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Abstract

Introduction We aimed to identify the effects of intra-
operative applied leukocyte-poor platelet-rich plasma (LP-
PRP) during knee arthroscopy for degenerative lesions
involving pain, function and quality of life.

Methods We performed a randomized controlled, double-
blind trial (RCT) including 58 patients for arthroscopic
knee surgery for cartilage or meniscal degeneration with
allocation into the LP-PRP (n = 24) or control group
(n = 34). During arthroscopy, LP-PRP was injected intra-
articular in the intervention group. At baseline, 6 weeks,
6 months and 12 months pain, function, and life quality
were assessed.

Results 91 % of enrolled patients were available for
12 months follow-up. Pain was significantly lower in the
LP-PRP group (VAS 0.9. vs. 2.3) at 6 (p = 0.008) but not
at 12 months (VAS 1.0 vs. 1.6, p = 0.063). LP-PRP ap-
plication improved the Lysholm Score at 6 (77.5 vs. 65.6,
p = 0.033) and 12 months (83.2 vs.70.0, p = 0.007).
Assessment of life quality (SF-36) concerning the physical
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component summary was significantly higher at 6 weeks
(33.9 vs. 25.6, p = 0.001) and 6 months (29.9 vs. 27.1,
p = 0.027) in the LP-PRP group but equal at 1 year (31.4
vs. 30.1, p = 0.438).

Conclusions Intraoperative application of LP-PRP may
enhance pain reduction and gain of knee function within
6—12 months compared to arthroscopy alone.

Level of evidence 11, randomized controlled clinical trial
with reduced power.
ClinicalTrials.gov identifier NCT02189408.
Keywords Platelet-rich plasma - Knee arthroscopy -
Osteoarthritis - RCT - Clinical double-blind study

Introduction

Results of recent proteomic and molecular research create
serious doubts in common mechanistic theories of os-
teoarthritis (OA) and rather hypothesize an inflammation
[1] of a joint complex with cartilage, synovia and sub-
chondral bone affecting and regulating one another to
maintain homeostasis [2, 3].

Topical application of platelet-rich plasma (PRP) is an
emerging method for musculoskeletal tissue regeneration
with an exponentially increasing popularity [4] since its first
use in 1987 in cardiac surgery. Today, numerous studies
involve PRP use in OA and cartilage degeneration [5, 6].
Platelet o-granules with high concentrations of growth fac-
tors, including, for example., transforming growth factor-f§
(TGF-B), platelet-derived growth factor (PDGF), vascular
endothelial growth factor (VEGF) and hepatocyte growth
factor (HGF), were identified as OA-modifying and chon-
drocyte-promoting mediators [7]. By interfering with in-
flammation pathways, for example., nuclear factor ‘kappa-
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light-chain-enhancer’ of activated B cells (NF-kB), a ubiq-
uitous regulatory transcription factor, and decreasing the
concentration of tumor necrosis factor-o (TNF-ot) and matrix
metalloproteinase-13 (MMP-13), PRP can inhibit cartilage
degradation or enhance endogenous or exogenous repair [8,
9] in vitro and in several animal models. Gene expression of
matrix components, like collagen Type II and aggrecan, is
upregulated and can particularly restore chondrocyte mor-
phology and function [9, 10].

A number of preclinical studies and randomized con-
trolled trials (RCT) provided strong evidence for clinical
improvement and pain relief by intra-articular PRP appli-
cation, even in total knee arthroplasty [11, 12]. We thought
that evaluation of potential outcome improvement by ad-
ditional peri-operative LP-PRP application may be a
promising investigation because of the frequent use of
arthroscopy for OA therapy. Only a few RCT examined
simultaneous LP-PRP injection and arthroscopy [13] with
scarce evidence for combined use for arthroscopic surgery
in OA. The purpose of our study was to evaluate pain
reduction, functional improvement and changes of life
quality after intraoperative LP-PRP injection in arthro-
scopy compared to arthroscopy alone by conducting a
double-blind RCT.

Methods
Patient recruitment

During January 2010 and December 2011 all patients
presenting with non-traumatic knee pain, image-proven
OA and intended arthroscopic surgery after failed conser-
vative treatment of at least 12 weeks, were considered to
be study participant. Inclusion criteria were OA stages II to
IV according to Kellgren—-Lawrence Classification for plain
radiographs or modified Outerbridge grading for MR-
imaging with or without concomitant meniscal lesions. Due
to our study protocol, we only included patients favoring
general anesthesia. As used the ACP®-system (Arthrex,
Naples, Florida, USA) for LP-PRP preparation requires an
additional blood withdrawal and patient-sided preparation,
patient blinding could not be guaranteed in conscious
participants. We excluded patients incapable of providing
informed consent due to age or mental status, circum-
scribed chondral damage with surgical option for regen-
erative procedures (microfracture, autologous chondrocyte
implantation), local or systemic infection, corticosteroid
injection within the last 3 months, rheumatological disor-
ders, OA with collateral ligament instability >grade II,
immunosuppression, cancer or other severe disorders con-
tradicting autologous transfusion of blood products or re-
sulting in a probable loss to follow-up.
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Study protocols were approved by the local ethics
committee of our faculty of medicine. All included patients
provided written informed consent after a detailed expla-
nation of the trial, PRP in general and autologous condi-
tioned plasma (ACP®, Arthrex, Naples, Florida, USA),
which enables preparation of a leucocyte-poor but platelet-
rich plasma using a sterile double-syringe system inside the
OR.

Outcome measures

Outcome measures were chosen to represent three patient-
related aspects of degenerative knee diseases: pain, knee
function and quality of life. Pain was measured using a
100-mm visual analog scale (VAS). Function was assessed
using the Lysholm Score (Lysholm Knee Scoring Scale),
quality of life pre- and postoperatively using the national
version of the short-form-36 (SF-36, RAND corporation).
This is a universal and widespread, patient-reported health
survey consisting of eight weighted sub-scales respecting
physical and mental health aspects. Pain at 6-month follow-
up was defined as the primary endpoint as the LP-PRP
effect is known to be temporary. All used outcome mea-
sures were well established in and validated for patients
with knee disorders and/or osteoarthritis [14—16].

Operative technique

Knee arthroscopy was performed according to an internal
standard operating procedure (SOP) with the patient in a
supine position, using an inflatable tourniquet and ap-
proaching the joint through anterolateral and anteromedial
standard portals. The knee joint and its cartilage surface
was completely inspected with a 30° scope and the anterior
cruciate ligament (ACL) and both menisci were manually
tested for integrity and fixation using a hook. After com-
pleting arthroscopic interventions (cartilage debridement,
partial meniscectomy), the irrigation fluid was evacuated.
In cases of random allocation to the interventional group,
15 ml of blood were obtained from a peripheral cubital
vein and preparation of LP-PRP was made using the
ACP®-technique. Blood was centrifuged for 5 min with
1.500 rpm and separated into three fractions, with the
thrombocyte phase being isolated in a second sterile sy-
ringe for direct application via the anterolateral portal.
Wound closure without any kind of drainage was per-
formed and full-weight bearing was allowed immediately.

Sample size calculation, study design and statistical
procedures

A sample size calculation based upon a two-sided ¢ test
with o« = 0.05 and 1 — f = 0.8 and an estimated and
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required difference between the intervention and control
group of 0.1 (1 unit respectively 10 mm on VAS) resulted
in a necessary number of 60 patients with a desired allo-
cation ratio of 1 (G*-Power 3.1, a priori sample size cal-
culation). The difference of 10 mm on VAS was chosen to
be the minimal effect of clinical relevance.

Study patients were randomized by a doctor’s assistant
in a blind manner using sealed white shuffled envelopes,
which contained either a “PRP” or “control” note.

Patient blinding was ensured by the fact that the
whole preparation and application procedure took place
during general anesthesia. Intra-articular injection was
made through the standard anterolateral portal with no
additional, distinguishing incision. Participation in our
trial, but not specific group allocation was described in
shared documents and medical records and allocation
details were only available for few researchers within the
institute.

Doctors blinding was guaranteed by following a
standard follow-up procedure. All physical examinations
at follow-up evaluations took place in our outpatients’
office and were performed by an orthopedic surgeon
neither being involved in the operative procedure nor
having access to allocation uncovering documents. LP-
PRP application was not mentioned in the operation
protocols.

Data analysis was performed using SPSS® for Win-
dows®, version 22.0 (SPSS Inc., Chicago, IL, USA). Pre-
sentations of metric variables included the mean, median
and standard deviation, whereas nominal data were shown
as the relative and absolute frequency.

All analyses consisted of a two-sided check of sig-
nificance with a p value <0.05, which indicated significant
results. To identify a Gaussian distribution, the Kol-
mogorow—Smirnow test was performed. Metric variables
with a Gaussian distribution were analyzed using the t test
for unpaired, independent samples, and the equality of
variances was thus consistent with Levene’s test. If the
Gaussian distribution could not be presupposed, then the
Mann—-Whitney U test as a non-parametric method was
performed. Quality of randomization between both groups
with special respect to intraoperative grade of OA (IRCS
classification) or distribution of meniscal degeneration was
controlled post hoc in this manner.

More than 2 dependent, non-Gaussian samples were
compared with the Friedman test.

Categorized data were analyzed using the Chi-square
and Fisher’s exact test. Significant results were further
specified using confidence intervals and VAS as the
primary endpoint, in addition to post hoc power
analysis.

Results

According to CONSORT-criteria, patient enrollment and
allocation could be seen in Fig. 1. We finally included 58
patients with a mean age of 64 years, average cartilage
degeneration grade III according IRCS classification and
main meniscal damage located medially. The demographic
details are shown in Table 1.

We could achieve a good 12-month follow-up of
91.4 %. All patients lost to follow-up (PRP group = 2,
control group = 3) showed degeneration of IRCS grade IV
and underwent total knee arthroplasty (TKA) due to severe
osteoarthritis. There were no significant differences con-
cerning sex, operated side, intraoperative grade of cartilage
lesion or distribution of concomitant degenerative meniscal
tears comparing intervention and control group. Patients
allocated to the intervention group received a mean volume
of 4 ml of LP-PRP.

We further could not identify further significant preop-
erative differences of baseline outcome measures between
the two groups except a slight difference according to the
SF 36 physical sub-scale favoring the LP-PRP group.
Values of all outcome measures pre- and postoperatively as
well as statistical data can be found in Table 2.

Pain at preoperative assessment was equal between the
PRP and control group, then significantly decreased after
arthroscopy in both groups at 6 weeks with a cumulative
relative pain reduction of 68 %. Further development of
pain diverges allocation-dependent: in the PRP group, pain
further reduced to a minimum of 0.9 after 6 months,
whereas it remains at 2.3 in the control group with a sig-
nificant difference (p = 0.008). Compared to preoperative
levels, the relative pain reduction after LP-PRP application
reached 89 %. Both groups exhibited final low VAS scores
without significance (p = 0.063).

Knee function, which was appraised with the Lysholm
Score, also showed an improvement in both groups with
comparable baseline scores (Table 2). After intervention,
values of LP-PRP-treated patients significantly increased
more than values in the control group at 6 weeks, and 6 and
12 months with a final Lysholm Score difference of 13
which corresponds to a relative improvement of 99.5 and
99.4 %, respectively.

Patients’ self-assessment using SF-36 was analyzed with
regard to physical and mental health. The physical health
baseline was significantly higher in the LP-PRP group.
After application, LP-PRP patients demonstrated sig-
nificantly higher scores with a peak at 6 weeks. An op-
posing trend was observed concerning the mental health
summary, which significantly favored the control group at
6 weeks, 6 months, and 12 months after being equivalent
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Fig. 1 Patient enrollment
according to CONSORT

RCT - Flow Diagram
according to CONSORT

Does intraoperative application of platelet-rich plasma during
arthroscopy for knee degeneration effect postoperative pain, function

and quality of life ?

Assessed for eligibility (n= 70)

Excluded (n=12)
+ Not meeting inclusion criteria (n=2 )
¢ Declined to participate (n=10 )

I Randomized (n=58) ’

l

Allocated to intervention group (n=24)
+ Received allocated intervention (n=24)

Allocated to control group (n=34)

|

|

Lost to follow-up (n= 2)

Lost to follow-up (n=3)

|

|

Analyzed (n=21)

Analyzed (n=32)

at preoperative assessment. Consistent with the PRP group,
the highest scores could be found after 6 weeks.

Discussion

In our study, we could demonstrate that LP-PRP applied
during knee arthroscopy of degenerative knee joints is su-
perior to arthroscopy alone going along with decreasing VAS
and increasing Lysholm and SF-36 Scores. It gives a clue of
LP-PRP potential for pain relief, functional improvement
and physical aspects of life quality. With significance, we
demonstrated that PRP is not only effective in young and
healthy patients suffering from sports-related injuries, but
also useful for a population with moderate to severe stages of
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OA. Despite the increasing number of publications [17], only
a few studies provide substantial level I or II evidence. The
initial skepticism concerning PRP may have resulted from
inconsistent therapeutic and adverse effects. Based on pro-
found knowledge of content and interactions of PRP today,
the oppositional effects can be explained with the different
formulations regarding the proportion of leucocytes and
erythrocytes. Braun et al. [18] recently demonstrated that
leukocyte-rich formulations (LR-PRP) and red blood cell
concentrates cause significantly higher rates of cell death
among chondrocytes compared to the LP-PRP used by us.
The concentration of TNF-o, a key mediator in inflamma-
tion, which directly correlates to OA-related pain [19] was
proven to be lower in LP-PRP in vitro. The direct reduction
of circulating TNF-a by LP-PRP may explain the immediate
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Table 1 Demographic data

PRP Control p value
group group
Gender 0.110*
Male 14 12
Female 10 22
Mean age 641+9 643+9 0.938°
Side 0.79*
Left 12 15
Right 12 19
Mean prp volume applied 42+08 0 0.001%*
Mean grade of oa (direct 3605 32+09 0.08°
visualization intraoperatively)
OA grade 1 0 2 0.345°
OA grade II 1 5 0.733°
OA grade IIT 7 11 0.008*
OA grade IV 16 16 0.063°
Percentage of concomitant 92 88 0.864
meniscal lesion
Distribution of meniscal tears 11/6/7 19/3/8 0.897

(medial/lateral/both)

CI Confidence interval

* Significant with p < 0.05

 Fisher’s exact Test

® ¢ test for independent means

¢ Mann-Whitney U test for non-parametric data

and extensive decrease of VAS Score and thereby the re-
ported pain relief.

The Lysholm Score was significantly improved after
LP-PRP application for the entire follow-up period of
12 months. LP-PRP is reported to reduce joint swelling and
periods of effusion, and thereby may naturally extend the
range of motion and activity levels. Most likely by a
temporary restoration of physiological balance between
pro- and anti-inflammation, LP-PRP can improve pain and
function for a limited period, but definitely not repair
structural damaged tissue, which may be an explanation for
therapy failure in severe OA stages.

Our study results cannot only be reasonably explained
by latest molecular research, but are also supported by
clinical studies with comparable results [4-6, 20-22].

Interestingly, our study shows significant results for the
efficacy of arthroscopy for pain reduction independently of
simultaneously PRP use. We like to underline the imme-
diate and lasting relative pain reduction of a mean of 68 %

at 6 weeks and 80 % after 12 months in both groups.
Jackson [23] and Wang-Saegusa [6] published nearly
identical data reporting percentage improvement between
68 and 88 %. Aware of high-quality, evidence level I
publications, which cannot provide statistical support for
arthroscopic debridement and partial meniscal resection for
degenerative tears [24], we deem arthroscopic knee surgery
in general and use of LP-PRP in particular a considerable
option also for OA treatment with respect to low rate of
complications and rare side and adverse effects using LP-
PRP [20]. We can recommend its use in cases of intended
arthroscopy after failed conservative treatment with pro-
found education about the temporary nature of potential
improvement and the generally nonrefundable average
costs ranging from 80 to 180€ in Germany. We also have to
point out that intraoperative use of LP-PRP is currently not
represented in Germany’s diagnosis related groups (DRG)
revenue system.

There were several limitations in our study. Our ran-
domization procedure caused two groups with an unequal
number of participants. We could not include the number
of a priori—calculated patients to achieve the aspired
power. Although post hoc power analysis showed a power
of 0.86 for VAS at 6 months for our primary endpoint (post
hoc, two-tailed, Wilcoxon-signed rank test, calculated by
G*Power 3.1 for Mac OS X), our intended quality could
not be achieved and our study must therefore be catego-
rized as a RCT of evidence level II.

Follow-up examination was restricted to 12 months due
to the temporary effect of PRP, which leaves potential
long-term effects undetected. Repetitive application after 6
and/or 12 months was not performed, but would have been
an interesting aspect to examine if LP-PRP-related effects
could be reproducible and change mid-term outcome.

We did not analyze the platelet or leukocyte concen-
tration to characterize and quantify the PRP formulations
because we used direct preparation inside the OR using the
ACP®-double-syringe technique with immediate applica-
tion. Our outcome measure focus on patient-related aspect,
but lack in objective parameters like IL6, sonographically
assessed volume of effusion or range of motion.

Conclusions
Intra-articular LP-PRP application may be a considerable,

effective additional treatment during knee arthroscopy for
degenerative meniscal or cartilage lesions, resulting in re-
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Table 2 Results in PRP and
control group

PRP group Control group p value
VAS 6 weeks 25+26 26+22 0.733°¢
VAS 6 months 09+ 14 23+22 0.008%*
95 % CI [0.24; 1.47] 95 % CI [1.21; 2.72]
VAS 1 year 1.0 £ 1.6 1.9+20 0.063°
Lysholm baseline 41.7 £ 16.5 35.1 £ 185 0.164°
Lysholm 6 weeks 68.5 £ 22.1 56.5 £ 20.1 0.045%*
95 % CI [59.5; 78.6] 95 % CI [51.5; 66.3]
Lysholm 6 months 77.5 £ 19.8 65.6 £ 19.9 0.033%*
95 % CI [68.2; 85.8] 95 % CI [60.2; 75.2]
Lysholm 1 year 83.2 £ 18 70 £ 17.1 0.007¢*
95 % CI [73; 89.5] 95 % CI [62.8; 76.2]
SF 36 physical health baseline 254+ 7.0 227+ 5.6 0.010*
SF 36 mental health baseline 54 +94 55.2 £ 8.6 0.491°¢
SF 36 physical health 6 weeks 339 £ 10.3 25.6 £9.6 0.001°*
SF 36 mental health 6 weeks 424 £ 11.0 534 £ 12.6 0.001°*
SF 36 physical health 6 months 29.9 £+ 10.5 27.1 £ 11.5 0.027%*
SF 36 mental health 6 months 46.7 £ 11.3 55.0 £ 10.0 0.004*
SF 36 physical health 1 year 314 £ 10.1 30.1 £ 10.7 0.438°
SF 36 mental health 1 year 439 £ 113 50.1 + 10.7 0.025*

CI confidence interval
* Significant with p < 0.05
? Fisher’s exact test

b ¢ test for independent means

¢ Mann-Whitney U test for non-parametric data

markable pain reduction and functional improvement for a 3.

limited period of 6-12 months. Patients with severe os-
teoarthritis may not benefit from this procedure. 4

Further studies including more patients in equally dis-
tributed groups and examination of repetitive application
with a follow-up of 24 or more months is adorable.
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