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Intra-articular injection of photo-activated ®
platelet-rich plasma in patients with knee
osteoarthritis: a double-blind, randomized
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Abstract

Background: Improvements in knee osteoarthritis (OA) symptoms with platelet-rich plasma (PRP) have been
attributed to its ability to modify intra-articular inflammatory processes. Photo-activation of peripheral blood also
improves inflammatory mediators associated with OA, however combined photo-activated PRP (PA-PRP) has not
been investigated. This pilot study assessed the feasibility, safety and symptomatic and functional change following
injections of PA-PRP compared to hyaluronic acid (HA) in people with knee osteoarthritis (OA).

Methods: Thirty seven people with knee OA were enrolled in this double-blind randomized controlled pilot study
set in a sports medicine clinic. Participants were randomly allocated to receive three injections of either PA-PRP or
HA. The patients and the administering doctor were blinded to group allocation. Outcomes included recruitment
and safety data, 100 mm visual analogue pain score (VAS), the Knee Osteoarthritis Outcome Score (KOOS), Knee

Quality of Life (KQol) scale, maximum hopping distance and number of knee bends in 30 s at four and 12 weeks.

Results: Twenty three (62 %) participants met the inclusion criteria, of which 12 (32 %) were randomized to the
PA-PRP group and 11 (30 %) to the HA group. Two participants did not complete the intervention and two
withdrew following their first assessment. Minor pain and swelling during the injection period was reported by

two participants from the PA-PRP group. The PA-PRP group demonstrated significant improvements in the VAS

(p <0.01, ETA=0.686), KOOS Pain (p < 0.05, ETA =0.624), KQol Physical (p < 0.05, ETA=0.706) and KQol Emotional
subscales (p < 0.05, ETA=0.715) at four and 12 weeks. The PA-PRP group also significantly improved hoping

(p <0.05, ETA=10.799) and knee bends (p <0.01, ETA=0.756) at four or 12 weeks. The HA group showed
improvements on only the KOOS Function subscale at 12 weeks (p < 0.01, ETA =0.602). After controlling for baseline
values, there were no significant between-group differences at either time-point.

Conclusions: This study provides proof-of-concept evidence concerning the feasibility and safety of PA-PRP
injections necessary to inform a larger clinical trial in people with knee OA. Our preliminary results also suggest
PA-PRP improves self-reported pain, symptoms and lower extremity function, however no between-group
differences were found. Photo-activated PRP may provide a safe and effective novel treatment for knee OA.
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Background

Osteoarthritis is a leading cause of musculoskeletal pain
worldwide and the knee is one of the most commonly
affected joints. Prevalence of knee OA is expected to
increase with an aging population and growing rates of
obesity, and projections of total knee replacements are
predicted to increase by approximately 600 % over the
next 25 years [1]. As there is currently no cure for OA,
treatment has focused on symptomatic relief with the
aim of reducing pain and disability and maintaining or
improving joint mobility [2]. Non-surgical treatments
including exercise and weight loss are recommended
due to poor symptomatic and functional outcomes with
surgical management [3]. However compliance with
non-surgical treatments is poor [4], whilst drug treat-
ments such as simple analgesics and non-steroidal anti-
inflammatory drugs are associated with adverse events
[2, 5, 6]. The addition of intra-articular injections with
hyaluronic acid (HA) products (viscosupplementation) has
also been recommended in patients unresponsive to non-
pharmacological or analgesic regimes [6], although this
treatment is also uncertain as efficacy is variable and on-
going treatment is required [7-9]. Given the progressive
nature of knee OA, and the serious limitations associated
with existing therapies, studies in to effective treatments
with potential disease-modifying effects are needed.

Recent research suggests that growth factors and other
cytokines released by platelets in response to injury or
pathology may modulate inflammatory processes and
contribute to the maintenance or regeneration of tissue
structures [10, 11]. Consequently, platelet-rich plasma
(PRP) injections have become an emerging treatment for
soft tissue healing associated with tendon and ligament
injury, bone mineralisation and cartilage regeneration
[12-14]. Upon application to the affected site, activated
platelets release growth factors and other bioactive mol-
ecules, and coagulation occurs to form a matrix that
promotes migration of additional cells to the area. Com-
bined, these factors may promote tissue healing and
modulate the aberrant inflammatory processes implicated
in the pathophysiology of OA [10-12].

Recent unblinded and non-randomized pilot and
prospective studies investigating the clinical efficacy of
intra-articular injections of PRP in patients with knee
OA have demonstrated clinical improvement in self-
reported pain and symptoms with no major adverse
events [10, 15-17]. Furthermore, a recent systematic re-
view found six randomized controlled trials reporting
clinical benefits of PRP in patients with knee OA [18],
however, only two were double-blinded with a matched
control procedure [19, 20], and neither of these evalu-
ated the effects of PRP on objective measures of lower
extremity function. This limits the ability to determine
whether symptomatic benefits translate to improved
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mobility, which is critical given 80 % of people with OA
have movement limitations and 25 % cannot perform
daily activities [21].

The use of low-level light irradiation to activate per-
ipheral blood (photo-activation) has also been shown to
improve biological factors associated with osteoarthritis
[22, 23]. Studies have reported that photo-activation
decreases proinflammatory cytokines (interleukin 2 and 6)
and increases the concentration of leucocyte-derived anti-
inflammatory factors (interleukin 1 receptor antagonist)
[22, 23]. As such, this activation technique could be bene-
ficial in PRP preparations higher in leukocyte concentra-
tion. To date, only two case studies have investigated
combined photo-activation and PRP (PA-PRP) in degen-
erative conditions, reporting symptomatic improvements
in one patient with a chondral defect [24] and another
with knee OA [25]. There are currently no clinical trials of
PA-PRP in knee osteoarthritis. Therefore, the aim of this
double-blinded, randomized, controlled pilot study was to
determine the feasibility, safety and changes in pain,
symptoms and lower limb functional ability following
intra-articular injections of PA-PRP compared to HA in
patients with mild to moderate knee OA.

Methods

Trial design

This was a single centre, double-blind, randomized con-
trolled pilot study comparing PA-PRP to HA. We chose
HA as the active comparator as it is one of the most
commonly used injective treatments for knee OA [26],
and recent network meta-analyses have demonstrated
clinical benefits above intra-articular placebo injections
[27, 28]. Participants were recruited from the commu-
nity using online advertising and through existing data-
bases between June and August, 2011. An information
letter outlining potential risks and benefits was provided,
and participants were fully informed about the testing
protocol and procedures. The study was approved by the
Australian Catholic University Human Research Ethics
Committee, and all participants gave written informed
consent prior to the commencement of testing.

Participants

Based on recommendations for determining sample sizes
for pilot studies [29, 30], we enrolled 37 people with
knee OA to participate in the study (Fig. 1). To be
eligible, participants were required to have a diagnosis of
knee OA based upon the American College of Rheu-
matology knee OA clinical classification criteria [31],
radiographic evidence of Kellgren-Lawrence grade 2 or 3
knee OA [32] and be willing to discontinue analgesics
and anti-inflammatory medications (except Paracetamol)
for at least two weeks prior to commencing the inter-
vention and for the duration of the study. Only people
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Assessed for eligibility (n=37)

Excluded (n=14)

+ Not meeting inclusion criteria (n=8)
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+ Other reasons (n=0)
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Allocated to PRP intervention (n=12)

+ Received allocated intervention (n=11)

+ Did not receive allocated intervention
(pain post injection) (n=1)

Lost to 12 week follow-up (unrelated injury)
(n=1)

Analysed (n=10)
+ Excluded from analysis (n=0)
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Fig. 1 CONSORT diagram demonstrating flow of participants through the trial

Allocated to Synvisc® intervention (n=11)

+ Received allocated intervention (n=10)

+ Did not receive allocated intervention
(meniscal tear) (n=1)

Lost to 12 week follow-up (unrelated injury)
(n=1)

Analysed (n=9)
+ Excluded from analysis (n=0)

with mild to moderate radiographic OA disease were
chosen based on recommendations from a recent sys-
tematic review of PRP in people with degenerative knee
pathology [33]. Exclusion criteria were systemic or in-
flammatory joint disease, history of crystalline or neuro-
pathic arthropathy, cancer or other tumour-like lesions,
immunosuppression or acute infective processes, preg-
nancy or lactation, other intra-articular lesions or treat-
ments in the previous six months or allergy to any test
substance.

Procedures

Group allocation and concealment was performed by an
independent staff member not involved with the assess-
ment of participants. Participants were randomly allo-
cated following baseline data collection on a 1:1 basis
using a computer generated randomization list. Both

groups completed the PA-PRP collection and activation
phase of the intervention as explained below, and the
syringe was then provided to the independent staff
member. The staff member either retained or discarded
the syringe containing the PA-PRP depending on group
allocation. The syringe containing the PA-PRP, or an
identical looking syringe containing HA (Synvisc® Hylan
G-F 20, Genzyme Biosurgery, Ridgefield, NJ, USA), was
then occluded and returned to the treating doctor for
administration. This process ensured the blinding of
both the patient and treating doctor. All injections were
performed at weekly intervals.

To obtain the PRP, 48.5 ml of the patient’s blood was
collected using venipuncture, then centrifuged (Premiere
XC-2000) at 2,000 rpm for five minutes. The plasma and
buffy coat containing platelets was drawn from the top
of the sample and placed in a sterile tube and
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centrifuged again at 3,000 rpm for three minutes. This
double-spin approach has been shown to produce PRP
that is higher in leukocytes [34], which was preferred for
this study as photo-activation is thought to act at least
in part by influencing the pro- and anti-inflammatory
properties of leukocytes [22, 23]. Three quarters of the
plasma was removed, 0.2 ml of sodium bicarbonate 8.4 %
was added to the tube and the platelet pellet was
reconstituted using the remaining plasma in a 3 ml
syringe. To activate the PRP, the syringe containing
the PRP then underwent low-level ultraviolet light irradi-
ation (Adilight-1, Adistem Ltd.) for five minutes consistent
with published protocols [23].

Participants were placed in a supine position and ster-
ile drapes were placed around the surrounding area.
Next, the participant’s symptomatic knee was cleaned
with chlorhexadine and iodine solution and the knee
was anaesthetised using an intra-articular injection of 5
ml of 1 % Xylocaine. Following activation, 3 ml of PA-
PRP or HA was injected under ultrasound guidance
(Logic i, GE Healthcare) into the symptomatic region
using an anteromedial approach. Following the injection,
passive flexion and extension of the knee was performed
10 times, after which the participant remained resting in
the supine position for approximately 10 min. Participants
were advised to take paracetamol if they experienced
any pain, and to limit their weight bearing activities
for the subsequent 24 h, followed by gradual resumption
of normal activities.

Outcomes

Prior to treatment, baseline demographic data was col-
lected. Feasibility was recorded using recruitment and
retention rates, and safety was assessed by recording the
number and nature of adverse events. Adverse events
were recorded weekly for the first month using partici-
pant phone calls, and at one and three month during the
follow up assessment visits. To evaluate symptom severity,
participants first completed a 100 mm Visual Analogue
Scale (VAS) to rate their average knee pain over the previ-
ous week, with terminal descriptors of “no pain” and
“worst pain possible” [35]. To document self-reported
symptoms, participants also completed the Knee Injury
and Osteoarthritis Outcome Score (KOOS) and the Knee
Quality of Life 26-item questionnaire (KQoL-26). The
KOOS is an OA disease-specific instrument for the assess-
ment of patient-relevant treatment effects. The KOOS
uses a five point Likert scale for scoring the three
Western Ontario and McMaster Universities Osteo-
arthritis (WOMAC) sub-scales of Pain, Stiffness and
Physical Function, with the additional inclusion of the
sub-scales Quality of Life and Sport and Recreation
[36]. The KQoL-26 is a self-reported quality of life instru-
ment developed to assess the severity of knee symptoms
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and activity and work limitations in patients with knee
injuries. It is comprised of three sub-scales, including
Physical Functioning, Activity Limitations and Emo-
tional Functioning, and uses a five point Likert scale
for scoring [37].

Finally, recent research suggests that validated self-
report questionnaires and objective functional tests
should be employed in combination to fully assess
mobility-related outcomes in people with knee OA [38].
Consequently, two objective measures of lower extremity
functional ability (maximum single leg hop and number
of knee bends in 30 s) were also completed by partici-
pants as described previously [38, 39]. The maximum
single leg hop for distance required a hop to be performed
from a starting position of balancing on one leg, and fin-
ishing position of landing and balancing on the same leg
to a stationary stance position. The maximum number of
knee bends performed in 30 s required the participant to
balance on one leg and perform as many shallow knee
bends (until they couldn’t see their toes past the bent
knee, or approximately 30 degrees) as they could in a 30 s
period without touching the elevated foot on the ground.

All surveys and functional tests were completed at
baseline, four weeks and at a final follow-up at 12 weeks
following the final treatment injection, as this timeframe
has been shown to demonstrate symptomatic improve-
ments in previous studies using other PRP preparation
methods [19, 20, 40].

Statistical analysis

The Statistical Package for Social Sciences (SPSS) software
(Version 17) was used to analyse the data. Normality was
assessed using skewness and kurtosis statistics and the
Shapiro-Wilk test. To determine whether PA-PRP and
HA had an effect on outcome variables, one way Repeated
Measures Analysis of Variance (RM ANOVA) were con-
ducted to compare baseline, four and 12 week follow-up
scores for the VAS, KOOS, KQoL-26 and functional tests
for each group. An analysis of covariance (ANCOVA) was
used to assess between-group changes in the primary and
secondary outcomes, with group allocation as the fixed
factor and corresponding baseline outcome values as
covariates. This technique has been reported to be the op-
timal method to analyse continuous data in clinical trials
[41]. An alpha level of p < 0.05 was used to determine stat-
istical significance.

Results

Twenty three (62 %) of the 37 enrolled people with knee
OA (males =16, females=7, age=51.20+12.00 vyears,
mass = 96.35 + 18.14 kg, height=178.00+10.10 cm,
BMI = 29.24 + 9.52) met the inclusion criteria. Two partic-
ipants did not complete the allocated intervention; one
from the PA-PRP group who withdrew due to minor
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injection-related pain and swelling which resolved without
further treatment, and one from the HA group who suf-
fered an acute meniscal tear unrelated to the treatment.
Two additional participants withdrew from the study due
to other unrelated injuries after the four week follow up
assessments. Consequently, data was available for 21 par-
ticipants (PRP =11 participants, HA = 10 participants) for
the four week follow up and for 19 participants at 12
weeks (Fig. 1). Participant characteristics are displayed in
Table 1. No differences were found between the two
groups (p > 0.05).

No treatment-related major adverse events were expe-
rienced by participants. Two participants from the PA-
PRP group experienced minor pain and swelling during
the injection period believed to be related to the injection
technique. Both participants completed the injection
course, and had resolution of symptoms by the following
week. No further adverse events were experienced during
the intervention or follow-up period.

Average pain recorded using the 100 mm VAS reduced
from baseline at the four and 12 week follow up time
points for both the PA-PRP and HA groups (Table 2).
Although there was a slight increase in pain at the 12
weeks in the PA-PRP group, this still represented a 24 %
improvement above baseline pain. Repeated Measures
ANOVA revealed the reduction in pain was significant
for the PA-PRP group only (p=0.017). Post hoc tests
showed that the reduction in pain at four weeks was sig-
nificantly less than baseline (27.67 mm, 95 % CI 12.39 to
42.95, p=0.003, ETA =0.686), however the 11.4 mm
reduction in VAS at 12 weeks was not statistically sig-
nificant. No significant reductions in pain were found
for the HA group.

For the PA-PRP group, significant improvements were
found at both follow up time points in the KOOS Pain
subscale (4 weeks: 13.33, 95 % CI 4.66 to 22.01, p = 0.007;
12 weeks: 11.67, 95 % CI 2.99 to 20.34, p =0.014, ETA =

Table 1 Comparison of participant characteristics who completed
the intervention by group

PA-PRP (n=11)  HA (n=10)

Age, mean (SD) years 4991 (13.72) 52.70 (10.30)
BMI, mean (SD) kg/m2 27.92 (11.94) 30.87 (5.64)
Previous surgery, no. (%) 5 (45 %) 8 (80 %)
Gender (Male), no. (%) 8 (72.73 %) 7 (70 %)
Symptom duration, mean (SD) years 8.50 (4.95) 15 (7.07)
Cause of osteoarthritis, no.

Degeneration/unknown 6 4

Post joint injury/surgery 3 3

Sport related degeneration 2 3

Legend: SD standard deviation, BMI body mass index, KL Kellgren Lawrence,
PA-PRP photo-activated platelet-rich plasma, HA hyaluronic acid
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0.624), the KQoL-26 Physical subscale (4 weeks: 8.50,
95 % CI=1.84 to 15.16, p =0.018; 12 weeks: 9.33, 95 %
CI 4.56 to 14.11, p=0.002, ETA =0.706) and the KQoL
Emotional subscale (4 weeks: 12.08, 95 % CI 3.26 to 20.91,
p=0.013; 12 weeks: 9.58, 95 % CI 17.11 %, p =0.009,
ETA =0.715) (Table 2). For the HA group, significant
improvements were only found in the KOOS Function
subscale at 12 weeks (14.05, 95 % CI 18.59 to 24.15, p =
0.008, ETA = 0.602). Table 2 also demonstrates that the
PA-PRP group significantly improved both hopping
(4 weeks: 13.44, 95 % CI=2.23 to 24.66, p=0.025;
12 weeks: 22.33, 95 % CI 11.86 to 32.80, p =0.001,
ETA =0.799) and knee bend (12 weeks: 9.78, 95 % CI
5.00 to 14.56, p=0.002, ETA =0.756) performance,
whereas changes in physical function in the HA group
were not found to be significant. To investigate between-
group differences in mean change scores on the 100 mm
VAS, KOOS, KQoL-26 and functional tests, ANCOVA
was performed adjusting for baseline scores (Table 3). No
significant between-group differences were found for any
of the self-reported measures or for either of the func-
tional tests (p > 0.05).

Discussion

This was a double-blind randomized controlled pilot study
comparing intra-articular injections of a novel form of
PRP activated with ultraviolet light compared to HA. The
results demonstrate the feasibility of this technique in
people with knee OA and show no serious adverse events
were reported. There was a significant decrease in VAS
pain for the PA-PRP group at four weeks that was greater
than the minimal clinically important improvement level
of 19.9 mm. The 24 % decrease below baseline pain levels
at 12 weeks was not found to be statistically significant
and no improvements in pain were found in the HA
group. The PA-PRP group also demonstrated significant
improvements in the KOOS Pain subscale at four and 12
weeks, and significant improvements in the KQoL-26
Physical and Emotional subscales. In contrast, the only
significant improvement in the HA group was in the
KOOS Functional subscale at 12 weeks. Finally, whilst the
PA-PRP group significantly improved their performance
on the functional measures of hopping and knee bend at
12 weeks, no significant improvements in lower extremity
function were found in the HA group. Despite these im-
provements in the PA-PRP compared to the HA group,
there were no significant between-group differences on
any measures after adjusting for baseline variation. These
preliminary results provide initial feasibility, safety and
treatment data that may be used to inform a future large
clinical trial to investigate whether this novel form of
photo-activated PRP has symptomatic and functional ben-
efits in people with knee OA.
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Table 2 Mean (SD) for VAS, KOOS, KQoL and functional tests at baseline and four and 12 weeks following final injection

PA-PRP HA
Baseline (n=11) 4 weeks (n=11) 12 weeks (h=10) Baseline (n=10) 4 weeks (hn=10) 12 weeks (n=9)
Pain VAS 48.09 (23.75) 1964 (17.61)** 36.89 (25.42) 39.70 (21.90) 12.90 (14.06) 14.13 (9.30)
KOOS Symptoms 4870 (15.83) 57.14 (20.33) 57.86 (22.76) 4(17.99) 61.07 (26.86) 6 (8.40)
Pain 57.07 (11.21) 7 (16.67)** 68.89 (15.76)* 70.00 (11.25) 67.22 (25.55) 79.32 (9.33)
Function 70.72 (13.64) 79.27 (15.08) 78.68 (15.87) 7544 (1242) 79.12 (28.63) 90.03 (7.31)**
Sport 31.82 (20.40) 4046 (28.32) 41.00 (27.77) 47.00 (28.69) 46.50 (33.75) 64.44 (23.64)
QoL 30.11 (18.92) 40.89 (27.55) 38.75 (28.38) 4187 (13.51) 4250 (21.21) 54.86 (9.77)
KQolL Physical 57.72 (1835) 65.00 (18.14)* 68.83 (18.64)** 6 (1491) 68.33 (27.54) 80.55 (13.46)
Activity 59.09 (23.33) 72.73 (16.79) 70.00 (22.23) 75.50 (15.71) 78.50 (29.16) 88.89 (7.41)
Emotional 46.97 (26.69) 58.71 (23.68)* 58.75 (29.49)** 58.75 (24.25) 67.08 (29.88) 75.00 (16.00)
Functional tests ~ Hops 46.64 (33.04) 57.64 (41.36)* 7933 (34.17)** 5550 (3543) 51.50 (39.49) 79.25 (38.04)
Knee bends 1945 (8.25) 22.27 (8.37) 31.44 (7.96)** 2050 (13.23) 2530 (16.60) 3(15.63)

Legend: VAS visual analogue score, KOOS knee osteoarthritis outcome score, QoL quality of life, KQoL knee quality of life, PA-PRP photo-activated platelet-rich

plasma, HA hyaluronic acid
*Indicates statistically significant (p < 0.05) improvement from baseline
**Indicates statistically significant (p < 0.01) improvement from baseline

Of the 23 people who met the inclusion criteria, two
participants did not complete the allocated intervention
and two additional participants withdrew from the study
following the four week follow-up appointment. These
four patients were evenly spread between groups, and
with the exception of one, were all due to new injuries
unrelated to the treatment. One of the PA-PRP patients
however did withdraw due to minor injection-related
soreness, whilst another two also reported minor pain
and swelling following an injection. In all instances,
symptoms resolved within a week and no further adverse
events were reported during the intervention or follow-
up period.

Previous RCTs have investigated the efficacy of PRP
compared to HA or saline [19, 20, 34, 40, 42, 43]

however to our knowledge this is the first to objectively
evaluate lower limb function and the only one to use
photo-activation of PRP. Photo-activation of peripheral
blood has been previously shown to improve the inflam-
matory cytokine profile of healthy adults [23] and people
with psoriasis [22], and therefore has the potential to
improve outcomes in OA where pro-inflammatory cyto-
kines are critical mediators in the pathophysiology of the
disease [44]. Combined with PRP, which releases growth
factors and other proteins responsible for tissue repair
and inflammatory modulation [45, 46], this may offer a
novel method for improving symptoms and function in
people with knee OA. Our results provide mixed sup-
port for this new treatment approach. Although the PA-
PRP group showed significantly greater improvement in

Table 3 Adjusted mean difference (95% confidence intervals; Cl) between the two groups for VAS, KOOS, KQoL and functional tests

at baseline and four and 12 weeks following final injection

4 weeks 12 weeks
Mean difference (95 % Cl) P value Mean difference (95 % Cl) P value
Pain VAS 1.90 (-13..80 to 17.60) 0.79 18.81 (-0.62 to 38.24) 0.06
KOOS Symptoms 752 (-17.20 to0 32.23) 053 —15.57 (-34.12 t0 2.99) 0.09
Pain 15.64 (-9.81 to 41.10) 0.21 —430(-19.76 to 11.16 0.56
Function 444 (-17.00 to 25.88) 0.67 —893 (-19.92 to 2.07) 0.10
Sport 0.66 (-29.31 to 30.62) 0.96 —13.68 (-36.38 t0 9.02) 0.22
QoL 11.17 (-6.22 to 28.57) 0.19 —8.09 (-25.11 to 8.93) 0.33
KQolL Physical 10.90 (-9.11 to 3091) *0.27 -041 (-8.59t0 7.77) 0.92
Activity 6.46 (-16.09 to 29.01) 0.55 —11.01 (-25.59 to 3.57) 0.13
Emotional 0.18 (-19.76 to 20.11) 0.99 —11.60 (-2849 to 5.28) 0.17
Functional tests Hops 17.23 (-19.26 to 53.72) 033 893 (-5.26 to 23.13) 0.20
Knee bends —0.81 (-9.29 to 7.68) 0.84 1.16 (-9.11 to 11.43) 0.81

Legend: VAS visual analogue scale, KOOS knee osteoarthritis outcome score, QoL quality of life, KQoL knee quality of life, C/ confidence intervals
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self-reported symptoms and lower limb physical function
compared to HA, between-group differences were not
significant. It is possible that the small sample size of
our pilot study may have reduced statistical power mak-
ing definitive between-group conclusions difficult.

The lack of between-group differences found in our
pilot study may also be partly due to our PRP prepar-
ation method. We used a double spin technique which
has previously been shown to produce PRP that is higher
in leukocyte concentration when compared to PRP pre-
pared using a single spin technique [34]. Indeed, our
findings are consistent with two recent RCTs report-
ing comparable between-group improvements in self-
reported pain and symptoms following injections of
either PRP prepared using a leukocyte-rich technique
or HA [19, 26]. In contrast, two recent studies investigat-
ing the effects of PRP prepared using a leukocyte-poor
technique, and a recent meta-analysis [47], have suggested
this form of PRP produces improvements in self-reported
symptoms above that of HA. Cerza and colleagues [40]
showed significantly improved overall WOMAC score at
12 and 24 weeks in knee OA patients who had injections
of PRP prepared using a leukocyte-poor technique com-
pared to patients who received HA. Similarly, Sanchez
and colleagues [43] reported that patients with knee OA
who received leukocyte-poor PRP had significant benefits
at 24 weeks compared to those who received HA. The
findings of our study, and those from these previous clin-
ical trials, suggests that leukocyte concentration of PRP
may play a crucial role in clinical outcomes achieved for
knee OA patients. However, future studies should explore
the effects of photo-activation in both leukocyte-rich and
leukocyte-poor PRP preparations given photo-activation is
thought to act at least in part by modulating the pro- and
anti-inflammatory properties of leukocytes [22, 23].

There are some limitations that may have influenced
the outcomes of our study. Firstly, as mentioned the
small sample size of this pilot trial reduces statistical
power which may make more definitive conclusions
problematic, and the relatively short follow-up period of
our study may have been too brief to determine between-
group differences. A larger clinical trial is needed to
confirm our results. Furthermore, we did not include a
minimum VAS pain score as part of our screening criteria,
resulting in greater variation in baseline pain and self-
reported symptoms. This produced high baseline standard
deviations which would have decreased the probability of
finding differences between the PRP and HA groups,
particularly with the small sample size. Finally, we did
not examine how photo-activation modifies PRP.
Given the benefits of photo-activation have been at-
tributed to its influence upon the concentration of
proinflammatory cytokines and leucocyte-derived anti-
inflammatory factors [22, 23], and the potential role
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of leukocyte concentration in PRP, this warrant further
investigation.

Conclusions

This randomized controlled pilot study provides feasibil-
ity and safety data for the use of PA-PRP in people with
knee OA that may help to inform a larger clinical trial.
Although under-powered to assess efficacy, our prelim-
inary results also provide some evidence that PA-PRP
improves self-reported pain, subscales of the KOOS and
KQoL-26, and tests of lower extremity functional ability
in knee OA patients. However these improvements were
not found to be significantly greater than those of the
HA group. Future clinical trials with larger sample sizes
and longer follow up periods should investigate
whether this novel photo-activated PRP method im-
proves symptoms and function over that of HA in people
with knee OA.

Abbreviations

ANCOVA: analysis of covariance; Cl: confidence interval; HA: hyaluronic acid;
KOOS: Knee Osteoarthritis Outcome Score; KQoL: Knee Quality of Life;
PA-PRP: photo-activated platelet-rich plasma; PRP: platelet-rich plasma;

RCT: randomized controlled trial; RM ANOVA: Repeated Measures Analysis of
Variance; VAS: visual analogue pain; WOMAC: Western Ontario and McMaster
Universities Osteoarthritis.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

KLP: conception and design, acquisition of data, analysis and interpretation
of data, drafted and critically reviewed the manuscript. MN: acquisition

of data, analysis and interpretation of data, helped draft the manuscript,
critically reviewed the manuscript. KLB: analysis and interpretation of data
and critically reviewed the manuscript. DB: conception and design, prepared
and performed interventions, analysis and interpretation of data and critically
reviewed the manuscript. All authors read and approved the final
manuscript.

Acknowledgements

The authors would like to thank Emma Eggleston for her valuable assistance
in participant recruitment and in group allocation and concealment of the
interventions. KLB is partially supported by Australian Research Council
Future Fellowship (FTFT0991413). The Adilight-1 used for photo-activation
was provided in-kind by AdiStem Ltd. The funders played no role in the
design, data collection and analysis, decision to publish or preparation of the
manuscript. KLB receives royalties from the sales of an educational osteoarthritis
DVD and sales of an osteoarthritis shoe, neither of which are related to the work
contained in this manuscript.

Author details

ICentre for Health, Exercise & Sports Medicine, Department of Physiotherapy,
Melbourne School of Health Sciences, The University of Melbourne,
Melbourme, Victoria 3010, Australia. “Lakeside Sports Medicine Centre,
Melbourne, Victoria, Australia. *School of Exercise Science, Australian Catholic
University, Melbourne, Victoria, Australia.

Received: 6 October 2015 Accepted: 3 February 2016
Published online: 09 February 2016

References

1. Kurtz S, Ong K, Lau E, Mowat F, Halpern M. Projections of primary and
revision hip and knee arthroplasty in the United States from 2005 to 2030.
J Bone Joint Surg. 2007,89(4):780-5.



Paterson et al. BMC Musculoskeletal Disorders (2016) 17:67

20.

21.

22.

23.

Harvey WF, Hunter DJ. The role of analgesics and intra-articular injections in
disease management. Med Clin North Am. 2009;93(1):201-11.

Bourne RB, Chesworth BM, Davis AM, Mahomed NN, Charron KD. Patient
satisfaction after total knee arthroplasty: who is satisfied and who is not?
Clin Orthop Relat Res. 2010,468(1):57-63.

Fransen M, McConnell S. Exercise for osteoarthritis of the knee. Cochrane
Database Syst Rev. 2008;4(4).

Bjordal JM, Ljunggren AE, Klovning A, Slgrdal L. Non-steroidal
anti-inflammatory drugs, including cyclo-oxygenase-2 inhibitors, in
osteoarthritic knee pain: meta-analysis of randomised placebo controlled
trials. BMJ. 2004;329(7478):1317.

Zhang W, Moskowitz RW, Nuki G, Abramson S, Altman RD, Arden N, et al.
OARSI recommendations for the management of hip and knee
osteoarthritis, Part Il: OARSI evidence-based, expert consensus guidelines.
Osteoarthritis Cartilage. 2008;16(2):137-62.

Arrich J, Piribauer F, Mad P, Schmid D, Klaushofer K, Mullner M.
Intra-articular hyaluronic acid for the treatment of osteoarthritis of the knee:
systematic review and meta-analysis. CMAJ. 2005;172(8):1039-43.

Lo GH, LaValley M, McAlindon T, Felson DT. Intra-articular hyaluronic

acid in treatment of knee osteoarthritis: A meta-analysis. JAMA. 2003;
290(23):3115-21.

Wang C, Lin J, Chang C, Lin Y, Hou S. Therapeutic effects of hyaluronic acid
on osteoarthritis of the knee. A meta-analysis of randomised controlled
trials. J Bone Joint Surg. 2004;86(3):538-45.

Kon E, Buda R, Filardo G, Di Martino A, Timoncini A, Cenacchi A, et al.
Platelet-rich plasma: Intra-articular knee injections produced favorable
results on degenerative cartilage lesions. Knee Surg Sports Traumatol
Arthrosc. 2010;18(4):472-9.

Andia I, Maffulli N. Platelet-rich plasma for managing pain and inflammation
in osteoarthritis. Nat Rev Rheumatol. 2013;9(12):721-30.

Foster TE, Puskas BL, Mandelbaum BR, Gerhardt MB, Rodeo SA. Platelet-rich
plasma: From basic science to clinical applications. Am J Sports Med.
2009;37(11):2259-72.

Sampson S, Gerhardt M, Mandelbaum B. Platelet rich plasma injection
grafts for musculoskeletal injuries: A review. Curr Rev Musculoskel Med.
2008;1(3-4):165-74.

Séanchez M, Anitua E, Orive G, Mujika |, Andia I. Platelet-rich therapies in the
treatment of orthopaedic sport injuries. Sports Med. 2009;39(5):345-54.
Filardo G, Kon E, Buda R, Timoncini A, Di Martino A, Cenacchi A, et al.
Platelet-rich plasma intra-articular knee injections for the treatment of
degenerative cartilage lesions and osteoarthritis. Knee Surg Sports
Traumatol Arthrosc. 2011;19(4):528-35.

Sampson S, Reed M, Silvers H, Meng M, Mandelbaum B. Injection of
platelet-rich plasma in patients with primary and secondary knee
osteoarthritis: A pilot study. Am J Phys Med Rehabil. 2010;89(12):961-9. 910.
1097/PHM.1090b1013e3181fc1097edf.

Sénchez M, Anitua E, Azofra J, Aguirre J, 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):910-3.
Laudy AB, Bakker EW, Rekers M, Moen MH. Efficacy of platelet-rich plasma
injections in osteoarthritis of the knee: a systematic review and meta-
analysis. Br J Sports Med. 2015;49(10),657-672.

Filardo G, Kon E, Di Martino A, Di Matteo B, Merli M, Cenacchi A, et al.
Platelet-rich plasma vs hyaluronic acid to treat knee degenerative
pathology: Study design and preliminary results of a randomized controlled
trial. BMC Musculoskelet Disord. 2012;13(1):229.

Patel S, Dhillon MS, Aggarwal S, Marwaha N, Jain A. Treatment with
platelet-rich plasma is more effective than placebo for knee

osteoarthritis: A prospective, double-blind, randomized trial. Am J Sports
Med. 2013;41(2):356-64.

World Health Organization. The burden of musculoskeletal conditions at the
start of the new millenium. In. Edited by World Health Organization
Technical Report Series, vol. 919:-x; 2003: 1-218.

Sigmundsdottir H, Johnston A, Gudjonsson JE, Valdimarsson H.
Narrowband-UVB irradiation decreases the production of
pro-inflammatory cytokines by stimulated T cells. Arch Dermatol Res.
2005;297(1):39-42.

Zhevago NA, Samoilova KA. Pro-and anti-inflammatory cytokine content in
human peripheral blood after its transcutaneous (in vivo) and direct (in
vitro) irradiation with polychromatic visible and infrared light. Photomed
Laser Ther. 2006;24(2):129-39.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Page 8 of 9

Freitag J, Barnard A, Rotstein A. Photoactivated platelet-rich plasma
therapy for a traumatic knee chondral lesion. BMJ Case Rep.
2012;2012:bcr2012006858.

Freitag JB, Barnard A. To evaluate the effect of combining photo-activation
therapy with platelet-rich plasma injections for the novel treatment of
osteoarthritis. BMJ case reports. 2013;2013:bcr2012007463.

Filardo G, Di Matteo B, Di Martino A, Merli ML, Cenacchi A, Fornasari P, et al.
Platelet-rich plasma intra-articular knee injections show no superiority versus
viscosupplementation: a randomized controlled trial. Am J Sports Med.
2015/43(7):1575-82.

Trojian TH, Concoff AL, Joy SM, Hatzenbuehler JR, Saulsberry W,

Coleman Cl. AMSSM scientific statement concerning viscosupplementation
injections for knee osteoarthritis: importance for individual patient
outcomes. Br J Sports Med. 2016;50(2):84-92.

Bannuru RR, Schmid CH, Kent DM, Vaysbrot EE, Wong JB, McAlindon TE.
Comparative effectiveness of pharmacologic interventions for knee
osteoarthritis: a systematic review and network meta-analysis. Ann Intern
Med. 2015;162(1):46-54.

Hertzog MA. Considerations in determining sample size for pilot studies.
Res Nurs Health. 2008;31(2):180-91.

Julious SA. Sample size of 12 per group rule of thumb for a pilot study.
Pharm Stat. 2005;4(4):287-91.

Altman R, Asch E, Bloch D, Bole G, Borenstein D, Brandt K, et al. Development
of criteria for the classification and reporting of osteoarthritis: Classification of
osteoarthritis of the knee. Arthritis Rheum. 1986;29(8):1039-49.

Kellgren JH, Lawrence JS. Radiological assessment of osteo-arthrosis.

Ann Rheum Dis. 1957;16(4):494-502.

Chang K-V, Hung C-Y, Aliwarga F, Wang T-G, Han D-S, Chen W-S.
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):562-75.

Filardo G, Kon E, Pereira Ruiz M, Vaccaro F, Guitaldi R, Di Martino A, et al.
Platelet-rich plasma intra-articular injections for cartilage degeneration and
osteoarthritis: Single- versus double-spinning approach. Knee Surg Sports
Traumatol Arthrosc. 2012;20(10):2082-91.

Bellamy N, Carette S, Ford PM, Kean WF, le Riche NG, Lussier A, et al.
Osteoarthritis antirheumatic drug trials. Il. Tables for calculating sample size
for clinical trials. J Rheumatol. 1992;19(3):444-50.

Roos EM, Lohmander LS. The Knee injury and Osteoarthritis Outcome
Score (KOOS): From joint injury to osteoarthritis. Health Qual Life Outcomes.
2003;1(1):64.

Garratt A, Brealey S, Robling M, Atwell C, Russell I, Gillespie W, et al.
Development of the Knee Quality of Life (KQoL-26) 26-item questionnaire:
data quality, reliability, validity and responsiveness. Health Qual Life
Outcomes. 2008;6(1):48.

Roos EM, Bremander AB, Englund M, Lohmander LS. Change in
self-reported outcomes and objective physical function over 7 years in
middle-aged subjects with or at high risk of knee osteoarthritis. Ann Rheum
Dis. 2008,67(4):505-10.

Bremander AB, Dahl LL, Roos EM. Validity and reliability of functional
performance tests in meniscectomized patients with or without knee
osteoarthritis. Scand J Med Sci Sports. 2007;17(2):120-7.

Cerza F, Carni S, Carcangiu A, Di Vavo |, Schiavilla V, Pecora A, et al. Comparison
between hyaluronic acid and platelet-rich plasma, intra-articular infiltration in
the treatment of gonarthrosis. Am J Sports Med. 2012;40(12):2822-7.

Zhang S, Paul J, Nantha-Aree M, Buckley N, Shahzad U, Cheng J, et al.
Empirical comparison of four baseline covariate adjustment methods in
analysis of continuous outcomes in randomized controlled trials.

Clin Epidemiol. 2014;6:227.

Vaquerizo V, Plasencia MA, Arribas |, Seijas R, Padilla S, Orive G, et al.
Comparison of intra-articular injections of plasma rich in growth factors
(PRGF-Endoret) versus Durolane hyaluronic acid in the treatment of patients
with symptomatic osteoarthritis: A randomized controlled trial. Arthroscopy.
2013;29(10):1635-43.

Sanchez M, Fiz N, Azofra J, Usabiaga J, Aduriz Recalde E, Garcia Gutierrez A,
et al. A Randomized Clinical Trial Evaluating Plasma Rich in Growth Factors
(PRGF-Endoret) Versus Hyaluronic Acid in the Short-Term Treatment of
Symptomatic Knee Osteoarthritis. Arthroscopy. 2012,28(8):1070-8.

Kapoor M, Martel-Pelletier J, Lajeunesse D, Pelletier J-P, Fahmi H. Role of
proinflammatory cytokines in the pathophysiology of osteoarthritis.

Nat Rev Rheumatol. 2011;7(1):33-42.



Paterson et al. BMC Musculoskeletal Disorders (2016) 17:67 Page 9 of 9

45. Zhu'Y, Yuan M, Meng HY, Wang AY, Guo QY, Wang Y, et al. Basic science
and clinical application of platelet-rich plasma for cartilage defects and
osteoarthritis: A review. Osteoarthritis Cartilage. 2013,21(11):1627-37.

46.  Sundman EA, Cole BJ, Karas V, Della Valle C, Tetreault MW, Mohammed HO,
et al. The anti-inflammatory and matrix restorative mechanisms of
platelet-rich plasma in osteoarthritis. Am J Sports Med. 2014;42(1):35-41.

47.  Riboh JC, Saltzman BM, Yanke AB, Fortier L, Cole BJ. Effect of leukocyte
concentration on the efficacy of platelet-rich plasma in the treatment of
knee osteoarthritis. Am J Sports Med. 2015

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at .
www.biomedcentral.com/submit () BiolMed Central




	Abstract
	Background
	Methods
	Results
	Conclusions
	Trial registration

	Background
	Methods
	Trial design
	Participants
	Procedures
	Outcomes
	Statistical analysis

	Results
	Discussion
	Conclusions
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References



