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Abstract
Background: Oral and topical nonsteroidal anti-inflammatory drugs (NSAIDs), analgesics and intra-articular corticosteroid injections 
are the recommended first line of treatment for knee osteoarthritis (OA); however, they have serious side effects. Platelet-rich plasma 
(PRP) has been posited as an effective and safer alternative treatment for knee OA. Hitherto, there is only one study comparing the 
effectiveness of PRP against an NSAID.
Aim of the study: The aim of this study was to determine the effectiveness of PRP against celecoxib in the treatment of early knee OA.
Methods: 60 patients with knee OA grade II and III were randomly alocated in two groups. Group 1 received one injection of autologous 
PRP in each affected knee, with a reinjection after 15 days; Group 2 received 200 mg of oral celecoxib each 24 h for a year. Visual Analogue 
Scale (VAS), total Western Ontario and McMaster Universities Arthritis Index (WOMAC) and WOMAC subscales for pain, stiffness and 
function were measured at baseline and at 1, 3, 6 and 12 months after the start of the treatment.
Results: At the end of the study PRP was significantly better than celecoxib (p < 0.05) in improving VAS (40.40%), total WOMAC (58.95%) 
and WOMAC subscales of pain (50.60%), stiffness (34.13%) and function (51.90%). Significant differences remained after adjusting for 
age, sex or knee OA grade II or III.
Conclusions: Intra-articular PRP is significantly better than celecoxib in improving pain, function and stiffness in early knee OA. This 
significant difference is independent of age, sex or knee OA grade II or III.
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Highlights:
•	 Platelet-rich	plasma	(PRP)	has	been	posited	as	an	alternative	treatment	for	knee	OA.
•	 Intra-articular	PRP	improved	VAS	in	comparison	to	celecoxib.
•	 PRP	was	better	than	celecoxib	in	improving	pain,	function	and	stiffness	in	knee	OA.
•	 Differences	persisted	after	adjusting	for	sex	or	for	any	grade	of	knee	OA.
•	 Our	results	suggest	that	PRP	is	better	than	NSAIDs	for	the	treatment	of	knee	OA.
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Introduction

Oral and topical NSAIDs, analgesics and intra-articular corti-
costeroid injections are the recommended first line of treat-
ment for knee OA (Hochberg et al., 2012). These therapies are 
only temporal and symptomatic, and they do not modify carti-
lage degeneration (Laudy et al., 2015; Say et al., 2013); more-
over, they are often accompanied by clinically significant side 
effects (Law et al., 2015; Lee et al., 2016; Simon, 2013; Solo-
mon et al., 2017). In this regard, PRP is posited as a potential 

symptomatic (Laudy et al., 2015) and cartilage regeneration 
(Say et al., 2013) therapeutic alternative for knee OA. PRP is a 
plasma in which, the platelet fraction has been concentrated, 
usually by centrifugation (Laudy et al., 2015). It has shown, 
in vitro, to decrease the concentration of inflammatory media-
tors in cartilage and synoviocytes (Sundman et al., 2014; Wang 
et al., 2015) and to stimulate the synthesis of cartilage (Sakata 
et al., 2015; Sundman et al., 2014). PRP has also shown to pro-
duce, in vivo, a significant improvement in knee OA, regarding 
pain (Bottegoni et al., 2016; Kavadar et al., 2015; Kilincoglu 
et al., 2015; Kon et al., 2010; Montanez-Heredia et al., 2016), 
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functionality (Bottegoni et al., 2016; Kavadar et al., 2015; Kil-
incoglu et al., 2015; Montanez-Heredia et al., 2016), inflam-
matory markers (Yin et al., 2016) and structural regeneration 
(Yin et al., 2016).

Therefore, PRP appears to be a potential clinical alternative 
in the treatment of knee OA; However, hitherto results have 
only shown a limited to moderate effect of PRP in knee OA 
(Laudy et al., 2015). Moreover, to the extent of our knowledge, 
there is only a study comparing the efficacy of PRP versus 
NSAIDs (Buendia-Lopez et al., 2018; Mundy, 2016). Thus, the 
aim of this study was to determine if PRP is significantly effec-
tive in the treatment of knee OA in comparison to celecoxib, 
which is the NSAID recommended for knee OA.

 
Materials and methods

Selection and sorting of patients
Patients attending the outpatient service of Orthopedics at the 
Mexican Social Security Institute’s (IMSS) General Hospital 1 
in Oaxaca, Mexico, whom were diagnosed with knee OA and 
previously treated with paracetamol without improvement, 
were randomly allocated by minimization in two groups. Group 
1 was given 3 ml of activated authologous PRP per affected 
knee in two applications, with an interval of 15 days. Group 2 
was given celecoxib 200 mg each 24 h for 1 year, irrespectively 
of the presence of pain; compliance was ensured with monthly 
appointments for the renewal of the prescription. An evalua-
tion was performed before the treatment, and at 1, 3, 6 and 
12 months after the treatment by using the WOMAC and VAS 
scales (Barber-Westin and Noyes, 2017). Diagnosis was per-
formed according to the diagnostic criteria from the American 
College of Rheumatology (Altman et al., 1986). Inclusion cri-
teria were knee OA grade II and III of the Kellgren–Lawrence 
classification; exclusion criteria were systemic pathologies as 
uncontrolled diabetes mellitus, rheumatoid arthtitis, axial 
deviation (varus > 5°, valgus > 9°), hematologic disorders (co-
agulopathies), cardiovascular diseases, infection, immunosu-
pression, patients with anticoagulant treatment or antiplate-
let agents, and alergy to celecoxib. Written informed consent 
was obtained from all patients. This study was approved by 
the Institutional Review Board of the Hospital (study num-
ber: R-2016-2001-8) and it was performed in compliance with 
the norms of the Mexican Health Bureau and according to the 
guidelines of the Declaration of Helsinki.

PRP treatment
PRP is an autologous concentration of platelets; Platelet-rich 
plasma without leukocytes was used in the present study. Pa-
tients in group 1 were only given PRP; No NSAID or steroi-
dal drug was given to them. Patients were instructed to fast 
over 8 hours and to avoid any NSAIDs or any steroidal drugs 
72 hours before the collection of the blood sample. Sample was 
prepared according to Anitua Aldecoa and Andía Ortiz (2000), 
as follows: For each knee with OA, 10 ml of peripheral blood 
were obtained; after, it was centrifuged at 1800 rpm for 8 min-
utes, obtaining 3 ml of PRP; afterwards, 300 µl of 10% calcium 
chloride were added as activator. 3 ml of activated PRP were 
administered intra-articularly in each affected knee, in asceptic 
conditions. A one-time reinjection of PRP from a fresh blood 
sample was performed 15 days after. After each injection, pa-
tients were allowed full weight bearing with the affected knee 
and instructed to apply ice for 20 min each 6 h for 24 h and to 
avoid vigorous activities for 72 h after each injection.

Statistical analysis
Descriptive statistics and frecuencies were obtained; stand-
ard deviations and standard errors of the mean were calcu-
lated. Kolmogorov–Smirnov and Shapiro–Wilk with a 95% 
confidence interval, two-tailed Fisher’s exact test, two-tailed 
Student’s t-test and Mann–Whitney U were performed when 
applicable. A linear regression was performed to determine an 
association with age. Analyses were repeated adjusting for all 
variables; p < 0.05 was considered significant. Statistical anal-
ysis was performed by the use of the software SPSS from IBM, 
version 23 for Macintosh.

 
Results

A total of 60 patients with a median age of 53.25 ± 9.0 years 
were included in the study and randomly allocated in two 
groups of 30 patients each. The PRP group was composed by 
4 males and 26 females, a mean age of 53.7 ± 8.58, both knees 
in 19 individuals; and with 13 and 17 patients with knee OA 
grade 2 and 3, respectively. The celecoxib group was composed 
by 9 males and 21 females, a mean age of 52.8 ± 9.64, both 
knees in 18 individuals; and with 18 and 12 patients with knee 
OA grade 2 and 3, respectively.

No patient abandoned the study or required another medi-
cation for the treatment of pain. At the beginning of the study, 
there was no significant intra- or intergroup general differenc-
es in sex (p > 0.05), age (p > 0.05), number of affected knees 
(p > 0.05), grade of arthrosis (p > 0.05), VAS (p > 0.05), to-
tal WOMAC (p > 0.05) or in any WOMAC subscale (p > 0.05) 
(Table 1). In addition, between the start and the end of the 
study there was a significant improvement on VAS in both 
treatments (PRP group: 68.69%, p < 0.001; celecoxib group: 
40.94%, p < 0.001). Likewise, at the end of the study, there 
was a significant improvement with PRP in comparison to ce-
lecoxib in final VAS (p < 0.001, 40.40% improvement), total 
WOMAC (58.95%) (p < 0.001) and in the WOMAC subscales 
of pain (p = 7.043 × 10–7, 50.60% improvement), function  
(p = 3 × 10–6, 51.90% improvement) and stiffness (p < 0.001, 
34.13% improvement) (Fig. 1); the significant differences per-
sisted with PRP in comparison to celecoxib after adjusting for 
sex (p < 0.05) or for any grade of knee OA (p < 0.01). Further-
more, there was no significant linear correlation of age in any 
group on initial or final VAS, total WOMAC or in any WOMAC 
subscale (p > 0.05) (Table 2). 24–48 h pain in the site of injec-
tion was the only side effect found in the PRP group; it was 
only present in the first injection and managed with ice and 
rest. There was no side effect found in the Celecoxib group.

 
Discussion

The significant improvement in pain, stiffness and function 
with PRP in comparison to celecoxib is concordant with the 
results of previous studies comparing PRP against hyaluron-
ic acid and placebo (Kavadar et al., 2015; Laudy et al., 2015; 
Sanchez et al., 2012; Say et al., 2013; Spakova et al., 2012; 
Vaquerizo et al., 2013) or etoricoxib (Buendia-Lopez et al., 
2018). Moreover, our results at the end of the study, together 
with the lack of significant differences between both groups 
before treatment, suggest a higher effectiveness of PRP 
against NSAIDs in decreasing knee OA’s associated pain and 
stiffness and in improving knee OA’s function; which is con-
cordand with the results recently reported by Buendía-López, 
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Table 1. General characteristics of the patients at the start of the study

Parameters PRP group (n = 30) Celecoxib group (n = 30) PRP group vs Celecoxib group

Male/Female (n) 4/26 9/21 p = 0.209

Mean age (years) 53.7 52.8 p = 0.683

Both knees (n) Yes/No 19/11 18/12 p = 1.000

Grade of knee OA (n) 2/3 13/17 18/12 p = 0.302

WOMAC
Mean Total baseline
Mean Pain baseline
Mean Stiffness baseline
Mean Function baseline
Mean VAS baseline

15.77 ± 4.915
9.10 ± 3.614
3.90 ± 1.561

34.30 ± 11.271
7.57 ± 1.675

14.311 ± 5.868
9.40 ± 3.847
3.07 ± 1.911

30.467 ± 13.521
7.67 ± 1.749

p = 0.301
p = 0.644
p = 0.069
p = 0.238
p = 0.988

	1	 	1	
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Fig. 1. Chronological comparison of results of PRP and celecoxib.
The results for (A) VAS, (B) total WOMAC and (C) WOMAC pain, (D) stiffness and (E) function at baseline and at 1, 3, 6 and 12 months after 
the	start	of	the	study.	Error	bars	indicate	S.E.M.	*	p < 0.05.
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et al. (2018). In addition, as previously reported in other stud-
ies (Kon et al., 2010; Patel et al., 2013; Pourcho et al., 2014), 
age or sex were not correlated with PRP treatment’s outcome. 
In this respect, Bottegoni et al. (2016) found a significant de-
creased effect of PRP in patients of 80 years of age or older, 
however there was not possible for us to study that variable 
since there was no patient in our study of that age or older. 
Likewise, several previous studies found that the lower the de-
gree of knee OA, the better the response to PRP (Bottegoni et 
al., 2016; Montanez-Heredia et al., 2016; Pourcho et al., 2014); 
however, in our study this was only the case for PRP in final 
AVS and in the final WOMAC subscales of pain and functional 
capacity. In this respect, our results also suggest that despite 
PRP is more effective at lower knee OA degrees, as previous-
ly reported by Kilincoglu et al. (2015), there is also a signifi-
cant beneficial effect in patients with higher knee OA degrees, 
which is also concordant with the results found by Kavadar 
et al. (2015). Therefore, our results support the findings of a 
previous meta-analysis, where a benefit, despite with limited 
to moderate evidence, was found in favour of PRP against pla-
cebo, controls and hyaluronic acid (Laudy et al., 2015). Due to 
the serious side effects of NSAIDs or steroids, the use of other 
effective therapies would be a clinical advantage in the treat-
ment of knee OA. In that matter, PRP has been found to have 
no significant differences in local or systemic side effects in 
comparison to placebo (Laudy et al., 2015). Future studies will 
determine if the improvement of PRP in knee OA is still signif-
icant when used in more advanced grades of knee OA and will 
characterize the molecular mechanism of action of PRP and 
the specific molecules contained in it that are responsible for 
its beneficial effect in early knee OA.

 
Conclusions

Intra-articular PRP is significantly better than celecoxib in im-
proving pain, function and stiffness in early knee OA. This sig-
nificant difference is present irrespectively of age, sex or knee 
OA grade II or III. 
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Table 2. Correlation of parameters with age

Parameters Correlation 
with age in the 

PRP group

Correlation 
with age in the 
celecoxib group

WOMAC
Baseline total
Baseline pain
Baseline rigidity
Baseline functional capacity
Final total
Final pain
Final rigidity
Final functional capacity

p = 0.306
p = 0.093
p = 0.619
p = 0.464
p = 0.582
p = 0.600
p = 0.145
p = 0.815

p = 0.408
p = 0.993
p = 0.291
p = 0.283
p = 0.813
p = 0.427
p = 0.265
p = 0.581

VAS
Baseline
Final

p = 0.325
p = 0.402

p = 0.601
p = 0.510

There was no correlation of any of the measured parameters with age.
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