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OARSI recommendations for the management of hip and knee 
osteoarthritis, Part II: OARSI evidence-based, expert consensus guidelines. 
Osteoarthritis and cartilage 2008; 16: 137-162 
 
Zhang W, Moskowitz RW, Nuki G, Abramson S, Altman RD, Arden N, 
Bierma-Zeinstra S, Brandt KD, Croft P, Doherty M, Dougados M, 
Hochberg M, Hunter DJ, Kwoh K, Lohmander LS, Tugwell P. 
 
University of Edinburgh, Osteoarticular Research Group, The Queen's Medical 
Research Institute, 47 Little France Crescent, Edinburgh EH16 4TJ, United 
Kingdom. 
 
16 Experten; 2 Kontinenten, 6 Länder; 4 Disziplinen 
Systematischer Review von 1945-2006; 
 
Level of evidence (LoE) 
Effect size for pain (ES) 
Strength of recommendation (SOR) 

Review 
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Medikamente 

    LoE  ES (Pain)  SOR (%) 
------------------------------------------------------------------------------------------------- 
1. Paracetamol Knie (bis 4g/Tag)  Ia  0,21   92 % 
2. Paracetamol Hüfte (bis 4g/Tag)  IV  0,21   92 % 
3. NSAR ; COX-2    Ia  0,32   93 % 
4. Topische NSAR; Capsaicin  Ia  0,32   85 % 
5.  Glucosamin    Ia  0,45   63 % 
6.  Chondroitin    Ia  0,30   63 % 
7.  Glucosaminsulfat / 
 Chondroitinsulfat   Ib    41 % 
8. Steroide i.a. (Knie)   Ia  0,72   78% 
9. Steroide i.a.(Hüfte)   Ib  0,72   78 % 
10. Hyaluronsäure   Ia  0,32   64 % 
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Crawford 2013 
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Osteoarthritis and cartilage 2008; 16: 137-162 
J Am Acad Orthop Surg. 2009; 638-646 

Kortison 

Ergebnisse bzgl Knie: 
  
•  13 Placebo RCT 
•  11/13 Guidelines 
•  Schmerzreduktion: 0,72 (0,42-1,02) 
•  Dauer 1-3 Wo. 
•  Schmerzverstärkung nach 4- 24 Wo. 
•  Funktionsverbesserung n.s. 
•  Erguß ? 
•  Triamzinolon vs. Betametason  
•  4 Spritzen pro Jahr 
 
Ergebnisse bzgl. Hüfte: 
 
•  2 RCT;  
•  Kortison vs. Lokale: 3 Mon. Sx-besserung 
•  Kortison vs. Kochsalz: keine Verbesserung 
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Hyaluronsäure 

Synovialzellen Entzündungszellen Chondrozyten 

Neusynthese von HA 
(Smith & Ghosh) 

Regulation der Zellaktivität 
(Corrado et al.) 

Verbesserung des Zellmetabolismus 
 (Guidolin et al.) 

Schmerz- und Funktionsverbesserung 
Miltner et al. 

Gelenkknorpel 
Reduktion des 
Entzündungsprozess 

Verbesserung oberflächliche Schicht Matrix Synthese 

Symptomatic slow acting drugs (SYSADOA) 
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Osteoarthritis and cartilage 2008; 16: 137-162  
Rheumatol Int. 2006 Feb;26(4):314-9. 
 

Hyaluronsäure 

Ergebnisse bzgl Knie: 
  
•  8/9 Guidelines 
•  22 Placebo RCT 
•  2 Metaanalyse für RCT signifikante Verbesserung 
•  1 Metaanalyse für RCT keine Verbesserung 
•  Schmerzreduktion: 0,32 (0,17-0,47) 
•  Schmerzreduktionsdauer 2-3 Mon.  
•  Funktionsverbesserung 6 Mon. 
•  Wirkungseintritt nach 5-13 Wochen 
•  Hochmolekulare Hyaluronsäure ist effektiver 
•  Verbesserter Effekt wenn additiv mit Steroide 

Ergebnisse bzgl. Hüfte: 
 
•  Kein Unterschied bzgl. Molekulargewicht 
•  Verbesserung uneinheitlich 
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Disease modifying OA drugs (DMOAD) 

Platelet Rich Plasma(PRP) 
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Buhr&Siekmann 
2009 



Indikationen - PRP 

	  
Akut:	  

Achillessehnenrupturen	  
RM-‐rupturen	  
Muskelfaserriß	  

Kniebandverletzung	  
Mensikusverletzung	  
Knorpelverletzungen	  

	  

	  
Chronisch:	  

Tennisellenbogen	  
AS	  –tendopathie	  

Patellarsehnenreizung	  
Plantarfaszienreizung	  
Subacromialsyndrom	  
Kleine	  RM-‐läsionen	  
Knorpelverschleiß	  	  

	  

Opera&on:	  
Intraopera&v	  ACP	  
Postopera&v	  ACP	  

	  
	  

Konserva&v:	  
ACP	  

ACP	  in	  Kombina&on	  mit	  
Therapieformen	  

-‐	  PT	  /MTT	  
-‐	  Hyaluronsäure	  
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PRP 

3 7 Chan et al 2006 

Optimaler Injektionszeitpunkt 
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s u m m a r y

Cartilage defects (CDs) and the most common joint disease, osteoarthritis (OA), are characterized by
degeneration of the articular cartilage that ultimately leads to joint destruction. Current treatment
strategies are inadequate: none results in restoration of fully functional hyaline cartilage, for uncertain
long-term prognosis. Tissue engineering of cartilage with auto-cartilage cells or appropriate mesen-
chymal stem cell (MSC)-derived cartilage cells is currently being investigated to search for new therapies.
Platelet-rich plasma (PRP), an autologous source of factors obtained by centrifugation, possesses various
functions. For culture of MSCs and cartilage cells, it might be substituted for fetal bovine serum (FBS)
with high efficiency and safety. It enhances the regeneration of cartilage cells when added to cartilage
tissue engineering constructs for repairing CDs and as regenerative injection therapy for OA. But chal-
lenges also remain. Some of the growth factors (GFs) present in PRP have negative effects on the OA joint.
It is therefore unlikely that a mix of GFs some of which have negative effects in the OA joint, as present in
PRP, will be of benefit in OA. Future directions of PRP application may concentrate on seeking an
appropriate and innocuous agent like anti-VEGF antibody that can modulate and control the effect of PRP.

! 2013 Published by Elsevier Ltd on behalf of Osteoarthritis Research Society International.

Introduction

Articular cartilage damage is usually caused by sports injuries or
accidental trauma and aging. It regularly progresses tomore serious
joint disorders such as osteoarthritis (OA), necrosis of subchondral
bone tissue or arthritis. An estimated 15% of the world’s population
have joint diseases; more than 39 million people in the European
Union andmore than 20million Americans have OA. By 2020, these
numbers will probably be doubled1.

After traumatic or pathological injury, hyaline articular cartilage,
the load-bearing tissue of joint, has limited or no intrinsic capacity
for repair capacity, and even minor lesions or injuries may lead to
progressive damage and joint degeneration.

OA is a chronic degenerative joint disease characterized by
progressive destruction of articular cartilage, thinning and eventual

wearing of articular cartilage, thus resulting in painful, limited joint
movement. The degeneration of articular cartilage, mainly due to
changes in the activity of chondrocytes in favor of catabolic activity,
which also involves other joint tissues, as alterations of the
meniscus, sclerosis and edema in the underlying subchondral bone
as well as intermittent inflammation of synovium.

Current treatments for articular cartilage damage, such as sur-
gical intervention (microfracture, osteochondral auto- or allo-
grafts), to repair articular cartilage are less than satisfactory and
rarely restore full function. To obtain sufficient chondrocytes for
therapy, the required in vitro expansion usually induces cartilage
cell dedifferentiation. Tissue engineering-based cartilage repair has
been pursued to provide more functional biological tissue. The
chondrocytes are taken from non-weight-bearing parts of intact
joint areas and expanded in cell culture, then transplanted into the
defective areas of the affected joints. Clinical trials of autologous
chondrocyte implantation (ACI) have shown promise2.

Multipotent adult mesenchymal stem cells (MSCs) can differ-
entiate into cells of the chondrogenic lineage and are isolated from
a wide variety of tissue sources; they are easy to isolate without
significant donor-site morbidity and are easier to expand in vitro
than chondrocytes3. These cells are also used for cartilage tissue
engineering and chronic degenerative disorders and to prevent
cartilage degradation in OA because of their trophic/regenerative

Abbreviations: ATP, adenosine triphosphate; EGF, epidermal growth factor; KGF,
keratinocyte growth factor; L-PRP, leukocyte-rich platelet-rich plasmaQ1Q2

* Address correspondence and reprint requests to: J. Peng, Institute of Orthope-
dics, Chinese PLA General Hospital, Fuxing 28# Road, Beijing, China.
Tel: 86 13910060749.

E-mail addresses: pengjdxx@126.com, pengjiang301@126.com (J. Peng).

1063-4584/$ e see front matter ! 2013 Published by Elsevier Ltd on behalf of Osteoarthritis Research Society International.
http://dx.doi.org/10.1016/j.joca.2013.07.017
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carrier to help the defect heal itself has been of interest23. Recently,
experimental study has identified the effects of PRP on OA in ani-
mal models such as rats24,25 and rabbits26e29. PRP has become an
optimal candidate agent for OA because of its milieu of GFs, it is
easily obtained and prepared. The effects of PRP include few
postoperative complications, alleviating pain, antimicrobial effects
and anti-inflammatory effects30. Its initial inhibition of macrophage
proliferation may explain this phenomenon.

In an OA model induced by formalin, collagenase, or anterior
cruciate ligament transfection, treatment with PRP/gelatin hydro-
gel injected in knee joints increased mRNA expression of proteo-
glycan core protein in the articular cartilage and decreased
chondrocyte apoptosis24 and suppressed progression of OA28. The

effects were related to severity of OA27. PRP combined with stem
cells injected into knees increased col-II content and decreased
chondrocyte apoptosis24 The most common PRP application is in-
jection, which avoids the adverse effects of surgery.

In addition, with osteoarthritic chondrocytes cultured in the
presence of IL-1 to mimic the osteoarthritic environment, PRP can
diminished multiple inflammatory IL-1 mediated effects. It has
analgesic, antibacterial, anti-inflammatory activity; balances joint
angiogenesis, coagulation and hemostasis; increases GAG level; and
stimulates chondrocyte synthesis cartilage matrix, for stem or
primary cell migration, differentiation, as well as wound healing.
PRP may become an attractive candidate to remedy and protect
against cartilage degeneration in OA.

Fig. 2. Chondrocytes expansion in vitro.

Table I
PRP application in vitro

Cell type Classification of PRP58 PRP application to culture Outcome Reference

a. PRP for chondrocyte culture
Human chondrocytes P2-x-NA Cells seeded on gelatin microcarriers

sealed with PRP
Improve cell proliferation and ECM synthetize
and maintain cell phenotype

59

Porcine chondrocytes P3-x-Aa 10% PRP release in serum-free medium Improve cell proliferation and matrix biosynthesis,
PG and collagen synthesis

60

Human chondrocytes P4-B In mono- and 3-D cultures Improve cell proliferation and ECM synthetize and
maintain cell phenotype

61

New Zealand white rabbit
chondrocytes

P4-NA 20% PRP in DMEM Improve cell proliferation and increase aggrecan,
BMP-2, BMP7, col-II expression in the long-term

62

Japanese white rabbit
chondrocytes

P4-x-NA 3% PRP with alginate beads Increase chondrocyte GAG synthesis and maintain
cell phenotype.

28

Human articular chondrocytes NA-x-Bb In mono- and 3-D cultures Improve chondrocyte proliferation but reduce
type II collagen, aggrecan and BMP-2

17

Bovine articular chondrocytes NA-x-Bb In mono- and 3-D cultures Improve chondrocyte proliferation but reduce
type II collagen, increase type I collagen

18

b. PRP for MSC culture
Human mesenchymal

stem cell (HMSC)
P2-Aa 10% PRP in DMEM Improve cell proliferation and induce

chondrogenesis

63

BM-HMSCs NAeNA 10% HPL Improve cell proliferation 64

BM-HMSCs P3-NA 5% HPL Improve cell proliferation and decrease
alloantigen-induced cytotoxic activity

20

BM-HMSCs P3eB 10% HPL Improve cell proliferation, preserve phenotype and
differentiation capacity

65,66

BM-HMSCs P2-x-Bb 10% PRP Improve cell proliferation and migration 67

Human subchondral
progenitor cells

P4-NA-B 5% PRP Improve cell proliferation and induce chondrogenesis 68

Human adipose
tissue-derived MSCs

P4-x-NA 10% PRP Improve cell proliferation, preserves differentiation
capacity and immunophenotype

69

Mouse muscle-derived
stem cell (MDSC)

P3-x-NA 10% PRP Improve cell proliferation and upregulate
type II collagen

70

Nude rats MDSC P2-NA Pellet culture added PRP combined with
a VEGF antagonist and BMP-4

Increase type II collagen 24

Sheep MDSC NA-x-NA High-density micromass culture in PRP Improve cell proliferation 71

Human BMSC P3-NA Pellet culture with 5% HPL Increased cell proliferation formed evident and
clear cartilage

72

P1, P2, P3, P4 represent platelet concentrations (platelets/mL): P1, !baseline levels; P2, >baseline levels to 750,000; P3, 750,000e1,250,000; and P4, >1,250,000. Endogenous
activation has no designation. If an exogenous external activator is used, it is documentedwith an x. Total leukocyte content in buffy coat is identified as A,>baseline level, or B,
!baseline levels; neutrophil count is identified as a, >baseline level, or b, !baseline levels. NA, not applicable.
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carrier to help the defect heal itself has been of interest23. Recently,
experimental study has identified the effects of PRP on OA in ani-
mal models such as rats24,25 and rabbits26e29. PRP has become an
optimal candidate agent for OA because of its milieu of GFs, it is
easily obtained and prepared. The effects of PRP include few
postoperative complications, alleviating pain, antimicrobial effects
and anti-inflammatory effects30. Its initial inhibition of macrophage
proliferation may explain this phenomenon.

In an OA model induced by formalin, collagenase, or anterior
cruciate ligament transfection, treatment with PRP/gelatin hydro-
gel injected in knee joints increased mRNA expression of proteo-
glycan core protein in the articular cartilage and decreased
chondrocyte apoptosis24 and suppressed progression of OA28. The

effects were related to severity of OA27. PRP combined with stem
cells injected into knees increased col-II content and decreased
chondrocyte apoptosis24 The most common PRP application is in-
jection, which avoids the adverse effects of surgery.

In addition, with osteoarthritic chondrocytes cultured in the
presence of IL-1 to mimic the osteoarthritic environment, PRP can
diminished multiple inflammatory IL-1 mediated effects. It has
analgesic, antibacterial, anti-inflammatory activity; balances joint
angiogenesis, coagulation and hemostasis; increases GAG level; and
stimulates chondrocyte synthesis cartilage matrix, for stem or
primary cell migration, differentiation, as well as wound healing.
PRP may become an attractive candidate to remedy and protect
against cartilage degeneration in OA.

Fig. 2. Chondrocytes expansion in vitro.

Table I
PRP application in vitro

Cell type Classification of PRP58 PRP application to culture Outcome Reference

a. PRP for chondrocyte culture
Human chondrocytes P2-x-NA Cells seeded on gelatin microcarriers

sealed with PRP
Improve cell proliferation and ECM synthetize
and maintain cell phenotype

59

Porcine chondrocytes P3-x-Aa 10% PRP release in serum-free medium Improve cell proliferation and matrix biosynthesis,
PG and collagen synthesis

60

Human chondrocytes P4-B In mono- and 3-D cultures Improve cell proliferation and ECM synthetize and
maintain cell phenotype

61

New Zealand white rabbit
chondrocytes

P4-NA 20% PRP in DMEM Improve cell proliferation and increase aggrecan,
BMP-2, BMP7, col-II expression in the long-term

62

Japanese white rabbit
chondrocytes

P4-x-NA 3% PRP with alginate beads Increase chondrocyte GAG synthesis and maintain
cell phenotype.

28

Human articular chondrocytes NA-x-Bb In mono- and 3-D cultures Improve chondrocyte proliferation but reduce
type II collagen, aggrecan and BMP-2

17

Bovine articular chondrocytes NA-x-Bb In mono- and 3-D cultures Improve chondrocyte proliferation but reduce
type II collagen, increase type I collagen

18

b. PRP for MSC culture
Human mesenchymal

stem cell (HMSC)
P2-Aa 10% PRP in DMEM Improve cell proliferation and induce

chondrogenesis

63

BM-HMSCs NAeNA 10% HPL Improve cell proliferation 64

BM-HMSCs P3-NA 5% HPL Improve cell proliferation and decrease
alloantigen-induced cytotoxic activity

20

BM-HMSCs P3eB 10% HPL Improve cell proliferation, preserve phenotype and
differentiation capacity

65,66

BM-HMSCs P2-x-Bb 10% PRP Improve cell proliferation and migration 67

Human subchondral
progenitor cells

P4-NA-B 5% PRP Improve cell proliferation and induce chondrogenesis 68

Human adipose
tissue-derived MSCs

P4-x-NA 10% PRP Improve cell proliferation, preserves differentiation
capacity and immunophenotype

69

Mouse muscle-derived
stem cell (MDSC)

P3-x-NA 10% PRP Improve cell proliferation and upregulate
type II collagen

70

Nude rats MDSC P2-NA Pellet culture added PRP combined with
a VEGF antagonist and BMP-4

Increase type II collagen 24

Sheep MDSC NA-x-NA High-density micromass culture in PRP Improve cell proliferation 71

Human BMSC P3-NA Pellet culture with 5% HPL Increased cell proliferation formed evident and
clear cartilage

72

P1, P2, P3, P4 represent platelet concentrations (platelets/mL): P1, !baseline levels; P2, >baseline levels to 750,000; P3, 750,000e1,250,000; and P4, >1,250,000. Endogenous
activation has no designation. If an exogenous external activator is used, it is documentedwith an x. Total leukocyte content in buffy coat is identified as A,>baseline level, or B,
!baseline levels; neutrophil count is identified as a, >baseline level, or b, !baseline levels. NA, not applicable.
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Anaboler Effekt auf Chondrocyten 
Verbesserung Zell-  und Matrixproliferation 
Antiinflammatorischer Effekt 
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up to 93% of cases.15 The patient was placed in a supine
position, the knee being slightly bent with the help of a pop-
liteal cushion. The medial, lateral, and superior edges of the
patella were always marked. After local anesthesia with
lidocaine chlorohydrate, a superolateral approach was
used whereby the needle was inserted at an angle of approx-
imately 45! toward the medial joint line of the knee until
reaching the ‘‘soft spot’’ between the patella and the femur,
next to the junction of the line going through the lateral
patellar edge and the line going through the superior pole
of the patella. Before the drug was injected, the piston of
the syringe was drawn back slightly to ensure that the nee-
dle was properly in the joint. The mean volume of ACP
injected in our series was 5.5 mL for each infiltration.

After the infiltration, the patients were monitored for
10 minutes to ensure there were no adverse reactions.
None were observed in our series. Postinjection protocol
did not provide any restriction of physical activity. All
the patients were evaluated before the infiltration and at
4, 12, and 24 weeks after the first injection. The Western
Ontario and McMaster (WOMAC) osteoarthritis index
questionnaire2 was used, which assesses pain, articular
stiffness, and functional limitation. This step was managed
by the same operator. For WOMAC, the minimum score is
zero and the maximum score, which represents the highest
grade of debilitation, is 96.

The minimal detectable change was 1 and the minimal
clinically important difference was 3.

Statistical Analysis

The significance of differences among the periods post-
treatment (intragroup analysis) was tested by analysis of
variance with Bonferroni correction. To test the

significance between the 2 types of treatment (intergroup
analysis), we conducted a t test on groups of data belonging
to the same level of pathologic changes and at the same
posttreatment period.

With an anticipated effect size of 0.8 and a desired sta-
tistical power level of 0.8, we calculated a minimum sample
size of 66 patients (33 patients per group).

RESULTS

No patients withdrew during the study period.
The ACP group consisted of 25 men and 35 women, with

a mean age of 66.5 years (range, 31-90 years; standard
deviation [SD], 11.3 years). Gonarthrosis was primary in
57 patients and was secondary to a trauma in 3 patients
(lesion of cartilage due to repetitive traumas during sport
in 2 patients; lesion of cartilage due to a fall in 1 patient).
The pretreatment mean WOMAC score was 76.9 (range,
55-94; SD, 9.5). The patients were graded according to
the Kellgren-Lawrence radiographic classification: 21
patients had grade I gonarthrosis, 24 had grade II, and
15 had grade III. The condition affected the right knee in
43 patients and the left knee in 17 patients.

The HA group consisted of 28 men and 32 women, with
a mean age of 66.2 years (range, 36-87 years; SD, 10.6
years). In this group, gonarthrosis was primary in 59
patients and secondary to a trauma in 1 patient (fracture
of the tibial plateau). The pretreatment mean WOMAC
score was 75.4 (range, 54-91; SD, 10.7). The patients
were graded again by the Kellgren-Lawrence classifica-
tion: 25 patients had grade I gonarthrosis, 22 had grade
II, and 13 had grade III. The condition affected the right
knee in 48 patients and the left knee in 12 patients.

Assessed for eligibility (n=123)

Excluded (n=3)
♦ Not meeting inclusion criteria (n=2)
♦ Declined to participate (n=1)
♦ Other reasons (n=0)

Analyzed (n=60)
Excluded from analysis (n=0)

Lost to follow-up (n=0)
Discontinued intervention (n=0)

Allocated to receive ACP infiltration (n=60)
♦ Received allocated intervention (n=60)
♦ Did not receive allocated intervention (n=0)

Lost to follow-up (n=0)
Discontinued intervention (n=0)

Allocated to receive HA infiltration (n=60)
♦ Received allocated intervention (n=60)
♦ Did not receive allocated intervention (n=0)

Analyzed (n=60)
Excluded from analysis (n=0)

Allocation

Analysis

Follow-up

Randomized (n=120)

Enrollment

Figure 1. Flow diagram of the study. ACP, autologous conditioned plasma; HA, hyaluronic acid.
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There was no statistical difference in the age of the
patients (P . .05). The percentage of men to women was
similar between the 2 groups (ACP group: 42% men vs
HA group: 47% men) with no statistically significant differ-
ence (P . .05). The distribution of gonarthrosis was also
similar between the groups (ACP group: 35% grade I,
40% grade II, 25% grade III vs HA group: 42% grade I,
37% grade II, 21% grade III) with no statistically signifi-
cant difference (P . .05). Demographic information is
reported in Table 1. Finally, there was no statistical differ-
ence in pretreatment WOMAC scores (P = .557).

At week 4, both groups showed a significant reduction
in the overall WOMAC score compared with baseline in
both groups (Figure 2). The mean WOMAC score was
49.6 (range, 5-80; SD, 617.7) in the ACP group versus
55.2 (range, 25-78; SD, 612.3) in the HA group. The differ-
ence recorded between the ACP and the HA groups was
statistically significant (P \ .001) at this time point.

At week 12, a reverse trend was observed, with a contin-
uous improvement in the patients treated with PRP and
a slight worsening in patients treated with HA, as seen
in Figure 3. The mean WOMAC score was 39.1 (range,
5-76; SD, 617.8) in the ACP group versus 57.0 (range,
32-78; SD, 611.7) in the HA group. The difference recorded
between the groups was statistically significant (P \ .001).

In both groups the score was significantly better than base-
line at week 12.

At week 24, the subjects treated with PRP showed a con-
tinuous improvement, whereas the subjects treated with
HA showed a sharp worsening, as seen in Figure 4. Four
subjects in the HA group regressed to their baseline
WOMAC scores. Although the mean WOMAC score was
36.5 in the ACP group (range, 5-76; SD, 617.9), it was
65.1 in the HA group (range, 41-82; SD, 610.6). The differ-
ence recorded between the groups was statistically signifi-
cant (P \ .001).

In both groups, the score was significantly better than
baseline at week 24.

In the ACP group, there were significant differences
between pretreatment and all follow-up time points (4
weeks P \ .001, 12 weeks P \ .001, and 24 weeks P \
.001). In addition, there were significant differences
between 4 and 12 weeks (P \ .001) and between 4 and
24 weeks (P \ .001). There was no difference between 12
and 24 weeks (P = .007).

TABLE 1
Demographic Informationa

ACP Group HA Group

Average age (SD), y 66.5 (11.3) 66.2 (10.6)
Male patients, No. (%) 25 (42) 28 (47)
Female patients, No. (%) 35 (58) 32 (53)
Left knee, No. 17 12
Right knee, No. 43 48
Gonarthrosis, No. (%)

Grade I 21 (35) 25 (42)
Grade II 24 (40) 22 (37)
Grade III 15 (25) 13 (21)

aACP, autologous conditioned plasma; HA, hyaluronic acid; SD,
standard deviation.
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Figure 2. Mean Western Ontario and McMaster (WOMAC)
scores for the autologous conditioned plasma (ACP) group
in relation to degree of gonarthrosis.
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Figure 3. Mean Western Ontario and McMaster (WOMAC)
scores for the hyaluronic acid (HA) group in relation to degree
of gonarthrosis.
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Figure 4. Mean Western Ontario and McMaster (WOMAC)
scores for the autologous conditioned plasma (ACP) and
hyaluronic acid (HA) groups.
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There was no statistical difference in the age of the
patients (P . .05). The percentage of men to women was
similar between the 2 groups (ACP group: 42% men vs
HA group: 47% men) with no statistically significant differ-
ence (P . .05). The distribution of gonarthrosis was also
similar between the groups (ACP group: 35% grade I,
40% grade II, 25% grade III vs HA group: 42% grade I,
37% grade II, 21% grade III) with no statistically signifi-
cant difference (P . .05). Demographic information is
reported in Table 1. Finally, there was no statistical differ-
ence in pretreatment WOMAC scores (P = .557).

At week 4, both groups showed a significant reduction
in the overall WOMAC score compared with baseline in
both groups (Figure 2). The mean WOMAC score was
49.6 (range, 5-80; SD, 617.7) in the ACP group versus
55.2 (range, 25-78; SD, 612.3) in the HA group. The differ-
ence recorded between the ACP and the HA groups was
statistically significant (P \ .001) at this time point.

At week 12, a reverse trend was observed, with a contin-
uous improvement in the patients treated with PRP and
a slight worsening in patients treated with HA, as seen
in Figure 3. The mean WOMAC score was 39.1 (range,
5-76; SD, 617.8) in the ACP group versus 57.0 (range,
32-78; SD, 611.7) in the HA group. The difference recorded
between the groups was statistically significant (P \ .001).

In both groups the score was significantly better than base-
line at week 12.

At week 24, the subjects treated with PRP showed a con-
tinuous improvement, whereas the subjects treated with
HA showed a sharp worsening, as seen in Figure 4. Four
subjects in the HA group regressed to their baseline
WOMAC scores. Although the mean WOMAC score was
36.5 in the ACP group (range, 5-76; SD, 617.9), it was
65.1 in the HA group (range, 41-82; SD, 610.6). The differ-
ence recorded between the groups was statistically signifi-
cant (P \ .001).

In both groups, the score was significantly better than
baseline at week 24.

In the ACP group, there were significant differences
between pretreatment and all follow-up time points (4
weeks P \ .001, 12 weeks P \ .001, and 24 weeks P \
.001). In addition, there were significant differences
between 4 and 12 weeks (P \ .001) and between 4 and
24 weeks (P \ .001). There was no difference between 12
and 24 weeks (P = .007).

TABLE 1
Demographic Informationa

ACP Group HA Group

Average age (SD), y 66.5 (11.3) 66.2 (10.6)
Male patients, No. (%) 25 (42) 28 (47)
Female patients, No. (%) 35 (58) 32 (53)
Left knee, No. 17 12
Right knee, No. 43 48
Gonarthrosis, No. (%)

Grade I 21 (35) 25 (42)
Grade II 24 (40) 22 (37)
Grade III 15 (25) 13 (21)

aACP, autologous conditioned plasma; HA, hyaluronic acid; SD,
standard deviation.
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Figure 2. Mean Western Ontario and McMaster (WOMAC)
scores for the autologous conditioned plasma (ACP) group
in relation to degree of gonarthrosis.
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There was no statistical difference in the age of the
patients (P . .05). The percentage of men to women was
similar between the 2 groups (ACP group: 42% men vs
HA group: 47% men) with no statistically significant differ-
ence (P . .05). The distribution of gonarthrosis was also
similar between the groups (ACP group: 35% grade I,
40% grade II, 25% grade III vs HA group: 42% grade I,
37% grade II, 21% grade III) with no statistically signifi-
cant difference (P . .05). Demographic information is
reported in Table 1. Finally, there was no statistical differ-
ence in pretreatment WOMAC scores (P = .557).

At week 4, both groups showed a significant reduction
in the overall WOMAC score compared with baseline in
both groups (Figure 2). The mean WOMAC score was
49.6 (range, 5-80; SD, 617.7) in the ACP group versus
55.2 (range, 25-78; SD, 612.3) in the HA group. The differ-
ence recorded between the ACP and the HA groups was
statistically significant (P \ .001) at this time point.

At week 12, a reverse trend was observed, with a contin-
uous improvement in the patients treated with PRP and
a slight worsening in patients treated with HA, as seen
in Figure 3. The mean WOMAC score was 39.1 (range,
5-76; SD, 617.8) in the ACP group versus 57.0 (range,
32-78; SD, 611.7) in the HA group. The difference recorded
between the groups was statistically significant (P \ .001).

In both groups the score was significantly better than base-
line at week 12.

At week 24, the subjects treated with PRP showed a con-
tinuous improvement, whereas the subjects treated with
HA showed a sharp worsening, as seen in Figure 4. Four
subjects in the HA group regressed to their baseline
WOMAC scores. Although the mean WOMAC score was
36.5 in the ACP group (range, 5-76; SD, 617.9), it was
65.1 in the HA group (range, 41-82; SD, 610.6). The differ-
ence recorded between the groups was statistically signifi-
cant (P \ .001).

In both groups, the score was significantly better than
baseline at week 24.

In the ACP group, there were significant differences
between pretreatment and all follow-up time points (4
weeks P \ .001, 12 weeks P \ .001, and 24 weeks P \
.001). In addition, there were significant differences
between 4 and 12 weeks (P \ .001) and between 4 and
24 weeks (P \ .001). There was no difference between 12
and 24 weeks (P = .007).

TABLE 1
Demographic Informationa

ACP Group HA Group

Average age (SD), y 66.5 (11.3) 66.2 (10.6)
Male patients, No. (%) 25 (42) 28 (47)
Female patients, No. (%) 35 (58) 32 (53)
Left knee, No. 17 12
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There was no statistical difference in the age of the
patients (P . .05). The percentage of men to women was
similar between the 2 groups (ACP group: 42% men vs
HA group: 47% men) with no statistically significant differ-
ence (P . .05). The distribution of gonarthrosis was also
similar between the groups (ACP group: 35% grade I,
40% grade II, 25% grade III vs HA group: 42% grade I,
37% grade II, 21% grade III) with no statistically signifi-
cant difference (P . .05). Demographic information is
reported in Table 1. Finally, there was no statistical differ-
ence in pretreatment WOMAC scores (P = .557).

At week 4, both groups showed a significant reduction
in the overall WOMAC score compared with baseline in
both groups (Figure 2). The mean WOMAC score was
49.6 (range, 5-80; SD, 617.7) in the ACP group versus
55.2 (range, 25-78; SD, 612.3) in the HA group. The differ-
ence recorded between the ACP and the HA groups was
statistically significant (P \ .001) at this time point.

At week 12, a reverse trend was observed, with a contin-
uous improvement in the patients treated with PRP and
a slight worsening in patients treated with HA, as seen
in Figure 3. The mean WOMAC score was 39.1 (range,
5-76; SD, 617.8) in the ACP group versus 57.0 (range,
32-78; SD, 611.7) in the HA group. The difference recorded
between the groups was statistically significant (P \ .001).

In both groups the score was significantly better than base-
line at week 12.

At week 24, the subjects treated with PRP showed a con-
tinuous improvement, whereas the subjects treated with
HA showed a sharp worsening, as seen in Figure 4. Four
subjects in the HA group regressed to their baseline
WOMAC scores. Although the mean WOMAC score was
36.5 in the ACP group (range, 5-76; SD, 617.9), it was
65.1 in the HA group (range, 41-82; SD, 610.6). The differ-
ence recorded between the groups was statistically signifi-
cant (P \ .001).

In both groups, the score was significantly better than
baseline at week 24.

In the ACP group, there were significant differences
between pretreatment and all follow-up time points (4
weeks P \ .001, 12 weeks P \ .001, and 24 weeks P \
.001). In addition, there were significant differences
between 4 and 12 weeks (P \ .001) and between 4 and
24 weeks (P \ .001). There was no difference between 12
and 24 weeks (P = .007).
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Average age (SD), y 66.5 (11.3) 66.2 (10.6)
Male patients, No. (%) 25 (42) 28 (47)
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Left knee, No. 17 12
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Comparison Between Hyaluronic Acid
and Platelet-Rich Plasma, Intra-articular
Infiltration in the Treatment of Gonarthrosis

Fabio Cerza,*y MD, Stefano Carnı̀,z MD, Alessandro Carcangiu,*§ MD,
Igino Di Vavo,* MD, Valerio Schiavilla,* MD, Andrea Pecora,* MD,
Giuseppe De Biasi,|| and Michele Ciuffreda||

Investigation performed at the Paolo Colombo Hospital of Velletri, Rome, Italy

Background: Arthrosis is particularly prevalent in the knee. Infiltration treatment for gonarthrosis is among the most widely used
techniques in orthopaedic practice.

Purpose: To compare the clinical response of hyaluronic acid (HA) and platelet-rich plasma (PRP) treatment in 2 groups of pa-
tients affected by gonarthrosis.

Study Design: Randomized controlled trial; Level of evidence, 1.

Methods: A total of 120 patients affected by clinically and radiographically documented gonarthrosis were included in this study.
The gonarthrosis was graded using the Kellgren-Lawrence radiographic classification scale. The 120 patients were randomized
into 2 study groups in a 1:1 ratio: 60 patients received 4 intra-articular injections of PRP (specifically, autologous conditioned
plasma [ACP], 5.5 mL), and 60 patients received 4 intra-articular injections of HA (20 mg/2 mL). An unblinded physician performed
infiltration once a week for 4 weeks into the knee affected by clinically relevant gonarthrosis (in both groups). All patients were
evaluated with the Western Ontario and McMaster (WOMAC) score before the infiltration and at 4, 12, and 24 weeks after the
first injection.

Results: Treatment with a local injection of ACP had a significant effect shortly after the final infiltration and a continuously
improving sustained effect up to 24 weeks (WOMAC score, 65.1 and 36.5 in the HA and ACP groups, respectively; P \ .001),
where the clinical outcomes were better compared with the results with HA. In the HA group, the worst results were obtained
for grade III gonarthrosis, whereas the clinical results obtained in the ACP group did not show any statistically significant differ-
ence in terms of the grade of gonarthrosis. The mean WOMAC scores for grade III gonarthrosis were 74.85 in the HA group and
41.20 in the ACP group (P \ .001).

Conclusion: Treatment with ACP showed a significantly better clinical outcome than did treatment with HA, with sustained lower
WOMAC scores. Treatment with HA did not seem to be effective in the patients with grade III gonarthrosis.

Keywords: platelet-rich plasma; hyaluronic acid; gonarthrosis; intra-articular infiltration

Four million Italians suffer from arthrosis, which mostly
affects the knee and can be quite debilitating.6 Men are
more often affected than women in populations younger

than 50 years. Beyond 65 years of age, however, women
are affected twice as much as men, a fact that may be
attributable to menopause.22 Gonarthrosis is a condition
that affects the articular cartilage, synovial membrane,
and subchondral bone. Cartilage cells, called chondrocytes,
occupy 1% of the overall volume and produce the extracel-
lular matrix, which is mainly composed of collagen II, pro-
teoglycans, and glycosaminoglycans. The subchondral
bone tissue, synovial membrane, and cartilage are equally
important and are responsible for the biochemical and bio-
mechanical balance of the joints.25 Previously, joint over-
loading and mechanical stress were considered to be the
main etiopathogenetic factors in the development of
arthrosis. However, during the past few decades, increased
emphasis has been placed on the biochemical balance
required for the health of the cartilage. This balance can
be improved by controlling the biochemical factors that
inhibit metalloproteases (interleukin-4, interleukin-10,
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Background: Arthrosis is particularly prevalent in the knee. Infiltration treatment for gonarthrosis is among the most widely used
techniques in orthopaedic practice.

Purpose: To compare the clinical response of hyaluronic acid (HA) and platelet-rich plasma (PRP) treatment in 2 groups of pa-
tients affected by gonarthrosis.

Study Design: Randomized controlled trial; Level of evidence, 1.

Methods: A total of 120 patients affected by clinically and radiographically documented gonarthrosis were included in this study.
The gonarthrosis was graded using the Kellgren-Lawrence radiographic classification scale. The 120 patients were randomized
into 2 study groups in a 1:1 ratio: 60 patients received 4 intra-articular injections of PRP (specifically, autologous conditioned
plasma [ACP], 5.5 mL), and 60 patients received 4 intra-articular injections of HA (20 mg/2 mL). An unblinded physician performed
infiltration once a week for 4 weeks into the knee affected by clinically relevant gonarthrosis (in both groups). All patients were
evaluated with the Western Ontario and McMaster (WOMAC) score before the infiltration and at 4, 12, and 24 weeks after the
first injection.

Results: Treatment with a local injection of ACP had a significant effect shortly after the final infiltration and a continuously
improving sustained effect up to 24 weeks (WOMAC score, 65.1 and 36.5 in the HA and ACP groups, respectively; P \ .001),
where the clinical outcomes were better compared with the results with HA. In the HA group, the worst results were obtained
for grade III gonarthrosis, whereas the clinical results obtained in the ACP group did not show any statistically significant differ-
ence in terms of the grade of gonarthrosis. The mean WOMAC scores for grade III gonarthrosis were 74.85 in the HA group and
41.20 in the ACP group (P \ .001).

Conclusion: Treatment with ACP showed a significantly better clinical outcome than did treatment with HA, with sustained lower
WOMAC scores. Treatment with HA did not seem to be effective in the patients with grade III gonarthrosis.

Keywords: platelet-rich plasma; hyaluronic acid; gonarthrosis; intra-articular infiltration

Four million Italians suffer from arthrosis, which mostly
affects the knee and can be quite debilitating.6 Men are
more often affected than women in populations younger

than 50 years. Beyond 65 years of age, however, women
are affected twice as much as men, a fact that may be
attributable to menopause.22 Gonarthrosis is a condition
that affects the articular cartilage, synovial membrane,
and subchondral bone. Cartilage cells, called chondrocytes,
occupy 1% of the overall volume and produce the extracel-
lular matrix, which is mainly composed of collagen II, pro-
teoglycans, and glycosaminoglycans. The subchondral
bone tissue, synovial membrane, and cartilage are equally
important and are responsible for the biochemical and bio-
mechanical balance of the joints.25 Previously, joint over-
loading and mechanical stress were considered to be the
main etiopathogenetic factors in the development of
arthrosis. However, during the past few decades, increased
emphasis has been placed on the biochemical balance
required for the health of the cartilage. This balance can
be improved by controlling the biochemical factors that
inhibit metalloproteases (interleukin-4, interleukin-10,
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PRP with a collagen scaffold in tissue engineering can improve
bone-marroweinitiated cartilage repair and stimulate the repair of
large articular cartilage in animal models29. Also, hydrogel com-
bined with chondrocytes and PRP may be an ideal environment for
proliferation and maturation of articular chondrocytes50. MACT
with PRP can improve cartilage repair in animal models. The same
group started the clinical application in 81 patients with osteo-
chondral lesions; the American Orthopaedic Foot and Ankle Society
score was improved and expression of col-II and proteoglycan
increased after 4 years51.

Safety of PRP treatment

PRP has antimicrobial effects in vitro30; it inhibits macrophage
proliferation and reduces the inflammatory response52. Autologous
PRP was found safe for treating knee, foot and ankle lesions in 634
patients53 and for articular cartilage degeneration54. No side effects
have been reported. In 261 patients, no adverse effects were found
following injection of PRP-fibrin glue into the knee joint at 6
months55.

Many studies have suggested safety, pain relief, and functional
improvements with PRP injections for OA; adverse effects are rare
risks, and benefits have been thoroughly reviewed. Risks and
benefits are similar to any other intra-articular or peri-articular
injection; adverse effects include infection, bleeding, bruising, pe-
ripheral nerve injury, allergy to local anesthetics, and temporary
exacerbation of stiffness and soreness that may last from 2 to 7
days56.

Conclusions

Platelet products such as PRP, HPL and platelet supernatants,
which can be activated by endogenous or exogenous activators,
have high efficiency and multiple functions. Because of the autog-
enous source, PRP is easy and convenient to extract, and processing
is relatively simple and short; it features high-speed recovery po-
tential, easy handling and offers multiple GFs at relatively inex-
pensive cost. Above all, its use is safe.

Basic science, preclinical, and clinical studies collectively indi-
cate that PRP is promising for treating cartilage injuries and joint
pain. PRP in a culture environment has an anabolic effect on
chondrocytes and bone-marrow derived stem cells with resulting
increases in cell proliferation and matrix production as well as an
anti-inflammatory effect via downregulation of known catabolic
signaling pathways. It may be a feasible, secure, and economic way
to induce MSC differentiation into chondrocytes integrally and
expand cartilage cells in vitro. It is a more economic and effective
culture medium substitute for FBS. When added on scaffolds of
cartilage tissue-engineered constructs, it can enhance the regen-
eration of cartilage cells and repair CDs. The application of PRP for
OA in clinical trials has shown promising short-term results (1e2
years), although most of these studies were not randomized
controlled trials.

However, challenges remain (Table IV). First, platelet quality
influences effectiveness, including platelet content, leukocytes and
GF concentration, because preparations of PRP have no selection
criterion. Platelet count in PRP may vary from two- to several-fold
depending on the donor’s physical condition, age or gender, which
leads to unstable and non-repeatable PRP treatment. Some of the
GFs present in PRP such as TGF-beta and bFGF have negative effects
on the OA joint which differ from effects in more normal joints.
Because of multifunctional GF effects, chondrogenesis of MSCs or
chondrocytes expanded in vitro may not retain the chondrocyte
phenotype, such as expression of Col-I instead of type II, simulta-
neous hypertrophy and bone marker expression. So directed
stimulation of GFs might be considered in MSCs and chondrocyte
culture to maintain the chondrocyte phenotype. When several GFs
exist simultaneously, it might inhibit chondrogenesis effect, such as
VEGF and bone morphogenetic protein 2. Impairing osteogenesis
by PRP via mutual cooperationwith other biological molecules may
provide new ways that are prompt, stable, and controllable for
maintaining cartilage morphologic features or to promote chon-
drogenic differentiation.

Second, with the wide range of methodologies used in each
study and the numerous ways to prepare PRP, we cannot provide
firm recommendations regarding the type of PRP to use and for
what indications. Themethods of platelet application include liquid
injection, PRP gel and bonding with bio-scaffolds. Obviously, with
liquid injection, the required mechanical environment of cartilage
formation is difficult to achieve; moreover, implanted scaffoldsmay
incur unexpected risk and lack integration. The roles for the
respective treatment regimens still need to be defined, because
many of the questions concerning PRP mechanisms of action
remain unanswered.

Future directions of PRP application in OA therapy may
concentrate on seeking an appropriate and innocuous agent like
anti-VEGF antibody that can modulate and control the effect of PRP
by biological integration, when blocking VEGF, defects were
repaired mostly with hyaline cartilage57.
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s u m m a r y

Cartilage defects (CDs) and the most common joint disease, osteoarthritis (OA), are characterized by
degeneration of the articular cartilage that ultimately leads to joint destruction. Current treatment
strategies are inadequate: none results in restoration of fully functional hyaline cartilage, for uncertain
long-term prognosis. Tissue engineering of cartilage with auto-cartilage cells or appropriate mesen-
chymal stem cell (MSC)-derived cartilage cells is currently being investigated to search for new therapies.
Platelet-rich plasma (PRP), an autologous source of factors obtained by centrifugation, possesses various
functions. For culture of MSCs and cartilage cells, it might be substituted for fetal bovine serum (FBS)
with high efficiency and safety. It enhances the regeneration of cartilage cells when added to cartilage
tissue engineering constructs for repairing CDs and as regenerative injection therapy for OA. But chal-
lenges also remain. Some of the growth factors (GFs) present in PRP have negative effects on the OA joint.
It is therefore unlikely that a mix of GFs some of which have negative effects in the OA joint, as present in
PRP, will be of benefit in OA. Future directions of PRP application may concentrate on seeking an
appropriate and innocuous agent like anti-VEGF antibody that can modulate and control the effect of PRP.

! 2013 Published by Elsevier Ltd on behalf of Osteoarthritis Research Society International.

Introduction

Articular cartilage damage is usually caused by sports injuries or
accidental trauma and aging. It regularly progresses tomore serious
joint disorders such as osteoarthritis (OA), necrosis of subchondral
bone tissue or arthritis. An estimated 15% of the world’s population
have joint diseases; more than 39 million people in the European
Union andmore than 20million Americans have OA. By 2020, these
numbers will probably be doubled1.

After traumatic or pathological injury, hyaline articular cartilage,
the load-bearing tissue of joint, has limited or no intrinsic capacity
for repair capacity, and even minor lesions or injuries may lead to
progressive damage and joint degeneration.

OA is a chronic degenerative joint disease characterized by
progressive destruction of articular cartilage, thinning and eventual

wearing of articular cartilage, thus resulting in painful, limited joint
movement. The degeneration of articular cartilage, mainly due to
changes in the activity of chondrocytes in favor of catabolic activity,
which also involves other joint tissues, as alterations of the
meniscus, sclerosis and edema in the underlying subchondral bone
as well as intermittent inflammation of synovium.

Current treatments for articular cartilage damage, such as sur-
gical intervention (microfracture, osteochondral auto- or allo-
grafts), to repair articular cartilage are less than satisfactory and
rarely restore full function. To obtain sufficient chondrocytes for
therapy, the required in vitro expansion usually induces cartilage
cell dedifferentiation. Tissue engineering-based cartilage repair has
been pursued to provide more functional biological tissue. The
chondrocytes are taken from non-weight-bearing parts of intact
joint areas and expanded in cell culture, then transplanted into the
defective areas of the affected joints. Clinical trials of autologous
chondrocyte implantation (ACI) have shown promise2.

Multipotent adult mesenchymal stem cells (MSCs) can differ-
entiate into cells of the chondrogenic lineage and are isolated from
a wide variety of tissue sources; they are easy to isolate without
significant donor-site morbidity and are easier to expand in vitro
than chondrocytes3. These cells are also used for cartilage tissue
engineering and chronic degenerative disorders and to prevent
cartilage degradation in OA because of their trophic/regenerative

Abbreviations: ATP, adenosine triphosphate; EGF, epidermal growth factor; KGF,
keratinocyte growth factor; L-PRP, leukocyte-rich platelet-rich plasmaQ1Q2
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Rheumatology (Oxford). 2012 Jan;51(1):144-50.  
Ultrasound-guided platelet-rich plasma injections for the treatment of osteoarthritis of the hip. 
Sánchez M, Guadilla J, Fiz N, Andia I. 
Source 
Departamento de Investigación, Osakidetza, Basque Health Service, B° Arteaga 107, 48170 Zamudio, Vizcaya. 
Abstract 
OBJECTIVE: 
To assess the safety and symptomatic changes of IA injections of platelet-rich plasma (PRP) in patients with OA of 
the hip. 
METHODS: 
Forty patients affected by monolateral severe hip OA were included in the study. Each joint received three IA 
injections of PRP, which were administered once a week. The primary end point was meaningful pain relief, which 
was described as a reduction in pain intensity of at least 30% from baseline levels as evaluated by the WOMAC 
subscale at 6-months post-treatment. The visual analogue scale (VAS) and Harris hip score subscale for pain 
were used to verify the results. Secondary end points included changes in the level of disability of at least 30% 
and the percentage of positive responders, i.e. the number of patients that achieved a >30% reduction in pain and 
disability. 
RESULTS: 
Statistically significant reductions in VAS, WOMAC and Harris hip subscores for pain and function were reported 
at 7 weeks and 6 months (P < 0.05). Twenty-three (57.5%) patients reported a clinically relevant reduction of pain 
(45%, range 30-71%) as assessed by the WOMAC subscale. Sixteen (40%) of these patients were classified as 
excellent responders who showed an early pain reduction at 6-7 weeks, which was sustained at 6 months, and a 
parallel reduction of disability. Side effects were negligible and were limited to a sensation of heaviness in the 
injection site. 
CONCLUSIONS: 
This preliminary non-controlled prospective study supported the safety, tolerability and efficacy of PRP 
injections for pain relief and improved function in a limited number of patients with OA of the hip. 
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