were reported. During the study 

period, the functional questionnaires for gathering patient 

follow-up data were updated as part of changes to the treat-

ment registry, and thus for the first two patients, the pretreat-

ment functional data were recorded using the  Functional 

Rating Index (FRI),26 whereas posttreatment function was 

recorded using the LEFS. However, the Likert improvement 

and the complications questions were the same throughout 

the study period.

Imaging analysis
Patients received a MRI scan of the knee, prior to treatment 

and at a minimum of 3 months posttreatment. The model and 

field strength of the MRI scanners as well as the available 

sequences varied between patients; however, for each patient, 

the pre- and posttreatment scans were always performed on 

the same scanner and with the same sequences. To quantify 

and reduce the variability in the interpretation of the changes 

in the MRI appearance of the ACL ligaments, we used 

computerized pixel analysis, using ImageJ software. ImageJ 

is a public Java image processing and analysis program 

developed at the National Institutes of Health (NIH) (http://

rsbweb.nih.gov/ij/). We chose metrics that the software could 

produce that objectively measure gray scale. The metrics 

used to assess the appearance of the ACL were the mean 

gray value, modal gray value, median, skewness, and raw 

integrated density.

Once both pre- and posttreatment images were obtained, 

the image selected for the pretreatment ligament integrity 

assessment was the sagittal T1 weighted, proton density (PD)-

weighted ACL sequence, PD sequence, PD fast spin-echo 

sequence, or the PD fat saturation sequence – whichever 

image visualized the greatest cross-sectional area of the ACL. 

For the posttreatment analysis, the closest matching image 

was selected from the same imaging sequence type. The 

same MRI scan sequence was selected for each individual 

for both studies. If a single sagittal image was insufficient 

to capture a complete slice through the ACL, two adjoining 

images were used for analysis. All the selected images were 

saved in a JPEG format.

Imaging assessment protocol
A selected ACL image was opened with the ImageJ 

software. Utilizing the software, the examiner manually 

outlined the ACL to create a region of interest (ROI). The 

examiner was instructed to only outline where he believed 

the ACL to be on the image and that the posterior extent 

of the ROI should not be more posterior than the posterior 

margin of the femoral condyle. ImageJ created a histogram 

of pixel frequency and intensity as a proxy for ligament 

integrity (Figure 2). It also calculated the selected metrics: 

mean gray value, modal gray value, median, skewness, and 

raw integrated density.

First, an inter- and intrarater reliability study was 

 performed. Three random ACL images were selected and 

then measured by three examiners (CJC, BN, and JP), with 

each examiner manually outlining the ACL using the protocol 

stated above. The examiners were blinded both as to whether 

the image was pre- or posttreatment, as well as regarding the 

results of the other examiners. The resulting three images 

were measured serially three times each, and then the results 

were assessed for intra- and interexaminer agreement. The 

averages of the three serial measurements for each image 

were used for the statistical analysis.

Statistical analysis
Procedures of SAS software (SAS® 9.4; SAS Institute Inc., 

Cary, NC, USA) were used to perform all statistical analyses 

and calculations. To test the differences between pretreatment 

and posttreatment scores, we performed the signed-rank 

test, a nonparametric test for dependent samples, utilizing 
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Figure 2 ACL tracing and resulting histogram.
Abbreviations: ACL, anterior cruciate ligament; max, maximum; min, minimum; StdDev, standard deviation.

Table 1 NC count and volume injected for each patient

Patient NC count  
(millions)

Volume 
injected (mL)

A 679 2.3
B 1123 4.8
C 375.6 2.6
D 567.8 2.2
E 716.3 2.4
F 841.5 3
G 1098 4
H 554.3 2
I 546.08 2.3
J 438.1 1.1
All patients (mean ± SD) 694±257 2.7±1

Abbreviations: NC, nucleated cell; SD, standard deviation.

the UNIVARIATE procedure. Intraclass correlation was 

used to assess inter- and intrarater agreement of the ImageJ 

analyses. P-values of 0.05 were considered as statistically 

significant.

Results
All of ten enrolled patients completed both pre- and post-

treatment MRIs, six males and four females. The age range at 

the time of treatment was 16–52 years. The mean time from 

injury to treatment was 3.45 months (range 1–11 months). 

Nine of ten patients received the injection during the 

subacute injury phase (range 1–4 months), and the tenth 

patient was treated 11 months after injury. There were five 

patients with grade 3 lesions, three with grade 2, and two 

with grade 1 ACL injuries, based on MRI assessment. The 

mean time to posttreatment MRI follow up was 3.7 months 

(range 2.5–7 months). The median time of the last observed 

outcome follow up was 6 months (range 3–24 months). The 

mean nucleated cell count and volume of the BMC was 

694 million and 2.7 mL, respectively (Table 1).

The intra- and interrater correlations for the selected 

metrics were excellent, ranging from 0.9 to 1. Based on the 

histogram analysis of the pre- and posttreatment sagittal ACL 

MRIs, eight of ten patients demonstrated a decrease in the 

mean gray value, eight of ten had a decrease in the modal 

gray value, seven of ten had a decrease in the median, and 

ten of ten had a decrease in the raw integrated density. The 

decrease in the mean, median, and raw integrated density 

were all significant (Table 2). The decrease in the modal 

gray value was not significant (P=0.08). Five of ten patients 

had a more positive skew (histograms leaned toward darker 

pixels), but this was not significant for the group (P=0.6) 

(Figures 3–5).

Seven of ten patients completed all pre- and postproce-

dural outcome measures. Nine of ten completed the percent-

age change, seven of ten completed pain VAS, while seven 

of eight completed the LEFS, and one of two completed 

the FRI. The mean percentage change was 86.7% improved 

(range 40%–100%). The mean pretreatment VAS score was 

2.6, and the mean VAS score posttreatment was 0.9, with a 

mean pain change of -1.7 (range -6 to +2). The mean LEFS 

change was an improvement of 23.3 (range 5–38) points, 

and the single patient who completed the FRI reported an 

improvement of a decrease of 20 points (Table 3). LEFS 

score changes (N=6, difference =23.3) were statistically 

significant (signed-rank P-value =0.0313); however pain 

changes (N=7, difference =-1.7) did not show statistical 

significance (signed-rank P-value =0.25). The FRI is a scale 
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Table 2 Pre- to posttreatment histogram measurement change statistical analysis

Variable Mean SD Median Lower quartile Upper quartile Minimum Maximum P-value

Image mean -12.911 14.699 -9.390 -18.962 -4.161 -46.373 1.459 0.0098
Image mode -13.733 20.425 -9.167 -24.667 -4.333 -45.333 17.000 0.084
Image median -12.367 14.358 -9.833 -18.333 0 -42.333 3.000 0.0195
Skewness 0.243 0.529 -0.024 -0.093 0.422 -0.292 1.204 0.625
Raw Integrated 
Density

-100783 77363 -71590 -163967 -48921 -244398 -3112 0.002

Note: P-values were calculated using the signed-rank test.

Figure 3 MRIs and histograms for Patient H, (A) pre- and (B) at 3.5 months posttreatment.
Note: A darker improved ACL image was seen on the posttreatment MRI, as well as the leftward shift of pixels toward darker values in the graph.
Abbreviations: ACL, anterior cruciate ligament; max, maximum; min, minimum; MRI, magnetic resonance imaging; StdDev, standard deviation.

of 0–100, with lower score indicating better function,26 and 

the LEFS is a scale of 0–80, with a higher score  indicating 

better function.27 The meaningful detectable change in 

the FRI is 12.3,28 and the minimal detectable change and 

the minimally important change for the LEFS is 9,27 thus 

based on those criteria, our reported changes in function 

are meaningful.

Discussion
The normal ACL ligament appears with a low signal (dark), 

and an injured or disrupted ligament shows a high signal 

(bright) on most MRI sequences.25,29 However, interpreting 

some findings on an MRI can be a subjective process, with 

substantial variability between readers.30 The sagittal image 

was selected for the ROI evaluation because it is most helpful 
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Figure 4 MRIs and histograms for Patient C, (A) pre- and (B) posttreatment.
Note: A darker improved ACL image was seen on the posttreatment MRI, as well as the leftward shift of pixels toward darker values in the graph.
Abbreviations: ACL, anterior cruciate ligament; max, maximum; min, minimum; MRI, magnetic resonance imaging; StdDev, standard deviation.

in the evaluation of the linear integrity of ACL fibers.25 The 

ROI protocol and ImageJ software analysis demonstrated 

excellent inter- and intrarater reliability.

The five metrics used to quantify the gray scale of the 

ROI are explained as follows: 1) the mean gray value is 

the sum of the gray values of all the pixels in the selection 

divided by the number of pixels; 2) the modal gray value is 

the most frequently occurring gray value within the selec-

tion and corresponds to the highest peak in the histogram; 

3) the median is the middle value of all of the pixels in the 

selection, with lower value correlating with a darker image; 

4) skewness describes how the histogram is distributed to 

one or the other side of the mean, with a positive skewness 

indicating the right tail is longer than the left, and the mass 

of the distribution concentrated on the left indicating a darker 

image; and 5) the raw integrated density is the sum of the 

values of the pixels in the selection, with a lower value an 

indication of a darker image.

In this case study, seven of ten patients demonstrated 

improvement in at least four of five measures of pixel 

intensity in their ACLs from pre- to posttreatment, in the 

expected direction of a darker and more normal appearing 

ACL. All five of the objective measures showed a trend 

toward darker ACLs, from pre- to posttreatment MRIs (more 

normal appearing), and three of five reached 95% statistical 

significance.

Subjectively, all of the nine patients that completed 

Likert percentage changes reported improvement. Eight of 

those patients reported 70% or greater improvement. All 

seven patients that completed both pre- and posttreatment 

functional scales (LEFS or FRI) reported improvement that 

was clinically meaningful per the metrics of those individual 
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Figure 5 MRIs and histograms for Patient B, (A) pre- and (B) posttreatment.
Note: A darker improved ACL image was seen on the posttreatment MRI, as well as the leftward shift of pixels toward darker values in the graph.
Abbreviations: ACL, anterior cruciate ligament; max, maximum; min, minimum; MRI, magnetic resonance imaging; StdDev, standard deviation.

Table 3 Patient clinical outcomes

Patient ACL tear  
grade

Likert %  
change

LEFS*  
pretreatment

LEFS  
posttreatment

Pain  
pretreatment

Pain 
posttreatment

Months  
postprocedure

A 3 70 40 64 5 3 6
B 2 100 41 79 4 0 6
C 2 100# 30 38 1 3 3
D 3 NA 53 NA 2 NA NA
E 1 100 75 80 0 0 6
F 2 80 48 75 6 0 12
G 3 90 41 79 2 0 6

Patient ACL tear  
grade

Likert %  
change

FRI*  
pretreatment

FRI posttreatment 
(12 mon) 

Pain  
pretreatment

Pain  
posttreatment

Months  
postprocedure

H 3 100 22.5 2.5 0 0 24
I 1 40 NA 62 NA 3 3
J 3 100 NA NA NA NA 18

Notes: *FRI was scored on a scale of 0–100 (lowest is best function); LEFS was scored on a scale of 0–80 (highest is the best function); #Likert reporting was missing at 
3 months, but the patient reported 100% improvement at 12 months.
Abbreviations: ACL, anterior cruciate ligament; FRI, Functional Rating Index; LEFS, Lower Extremity Functional Scale; NA, not available.
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functional questionnaires. The functional scales changed 

through the course of the study because these patients were 

tracked as part of an ongoing registry that tracks many 

patients with various orthopedic injuries. The decision to 

change the questionnaire was based on the evolution of 

the needs of that larger data collection project, and the 

LEFS is one of many validated lower-extremity functional 

questionnaires. This only affected one patient, so it is unlikely 

to have affected the interpretation of the results. However 

the use of two different functional questionnaires may skew 

interpretation of the functional data due to lack of a consistent 

method of functional data reporting.

In this study, the majority of patients (five of ten) had 

grade 3 tears. We believe the significance of this finding is 

that grade 3 tears are more likely to be disabling due to the 

complete rupture, and thus, these patients are more likely 

to seek help. We did treat two injuries that were classi-

fied as nonhealing grade 1 tears, which theoretically could 

have spontaneously healed without treatment. We excluded 

patients with ligament retraction greater than 1 cm because 

of concern that the MSCs might not be able to bridge a gap 

between a tear any larger, which was inferred from clinical 

experience gained in treating these cases. We believe that a 

1 cm or greater gap would not respond to biological treatment 

and would be a better candidate for surgical treatment.

It should be noted that the specific treatment protocol 

used in this study is not standard or widely accepted and 

is unique to this specific center and affiliated clinics. It 

was uniquely designed based on our expert opinion. The 

rationale for the treatment protocol chosen was to provide a 

proinflammatory and proliferative stimulus with a preinjec-

tion and then several days later, once the cellular phase of 

healing had been initiated, to augment the area with BMC 

rich in MSCs and PRP/platelet growth factors, and then 

finally, to provide PRP/platelet growth factors to promote 

MSC survival. Research has suggested that hypertonic 

dextrose can provide a proliferative stimulus to ligaments 

and tendons.31,32 It has also been shown through multiple 

in vitro studies that PRP can stimulate and provide sup-

portive nutrients to MSCs.33–35 Similarly, PL, the product 

of stripping viable growth factors from whole platelets, 

can also promote MSC proliferation and support these 

cells in culture.35–37 We used both intraligamentous and 

intraarticular sites due to the common finding of osteoar-

thritis after ACL injury,38 theorizing that the IA injection 

may help undetected chondral injury. Given that there are 

many variables that remained uncontrolled, this limits the 

validity and generalizability of these results outside of the 

use of this specific protocol.

Postprocedural rehabilitation instructions included activ-

ity as tolerated. Our goal was to allow the patient to load 

the ligament, depending on pain. Past study has shown that 

loading is essential for ligament healing.39 Physical activity 

and physical therapy programs were not controlled. We are 

unaware of any specific physical therapy or physical activity 

research demonstrating a benefit for healing ACL tears. Some 

physicians may have recommended bracing postprocedure as 

well. Given that bracing rarely allows full healing of an ACL 

on MRI, based on our clinical experience, we did not feel that 

bracing (or not bracing) would make a difference. However, 

being the traditional approach for conservative care in ACL 

injuries, some would argue that we might have seen better 

results had we required bracing, and the lack of standardized 

rehabilitation is a limitation of the study.

For imaging analysis, we searched for an open-source 

imaging analysis program that had histogram capabilities. It 

should also be noted that despite excellent inter- and intrarater 

reliability, the NIH ImageJ software has not been used in a 

similar study involving ligament changes on MRI. However, it 

has been used in other areas of medicine requiring histogram-

based analysis of medical imaging.40–44 At the time of this 

manuscript was being prepared, there were 789 studies that 

came up under the search term “ImageJ” on PubMed. Finally, 

the use of two different functional questionnaires may have 

skewed interpretation of the functional data, due to lack of a 

consistent method of functional data reporting.

Major limitations of the study include the lack of a control 

group and the lack of randomization. As a result, we cannot 

conclude that the observed effects were due to the MSC 

treatment versus natural healing or the pretreatment protocol. 

There is good reason to believe that the results were probably 

due to the MSC therapy, however. Grade 2–3 ACL injuries 

rarely heal spontaneously.45–47 It is possible that patients could 

have reported improved symptoms because they adapted to 

the instability, because of placebo effect, or because of some 

natural healing that may have reduced symptoms.

Given the specific treatment protocol with multiple vari-

ables, any component of the protocol could have accounted 

for the observed effects. We do not believe that the pretherapy 

injection routine, which was meant to cause a proinflam-

matory healing environment, was the cause of the observed 

changes. There is no evidence that we are aware of that the 

injection of a 12.5% hypertonic dextrose solution can result in 

objective improvements in the MRI appearance of ligaments. 
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While it could be argued that it was the PRP component of 

the MSC injectate that was the cause of the observed effects, 

the results of prior studies do not support such a conclusion. 

PRP use has been previously studied in patients undergoing 

ACL reconstruction, with one study showing increased corti-

cal bone formation on MRI48 and another describing faster 

remodeling of the grafts.49 A third study did not report any 

differences on posttreatment MRI.50 We were unable to find 

any studies demonstrating a benefit of PRP for ACL injuries, 

however. Lastly, the lack of pre- and posttreatment objective 

measurements of ACL laxity, such as KT1000 testing,51 is a 

major limitation in accessing treatment outcomes.

For future study, the use of a larger randomized, con-

trolled trial would be warranted. We suggest recorded 

clinical findings before and after treatment, such as the 

Lachman, pivot shift test, an objective ligament integrity 

test (eg,  Rolimeter or KT1000 test), and a validated func-

tional questionnaire. Postprocedural rehabilitation should 

be standardized as well. In addition to the objective review 

of ACL integrity on MRI with software, review of pre- and 

posttreatment MRIs should ideally be performed at one 

 center, with a blinded musculoskeletal radiologist reviewing 

the images and reporting  findings. With a larger number, 

perhaps statistical analysis of the difference in outcome 

between patients with varying grades of ACL tear would 

shed light on which patients may be more or less likely to 

benefit from this type of treatment.

Conclusion
Based on this small case series, the precise injection of 

autologous bone marrow-derived nucleated cells into the ACL 

ligament under fluoroscopic guidance, utilizing this specific 

protocol shows promise as a treatment for symptomatic 

grade 1, 2, and, possibly, nonretracted grade 3 ACL tears. 

Further investigation is warranted by these initial encourag-

ing results. A well-populated randomized, controlled trial is 

needed to determine whether our results are repeatable and 

due to the intervention used in this study.
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Intra-articular Injection of Platelet-Rich Plasma Is
Superior to Hyaluronic Acid or Saline Solution in the
Treatment of Mild to Moderate Knee Osteoarthritis:

A Randomized, Double-Blind, Triple-Parallel,
Placebo-Controlled Clinical Trial
Kuan-Yu Lin, M.D., Chia-Chi Yang, Ph.D., Chien-Jen Hsu, M.D., Ming-Long Yeh, Ph.D.,
and Jenn-Huei Renn, M.D., Ph.D.
Purpose: To prospectively compare the efficacy of intra-articular injections of platelet-rich plasma (PRP) and hyaluronic
acid (HA) with a sham control group (normal saline solution [NS]) for knee osteoarthritis in a randomized, dose-
controlled, placebo-controlled, double-blind, triple-parallel clinical trial. Methods: A total of 87 osteoarthritic knees
(53 patients) were randomly assigned to 1 of 3 groups receiving 3 weekly injections of either leukocyte-poor PRP (31
knees), HA (29 knees), or NS (27 knees). The Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC)
score and International Knee Documentation Committee (IKDC) subjective score were collected at baseline and at 1, 2, 6,
and 12 months after treatment. Data were analyzed using generalized estimating equations. Results: All 3 groups showed
statistically significant improvements in both outcome measures at 1 month; however, only the PRP group sustained the
significant improvement in both the WOMAC score (63.71 � 20.67, increased by 21%) and IKDC score (49.93 � 17.74,
increased by 40%) at 12 months. For the intergroup comparison, except for the first month, there was a statistically
significant difference between the PRP and NS groups in both scores throughout the study duration (regression
coefficients of 8.72 [P ¼ .0015], 7.94 [P ¼ .0155], and 11.92 [P ¼ .0014] at 2, 6, and 12 months, respectively, for WOMAC
score, and 9.1 [P ¼ .0001], 10.28 [P ¼ .0002], and 13.97 [P < .0001], respectively, for IKDC score). There was no sig-
nificant difference in both functional outcomes between the HA and NS groups at any time point. Only the PRP group
reached the minimal clinically important difference in the WOMAC score at every evaluation (15%, 21%, 18%, and 21%
at 1, 2, 6, and 12 months, respectively) and the minimal clinically important difference in the IKDC score at 6 months
(improvement of 11.6). Conclusions: Intra-articular injections of leukocyte-poor PRP can provide clinically significant
functional improvement for at least 1 year in patients with mild to moderate osteoarthritis of the knee. Level of Evi-
dence: Level I, randomized controlled single-center trial.
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Table 1. Subject Eligibility Criteria

Inclusion criteria
Age between 20 and 80 yr
Ability to provide informed consent
Unilateral or bilateral knee VAS pain score � 4 of 10 (worst possible

pain) for >4 mo
Diagnosis of Ahlbäck OA stage I-III by radiography (triple film of

bilateral lower limb, standard knee anterior-posterior view in full
extension, lateral view in 30� of flexion, and 45� Merchant view)

No prior PRP injection in knee
No prior surgical procedure in participating knee

Exclusion criteria
Ahlbäck OA stage IV
Major axial deviation (varus > 5�, valgus > 5�)
Any concomitant symptomatic knee disorder (i.e., ligamentous or

meniscal injury)
Systemic inflammatory arthropathy
Hematologic disease
Severe cardiovascular disease
Neurologic disorder
Active infection
Immunocompromised
Therapy with anticoagulant or antiaggregant
Use of NSAID and/or chondroprotective supplement, such as

glucosamine and chondroitin sulfate, within 7 d before trial
Recent intra-articular injection of corticosteroid (within 30 d) and

prior treatment with HA in past 6 mo
Hb level < 11 g/dL, platelet count < 150,000/mm3

HA, hyaluronic acid; Hb, hemoglobin; NSAID, nonsteroidal anti-
inflammatory drug; OA, osteoarthritis; PRP, platelet-rich plasma;
VAS, visual analog scale.
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that HA had beneficial effects on pain, function, and
patient global assessment, especially in the 5- to 13-week
postinjection period6; and a recent systematic review and
meta-analysis of randomized controlled trials showed
that the use of HA injections that have been approved in
the United States is safe and effective in knee OA.7

However, several meta-analyses contrarily reported
that intra-articular HA injections were not clinically
effective andmight even be associatedwith a greater risk
of adverse effects.8-12 Although the American Academy
of Orthopaedic Surgeons guideline does not recommend
the use of HA in patients with symptomatic OA knees,13

it remains a widely used intra-articular injecting mo-
dality for orthopaedic clinicians today.
Interest in intra-articular injections of platelet-rich

plasma (PRP) for knee OA has been rapidly growing.
PRP is an autologous derivative of whole blood that
contains high concentrations of growth factors through
which PRP has shown an agonistic effect on chondro-
genesis and mesenchymal stem cell proliferation.14

Furthermore, PRP was shown to have antinociceptive
and anti-inflammatory activities to reduce pain and
modulate the OA process.15 Among the different
preparation methods, several studies with high levels of
evidence have shown that leukocyte-poor PRP is better
than leukocyte-rich PRP regarding clinical and labora-
tory outcomes.10,16-19 Despite the wide clinical interest
in orthopaedic and sports medicine, current guidelines
from the American Academy of Orthopaedic Surgeons
indicate an inability to “recommend for or against” the
use of PRP for the treatment of knee OA.13

Several randomized controlled trials20-25 and meta-
analyses26-29 have compared the efficacy of intra-
articular injections of PRP and HA in the treatment of
knee OA, and most have shown favorable results for
PRP; however, there is a paucity of studies that have
implemented a sham control group in comparing the
true efficacies of PRP and HA without possible bias from
placebo effects.21,23 The aim of this study was thus to
prospectively compare the efficacy of intra-articular in-
jections of PRP and HA with a sham control group
(normal saline solution [NS]) for knee OA in a ran-
domized, dose-controlled, placebo-controlled, double-
blind, triple-parallel clinical trial. The primary outcome
measure was the Western Ontario and McMaster Uni-
versities Osteoarthritis Index (WOMAC) score, and the
secondary outcomemeasurewas the International Knee
Documentation Committee (IKDC) subjective knee
evaluation score. We hypothesized that PRP would be
both statistically and clinically superior to HA and pla-
cebo in providing symptomatic relief for mild to mod-
erate OA knees.

Methods

Patient Selection
This study was approved in March 2014 by the hos-

pital institutional review board (Kaohsiung Veterans
General Hospital, VGHKS14-CT2-15) before the first
patient enrollment. Evidence from the literature and
the methods for PRP and HA injection in this trial, as
well as benefits and possible adverse effects, were
included in the written consent form to be signed by
each participant. Subject screening was performed in
the outpatient department, where the senior author
and chairman of the orthopaedics department (J-H.R.)
evaluated patients’ eligibility for study inclusion
through history taking, physical examination, labora-
tory testing, and imaging studies (Table 1). Nonsteroidal
anti-inflammatory drugs and chondroprotective sup-
plements were prohibited from being taken during the
duration of the trial. Paracetamol was permitted during
the study but had to be discontinued 72 hours before
each follow-up assessment.
All participants and study staff were unaware of the

group assignments because the participating knees
were randomly subjected to a standardized injection
protocol of 3 different agents, which were disclosed to
the participants only after a follow-up period of
12 months. They were assessed with Internet-based
(www.orthopaedicscores.com) WOMAC and IKDC
functional outcome questionnaires (each with a score
of 0-100, with a higher score meaning a better

http://www.orthopaedicscores.com
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outcome) for each participating knee before the treat-
ment and at 4 time points (1, 2, 6, and 12 months) after
the treatment by a blinded observer (C-C.Y.) who was
not involved in the injection procedure.
To determine an adequate sample size for the study,

we performed a power analysis using free software
(G*Power).30 A minimum total sample size require-
ment of 57 knees (or 19 knees per treatment arm) was
calculated based on a study power of 80% (b ¼ .2), a
false-positive rate of 5% (a ¼ .05), and an effect size
(Cohen f) of 0.15. This study was then designed to
enroll approximately 30 knees per group at baseline in
anticipation of a possible dropout rate of 20%.

Randomization
Through a computer-generated simple randomization

system, participating knees of subjects who met all the
inclusion criteria were randomly assigned at a 1:1:1
ratio to 1 of 3 treatment groups to receive 3 weekly
intra-articular injections: group 1, PRP (RegenKit-THT;
Regen Lab, Le Mont-sur-Lausanne, Switzerland); group
2, HA (Hyruan Plus, 20 mg/2 mL; molecular weight
> 2,500 kDa; LG Chem, Seoul, Republic of Korea); and
group 3, NS (placebo group).

Blinding and Intervention Protocol
To keep the participants blinded to their assigned treat-

ments, all had10mLof blooddrawnand spunbeforeeach
injection regardless of their group assignment; thus, the
time each participant spent in the office (trial locale)
during each intervention was comparable (about 30-
40minutes). All intra-articular injectionswere performed
through an anteromedial approach aseptically by the first
author (K-Y.L.) ina curtained cubicle specifically designed
to keep him from knowing the identity of the patient, as
well as to keep the patient blinded to the type of injection
he or she received. Each patient was instructed to sit in a
chairwith theknees in90� offlexion traversed throughan
opaque curtain separating the patient from the injector.
Furthermore, some subjects may have received bilateral
knee injections of different materials, and we aimed to
keep the joint-filling sensation of each knee as equivocal
as possible to maintain blinding; thus, a uniformed pro-
tocol of 2mLof the assigned treatmentmaterial (PRP,HA,
or placebo)was administered during each injection. Local
anesthesia was not used during any injection to avoid its
possible deleterious effect on the activation of platelets by
changing the pH of the environment.31

Preparation of PRP
PRP was prepared using RegenKit-THT, which

required 10 mL of blood to be drawn and single spun at
1,500 rpm for 8 minutes. This would yield an average
of 5.0 � 0.5 mL of PRP with approximately 90% of
platelets recovered for a concentration of 1.81 � 0.34
times that of the baseline value.32 The product is
considered leukocyte-poor PRP because nearly 70% of
the white blood cells are removed during each centrifu-
gation (Study ReportdRegen THT Tube Performance
Testing; U.S. Food and Drug Administration 510(k) No.
BK090048, Regen Lab, unpublished data, 2010). To
avoid potential degranulation of alpha granules during a
PRP freeze-thaw process,23,33 all subjects in this study
had their blood freshly drawn and spun before each in-
jection. The total preparation and injection timeoccurred
within 20 minutes of blood drawing; thus, the use of
anticoagulants was not warranted.

Statistical Methods
Baseline demographic characteristics of the 3 study

cohorts were compared using the 1-way analysis of
variance (ANOVA) test for continuous variables and
Pearson c-square test for categorical variables. Evalua-
tions of the within-group and intergroup functional
outcome scores were conducted using generalized
estimating equations (GEEs)34 with robust variance
estimates. Because of the correlated nature of the data
and repeated observations taken for each participating
knee, a GEE was used as a multivariate analysis to
investigate the temporal effects of different intra-
articular injection treatments on the clinical outcomes
while controlling for important patient characteristics
such as sex, age, body mass index (BMI), and severity
of OA (Ahlbäck stage); relations between and among
such variables at different time points were analyzed
simultaneously. All the analyses were conducted with
SAS software for Windows (version 9.4; SAS Institute,
Cary, NC) by a statistician who was blinded to the
control and intervention groups in the data set. Statis-
tical significance was set at P < .05 throughout.

Results
From April to August 2014, a total of 194 patients were

assessed for eligibility. Of these patients, 85 did not meet
the inclusion criteria and 56 declined to participate or
specifically requested either PRP or HA treatment (Fig 1).
Thus, a total of 87knees in53patientswereenrolled in the
study; we randomly allocated 31 knees to group 1 (PRP),
29 to group2 (HA), and 27 to group3 (NS). Therewereno
withdrawals during the injection period; however, 1 knee
in the PRP group and 1 knee in the HA group (the same
patient with bilateral enrollment) missed the 2-month
follow-up evaluation, whereas 1 knee in the HA group
and 1 knee in the placebo group (another patient with
bilateral enrollment) missed the 6-month follow-up
evaluation. There were no significant demographic dif-
ferences among the 3 groups across sex proportion, age,
and Ahlbäck stage for OA, as well as pretreatment
WOMAC and IKDC scores. A small but significant differ-
ence in BMI was found, being higher in the HA group
(Table 2). No serious adverse effects related to the intra-
articular injection were reported among the 3 groups



Fig 1. Consolidated Stan-
dards of Reporting Trials
(CONSORT) flow diagram.
All allocated participating
knees were included in the
final analysis because the
generalized estimating
equation methodology does
not exclude missing data
(asterisks). (HA, hyaluronic
acid; OA, osteoarthritis;
PRP, platelet-rich plasma.)
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throughout the study duration except for some transient
localized pain at the injection site, which spontaneously
resolved uneventfully within a few hours.

Primary Outcome: WOMAC Score
For the within-group comparison of WOMAC scores,

all 3 groups showed statistically significant improve-
ments from their respective baseline scores at the 1-
month follow-up (improvements by 15%, 14%, and
12% in PRP, HA, and NS groups, respectively)
(Table 3). However, this significant amelioration was
sustained throughout the rest of the study duration in
only the PRP group (improvements by 21%, 18%, and
21% at 2, 6, and 12 months’ follow-up respectively;
P < .05), whereas both the HA and NS groups showed
declining WOMAC scores without statistically signifi-
cant differences from their respective basal evaluations
after the first month (Fig 2A).



Table 2. Baseline Demographic Characteristics of Study Participants

Group 1: PRP (n ¼ 31) Group 2: HA (n ¼ 29) Group 3: NS (n ¼ 27) P Value

Sex .775
Male 9 (29.03) 10 (34.48) 10 (37.04)
Female 22 (70.97) 19 (65.52) 17 (62.96)

Age, mean (SD), yr 61.17 (13.08) 62.53 (9.9) 62.23 (11.71) .8932
BMI, mean (SD) 23.98 (2.62) 26.26 (2.99) 24.98 (3.12) .0127
Ahlbäck stage .9448

I 5 (16.12) 6 (20.69) 4 (14.81)
II 16 (51.61) 14 (48.28) 12 (44.44)
III 10 (32.25) 9 (31.03) 11 (40.74)

Baseline WOMAC score, mean (SD) 52.81 (18.14) 52.67 (18.06) 48.59 (16.92) .6013
Baseline IKDC score, mean (SD) 35.71 (13.77) 35.93 (12.71) 33.3 (10.52) .6838

NOTE. Data are presented as number of knees (percentage) unless otherwise indicated. Continuous variables were analyzed by analysis of
variance; categorical variables were analyzed by the c-square test. Statistical significance was set at P < .05.
BMI, body mass index; HA, hyaluronic acid; IKDC, International Knee Documentation Committee; NS, normal saline solution; PRP, platelet-

rich plasma; SD, standard deviation; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.
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For the intergroup comparison (Table 4), in which the
NS group was used as the reference, while controlling
for all the confounding factors, such as sex, age, BMI,
and Ahlbäck stage, the PRP group, except at the
1-month follow-up evaluation, consistently showed
better WOMAC outcome measures with statistical sig-
nificance throughout the study duration (regression
coefficients of 8.72 [95% confidence interval (CI),
3.32-14.12] with P ¼ .0015, 7.94 [95% CI, 1.51-14.37]
with P ¼ .0155, and 11.92 [95% CI, 4.59-19.25] with
P ¼ .0014 at 2, 6, and 12 months, respectively); in
contrast, there were no statistically significant differ-
ences in the WOMAC scores between the HA and NS
groups at any follow-up times. On analysis of possible
confounding effects of other variables on the WOMAC
score (Table 5), only age and sex had statistically sig-
nificant influences, with better functional outcomes
being seen in younger subjects (regression coefficient,
e0.44 [95% CI, e0.73 to 0.14]; P ¼ .0044) and male
subjects (regression coefficient for female subjects,
e8.33 [95% CI, e14.93 to e1.72]; P ¼ .0135). BMI had
no statistically significant effect on the WOMAC score
(regression coefficient, e0.78 [95% CI, e1.87 to 0.31];
P ¼ .1595), nor did OA severity. Compared with sub-
jects with Ahlbäck stage III, those with Ahlbäck stage II
achieved better yet insignificant mean WOMAC scores
(regression coefficient, 7.62 [95% CI, e0.27 to 15.51];
P ¼ .0582) whereas those with Ahlbäck stage I showed
less improvement in WOMAC scores (regression coef-
ficient, e5.51 [95% CI, e13.63 to 2.62]; P ¼ .184).

Secondary Outcome: IKDC Score
For the within-group comparison of IKDC scores, all 3

groups showed statistically significant improvements
from their respective baseline scores at the 1-month
follow-up (improvements by 22%, 21%, and 16% in
PRP, HA, and NS groups, respectively) (Table 3).
However, again, these statistically significant improve-
ments were sustained throughout the rest of the study
in only the PRP group (improvements by 34%, 33%,
and 40% at 2, 6, and 12 months’ follow-up, respec-
tively), whereas both the HA and NS groups showed
declining IKDC scores after the first month (Fig 2B).
For the intergroup comparison (Table 4), in which the

NS group was used as the reference, while controlling
for all the covariates, there were no significant differ-
ences among the 3 study groups at 1 month after
treatment (PRP vs NS, P ¼ .2363; HA vs NS, P ¼ .36).
Thereafter, the PRP group showed persistent statisti-
cally significant superiority to the NS group throughout
the rest of the study (regression coefficients of 2.35
[95% CI, e1.54 to 6.24] with P ¼ .0001, 9.1 [95% CI,
4.42-13.79] with P ¼ .0002, and 10.28 [95% CI,
4.87-15.7] with P < .0001 at 2, 6, and 12 months,
respectively), whereas there were no statistically sig-
nificant differences between the IKDC scores of the HA
and NS groups at any of the remaining follow-up times.
On analysis of possible correlations of other variables
with the IKDC score (Table 5), age was found to be a
statistically significant factor in outcomes, with younger
patients exhibiting higher IKDC scores (regression
coefficient, e0.37 [95% CI, e0.59 to e0.15]; P ¼
.0009), whereas both sex and BMI were not influential
factors (P ¼ .0516 and P ¼ .3908, respectively).
Compared with knees with Ahlbäck stage III, knees
with Ahlbäck stage II had statistically significantly
greater improvement (regression coefficient, 7.64 [95%
CI, 1.88-13.4]; P ¼ .0093) whereas knees with stage I
did not (regression coefficient, 2.31 [95% CI, e3.9 to
8.52]; P ¼ .4661). A post hoc power analysis showed
that with a sample size of 87 knees, under the same
setting of an effect size (f) of 0.15 and a error of .05, the
actual power of this clinical trial reached 0.96.
Discussion
The most significant finding of this study was that

better clinical results were achieved with PRP than with



Table 3. WOMAC and IKDC Clinical Scores for PRP, HA, and NS Groups

Baseline (T1) 1 mo (T2) 2 mo (T3) 6 mo (T4) 12 mo (T5) Post Hoc Testy (P < .05)

WOMAC score
PRP 52.81 � 18.14 60.91 � 17.35 63.84 � 17.86zxjj 62.28 � 18.47zxjj 63.71 � 20.67zxjj T2 > T1; T3 > T1; T3 > T2; T4 > T1; T5 > T1

Change from baseline, % d 15{ 21{ 18{ 21{

HA 52.67 � 18.06 60.29 � 20.95 57.32 � 21.85 52.9 � 19.76 49.33 � 21.51 T2 > T1; T2 > T4; T2 > T5
Change from baseline, % d 14{ 9 0 e6

NS 48.59 � 16.92 54.26 � 17.16 49.79 � 17.47 49.7 � 15.81 46.94 � 16.74 T2 > T1; T2 > T4; T2 > T5
Change from baseline, % d 12{ 2 2 e3

IKDC score
PRP 35.71 � 13.77 43.61 � 14.86 47.83 � 15.85z 47.33 � 16.24zxjj 49.93 � 17.74zx T2 > T1; T3 > T2; T4 > T2; T5 > T2

Change from baseline, % d 22 34 33{ 40{

HA 35.93 � 12.71 43.57 � 15.67 42.29 � 17.18 40.29 � 15.76 38.64 � 16.09 T2 > T1; T2 > T4; T2 > T5
Change from baseline, % d 21 18 12 8

NS 33.3 � 10.52 38.65 � 11.07 35.56 � 11.35 34.2 � 11.11 32.96 � 11.15 T2 > T1; T2 > T4; T2 > T5
Change from baseline, % d 16 7 3 e1

NOTE. Data are presented as mean � standard deviation unless otherwise indicated. The minimal clinically important difference for the WOMAC score was defined as 12% of the baseline
value or 6% of the maximal value. The minimal clinically important difference for the IKDC score was defined as an absolute change of 6.3 at 6 months and 16.7 at 12 months.
HA, hyaluronic acid; IKDC, International Knee Documentation Committee subjective knee evaluation; NS, normal saline solution; PRP, platelet-rich plasma; WOMAC, Western Ontario and

McMaster Universities Osteoarthritis Index.
yGeneralized estimating equation followed by post hoc analysis of within-group differences in WOMAC and IKDC clinical scores for PRP, HA, and NS groups (controlling for age, sex, BMI,

and Ahlbäck stage).
zStatistically significant difference (P < .05) from placebo (NS) group.
xMinimal clinically important difference from placebo (NS) group.
jjMinimal clinically important difference of PRP group from HA group.
{Minimal clinically important difference from baseline within each group.
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Fig 2. Box-and-whisker plots showing treatment effect of platelet-rich plasma (group 1), hyaluronic acid (group 2), and normal
saline solution (group 3) on Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) scores (A) and Interna-
tional Knee Documentation Committee (IKDC) scores (B) over time. In each box, the solid line and diamond delineate themedian
and mean, respectively. The bottom and top of each box represent the 25th and 75th percentiles, respectively. The whiskers
represent the high and low values, excluding the outliers. Outliers that are between 1.5 and 3.0 box lengths from the median are
depicted as circles. Asterisks denote significant within-group difference (P< .05) compared to baseline. Daggers denote significant
between-group difference (P < .05) when Group 1 and Group 2 are each compared to Group 3. (mon, month.)
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HA or NS in the treatment of OA knees. Our clinical re-
sults showed that all 3 groups had statistically significant
improvements from their respective baseline scores in
both the primary and secondary outcome evaluations
1monthafter the intervention; thePRPgroupwas able to
sustain such significant within-group improvement
throughout the study, with both its mean WOMAC and
IKDC scores improving from baseline by 21% and 40%,
respectively, at the end of 12 months, whereas both the
HA and NS groups did not show statistically significant



Table 4. Treatment Effect Analysis of Between-Group Comparison

Interaction*

WOMAC Score IKDC Score

Regression Coefficient 95% CI P Value Regression Coefficient 95% CI P Value

PRP � 1 mo 1.95 �3.7 to 7.61 .4981 2.35 �1.54 to 6.24 .2363
PRP � 2 mo 8.72 3.32 to 14.12 .0015 9.1 4.42 to 13.79 .0001
PRP � 6 mo 7.94 1.51 to 14.37 .0155 10.28 4.87 to 15.7 .0002
PRP � 12 mo 11.92 4.59 to 19.25 .0014 13.97 8.19 to 19.74 <.0001
HA � 1 mo 1.99 �3.46 to 7.43 .4745 2.09 �2.38 to 6.55 .36
HA � 2 mo 2.72 �2.5 to 7.94 .3075 4.11 �1.1 to 9.32 .1224
HA � 6 mo �2.24 �7.55 to 3.07 .408 3.1 �1.94 to 8.13 .2282
HA � 12 mo �3.37 e9.62 to 2.87 .2898 2.48 �3.23 to 8.18 .3949

NOTE. Statistical significance was set at P < .05.
CI, confidence interval; HA, hyaluronic acid; IKDC, International Knee Documentation Committee; PRP, platelet-rich plasma; WOMAC,

Western Ontario and McMaster Universities Osteoarthritis Index.
*Group � time interaction (PRP vs normal saline solution and HA vs normal saline solution) at each follow-up time.
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improvements from their pretreatment WOMAC and
IKDC evaluations after the 1-month evaluation. It is
interesting that our sham control group exhibited a sta-
tistically significant improvement from baseline at the
1-month follow-up for both the primary and secondary
outcome measures. This phenomenon strongly suggests
a positive placebo effect and further gives credence to our
study measures of the WOMAC and IKDC scores being
patient reported, aswell as avoiding investigator bias. For
the intergroup comparison of PRP andHAwith respect to
placebo, both the primary and secondary outcome
measures showed that although therewas no statistically
significant difference among the 3 groups at 1 month
after treatment, the PRP group showed statistically sig-
nificant superiority to the placebo group throughout the
rest of the study; in contrast, the HA group did not show
its distinction statistically from the placebo group in both
outcome measures at any time point.
In the analysis of possible confounding effects from

other covariates, GEEs showed that age had a statisti-
cally significant effect on both our primary and sec-
ondary measures: the younger the patient, the better
the outcome. This finding is contrary to what was
reported by Patel et al.35 and Raeissadat et al.24 because
Table 5. Effect of Interaction Between Variables and Functional

WOMAC Score

Regression Coefficient 95% CI P

Age �0.44 �0.73 to 0.14 .0
Sex

Male Ref
Female �8.33 �14.93 to �1.72 .0

BMI �0.78 �1.87 to 0.31 .1
Ahlbäck stage

I �5.51 �13.63 to 2.62 .1
II 7.62 �0.27 to 15.51 .0
III Ref

NOTE. Statistical significance set at P < .05.
BMI, body mass Index; CI, confidence interval; IKDC, International K

Western Ontario and McMaster Universities Osteoarthritis Index.
age was not a statistically significant factor regarding
patient outcomes in their respective clinical trials. The
Ahlbäck OA grade did not prove to have a statistically
significant influence on the WOMAC outcome, which
coincides with the results of Cerza et al.20 in a ran-
domized trial but is contrary to what was noted in other
studies, in which patients with less severe OA changes
had better clinical results.24,33,35,36 There is also a lack
of consensus in the literature on the effect of BMI on
patient outcomes after HA and PRP injections, with
some studies showing superior outcomes in patients
with a low BMI33,36 but others showing no difference35;
our result coincides with the latter. In addition,
although the sex difference had no influence on the
IKDC evaluation, it was a statistically significant factor
regarding the WOMAC score, with male patients
exhibiting a more favorable outcome; this result is
contrary to what was found by Patel et al.,35 who stated
that the sex difference was not a significant factor in the
WOMAC evaluation.
To our knowledge, there is a paucity of prospective,

double-blind, randomized controlled trials that have
compared the efficacy of intra-articular injections of
PRP and HA with implementation of a sham control
Outcome Measures

IKDC Score

Value Regression Coefficient 95% CI P Value

044 �0.37 �0.59 to �0.15 .0009

Ref
135 �4.71 �9.45 to 0.03 .0516
595 �0.37 �1.21 to 0.47 .3908

84 2.31 �3.9 to 8.52 .4661
582 7.64 1.88 to 13.4 .0093

Ref

nee Documentation Committee; Ref, reference category; WOMAC,
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group over a course of 52 weeks in the literature.
Several randomized controlled trials have investigated
the efficacy of PRP for OA knees, with most showing
PRP to be more likely to decrease pain and improve
functionality than viscosupplementation20-24,36,37;
however, 1 common limitation cited among these Level
I studies is the lack of a placebo group in such 2-armed
trials. Studies have shown that placebo effects are
genuine biopsychosocial phenomena attributable to the
overall therapeutic context.38,39 Beecher38 claimed that
about 35% of patients responded positively to placebo
treatment in a protoemeta-analysis. Thus, to prove that
the efficacy of a treatment is above and beyond the
psychological results of a simple belief in the ability of
the drug to cure, the placebo-controlled trial is the gold
standard for testing the efficacy of treatments.40 Gor-
meli et al.23 conducted a 6-month randomized
controlled trial that incorporated a placebo group,
showing that multiple injections of PRP were more
efficacious in treating early OA knees than either a
single injection of PRP or multiple injections of HA.
However, there were several limitations to their study;
first, unlike our study, there was a lack of uniformity in
the injection amount (5 mL for PRP, 2 mL for HA, and
unspecified for saline solution), which may have
rendered performance bias to a true blinding effect.
Second, their use of leukocyte-rich PRP might have
contributed to the nonsignificant difference between
the functional scores of the 1-dose injection PRP group
and HA group. Several prior clinical studies have sug-
gested that leukocyte-poor PRP contributed to superior
clinical outcomes and less of an adverse local reaction
possibly because of the less deleterious effects of pro-
teases and reactive oxygen released from the white
blood cells.10,19,20,25,33,35-37

This clinical trial not only statistically affirmed the
findings of the previous randomized controlled trials
that PRP has superior efficacy in treating OA knees than
HA or NS20,25,35-37,41 but also attested to the clinically
meaningful differences in both the WOMAC and IKDC
scores among the 3 injection therapies. Angst et al.42

stated that the minimal difference that patients and
their physicians consider clinically important (the so-
called minimal clinically important difference [MCID])
in the WOMACmeasure is 12% of the baseline value or
6% of the maximal value. Our results showed that only
the PRP group reached such clinical significance at each
follow-up time (improvements by 15%, 21%, 18%,
and 21% from baseline at 1, 2, 6, and 12 months,
respectively) whereas both the HA and NS groups did
not show such significant differences after the 1-month
follow-up time (Table 3). For the intergroup compari-
son, the PRP group clearly surpassed the MCID (dif-
ference of 6 points) compared with the HA or NS group
at each time point after the first post-treatment evalu-
ation, whereas there was no such difference between
the HA and NS groups throughout the study except at
2 months (57.32 vs 49.79). Similarly, Greco et al.43

showed that the MCID in the IKDC score is an abso-
lute change of 6.3 at 6 months and 16.7 at 12 months.
Our results showed that at the 6-month follow-up, only
the PRP group reached such clinical significance, with a
change of 11.62 from baseline (from 35.71 to 47.33),
while approaching clinical significance at 12 months,
with an absolute difference of 14.22 (from 35.71 to
49.93) (Table 3). For between-group comparisons, the
PRP group showed clinically significant ascendancy
compared with the HA group, with a change of 7.04
(47.33 vs 40.29) at 6 months, and likewise compared
with the NS group, with differences of 13.13 (47.33 vs
34.2) and 16.97 (49.93 vs 32.96) at 6 months and
12 months, respectively; in contrast, the HA group
again did not show such clinically significant differences
compared with the NS group at both evaluation points.
Overall, the data in this study failed to support HA as
being either statistically or clinically more effective than
NS for the intra-articular treatment of OA knees, which
is in line with the findings of a recent meta-analysis and
randomized controlled study.12,44

A strength of our study is the application of GEEs in
analyzing longitudinal data. We believed a GEE may be
the most appropriate analytical methodology in such a
randomized controlled trial because it allows the esti-
mation of treatment effects (i.e., group differences)
across multiple time points within a single statistical
model and it can more accurately explore the overall
average effects by focusing more on the average
changes in response over time and the impact of
covariates on these changes.34 Such an approach
minimizes the accumulation of type I errors from
multiple endpoint comparisons. Several prior ran-
domized controlled trials comparing the efficacies of
PRP and HA used cross-sectional significance tests (e.g.,
c-square and Student t tests) at every time point to
compare group differences20,24,35,37; this approach
might be subject to 2 methodologic hazards: (1) infla-
tion of a type I error and (2) failure to account for
measurements taken at different time points as coming
from the same individual.45 Moreover, unlike
repeated-measures ANOVA, another commonly used
analytical tool in previous randomized controlled tri-
als,20,23-25 GEEs do not require the outcome variable to
have a specific distribution. This feature can greatly
benefit studies in which data are skewed or the distri-
bution of data is difficult to verify owing to a small
sample size. Furthermore, missing data are practically
inevitable in longitudinal studies, thus leading to un-
balanced designs. If a subject has any missing values,
repeated-measures ANOVA will exclude the individual
from the analysis entirely; in contrast, GEEs take all
available data into account in an unbalanced design
and use maximum-likelihood estimation to make a
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more efficient effect estimate (i.e., treatment effect).34

Thus, we believe the results of our clinical trial were
given further credence by the use of GEEs in the
statistical analysis.

Limitations
Several limitations to this study warrant discussion.

First, the sample size of patients with Ahlbäck stage I
OA in each group was small; however, this realistically
reflects the ratio of subjects with different indexes of
OA severity in the outpatient department because more
symptomatic patients are more inclined to seek medical
treatment and vice versa. Second, most enrolled sub-
jects had bilateral knees that participated; however, this
is also a pragmatic reflection of the phenomenon seen
in the outpatient department. Although knee OA was
historically considered an asymmetrical disease, several
cross-sectional studies have shown that bilateral knee
pain is a frequent problem in the community.46-48

Thus, by including bilateral knee OA patients, our
study design closely reflects actual clinical practice and
further validates the application of our results to a
larger clinical patient population; furthermore, each
subject was adamantly instructed to reply to both the
WOMAC and IKDC questionnaires for each partici-
pating knee independent of the other. Third, the mean
BMI of the HA group was statistically higher than the
BMIs of the other groups; however, this possible con-
founding effect from the skewed distribution was
rescinded using GEEs, which analyzed the clinical
outcomes of the 3 tested groups while controlling for
their important covariates such as sex, age, BMI, and
severity of OA (Ahlbäck stage). Finally, this trial did not
include imaging studies, such as radiography or mag-
netic resonance imaging, for the evaluation of joint
cartilage or perform intra-articular biological analyses
for possible differences in the concentrations of various
biomarkers after each injection modality. Future long-
term studies of larger sample sizes encompassing all
stages of degeneration with the inclusion of imaging
evaluation and biomarker analysis of the knee joints are
warranted to further elucidate our findings.
Conclusions
Intra-articular injections of leukocyte-poor PRP can

provide clinically significant functional improvement
for at least 1 year in patients with mild to moderate OA
of the knee.
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Evidence Based Stem Cell Use In Orthopedics
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Bone Marrow Concentrate
High Level Evidence

Knee osteonecrosis
Rotator Cuff Repair 
Hip osteonecrosis

Medium Level Evidence
Knee OA 

Knee Cartilage Lesions
Lumbar Degenerative Disk

Insufficient Evidence
Rotator Cuff tendinopathy 

Elbow tendinopathy
Meniscal Repair

ACL tears/surgery

No Evidence Of Efficacy



N=75 knees with BMC  
Avg. Age = 60

KL1=12 knees      KL2/3=57 knees    KL4=6 knees
50% pain reduction at one year
Increase in IKDC from 38 to 66   

B O N E  M A R R O W  C O N C E N T R A T E  ( B M C )  
F O R  K N E E  A R T H R I T I S

2014

Level 4 study

B O N E  M A R R O W  C O N C E N T R A T E  ( B M C )  
F O R  K N E E  A R T H R I T I S

2018

N=254 patients   KL 2-4
Arthrex Angel device

VAS decrease 2.5 points for avg of 2 yrs
WOMAC increased by 8 points



Level 4
B M C  F O R  K N E E  A R T H R I T I S

2015

N=424
Patients receiving more than 400 million TNC had better 

pain relief but no difference in function

BUT
Patients had prolo, PRP, platelet lysate and BMC

Meta-analysis analysis of 11 studies, level 4
B M C  F O R  K N E E  A R T H R I T I S

2016

Good to excellent outcomes 1-2 years



Level 4
B M C  F O R  E L B O W  T E N D I N O P A T H Y

2014

N=30
PRTEE decreased from 73 to 14 at 1 year

Lumbar Disk

2014

2016

2017

B M C  F O R  D I S C O G E N I C  B A C K  P A I N



Level 4
B M C  F O R  L U M B A R  D I S C O G E N I C  P A I N

2017

N=26  (all were surgical consults)
> 2000 CFU/ml gave faster and better clinical outcomes

Avg. pain reduction of 70%
80% still had not had surgery at 3 years

Level 4
B M C  F O R  A C L  T E A R S

2017

N=10
6 injection locations in one session, MRI data
6 months follow up without functional data



Level 3/4
B M C  F O R  R O T A T O R  C U F F  T E A R S

2015

N=115
6-12 mos follow up

SANE 50%

6500 CFU/ml  
20 ml delivered to femur and tibia

BEFORE

12 YEARS

BEFORE

12 YEARS

6 TKR revisions (20%) 
1 TKR in BMC group

2018 BMC Study

N=30
Avg age 28

Same outcome scores 
70% preferred BMC



Level 3
B M C  F O R  H I P  A R T H R I T I S

2018

N=19
Significant pain reduction lasted thru 

6 months from one injection

2014 BMC Study
Hip Osteoarthritis

N=216 hips 
BMC(2.5cc), PRP(1cc), PL(1cc)

Average 9 months follow-up

SANE was 30% improvement
Oxford Hip Score improved 6 points 

Pain score dropped from 5 to 3 



2018 BMC Study
Hip Arthritis, Femoral Head Osteonecrosis

125 patients with bilateral hip ON
the LARGER lesion side treated with MSCs (avg. 90K)\ 
the SMALLER lesion side treated with decompression

BMC Cellular Therapy “Won”!
28% collapse versus 72%
24% THR versus 76% THR 30 Years Later

2014 BMC Study
Rotator Cuff Tears

N=45 with BMC       N=45 without BMC
1.4cm to 2.5cm rotator cuff tears

150cc iliac crest aspiration —-> 51,000 MSC delivered(4300CFU/ml)
8cc into the greater tuberosity; 4cc at the repair site

10yr Follow Up
100% healed in BMC group                        67% healed in control 

group
87% intact at 10yrs                                         44% intact at 10yrs

#MSCs was most important variable determining outcome

Level 3 Data
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The use of stromal vascular fraction (SVF), platelet-rich plasma (PRP) and stem
cells in the treatment of osteoarthritis: an overview of clinical trials
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ABSTRACT
Osteoarthritis (OA) is a major cause of disability across the world, which its prevalence is relatively high
in elder population. Current accepted therapies such as exercise, anti-inflammatory drugs and intra-
articular inoculation of corticosteroids are aimed at controlling symptoms in the affected patients.
Surgical options including arthroplasty, osteotomy and joint replacement are other choices of treat-
ment, which are invasive and can be applied in case of failure of conventional therapies. In the last
few decades, efforts to treat musculoskeletal diseases are being increasingly focused on regenerative
cellular therapies. Stromal vascular fraction (SVF), which obtained from adipose tissue, contains a
variety of cells include mesenchymal stem cells (MSCs) and has shown to be effective in cartilage
repair. Autologous blood products such as platelet-rich plasma (PRP) act as an adjuvant of surgical
treatment and its intra-articular delivery has shown beneficial effects for OA treatment. Given the effi-
cacy of such treatment approaches in OA, this paper discusses both preclinical and clinical evidence
with major focus on clinical trials.
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Introduction

Osteoarthritis (OA) is the most prevalent degenerative joint
disease, which mostly impairs mobility and subsequent qual-
ity of life in elder individuals. Patients experience signs of
pain, morning stiffness and a grating sound during joint
motion known as crepitus. Although the pathogenesis of OA
has been poorly understood, it has often defined with
changes in articular cartilage. Tissue fluid, proteoglycans and
type 2 collagen form the main structure of cartilage.
Furthermore, chondrocytes, as the main cell type found in
this area, can generate and maintain the extracellular envir-
onment. It has been reported that chondrocytes have
no mitotic and regenerating capacities under physiologic
condition. These cells can maintain the minimal turnover of
collagens to make permanent structures in front of mechan-
ical forces exerted on the joints. However, any mechanical
stress or injury can stimulate chondrocytes to proliferate and
increase their ability to synthesize the extracellular matrix as
part of the repair process. The subsequent changes in matrix
composition can induce chondrocytes to release catabolic
factors leading to cartilage degradation. This can cause
friction between bones and make pain and immobility in the
affected patients [1].

Several risk factors include genetic, ageing, obesity and
low-grade systemic inflammation have been described and

are being the subject of ongoing research in OA [2]. Data
from twin and familial aggregation studies have estimated
40–65% genetic risk for OA. The strongest genetic association
has been reported with growth differentiation factor 5 (GDF5)
gene, which originally identified with candidate gene-based
approach. Moreover, during the last 10 years, genome-wide
association studies (GWAS) have established the remaining
association with 21 genetic loci. These associated loci include
genes that are involved in pathways related to cell signalling,
apoptosis, mitochondrial damage and extracellular matrix
remodelling. Although each individual allele exerts moderate
to small risk in OA pathogenesis, their identification helps to
discover the whole mechanism of the disease. In addition, it
helps to find biomarkers to detect high-risk individuals or
improve disease outcomes in the affected patients [3].

Among several aforementioned risk factors of OA, the
most prevalent one is ageing. Evidence has shown that OA
and ageing are two linked but independent processes. To
date, several mechanisms have been proposed to declare
how the ageing-associated changes promote OA develop-
ment [4]. The low-grade systemic inflammation, as one of the
OA risk factors, is created when the mass of muscle
decreased and the fat mass increased in the body. This meta-
bolic condition, as seen in obesity, can change mechanical
loading, which further increases adipokines and cytokines in
the joint space [5]. Other mechanisms include mitochondrial
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dysfunction [6], oxidative stress [7], and reduced autophagy
in chondrocytes [8], which increase the production of cata-
bolic over anabolic factors. A kind of senescence has also
been observed in chondrocytes that results in reduced sensi-
tivity to different growth factors [9]. This phenomenon can
increase inflammatory mediators as well as matrix-degrading
enzymes in the joints. Moreover, senescence can cause telo-
mere shortening as the much probable mechanism in cartil-
age damage [10]. Strategies for killing or modulating
immune response in these senescence cells can be used as
treatment options in OA.

Although OA is a very common illness, the existence of
similar signs with other arthritis conditions makes it a difficult
disease to diagnose. To date, no precise blood test has been
recognized for OA diagnosis. However, imaging aids rheuma-
tologists and radiologists for both diagnosis and longitudinal
evaluation of the disease. In this regard, basic radiographs
have been considered as the gold standard diagnostic tool in
OA. In case of diagnostic uncertainty, other imaging techni-
ques such as magnetic resonance imaging (MRI) and multide-
tector computed tomography (MDCT) can be used [11]. It has
been reported that the structural changes of the joints can
be seen with MRI, especially in early stages of the disease
[12]. Computed tomography (CT)-based methods include four
dimensional (4D)- and cone beam (CB)-CT can evaluate kine-
matic and weight-bearing characteristics of the joints. All the
aforementioned techniques are cross-sectional and any
changes in metabolic activities during synovial inflammation
can be revealed through positron emission tomography
(PET)-based analyses [13]. Moreover, recent research has
reported that non-invasive detection of infiltrated innate
immune cells can help to identify high-risk individuals [14].

Treatment approaches

Many experiments in pathogenesis have revealed that OA is
a generalized disease that affects different cells and tissues in
the body. Therefore, a wider treatment approach is needed
to target all the affected regions in the disease [15]. The goal
of treatment in patients with OA is to reduce pain and stiff-
ness, maintain the functional capacities as well as improving
quality of life [16]. After diagnosis, physicians advise the
patients to have low-impact aerobic exercise [17], lose their
weight [18] and use nutraceuticals such as glucosamine and
chondroitin sulfate [19]. Exercise helps to strengthen the
muscle around the affected joints, which, in turn, reduces
pain and instability in patients. There is also some evidence
that patients can benefit from knee braces and shoe
orthotics [20]. Aside from these non-pharmacological sugges-
tions, patients may benefit from nonsteroidal anti-inflamma-
tory drugs (NSAIDS) as well as intra-articular inoculations of
corticosteroids and hyaluronic acid (HA) [21,22]. HA is a nat-
ural glycosaminoglycan, which provides lubricating and
shock-absorbing capacities through acting as an osmotic buf-
fer in the joints [23]. Some patients are advised to use fluoro-
scopic- and ultrasound-guided neural blockade [24,25]. These
kinds of treatments can help to relieve symptoms and pain
as well as preventing cartilage destruction in OA patients.

Surgical strategies in symptomatic patients are also benefi-
cial for the management of OA in different types of tissues
such as knee, hip and hands. These strategies can be conser-
vative, in which the damaged cartilage is left in place, or rad-
ical such as arthroplasty, in which the total joint is replaced
with an artificial prosthesis [26]. Arthroplasty has shown
promising results in patients who have unsuccessful or con-
traindicated treatment modalities. However, like other treat-
ment approaches, it has little but serious complications [27].
It should be noted that physicians should never prescribe
arthroplasty for individuals younger than 60 years. These
approaches are limited to focal lesions and may not be suit-
able in the field of OA, where the volume of cartilage loss is
more generalized [28].

Limitations of previous treatment strategies include poor
cell viability, limited supply and adverse effects on joint con-
gruency have encouraged researchers to focus on regener-
ation rather than replacement of the affected tissues [29].
Progenitor cells are able to regenerate any damaged region
in articular cartilage. However, the lack of vascularity in cartil-
age space prevents the infiltration of these cells [30].
Therefore, regenerative medicine helps to achieve this aim
through the application of stromal vascular fraction (SVF),
platelet-rich plasma (PRP) and stem cells in orthopaedics.
Here, in this review, we aimed to discuss recent attempts
about the use of SVF, PRP and stem cells in OA with a spe-
cific focus on clinical trial studies.

Stromal vascular fraction

The ability of MSCs to differentiate into several cell lines such
as chondrocytes makes them alternative treatment options in
OA. Moreover, the anti-inflammatory effect of soluble factors
released from these cells can halt cartilage destruction, a pro-
cess that is created as the result of inflammation [31]. Those
MSCs derived from adipose tissue (known as ADSC) gain sev-
eral advantages over other tissue sources include abundance,
the ease of harvest and stable phenotype after many culture
passages [32]. Animal studies have proved the efficacy of
ADSCs as a treatment option in OA and other related diseases.

The stromal vascular fraction (SVF), which is obtained after
enzymatic digestion of adipose tissue, acts as a treatment
choice and contains heterogeneous population of stem, pro-
genitor and adult cells [33]. Those ADSCs available in SVF
secrete several soluble factors with anti-inflammatory, immu-
nomodulatory and analgesic effects. There are two
approaches for delivery of SVF; intra-articular injection of cells
suspended in platelet-rich plasma (PRP) and surgical implant-
ation. In this regard, PRP has two advantages as an adjuvant.
On the one hand, it provides growth factors to help better
proliferation of stem cells, however, on the other hand, acts
as scaffold for attaching cells to the site of cartilage damage.
It has been reported that injection has several advantages
over implantation including less invasiveness, better patient
compliance and lower costs [34]. SVF has also its own advan-
tages including the abundant stem cells it has, ease of
extraction, availability of tissue supply and minimal invasive-
ness of the harvest procedure [15]. Nowadays, only one
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randomized clinical trial is available for the application of SVF
in orthopaedic situations [35]. Therefore, unlike successful
results were achieved in many studies, no one can recognize
SVF as a conventional treatment.

Almost all the studies evaluate the effect of SVF treatment
on knee OA. A 3–36months follow-up has shown improve-
ments in pain and functional scores in all investigations. In
2011, Pak et al. conducted the first case-series that reported
the efficacy of autologous SVF in OA patients. The visual ana-
logue score (VAS), functional rating index (FRI) and range of
motion (ROM) improved after three months, which is in line
with cartilage regeneration [36]. In a retrospective cohort
study, Pak and his colleagues injected SVF with PRP and HA
into the knee, hip and femoral joints of patients with OA and
observed the 50–60% improvement in ROM and VAS scores.
Moreover, MRI has confirmed significant regeneration of car-
tilage defects. Similar efficacy of this combination has been
reported at 3-month follow-up in this study. Some serious
side effects such as swelling and tendonitis may somehow
limit the SVF use in patients [37]. Kim et al. conducted
another retrospective cohort study and found that SVF injec-
tion enhanced the efficacy of osteotomy regarding clinical
outcomes. In some studies, the cartilage thickness increased
as observed in MRI analysis [36,38,39]. Aside from injection
approach, SVF implantation has been evaluated through
second-look arthroscopy in different studies [40]. Again, all
the studies showed improved condition, except one, which
showed hyaline-like regenerative tissue in histological ana-
lysis of the joints. This observation was only seen in high-
dose administration of SVF [38]. Koh et al. have conducted
related studies for consecutive years. The study by Koh and
Choi compared the effect of SVF with PRP alone, as treat-
ment approach in control group. The authors have shown
that SVF injection is safe; however, no significant difference
in disease outcome has been reported between the groups
[34]. In 2013, Koh et al. used autologous SVF and PRP after
arthroscopic debridement in 18 patients with knee OA. The
study has reported that this combination is safe and able to
improve all related clinical criteria including VAS and Western
Ontario and McMaster Universities Osteoarthritis (WOMAC)
scores. No serious complications have also been reported
upon treatment [39]. In another study by the same authors,
outcomes from second-look arthroscopy and other clinical
observations have shown that SVF plus PRP therapy mildly
improved indices for pain and symptoms compared with
another group who received PRP alone. Moreover, findings
from arthroscopic examinations have shown more fibrocarti-
lage regeneration in patients receiving SVF/PRP than PRP
alone [40]. In a retrospective study in 2014, patients with
knee OA received implanted ADSCs, which at first seemed to
have great potential for treatment. However, second-look
arthroscopy was shown that it had 76% success in repair
[41]. Bui et al. conducted a case-series in 21 patients with
knee OA who received SVF and PRP. The improved VAS and
Lysholm scores, as well as increased cartilage thickness, have
been reported after 8.5months of treatment [38]. Another
study in 2015 has reported improved cartilage defect in 63%
of the patients who received autologous SVF. The treatment
group have also shown better VAS, Lysholm and outcome

scores [40]. A multi-center case-control study by Michalek
et al. in 2015 has been conducted in patients with knee and
hip OA. Upon receiving autologous adipose SVF, no serious
side effects were reported in these patients. Clinical symp-
toms such as pain, stiffness, analgesic usage and extent of
joint movement were improved which was estimated 75% in
63% of the patients [42]. In 2016, Pak et al. have found that
autologous adipose extra-cellular matrix, when used in com-
bination with SVF and PRP, can increase the effectiveness of
treatment. All FRI, ROM and VAS scores were improved after
three months of treatment in patients [43]. Fodor et al. have
reported full activity and decreased pain in eight OA patients
after autologous SVF therapy. Improvements in WOMAC and
VAS scores were maintained after 1 year; however, no detect-
able structural differences were observed in MRI [44].
According to study by Bansal et al., pain levels of those
patients who received SVF plus PRP have been reduced,
especially after 3 months. Moreover, combinations of these
treatment approaches with traditional exercise can make bet-
ter improvements in the quality of lives of the OA patients
[35]. Despite the observed benefits in above studies, all of
them classified as case series with some limitations. Since
SVF is always suspended in a volume of PRP, there is no
information regarding the regenerative effects of pure SVF in
OA patients. Moreover, the optimum times and modality of
administration remain unknown. This underscores the need
for randomized, double blind and placebo-controlled clinical
trials of SVF therapy in OA (Table 1).

Platelet-rich plasma

Platelet-rich plasma (PRP) is an autologous plasma product,
which has four to five times more platelets than unprocessed
blood plasma. Those many growth factors and inflammatory
mediators, which released upon activation from pooled plate-
lets, make PRP be potentially effective in orthopaedics.
Moreover, the acceptability, non-invasiveness, and safety pro-
file increase demands of PRP use in patients with OA [45].
Evidence suggests that direct injection of PRP can control the
inflammatory environment of the joint [46]. One of the
molecular mechanisms by which PRP exerts this controlling
effect is preventing the activation of nuclear factor (NF)-kB
target genes [47]. The inflammatory environment in chondro-
cytes from patients with OA contains interleukin (IL)-1b,
which stimulates NF-kB to inhibit synthesis of anabolic
related genes such as type 2 collagen [48]. Moreover, IL-1
receptor antagonist has been concentrated in PRP to exert
the anti-inflammatory effect. Other anti-inflammatory effects
of PRP are related to growth factor components in it. Some
of these growth factors have the ability to control the NF-kB,
however, others can suppress the expression of special che-
mokine receptor on the surface of cells at the site of inflam-
mation [49]. Moreover, PRP increases the synthesis of
proteoglycans and collagen as the same levels as in normal
chondrocytes [50].

Many studies have reported that PRP administration has
positive effects on patients with knee OA. In 2012, Gobbi
et al. had shown that intra-articular injection of autologous
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Table 1. Chronological list of studies regarding the application of SVF, PRP and MSCs in patients with knee OA.

Type of
therapy

Publication
Year Study type

Patient
population

Study
design Follow-up Outcome References

SVF therapy 2011 Case-series 3 women
1 man

ADSC HA PRP
Calcium
chloride

3 months Positive changes in MRI;
Improvements in pain, physical
therapy outcomes and func-
tional status

[36]

2012 Therapeutic
case-control level III

25 SVFþ PRP 12 months Improved Lysholm, Tegner and VAS
scores; no adverse side effects

[34]

2013 Case-series 18 SVFþ PRP 24.3 months Improved WOMAC, Lysholm, VAS and
whole-organ MRI scores

[39]

2013 Retrospective
cohort study

91 SVFþ PRP 26.62 ± 0.32 months SVF is safe; no tumor formation; self-
limited tendonitis and swelling

[37]

2014 Case-series 21 SVFþ PRP 8.5 months Improved joint function; Decreased
pain score; Increased Lysholm
score; Improved MRI findings; No
serious side effects

[38]

2015 Comparative study 30 SVF 3, 12, 24 months Improved clinical outcomes after 2-
year follow-up

[77]

2015 Case-series 30 SVFþ PRP 24 months Improved clinical results and cartilage
status under second-look arthro-
scopic analysis

[40]

2015 Multi-center
case-control study

1114 SVF 17.2 months Improved pain score and func-
tional status

[42)

2016 Case report 3 SVFþ PRPþ
HAþ ECM

3.5 months Improved FRI, ROM and VAS [43]

2016 Case report 6 SVF 12 months Improved pain, functional status; no
MRI evidence of cartilage
regeneration

[44]

2017 Clinical trial 10 SVFþ PRP 3 months Reduced WOMAC score; Improved
cartilage thickness; safety
of treatment

[35]

PRP therapy 2012 Case-series 50 PRP 12 months Improved pain, clinical scores and
quality of life

[51]

2013 Prospective
cohort study

22 PRP 12 months Improved pain, functional and clin-
ical scores

[78]

2013 Randomized controlled
trial

78 PRP 6 months Improved WOMAC score [52]

2014 Systematic review
and meta-analysis

1543 PRP vs. HA 6 to 24 months Improved function; more effective
than HA

[53]

2017 Meta-analysis 1069 PRP Variable Similar pain relief and functional
improvement at 6 months; better
improvements for PRP at 12
months; PRP is safe

[54]

2018 Meta-analysis 1520 PRP vs. HA 6, 12 months Similar effectiveness between PRP
and HA

[55]

2018 Randomized clinical trial 89 PRP vs. HA 3, 6 months Better improvement in pain and
functional status for PRP;
Improved synovial hypertrophy
and vascularity scores

[56]

2018 Randomized clinical trial 42 PRP vs. PRL 6 months PRP is more effective than PRL
regarding pain, stiffness and func-
tional limitations

[57]

2018 Pilot study 132 Prior MP
injection vs.
PRP alone

1, 3, 6,
12 months

Better clinical outcomes in prior
MP injection

[58]

Stem cell
therapy

2013 Double blinded
controlled trial

40 Autologous
Ad-MSCs

6 months Similar effectiveness in pain score
compared to placebo

[70]

2014 Double-blinded
controlled trial

46 BM-MSCs 12, 24 and
36 weeks

Significant clinical improvement after
MSC treatment

[66]

2014 Double-blinded
controlled trial

55 Allogenic MSCs 12 months Meniscus regeneration and
improved pain

[79]

2014 Clinical trial 18 Ad-MSCs 6 months Safety; Improved WOMAC score;
decreased cartilage defect

[71]

2015 Double-blinded
controlled trial

30 Allogenic
BM-MSC

12 months Significant improvements in func-
tional indices; more convenient
than autologous MSCs

[67]

2016 Clinical trial 60 BM-MSCs 1, 3, 6,
12 months

Reduced pain in patients and
repaired damaged cartilage in rats

[68]

2016 Phase I/II multicenter
randomized clinical trial

30 Autologous
BM-MSCs

12 months Safety, clinical and functional
improvement

[69]

2016 Phase I Dose-Escalation
Trial

18 Ad-MSCs 6 months Safety; Significant improvements in
pain and function

[80]

SVF: stromal vascular fraction; PRP: platelet-rich plasma; HA: hyaluronic acid; MRI: magnetic resonance imaging; VAS: visual analog scale; ECM: extracellular matrix;
MSC: mesenchymal stem cell; ADSC: adipose-derived stem cell; WOMAC: Western Ontario and McMaster Universities osteoarthritis; FRI: functional rating index;
ROM: range of motion; BM: bone-marrow; MP: methyl prednisone.
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PRP in patients who experienced arthroscopic debridement
and micro-fractures made significant improvement in disease
activity and symptoms [51]. A total of 78 patients with bilat-
eral OA enrolled into the trial and randomized into four inter-
vention groups; single PRP injection, two PRP injections 3e
weeks apart, single saline injection and placebo. Those who
received two PRP injections had comparable effects regard-
ing primary and secondary outcomes with single dose group.
However, PRP had better results than saline in these patients
[52]. According to a meta-analysis of five randomized con-
trolled trials in 2014, which compared PRP with HA, PRP had
more prolonged and better effectiveness than HA in patients
who have degenerative knee OA [53]. In two recent similar
meta-analyses, most of the studies have reported comparable
outcomes between PRP and HA, however, the authors sug-
gested that a large multicenter randomized trial is needed to
determine the efficacy of PRP in OA patients [54,55]. The
randomized clinical trial by Ahmad et al. have shown the effi-
cacy of both PRP and HA regarding the reduced pain and
improved functional status in patients. The authors suggested
that even PRP made better results than HA. This trial has not
been included in aforementioned recent meta-analyses and it
does not have larger sample size than other included studies
[56]. Very recent evidence compared the reducing effect of
PRP and prolotherapy on pain and symptoms in patients with
knee OA. An irritant solution like hypertonic dextrose is often
injected in prolotherapy to stimulate proliferation of cells at
the damaged site. In case of enthesitis, prolotherapy is more
effective than PRP, however, findings from Rahimzadeh et al.
study has reported that PRP is even more effective over time
in treatment of OA patients. The authors have pointed out
that the lack of control group, small sample size and lack of

morphological assessments are among their study limitations
[57]. As reported in a recent study, intra-articular injection of
corticosteroids prior to PRP injection resulted in better out-
comes in patients with mild to moderate OA [58].

Aside from studies including patients with knee OA, some
randomized trials are also existed about other affected tissues
like hip and ankle. To date, four studies compare PRP with HA
in hip OA, which have conflicting results. This confliction has
now been solved by a meta-analysis in 2018, which reported
that PRP could reduce pain score at 2months follow-up.
However, this finding has not been approved at later months
[59]. Just one study has pointed to the efficacy of PRP in
patients with ankle OA, which again has shown that PRP can
significantly reduce pain in these patients [60] (Figure 1).

Although unusual side effects have been reported for PRP,
they are often mild and self-limited. Pain, allergic reactions
and a grade of inflammatory response can be observed at
the site of injection. If the aseptic conditions have not been
considered during injection, infection can also be a serious
side effect. Mild to moderate arthralgia is the most frequent
event that often reported in patients, which can be resolved
over time. Arthroscopic findings may report the hypertrophy
of the cartilage tissue in some studies [61].

Stem cells

Regeneration of the damaged cartilage is the main aim of
therapy in degenerative osteoarticular diseases. There are a
limited quantity of mesenchymal stem cells (MSCs) in normal
joint fluid, which can differentiate into chondrocyte that fur-
ther makes the new cartilage. However, this newly formed
cartilage is fragile and easily destroyed by any minimal stress

Figure 1. Steps for PRP preparation. The first step is to collect around 20 mL of whole blood in anticoagulated vacutainer tubes. Then, place the blood-filled tubes
on a specially prepared centrifuge to spin at 600 �g for 7 minutes. This results in formation of two phases, which the upper phase should be transferred to empty
sterile tubes. In the next spinning stage, tubes are centrifuged at 2000 �g for 5 minutes. First RBCs and then platelets are deposited at the bottom of the tubes
and one can homogenize the platelet layer to available plasma to make PRP.
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on the joint. Therefore, the need still exists for the applica-
tion of exogenous MSCs, which have several advantages
include lack of need for biopsy and ease of injection in the
therapeutic field of OA.

Due to immunomodulatory and regenerative capacities of
MSCs, some clinical trials have addressed their use in cartil-
age repair. There are different protocols for MSC therapy in
patients. In most of the cases, cells are isolated and culture-
expanded prior to injection; however, in other cases, cells
can be harvested at one stage and finally injected. SVF-
derived MSCs are the best example for the latter protocol.
Other formulations in this group include stem cells derived
from lipoaspirate, aspirated concentrate of bone marrow
(BM) and microfragmentation, which is a non-enzymatic
approach for isolation of BM vascular niche [62]. In 2012, Koh
et al. isolated stem cells from infrapatellar fat pad (IFP) and
then injected them to knees of OA patients underwent
arthroscopic debridement. This approach was considered
safe, reduced pain levels and improved function after one-
year follow-up in patients. Evidence suggests that those cells
isolated from IFP source have high chondrogenic potential
than other cells [34].

The local microenvironment of culture media can affect
MSC differentiation and in vitro expansion of these cells may
change the properties of injected MSCs. However, limited
number of MSCs are available in one-stage harvest protocol
[63]. Therefore, most research, as well as our discussion in
this review, have been focused on culture-expanded cells. In
2008, Centeno et al. reported that the use of autologous cul-
ture-expanded bone marrow-derived stem cells (BM-SCs)
could improve pain and ROM in individuals with degenera-
tive joint disease [64]. In a prospective unblinded controlled
trial by Wong et al., injection of autologous cultured BM-SCs
in patients underwent high tibial osteotomy and microfrac-
ture resulted in better scores for primary and secondary out-
comes, as indicated by International Knee Documentation
Committee (IKDC), Tegner and Lysholm clinical scores [65].
Another study by Aghdami et al. indicated similar improve-
ment of clinical scores in patients with moderate to severe
knee OA who were followed-up for 9months. The authors
conducted a double-blinded placebo-controlled study, in
which the control group received carrier media as placebo.
Decreased subchondral oedema in some patients, as well as
increased cartilage thickness in the treatment group, is
another important observation in that study [66]. Vega et al.
conducted another study in 30 patients who were not satis-
fied with traditional treatments. The authors were divided
patients into two treatment groups: intra-articular injection of
BM-SC or HA and followed them until 1-year. Symptom
improvement was more obvious in BM-SC-receiving individu-
als and the damaged area in cartilage had significant reduc-
tion as seen in clinical imaging. Another finding in this study
was that the allogenic MSC is better than autologous regard-
ing the ease of use. Moreover, expansion of allogenic cells is
cheaper than autologous. Immune rejection is the main limit-
ing issue while working with these cells [67]. Gupta et al.
have also tried allogenic MSCs at different doses to be
injected in knees and found that 25-million-cell dose can
effectively reduce pain; however, no changes have been

observed in imaging analysis [68]. In 2016, Espinosa et al.
conducted a multicenter randomized controlled trial, in
which individuals were randomly selected to receive autolo-
gous cultured BM-SCs or HA to assign either in treatment or
control groups, respectively. All the participants were fol-
lowed-up for 12months, and the treatment group achieved
good results especially in high-dose condition. Furthermore,
radiographic evaluation has revealed reduced joint space
only in control group. Joint damage was also decreased
upon treatment [69].

Regarding studies on non-expanded stem cells, March
et al. have observed that adipose-derived MSCs (Ad-MSCs)
can reduce pain and improve symptoms in patients with
knee OA [70]. One year later, Jo et al. decided to find the
more appropriate strategy for treatment of generalized cartil-
age loss in OA. The study comprised two phases, which
phase one included three dose-escalation cohorts and phase
two began when patients received high doses of Ad-MSCs.
Again, the primary and secondary outcomes, as well as the
size of cartilage defect, have been improved in high-dose
treatment group. In addition, histologic analysis has shown
that hyaline-like cartilage regeneration was responsible for
this improvement [71]. In a very recent study in 2018, a com-
bination of in-vitro expanded Ad-MSCs with cell culture
supernatant, known as progenza, was administered to
patients with symptomatic knee OA. According to the find-
ings, progenza was well-tolerated and induced significant
improvements in patients. The authors claimed that any
potential effect of progenza on disease modification warrants
further studies [72].

Limitations

There are some limitations regarding the application of PRP,
SVF and stem cells in patients with OA. Most of the studies
around the efficacy of PRP are case studies and preclinical
investigations and few clinical trials are available in case of
OA [73]. In addition, several protocols concerning the produc-
tion of PRP exist; however, there is no consensus in methods
that help us to select the gold standard. Some studies have
declared that developing an antibody against bovine throm-
bin can initiate the activation of platelets [73]. Another issue
that makes confusion is the dosage schedule of PRP in differ-
ent studies [74]. SVF has many advantages that have been
confirmed both in vivo and in vitro and those stem cells
derived from SVF should fulfil the requirements of good
manufacturing practices (GMPs) for clinical use. Other issues
might be resolved before its application in clinics. What is
the exact mechanism of action of ADSCs? How long do these
cells stay in the joint to exert its local effects and which con-
trol group is more suitable to compare with SVF? Does SVF
provide similar results if the source of adipose tissue
obtained from obese individuals? Aside from the potential
ability of MSCs in OA treatment, some limitations have been
reported when using these cells. The availability of autolo-
gous cells might be scarce and tissue selection is important
to minimize morbidity in patients. In addition, more
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randomized clinical trials are required to better understand
their positive impacts on patients with OA [75].

Future perspectives and conclusion

The significant clinical burden of OA in populations high-
lights the importance of finding the most effective strategy
for treatment. Cell-based therapies and regenerative medi-
cine have provided effective results in the affected patients.
PRP can reduce pain and improve functional status in the
knee OA; however, imaging techniques have not pointed to
any direct effect on cartilage. In addition, there is no calibra-
tion regarding the collection method and optimal treatment
dosage of PRP in studies. Although SVF provides better qual-
ity of lives in OA patients, this kind of treatment is slightly
aggressive to be used in humans. The efficacy of MSCs in car-
tilage repair is well established in animal, preclinical and
phase I or II clinical studies. Other stem cell-based
approaches such as the use of embryonic stem cells (ES) and
induced pluripotent stem cells (iPS) are currently under inves-
tigation in animals. It has been reported that different tissue
sources are available for iPS generation and using iPS is less
invasive than MSC in regenerative medicine [76]. Finally, the
efficacy of such treatments, as well as new stem cell-based
approaches in OA, need to be confirmed by further con-
trolled long-termed studies.
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