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Abstract: Osteoarthritis (OA) is a degenerative disorder resulting from loss of joint cartilage 

and underlying bone and causes pain and loss of function. The treatment of knee OA is still a 

challenge because of the poor self-regeneration capacity of cartilage. The nonsurgical interven-

tions include control of the aggravating factor (such as weight control and the use of walking 

aids), symptomatic treatment (such as acetaminophen or nonsteroidal anti-inflammatory drugs), 

prolotherapy, and viscosupplementation. However, the combination of platelet-rich plasma 

(PRP) and hyaluronic acid (HA) has not been widely used because of lack of clinical evidence 

and several limitations in patients with severe knee OA. Three patients who suffered from knee 

pain and poor walking endurance were diagnosed with advanced knee OA. They underwent PRP 

treatment in association with intra-articular HA injection and showed pain relief and functional 

improvement. The follow-up standard weight-bearing X-ray images of knees also confirmed 

the improvement and indicated the possibility of regeneration of the articular cartilage. These 

cases provide clinical and radiographic evidence for a new therapy for advanced knee OA. 

This treatment strategy of PRP in association with HA injection can offer a chance to treat 

severe knee OA, rather than immediate surgery, or a chance for those who cannot undergo 

surgery. It can also postpone the need of arthroplasty and can significantly improve the daily 

activity function.

Keywords: hyaluronic acid injection, knee osteoarthritis, platelet-rich plasma, regeneration, 

X-ray

Introduction
Osteoarthritis (OA) is a degenerative disorder resulting from loss of joint cartilage 

and underlying bone.1 Articular cartilage is an avascular connective tissue and serves 

as a buffer material to weight-bearing and shearing forces together with the unique 

extracellular matrix, which is composed of high concentration of proteoglycans, 

polymeric hyaluronic acid (HA), and link protein. Under stimulation with repetitive 

mechanical injury, the elevated inflammatory cytokines, produced by fibroblast-like 

synovial cells, macrophage-like synovial cells, and chondrocytes such as interleukin 

(IL)-1 and tumor necrosis factor alpha result in a significant effect of cartilage dam-

age.1 Knee OA is the major cause of lower extremity disability in elderly adults, 

especially people older than 45 years.2 Besides causing local pain, stiffness, and 

swelling, knee OA is also one of the most common causes of low back pain and 

decreased quality of life.3
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The 2013 treatment guideline of the American Academy 

of Orthopedic Surgeons4 strongly recommends conserva-

tive treatments such as physical therapy, aerobic exercises, 

weight control, and neuromuscular education. Medications 

and injections are also the treatment choice but they have 

the disadvantages of systemic side effects and short-term 

efficacy. The difficulty in treatment of knee OA is mainly due 

to the lack of an effective therapy to reverse the degenera-

tion of joint cartilage. In the case of severe knee OA, joint 

replacement may be the final solution.

Viscosupplementation (such as HA), prolotherapy (such 

as dextrose), platelet-rich plasma (PRP) therapy, and stem cell 

therapy have been considered for the treatment of knee OA to 

increase tissue healing and to slow down the progression of 

degeneration.4 High-molecular-weight HA is a natural disac-

charide polymer that can mimic the synovial fluid. In addition 

to supporting joint lubrication, HA can inhibit the inflamma-

tory process and stimulate cartilage regeneration.5–8 PRP is 

collected from the patient’s blood. After centrifugation and 

separation, PRP contains four to six times the native platelet 

count and high dose of growth factors; PRP is believed to have 

the capability to promote tissue repair and regeneration.9 The 

trials of comparing PRP and HA have shown that PRP had 

better quality and quantity of pain relief than HA in mild-to-

moderate OA but had equal effects in severe OA.6,10,11 Both 

prolotherapy and viscosupplementation with either PRP or 

HA have shown limited effectiveness in severe knee OA.

However, the combination of PRP and HA had not been 

widely used because of lack of clinical evidence. Moreover, 

the treatment with PRP and HA still has many limitations, 

especially in patients with severe knee OA. We report three 

cases with severe knee OA. The patients received PRP in asso-

ciation with HA injection, and the follow-up via X-ray imaging 

documented the possibility of cartilage regeneration.

Case presentation
Methods
The authors obtained written consent of the patients to describe 

their illness and publish this case report. We did not use patients’ 

data that could allow identifying them. Three patients with knee 

OA underwent PRP therapy in association with intra-articular 

HA injection at the outpatient department of the China Medical 

University Hospital from March to October 2014. PRP was pre-

pared using SEPAX system (Biosafe SA, Eysins, Switzerland). 

An amount of 200 mL venous blood was drawn from the patient 

into the blood bag containing 22 mL of the anticoagulant citrate 

phosphate dextrose adenine (CPDA-1, USP) solution (JMS 

Singapore Pte., Ltd., Singapore). Each 100 mL of CPDA-1 

contains 0.299 g citric acid (anhydrous), 2.63 g sodium citrate 

(dihydrate), 0.222 g monobasic sodium phosphate (monohy-

drate), 3.19 g dextrose (monohydrate), and 0.0275 g adenine. 

PRP, platelet-poor plasma, and red blood cells were collected 

individually after 20 minutes of processing using the generic vol-

ume reduction protocol (SEPAX). An amount of 20 cc PRP was 

drawn aseptically into four 5 cc sterile syringes. Subsequently, 

each patient was injected in the following areas: intra-articular, 

pes anserine, medial collateral, and lateral collateral ligament 

attachments. A total of 10 cc PRP (including 5 cc intra-articular 

injection) was used per knee joint at each visit.

Two different kinds of HA were used in these patients 

based on their personal insurance policy and practicability. 

Two of three patients were injected with Hyalgan® (molecular 

weight of 5.0–7.3×105 Da, 20 mg/2 mL; Fidia Farmaceutici 

S.p.A., Abano Terme, Italy), and the other patient was 

injected with Ostenil® (molecular weight of 1.2–1.4×106 Da, 

10 mg/mL; TRB Chemedica AG, Munchen, Germany).

The subjective pain intensity over bilateral knees, which 

was rated with a visual analog scale (VAS), was assessed 

based on the patient’s subjective feeling before and after 

treatment. The VAS is a horizontal line, 100 mm in length, 

anchored by the words “No pain” at the left side and “Very 

severe pain” at the right side. The patient was asked to mark 

a point on the line that she felt represented her perception of 

her current pain state. The score was determined by measur-

ing in millimeters from the left end of the line to the point 

that the patient marked.

Two functional indexes, the Lequesne index and the 

Western Ontario and McMaster Universities Osteoarthritis 

(WOMAC) index, were used to evaluate the patients’ 

clinical symptoms. The Lequesne index ranges from 0 to 24. 

A score $14 indicates extremely serious functional disability, 

and scores .11, 8–10, 5–7, and 1–4 indicate very severe, 

severe, moderate, and minor functional disability, respectively. 

The WOMAC index ranges from 0 to 96. It has three main 

sections: pain (total: 20 points), stiffness (total: eight points), 

and physical functional disability (total: 68 points). Higher 

scores relate to severe symptoms and worse function.

The joint space width (JSW) was measured as the mini-

mum distance in the medial tibiofemoral compartment using a 

computer-automated measurement software in the follow-up 

knee X-rays, which were filmed in the full weight bearing, 

standing, and fully extended anteroposterior (AP) view with 

a fixed X-ray beam.

Case descriptions
Case 1
A 77-year-old female with no previous history of trauma 

or knee surgery visited our outpatient department in 
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October 2007. Her body weight was 50 kg and height 

was 152 cm (body mass index [BMI]: 21.6 kg/m2). She 

complained of lower back pain and painful sensation 

over bilateral knees during walking for several years. The 

VAS was 63 mm in resting and aggravated up to 85 mm 

when squatting down and climbing stairs. Poor walking 

endurance and lower back soreness were also noted in 

the daytime. The physical examination showed varus 

deformity, crepitus, and bulking over bilateral knees. The 

Lequesne index was rated 11 and the WOMAC index was 

rated 77 (Table 1).

She received regular physical therapy, oral nonsteroidal 

anti-inflammatory drug, and glucosamine sulfate plus intra-

articular HA (Hyalgan®) injection once a week for three times 

every 6 months for 3 years. However, she still suffered from 

recurrent knee pain and showed no improvement in walking 

endurance. She lost to follow-up for 3 years and came back to 

our outpatient department again in October 2014 with similar 

symptoms and body weight. The follow-up bilateral standard 

extended weight-bearing X-ray images of knees in that visit 

revealed grade IV–V OA change (Figure 1A). The minimum 

JSW values of right and left medial tibiofemoral compartment 

were 0.30 mm and 0.21 mm, respectively (Table 1).

We arranged PRP injection in the same visit, followed by 

intra-articular HA (Hyalgan®) injection for each knee once a 

week for three times separately in the total 6 weeks of treat-

ment course. No obvious body weight change was observed 

during this period. After completing the treatment course, she 

kept receiving the medication with glucosamine (Camine®, 

crystalline glucosamine sulfate [314 mg per capsule]; Purzer 

pharmaceutical Co., Ltd., Taipei, Taiwan), one capsule three 

times a day for 3 months, and then started another 6-week 

course of intra-articular HA (Hyalgan®) injection from April 

2015 to June 2015. She reported marked improvement of walk-

ing endurance and decreased bilateral knee pain. The VAS was 

improved to 12 mm when resting and 23 mm when climbing 

stairs. The Lequesne index was rated 7 and the WOMAC 

index was rated 34 (Table 1). The follow-up standard weight-

bearing X-ray images in June 2015 also showed an increase 

in minimal JSW from 0.30 mm to 0.91 mm over the right side 

and from 0.21 mm to 0.52 mm over the left side of the medial 

tibiofemoral compartment (Figure 1B, Table 1).

Table 1 The characteristics of the three cases, before and after treatment

Before PRP + HA After PRP + HA

VAS 
(mm)

Lequesne 
index

WOMAC
index

JSW (right/left) 
(mm)

VAS 
(mm)

Lequesne 
index

WOMAC
index

JSW (right/left) 
(mm)

Case 1 85 11 77 0.30/0.21 23 7 34 0.91/0.52
Case 2 87 14 88 0.32/0.46 30 8 30 0.60/0.49
Case 3 81 16 64 0.55/1.09 0 0 0 5.5/5.2

Notes: VAs is 0–100 (100 is most pain); Lequesne index ranges from 0 to 24 (24 is extremely serious); WOMAC index ranges from 0 to 96 (high score is severe symptoms/
worse function); JsW is the minimal joint space width in the medial compartment of knees.
Abbreviations: HA, hyaluronic acid; JsW, joint space width; PrP, platelet-rich plasma; VAs, visual analog scale; WOMAC, Western Ontario and McMaster Universities 
Osteoarthritis.

Figure 1 standard weight-bearing knee X-rays of a 77-year-old female before (A) and 8 months after (B) one course of intra-articular PrP in association with HA injection, 
showing the increase in medial joint space (white arrows).
Abbreviations: HA, hyaluronic acid; PrP, platelet-rich plasma.
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Case 2
A 69-year-old female, whose body weight was 66 kg 

and height 155 cm (BMI: 27.4 kg/m2), suffered from 

bilateral knee pain and gait disturbance for years and 

visited a physical medicine and rehabilitation clinic in 

March 2014. She had tenderness over bilateral medial 

knees with VAS at 50 mm in resting status. The painful 

sensation had aggravated when going down stairs and 

squatting down with VAS at 87 mm. She also showed 

poor walking endurance. The Lequesne index was rated 

14 and the WOMAC index was rated 88 (Table 1). The 

standard weight-bearing X-ray images of knees in that 

visit showed significant narrowing of medial joint space 

with minimal JSW values of 0.32 mm and 0.46 mm over 

the right and left medial tibiofemoral compartment, 

respectively (Figure 2A, Table 1).

PRP injection was arranged at that time, followed by 

3 weeks of intra-articular HA (Hyalgan®) injection course 

for each knee separately (once a week on one knee, a total of 

6 weeks). During the next clinic visit, she reported being pain 

free when resting and decreased tenderness (VAS =30 mm) 

when doing activity. Her body weight had no change com-

pared to that in the initial visit. The Lequesne index was 

rated 8 and the WOMAC index was rated 30 (Table 1). The 

follow-up standard weight-bearing X-ray images of bilateral 

knees showed significant improvement in the narrowing joint 

space with minimal JSW values of 0.60 mm and 0.49 mm 

over the right and left medial tibiofemoral compartment, 

respectively (Figure 2B, Table 1).

However, multiple tender points over bilateral medial 

collateral ligament and pes anserine were observed. Thus, 

she received 25% dextrose prolotherapy injection over those 

tender points each week for 2 months. She also received 

physical therapy in our clinic, but the symptoms of knee OA 

had not been reported to progress.

Case 3
A 76-year-old female, who suffered from bilateral knee pain 

and gait disturbance for years, visited a physical medicine 

and rehabilitation clinic in March 2014. Her body weight 

was 63 kg and height was 158 cm (BMI: 25.2 kg/m2). No 

obvious change was observed during the next visit. She com-

plained of whole knee tenderness, especially at the medial 

side. Limitation of range of motion and aggravated pain 

while going down stairs were noted. The VAS was 81 mm. 

The Lequesne index was rated 16 and the WOMAC index 

was rated 64 (Table 1). The standard weight-bearing X-ray 

images of bilateral knees showed femorotibial OA and knee 

OA grade V at the right knee and grade IV at the left knee 

(Figure 3A). The minimal JSW values of the medial com-

partment were 0.55 mm and 1.09 mm over the right and left 

knees, respectively (Table 1).

She received PRP injection, followed by 3 weeks of intra-

articular HA (Ostenil®) injection course for bilateral knees 

separately (once a week on bilateral knees, a total of 3 weeks) 

in March 2014. The symptoms were improving but still she 

had tenderness and impaired walking endurance. Therefore, 

she received another course of PRP plus HA (Ostenil®) injec-

tion in August 2014. The tenderness over medial knee and 

walking endurance were improving but still she had no com-

plete relief, with VAS being 50 mm. She was followed up two 

times in the clinic for intra-articular HA (Ostenil®) injection 

in December 2014. PRP injection once over bilateral knees 

in January 2015 was also arranged. She mentioned that the 

knee pain was completely relieved after the aforementioned 

treatment. However, the follow-up standard weight-bearing 

Figure 2 standard weight-bearing knee X-rays of a 69-year-old female before (A) and 15 months after (B) one course of intra-articular PrP in association with HA injection, 
showing significant improvement in the narrowing joint space (white arrows).
Abbreviations: HA, hyaluronic acid; PrP, platelet-rich plasma.
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X-ray images of bilateral knees showed more significant bone 

spur growth but with improved joint space narrowing, with 

JSW values of 5.50 mm and 5.20 mm over the right and left 

knees, respectively (Figure 3B, Table 1).

Discussion
According to recent studies, OA is a result of progressive 

loss of joint cartilage and leads to a “whole joint” disease, 

which includes loss of articular cartilage, synovitis, sub-

chondral bone remodeling, and osteophyte formation; OA 

also results in pain and loss of function.12,13 The treatment 

of knee OA is still a challenge because of the poor capac-

ity for self-regeneration of cartilage. Before performing 

joint replacement, nonsurgical interventions are arranged 

to relieve the pain and to improve the physical functions. 

These nonsurgical interventions include control of the 

aggravating factor, symptomatic treatment, prolotherapy, 

and viscosupplementation.14

Radiography is currently the most widely used method 

that can classify the severity of knee OA using the Kellgren 

and Lawrence system or the Ahlbäck classification system.15 

In 1999, the US Food and Drug Administration claimed JSW 

as a reliable marker to tracking the progression of knee OA 

in the guidance of treatment of OA.16 However, there are 

still several different opinions about using JSW in stand-

ing AP view to follow the progression of cartilage damage. 

The sensitivity of JSW measured in standing extended AP 

view was challenged, and more evidence indicated that a 

flexion AP view (knee flexion 20°–30°) is a better choice 

to measure the JSW.17 The correlation between JSW and 

cartilage thickness is also controversial. Cicuttini et al18 

concluded that the narrowing of JSW might reflect meniscal 

extrusion rather than the loss of volume of cartilage. Despite 

these arguments, regular measurement of joint space narrow-

ing on standard weight-bearing X-ray images of the knees 

should be the appropriate primary end point for follow-up 

and demonstration of treatment efficacy.

Sampson et al9 injected PRP in 14 patients with primary 

or secondary OA and measured the cartilage thickness via 

ultrasound. The result showed increased cartilage thickness 

in six patients. Many case series and at least four randomized 

controlled trials concluded PRP injection as an effective and 

safe therapy in knee OA treatment, with only limited com-

plication of transient pain and swelling after procedure.10,11,19 

PRP is believed to have the potential to provide pain relief and 

functional improvement in 6–9 months after injection, with 

therapeutic effects up to 24 months; this reduction in pain is 

due to the capability of PRP to promote the proliferation of 

chondrocytes, stimulate the production of synovial fluid, and 

limit the inflammatory response.7,19–21 Further subgroup analy-

sis revealed the better outcomes of pain relief in a group of 

younger patients with early OA. Kon et al22 published a case 

series of PRP injection including 91 patients of knee OA and 

showed less improved result in the high degree of OA clas-

sification (Kellgren–Lawrence IV) in the final follow-up result. 

A similar result was also reported by the same authors in a 

prospective comparative study; the further analysis showed 

that only patients with early OA have better results.23 Filardo 

et al24 and Jang et al25 also confirmed this result and suggested 

the role of PRP as a safe and effective therapy in a group of 

younger patients with early OA. The hypothesis is that few 

living chondrocytes indicate less response to the growth factor. 

Furthermore, severe OA indicates the irreversible change of the 

joint damage, in which PRP may have only little influence.23

Figure 3 standard weight-bearing knee X-rays of a 76-year-old female before (A) and 1 year after (B) two courses of intra-articular PrP in association with HA injection, 
showing more significant bone spur growth and the cartilage remains at a healthy size with the normal joint space (white arrows).
Abbreviations: HA, hyaluronic acid; PrP, platelet-rich plasma.
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Similar to that of PRP, the evidence of intra-articular HA 

injection also indicates less improvement of pain in advanced 

knee OA. A systematic review by Trigkilidas and Anand26 

concluded that intra-articular HA injection is efficacious 

for pain control in mild-to-moderate knee OA. Kon et al23 

published a 2- and 6-month follow-up clinical comparative 

study with similar findings; the intervention effective peak 

was at ∼6–8 weeks and the residual effectiveness was up to 

6 months. However, HA injection serves as a transient syn-

ovial fluid supplement when endogenous HA in the synovial 

joint decreases in concentration and production during the 

process of degeneration; HA injection also provides further 

metabolic anti-inflammatory effects by normalizing the syn-

thesis of endogenous HA and induces chondroprotection.5,7,27 

Some case series have already reported the positive result 

of combined HA and PRP for pressure sore and wound 

healing.28–30 The positive result showed that the chondro-

protective effect of intra-articular HA might offer a better 

environment for cartilage regeneration. Considering the 

promotion of the few living chondrocytes in the advanced 

degenerative knee, some physicians have attempted com-

bining PRP and HA injection to treat knee OA. A recent 

study showed the potential of combined use of HA and 

PRP due to the different mechanisms in reducing inflam-

mation, indicated by decreased IL-6 and synoviocyte matrix 

metalloproteinase-13 expression.21 Moreover, another study 

by Chen et al27 revealed that the combined use of PRP and 

HA can promote chondrogenesis of OA chondrocytes in both 

cell and animal models. Therefore, the combined use of HA 

and PRP is considered to provide a better method to treat 

knee OA. However, evidence verifying the combined use of 

HA and PRP in severe knee OA remains weak.

Our cases provide clinical and radiographic evidence 

for a new therapy for advanced knee OA. This combined 

therapy can offer a chance to treat severe knee OA, rather 

than immediate surgery, or a chance for those who cannot 

undergo surgery. This combined therapy can also postpone 

the need of arthroplasty and can significantly increase the 

daily activity function. To the best of our knowledge, this 

report presents the first case series with X-ray imaging before 

and after PRP therapy in association with HA injection.

Limitations
The limitations of this clinical observation cases include the 

following: 1) a small number of patients to report a strong 

clinical effect, 2) the absence of standardization of standing 

knee radiographs to measure real articular cartilage changes, 

and 3) the use of only two viscosupplement products in 

these three patients. Further research with a randomized 

setting, control group, and larger case population is needed. 

Furthermore, other noninvasive examinations, such as ultra-

sonography and magnetic resonance imaging, are necessary 

to evaluate the thickness of cartilage after treatment.

Conclusion
We report three elderly patients with advanced knee OA who 

received PRP in association with HA injection and showed 

pain relief and functional improvement. The follow-up stan-

dard weight-bearing X-ray images of knees also confirmed 

the improvement and indicated the regeneration of the 

articular cartilage. This case series suggests that the treat-

ment strategy of PRP in association with HA injection may 

be useful to treat advanced knee OA before these patients 

receive arthroplasty.

Acknowledgments
This work was supported in part by the Taiwan Ministry of 

Health and Welfare Clinical Trial and Research Center of 

Excellence (MOHW105-TDU-B-212-133019) and by the 

China Medical University under the Aim for Top University 

Plan of the Ministry of Education, Taiwan.

Disclosure
No commercial party having a direct financial interest in 

the results of the research supporting this article has or will 

confer a benefit upon the authors or upon any organization 

with which the authors are associated. The authors report no 

conflicts of interest in this work.

References
1. Martel-Pelletier J, Boileau C, Pelletier JP, Roughley PJ. Cartilage in 

normal and osteoarthritis conditions. Best Pract Res Clin Rheumatol. 
2008;22(2):351–384.

2. Lawrence RC, Felson DT, Helmick CG, et al. Estimates of the prevalence 
of arthritis and other rheumatic conditions in the United States part II. 
Arthritis Rheum. 2008;58(1):26–35.

3. Muraki S, Akune T, Oka H, et al. Health-related quality of life in subjects 
with low back pain and knee pain in a population-based cohort study 
of Japanese men: the research on osteoarthritis against disability study. 
Spine (Phila Pa 1976). 2011;36(16):1312–1319.

4. Brown GA. AAOS clinical practice guideline: treatment of osteoarthritis 
of the knee: evidence-based guideline, 2nd edition. J Am Acad Orthop 
Surg. 2013;21(9):577–579.

5. Vincent K, Percival SS, Conrad BP, Seay AN, Montero C, Vincent KR. 
Hyaluronic acid (HA) viscosupplementation on synovial fluid inflam-
mation in knee osteoarthritis: a pilot study. Open Orthop J. 2013;20(7): 
378–384.

6. Raeissadat SA, Rayegani SM, Hassanabadi H, et al. Knee osteoarthritis 
injection choices: hyaluronic acid versus platelet rich plasma. Clin Med 
Insights Arthritis Musculoskelet Disord. 2015;7(8):1–8.

www.dovepress.com
www.dovepress.com
www.dovepress.com


Clinical Interventions in Aging

Publish your work in this journal

Submit your manuscript here: http://www.dovepress.com/clinical-interventions-in-aging-journal

Clinical Interventions in Aging is an international, peer-reviewed journal 
focusing on evidence-based reports on the value or lack thereof of treatments 
intended to prevent or delay the onset of maladaptive correlates of aging 
in human beings. This journal is indexed on PubMed Central, MedLine, 

CAS, Scopus and the Elsevier Bibliographic databases. The manuscript 
management system is completely online and includes a very quick and fair 
peer-review system, which is all easy to use. Visit http://www.dovepress.
com/testimonials.php to read real quotes from published authors.

Clinical Interventions in Aging 2016:11 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

Dovepress

1219

PrP with HA for severe OA knees

 7. Andia I, Abate M. Knee osteoarthritis: hyaluronic acid, platelet-rich 
plasma or both in association? Expert Opin Biol Ther. 2014;14(5): 
635–649.

 8. Moreland LW. Intra-articular hyaluronan (hyaluronic acid) and hylans 
for the treatment of osteoarthritis: mechanisms of action. Arthritis Res 
Ther. 2003;5(2):54–67.

 9. Sampson S, Reed M, Silvers H, Meng M, Mandelbaum B. Injection of 
platelet-rich plasma in patients with primary and secondary knee osteoar-
thritis: a pilot study. Am J Phys Med Rehabil. 2010;89(12):961–969.

 10. Chang KV, Hung CY, Aliwarga F, Wang TG, Han DS, Chen WS. 
Comparative effectiveness of platelet-rich plasma injections for treating 
knee joint cartilage degenerative pathology: a systematic review and 
meta-analysis. Arch Phys Med Rehabil. 2014;95(3):562–575.

 11. Khoshbin A, Leroux T, Wasserstein D, et al. The efficacy of platelet-
rich plasma in the treatment of symptomatic knee osteoarthritis: a sys-
tematic review with quantitative synthesis. Arthroscopy. 2013;29(12): 
2037–2048.

 12. Goldring MB. The role of the chondrocyte in osteoarthritis. Arthritis 
Rheum. 2000;43(9):1916–1926.

 13. Ayhan E, Kesmezacar H, Akgun I. Intraarticular injections (corticos-
teroid, hyaluronic acid, platelet rich plasma) for the knee osteoarthritis. 
World J Orthop. 2014;5(3):351–361.

 14. McAlindon TE, Bannuru RR, Sullivan MC, et al. OARSI guidelines 
for the non-surgical management of knee osteoarthritis. Osteoarthritis 
Cartilage. 2014;22(3):363–388.

 15. Hunter DJ, Conaghan PG. Imaging outcomes and their role in deter-
mining outcomes in osteoarthritis and rheumatoid arthritis. Curr Opin 
Rheum. 2006;8(2):157–162.

 16. FDA/CDER Resource Page. Food and Drug Administration Website. 
Guidance for Industry: Clinical Development Programs for Drugs, 
Devices, and Biological Products Intended for the Treatment of Osteoar-
thritis. 1999. Available from: http://www.fda.gov/downloads/Drugs/
GuidanceComplianceRegulatoryInformation/Guidances/UCM071577.
pdf. Accessed November 28, 2002.

 17. Vignon E, Piperno M, Le Graverand MP, et al. Measurement of 
radiographic joint space width in the tibiofemoral compartment of the 
osteoarthritic knee: comparison of standing anteroposterior and Lyon 
schuss views. Arthritis Rheum. 2003;48(2):378–384.

 18. Cicuttini F, Hankin J, Jones G, Wluka A. Comparison of conventional 
standing knee radiographs and magnetic resonance imaging in assessing 
progression of tibiofemoral joint osteoarthritis. Osteoarthritis Cartilage. 
2005;13(8):722–727.

 19. Pourcho AM, Smith J, Wisniewski SJ, Sellon JL. Intraarticular platelet-
rich plasma injection in the treatment of knee osteoarthritis: review 
and recommendations. Am J Phys Med Rehabil. 2014;93(11 suppl 3): 
S108–S121.

 20. Sánchez M, Anitua E, Azofra J, Aguirre JJ, Andia I. 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.

 21. Sundman EA, Cole BJ, Karas V, et al. The anti-inflammatory and 
matrix restorative mechanisms of platelet-rich plasma in osteoarthritis. 
Am J Sports Med. 2014;42(1):35–41.

 22. Kon E, Buda R, Filardo G, et al. Platelet-rich plasma: intraarticular 
knee injections produced favorable results on degenerative cartilage 
lesions. Knee Surg Sports Traumatol Arthrosc. 2010;18(4):472–479.

 23. Kon E, Mandelbaum B, Buda R, et al. Platelet-rich plasma intraarticular 
injection versus hyaluronic acid viscosupplementation as treatments for 
cartilage pathology: from early degeneration to osteoarthritis. Arthros-
copy. 2011;27(11):1490–1501.

 24. Filardo G, Kon E, Pereira Ruiz MT, et al. Platelet-rich plasma 
intraarticular injections for cartilage degeneration and osteoarthritis: 
single- versus double-spinning approach. Knee Surg Sports Traumatol 
Arthrosc. 2012;20(10):2082–2091.

 25. Jang SJ, Kim JD, Cha SS. Platelet-rich plasma (PRP) injections as an 
effective treatment for early osteoarthritis. Eur J Orthop Surg Trau-
matol. 2013;23(5):573–580.

 26. Trigkilidas D, Anand A. The effectiveness of hyaluronic acid intra-
articular injections in managing osteoarthritic knee pain. Ann R Coll 
Surg Engl. 2013;95(8):545–551.

 27. Chen WH, Lo WC, Hsu WC, et al. Synergistic anabolic actions of 
hyaluronic acid and platelet-rich plasma on cartilage regeneration in 
osteoarthritis therapy. Biomaterials. 2014;35(36):9599–9607.

 28. Cervelli V, Lucarini L, Spallone D, et al. Use of platelet-rich plasma and 
hyaluronic acid in the loss of substance with bone exposure. Adv Skin 
Wound Care. 2011;24(4):176–181.

 29. Nicoli F, Balzani A, Lazzeri D, et al. Severe hidradenitis suppurativa 
treatment using platelet-rich plasma gel and hyalomatrix. Int Wound J. 
2015;12(3):338–343.

 30. Yamada Y, Nakamura S, Ueda M, Ito K. Papilla regeneration by inject-
able stem cell therapy with regenerative medicine: long-term clinical 
prognosis. J Tissue Eng Regen Med. 2015;9(3):305–309.

http://www.dovepress.com/clinical-interventions-in-aging-journal
http://www.dovepress.com/testimonials.php
http://www.dovepress.com/testimonials.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
www.dovepress.com

	Publication Info 4: 
	Nimber of times reviewed 2: 


