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Platelet rich plasma injection for acute Achilles tendon rupture:
PATH-2 randomised, placebo controlled, superiority trial

David ] Keene," Joseph Alsousou,? Paul Harrison,? Philippa Hulley,* Susan Wagland,
Scott R Parsons, Jacqueline Y Thompson,* Heather M 0’Connor,” Michael Maia Schliissel,”
Susan ) Dutton,” Sarah E Lamb,"” Keith Willett,' on behalf of the PATH-2 trial group

ABSTRACT

OBJECTIVE

To determine whether an injection of platelet rich
plasma improves outcomes after acute Achilles
tendon rupture.

DESIGN

Randomised, placebo controlled, two arm, parallel
group, participant and assessor masked, superiority
trial.

SETTING
Secondary care trauma units across 19 hospitals in
the United Kingdom’s health service.

PARTICIPANTS

Recruitment commenced in July 2015 and follow-up
was completed in March 2018. 230 adults aged 18
years and over were included, with acute Achilles
tendon rupture presenting within 12 days of injury
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and managed with non-surgical treatment. Exclusions

were injury at the insertion or musculotendinous
junction, major leg injury or deformity, diabetes

mellitus, platelet or haematological disorder, systemic

corticosteroids, anticoagulation treatment, and other
contraindicating conditions.

INTERVENTIONS

Participants were randomised 1:1 to platelet rich
plasma (n=114) or placebo (dry needle; n=116)
injection. All participants received standard
rehabilitation care (ankle immobilisation followed by
physiotherapy).

MAIN OUTCOMES AND MEASURES
Primary outcome was muscle tendon function at 24
weeks, measured objectively with the limb symmetry

WHAT IS ALREADY KNOWN ON THIS TOPIC

After Achilles tendon rupture, patients experience limitations in activities that
load the tendon, resulting in work incapacity and many months off sport and
work; accelerating recovery and improving quality of the tissue repair is therefore
desirable

Autologous platelet rich plasma containing supraphysiological platelet
concentrations from whole blood is used extensively in musculoskeletal
medicine

Although platelet rich plasma positively affects cellular and physiological tendon
healing under laboratory conditions, quality of clinical efficacy evidence is poor

WHAT THIS STUDY ADDS

There is no evidence to indicate that injections of platelet rich plasma improve
objective muscle tendon function, patient reported function, or quality of life
after acute Achilles tendon rupture compared with placebo, or that they offer any
patient benefit
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index (injured/uninjuredx100) in maximal work done
during the heel rise endurance test (an instrumented
measure of repeated single leg heel rises until
fatigue). Secondary outcomes included patient
reported function (Achilles tendon rupture score),
quality of life (short form 12 version 2®), pain (visual
analogue scale), goal attainment (patient specific
functional scale), and adverse events. A central
laboratory analysed the quality and content of platelet
rich plasma. Analyses were by modified intention to
treat.

RESULTS

Participants were 46 years old on average, and 57
(25%) of 230 were female. At 24 weeks, 202 (88%)
participants completed the heel rise endurance

test and 216 (94%) the patient reported outcomes.
The platelet rich plasma was of good quality, with
expected growth factor content. No difference

was detected in muscle tendon function between
participants receiving platelet rich plasma injections
and those receiving placebo injections (limb symmetry
index, mean 34.7% (standard deviation 17.7%) v
38.5% (22.8%); adjusted mean difference -3.9%
(95% confidence interval —=10.5% to 2.7%)) orin any
secondary outcomes or adverse event rates. Complier
average causal effect analyses gave similar findings.

CONCLUSIONS

There is no evidence to indicate that injections of
platelet rich plasma can improve objective muscle
tendon function, patient reported function, or quality
of life after acute Achilles tendon rupture compared
with placebo, or that they offer any patient benefit.

TRIAL REGISTRATION
ISRCTN54992179.

Introduction

The most commonly ruptured tendon is the Achilles,
and the incidence is rising.! > After Achilles tendon
rupture, patients experience limitations in tendon
loading activities, resulting in work incapacity and
many months off sport.> * Accelerating recovery and
improving quality of the tissue repair are therefore
desirable.

Platelet rich plasma is an autologous, whole
blood product that provides a supraphysiological
concentration of platelets, leucocytes, growth factors,
and other bioactive proteins such as cytokines
and chemokines for delivery to an injury site.” As
platelet rich plasma has shown positive cellular
and physiological effects on tendon healing under
laboratory conditions in most studies,® it is now
used extensively in sports and musculoskeletal
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orthopaedic medicine, with the market projected to
be worth US$383.56m (£297.20m; €344.49m) by
2023. Its popularity has been fuelled by much media
attention following its use by elite athletes.® However,
commercial preparation systems of platelet rich plasma
only have US Food and Drug Administration approval
based on device performance and safety, not clinical
efficacy.” Despite 37 clinical trials on applications of
platelet rich plasma in musculoskeletal injuries so far,
its efficacy remains uncertain.'® ** These trials, and the
two previous trials of platelet rich plasma in Achilles
rupture,** ' are hampered by a lack of standardisation
of platelet rich plasma preparations and quality
control, underpowered studies, and potential con-
founders such as concurrent surgery.*

The Achilles tendon rupture offers an optimal
clinical model for determining the efficacy of platelet
rich plasma because it has a relatively homogenous
presentation, and is easy to diagnose and mechanically
test, compared with other tendon rupture sites.
We aimed to determine the clinical efficacy of a
standardised preparation of platelet rich plasma in
treating acute, non-surgically managed rupture of the
Achilles tendon in a randomised controlled trial. We
hypothesised that if platelet rich plasma accelerated
tendon healing and improved mechanical properties of
the healing tissue, it would result in improved muscle
tendon function of participants.

Methods

Study design and eligibility criteria

PATH-2 was a randomised, placebo controlled, multi-
centre, two arm, parallel group, superiority trial
with masked participants and outcome assessors
conducted at 19 hospitals in the United Kingdom. The
trial methods, interventions, and analysis plan have
been published.' ¢

Participants
We included adults who were aged 18 and over; had
a clinical diagnosis (with or without confirmatory
diagnostic imaging) of a complete acute mid-substance
rupture of the Achilles tendon made by the treating
clinician in the outpatient orthopaedic trauma clinic;
were within 12 days of injury; were able to walk unaided
pre-injury; and were being managed non-surgically by
immobilising the ankle in a cast, splint, or boot. We
excluded those individuals clinically diagnosed with a
tendon rupture at the insertion or musculotendinous
junction, previous major leg injury or deformity,
diabetes mellitus, platelet or haematological disorder,
current systemic corticosteroids, treatment doses of
anticoagulation treatment, and other contraindicating
conditions (lower limb gangrene/ulcers, peripheral
vessel disease, hepatic or renal failure or dialysis,
pregnant or breast feeding, radiation or chemotherapy
in previous three months, inadequate venous access).
In May 2016, nine months into recruitment, the
eligibility criteria were amended (see supplementary
file for details on all protocol amendments). A key
change was an extension of the maximum number
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of days since injury, from seven to 12 days. During
the initial months of screening, we noted that most
patients were arriving at clinics within 12 days for
acute treatment, which meant that many patients in
the target population were not being offered entry to
the study. All participants provided written informed
consent.

Randomisation

Following consent and baseline assessments, partici-
pants were individually randomised 1:1 to an injection
of platelet rich plasma or placebo via a central 24
hour, web based, randomisation allocation system
developed and provided by the Oxford Clinical Trials
Research Unit. Initial randomisation was done in
variable permuted blocks stratified by study site and
age group (<55 v >55 years). However, the age groups
had not been implemented, owing to a technical issue,
which led to an imbalance of treatment across age
groups. To provide balance at the end of the study
over stratification factors, the system was changed
to minimisation using the existing randomised
participants, including a probabilistic element (0.8)
to prevent predictability of treatment allocation.
Minimisation factors were study site and age group
as originally intended.'” These amendments were
approved by the trial steering, data monitoring, and
ethics committees.

Interventions

Participants from both groups attended the centres
within 12 days of injury to have blood withdrawn and
receive an injection in the tendon gap during one visit.
Participants randomly assigned to receive platelet
rich plasma had 55 mL of venous blood withdrawn.
From this volume, 5 mL was used for whole blood
analysis and 50 mL was used to produce 8 mL of
leucocyte and platelet rich plasma using the same
model of specialised automated centrifuge (MAG 200
MAGELLAN Autologous Platelet Separator, Arteriocyte
Medical Systems, MA) and sterile disposable kit (MDK
300/300-1, Arteriocyte Medical Systems, MA) in all
centres. Participants in the placebo group still had
5 mL of venous blood withdrawn that was used for
whole blood analysis. Participants from both groups
waited for about 17 minutes after blood withdrawal
before receiving the injection (time taken to prepare
the platelet rich plasma).

For both interventions, participants lay face down
on a treatment table. The treating surgeon or specialist
physiotherapist palpated the tendon gap to identify
the injection site. Use of imaging was not necessitated
by the trial protocol. The clinician cleaned the site,
injected a local anaesthetic (1-2 mL) into the skin,
and then injected the intervention in the centre of the
tendon gap. The platelet rich plasma group had 4 mL
of platelet rich plasma injected. The remaining 4 mL
of platelet rich plasma was processed for laboratory
analysis and quality control. The placebo group had
the same sized needle attached to an empty syringe
inserted into the tendon gap, held in place for the

doi: 10.1136/bmj.16132 | BMJ 2019;367:16132 | thebmj
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duration of a platelet rich plasma injection, and
withdrawn without injecting anything. All treating
clinicians undertook study specific training, used a
step-by-step preparation manual, and had access to a
training video.

After injection, participants continued with usual
local non-surgical care for a ruptured Achilles tendon
including local protocols for venous thromboembolism
prophylaxis, except that we standardised the reha-
bilitation protocol to reduce substantial variations
between groups and recruiting hospitals. The ankle
was initially immobilised in an equinus position for at
least three weeks after the intervention. Clinicians were
instructed to avoid participants’ having full time ankle
immobilisation or non-weight bearing for longer than six
weeks. All participants were referred to a physiotherapist
for supervised rehabilitation. Adherence to rehabilitation
protocol was monitored in the participant reported
questionnaires at 4, 7, and 13 weeks.

The whole blood and platelet rich plasma samples
were analysed in a central laboratory at the Institute of
Inflammation and Ageing, University of Birmingham,
Birmingham, UK. Whole blood and platelet rich
plasma cell counts were determined by a Sysmex
XN-1000 Haematology analyser (Sysmex UK, Milton
Keynes, UK). The instrument provides three different
platelet counts; impedance, optical, and fluorescent.
Where possible, the fluorescent platelet count was the
preferred platelet count used. Instrument performance
was checked internally daily (XN Check) and externally
monthly (UKNEQAS, Watford, UK)'® to ensure quality
and accuracy. Platelet quality within fixed resting
and activated samples (PAMfix, Platelet Solutions,
Nottingham, UK) was analysed by measuring the
expression of P selectin (CD62p), a platelet specific
activation marker, by flow cytometry (Accuri Flow
cytometer, Becton Dickinson, Oxford, UK). Growth
factor concentrations (of platelet derived growth
factor-AB, insulin-like growth factor 1, wvascular
endothelial growth factor, fibroblast growth factor-
basic, and transforming growth factor 1) within the
platelet rich plasma were measured by enzyme linked
immunosorbent assay (see supplementary file for
further sample preparation information).

Masking

All participants were informed that up to 55 mL of
venous blood would be taken, but the exact amounts
for each intervention were not disclosed. It was agreed
with the ethics committee that the protocol and patient
information sheet would only contain the maximum
volume of blood to be taken. In practice, differing
volumes of blood were taken because it was deemed
unacceptable to take more blood than required for
study participation and treatment. Injections were
prepared out of participants’ sight while they waited.
A dummy spin cycle was activated for the placebo
group if the platelet rich plasma centrifuge was within
audible range. Participants received the injection
lying face down with instructions not to turn to view
the procedure or injection syringes. Primary outcome

thebmj | BMJ2019;367:16132 | doi: 10.1136/bmj.16132
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assessors were not aware of allocation or treatment.
Clinicians involved in preparing or delivering the
intervention could not be masked. We trained all staff
involved in preparation and delivery and provided a
comprehensive manual with step-by-step instructions
to facilitate masking. It was emphasised that the
intervention should not be discussed with participants.

Outcomes and study assessments

The primary outcome time point was 24 weeks, when
participants attended an appointment to complete self
report questionnaires on secondary outcome measures
and a clinical assessment. Follow-up questionnaires
were also completed face-to-face or by telephone at
4, 7, and 13 weeks after randomisation by a research
associate at the recruiting centre. Questionnaires
were also sent in the post by research associates, or
collected over the phone by a researcher in the clinical
trials unit, to optimise follow-up.

The primary outcome was muscle tendon function as
measured by the validated heel rise endurance test.*
Participants stood on each leg in turn and raised and
lowered the heel until fatigued. A computer controlled
linear encoder (MUSCLELAB, Ergotest Innovation,
Porsgrunn, Norway) and video recordings collected
the movement data. The linear encoder measured the
height of each heel rise, which was used with body
weight to calculate the work performed by each lower
limb in joules. Performance was expressed as a limb
symmetry index (injured limb with rupture/uninjured
limb measurementx100) for the maximal work done
during the heel rise endurance test. Two members
of the study team, masked to treatment allocation,
independently reviewed all the assessment videos and
discounted any invalid recordings in the data from the
heel rise endurance test (supplementary file and fig
1 provides further information on procedures for the
heel rise endurance test).

Secondary outcomes were the number of heel
rise repetitions and maximum heel rise height (cm)
during the heel rise endurance test at 24 weeks
after randomisation, patient reported symptoms
and function (Achilles tendon rupture score 0-100,
higher score better),?® functional limitation due to
pain (Achilles tendon rupture score 0-10, higher score
better; not specified in the protocol but planned before
completion of follow-up and reported in the published
statistical analysis plan),16 functional goal attainment
(patient specific functional scale’’ ** 0-10, higher
score better), and health related quality of life (short
form 12 version 2® (v2) Health Survey, acute version,
0-100, higher score better)> at 4, 7, and 13 weeks after
randomisation. Participants assessed their pain in a
daily diary using a visual analogue score (0-100, lower
score better)?* for two weeks after the intervention.

Expected complications, harms, and further
interventions related to the study treatments were
recorded as adverse events. Serious adverse events
were defined as any untoward medical occurrence
that was both unexpected and related to the study
treatments that resulted in: death within 30 days of the
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Fig 1| Participant performing the heel rise endurance test

intervention, death related directly to the intervention
at any time, life or limb threatening complication, or
readmission to hospital. Treatment relatedness was
determined by the site and confirmed by the chief
investigator.

Sample size

The initial sample size target was 214, based on
detecting a standardised difference of 0.5 at 24
weeks in the primary outcome (based on data from a
previous trial where a clinically important difference of
10% with a standard deviation of 20% from the non-
surgical group was observed at this time point post-
rupture®®). The sample size was increased on the data
monitoring and ethics committees’ advice, based on a
prespecified masked review of the original sample size
assumptions (primary outcome standard deviation).'®
16 An initial review on the overall patient population
(not separated by treatment arm) was undertaken after
the first 27 participants reached 24 week follow-up,
at which time the standard deviation was lower than
assumed. The standard deviation was reassessed
when 75 patients had reached 24 week follow-up. At
this point, the standard deviation was greater than the

original sample size assumption. The sample size was
therefore recalculated and the recommendation agreed
with the independent trial steering committee was to
increase the final sample size to 230 (115 per arm),
which provided 80% power to detect a standardised
difference of 0.5 in the work limb symmetry index (as
measured through the heel rise endurance test) at 24
weeks after treatment, with 5% (two sided) significance
and allowing 20% loss to follow-up.

Statistical analysis

All participants were included in descriptive analyses.
The baseline comparability of participant level data
for each of the treatment groups was summarised and
treatment compliance explored. Data distributions
were explored visually using histograms and assess-
ments for normality were carried out using percentile-
percentile plots, quantile-quantile plots, and the
Shapiro Wilk test. Normally distributed data were
summarised as means and standard deviations, non-
normally distributed data as medians and interquartile
ranges, and categorical variables as frequency and
percentages.

Primary and secondary outcome analyses were
undertaken on modified intention-to-treat populations:
all randomised participants with available outcome
data were analysed in the groups to which they were
allocated. Multivariable linear regression was used to
investigate the effect of platelet rich plasma on Achilles
tendon rupture recovery, adjusting for stratification
variables and predefined prognostic variables (sex,
body mass index, and smoking status) selected based
on previous literature. Following a request from the
data monitoring and trial steering committees, a
post hoc analysis was undertaken that additionally
adjusted for time from injury to injection, because
participants could have had the injury up to 12 days
before randomisation. Missing data and sensitivity
analyses are described in the supplementary file.

We assessed data quality and the effect of the
treatment received using complier average causal effect
instead of the planned per protocol analysis. Complier
average causal effect compares the average outcome
of compliers in the treatment group with the average
outcome of potential treatment compliers in the placebo
group. Unlike a per protocol analysis, this analysis
ensures that patients who did not receive the treatment
allocated remain within the analysis, allowing for
balance of randomisation factors to remain. We
considered non-compliers to be participants from the
platelet rich plasma group not receiving the allocated
intervention or who received prepared platelet rich
plasma that did not concentrate platelets compared
with their whole blood. The analysis was repeated
for the secondary outcome measures from the heel
rise endurance test (limb symmetry index of heel rise
repetitions and maximum heel rise height).

We analysed the patient reported outcome mea-
sures using repeated measures, mixed effects, linear
regression models, adjusting for stratification variables
and predefined prognostic variables. Time between the

doi: 10.1136/bmj.16132 | BMJ 2019;367:16132 | thebmj
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intervention and outcome measurement was included
in these models as a random effect factor. A P value less
than 0.05 was considered indicative of a statistically
significant difference in all analyses.

Complications were categorised as serious adverse
events, or foreseeable or unforeseeable adverse
events. We assessed masking success using the
James and Bang indices?® ¥'; participants were asked
after their heel rise endurance test at 24 weeks
which treatment they believed they had received.
The correlations between the primary outcome and
both key blood parameters and platelet properties
were explored visually and assessed using Pearson’s
correlation. Analyses were conducted by Stata version
15.0 (StataCorp, College Station, TX). The trial is
reported following the CONSORT statement and its
related extensions.?®

Patient and public involvement

Our study protocol was developed following a pilot
study that engaged with a panel of 75 patient and
public involvement (PPI) representatives through
a survey about key aspects of the proposed design.
Subsequently, we reduced the number of follow-
up contacts with participants. The trial steering
committee had a PPI representative throughout
all phases of set-up through to analysis. This PPI
representative was involved in reviewing patient
facing materials, including participant questionnaires
and a presentation graphic to be used in future public
engagement meetings. The results will be disseminated
to trial participants, institutional public engagement
meetings, and more widely through engagement with
musculoskeletal charities and established national PPI
networks.

Assessed for eligibility

(i 936

Excluded
728 Not meeting eligibility criteria
108 Eligible patient not approached
100 Declined to participate

(EXD

Randomised

(

Allocated to placebo injection
116 Received allocated intervention
0 Patient withdrew
0 Received platelet rich plasma injection

116 Completed patient reported outcomes at
baseline

Lost to follow-up
101 Completed heel rise endurance test
111 Completed patient reported outcomes at

4 weeks
107 Completed patient reported outcomes at
7 weeks
104 Completed patient reported outcomes at
13 weeks
109 Completed patient reported outcomes at
24 weeks
(i 101)
Analysed: primary outcome
0 Excluded

109 Analysed: secondary outcome

Fig 2 | CONSORT diagram

thebmj | BMJ2019;367:16132 | doi: 10.1136/bmj.16132

)

Allocated to platelet rich plasma injection
103 Received allocated intervention
1 Patient withdrew
10 Received placebo
5 Venesection unsuccesful
2 Centrifuge technical issue
1 Participant did not attend
2 Disposable kit not available

113 Completed patient reported outcomes at
baseline

(§12)
Lost to follow-up

101 Completed heel rise endurance test

108 Completed patient reported outcomes at
4 weeks

108 Completed patient reported outcomes at
7 weeks

104 Completed patient reported outcomes at
13 weeks

108 Completed patient reported outcomes at
24 weeks

[ 100

Analysed: primary outcome
1 Excluded (all repetitions with heel rise
endurance test deemed invalid at review)
107 Analysed: secondary outcome
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Results
Recruitment took place from 28 July 2015 to 18 Sep-
tember 2017, with follow-up completed on 9 March
2018. Of 1166 patients assessed for eligibility, 230
consented to randomisation (fig 2 and supplementary
table S1). Baseline characteristics were well matched
between the randomised groups, one participant in the
platelet rich plasma group withdrew before completing
the baseline questionnaire (table 1). Participants were
on average 46 years old and 57 (25%) were female.
Missing data accounted for 12% (28/230) of the
primary outcome data and 6% (14/230) of the patient
reported outcome data. We analysed 87% (201/230) of
participants in the primary analysis. One participant’s
data were excluded owing to invalid measurements.
All of the placebo group (116/116) received their
allocated treatment. In the platelet rich plasma group,
one participant withdrew before receiving treatment,
and 10 (9%) received a placebo injection instead
of their allocated injection of platelet rich plasma
because of a technical failure in the delivery of platelet
rich plasma (fig 2). A consultant surgeon delivered
the injections for 86 (76%) of the platelet rich plasma
group and 87 (75%) of the placebo group. Surgical
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registrars or fellows or specialist physiotherapists
delivered the remaining injections. Injections were
delivered on average 5.3 (standard deviation 3.0) days
after injury.

The prepared platelet rich plasma had 4.1-fold
(95% confidence interval 3.6 to 4.5) greater platelet
concentrations and 2.2-fold (95% CI 2.0 to 2.5) greater
leucocyte concentrations than whole blood. Platelet
quality measurements showed that platelet rich plasma
was not activated before injection (CD62p expression
4.3%, standard deviation 5.0%) and was functional
in vitro (60.1%, 22.3%). Growth factor concentrations
were: vascular endothelial growth factor 1.0 ng/mL
(standard deviation 0.7), transforming growth factor
B1 131.9 ng/mL (74.4), platelet derived growth factor-
AB 55.3 ng/mL (27.6), insulin-like growth factor 1
78.2 ng/mL (23.2), and fibroblast growth factor-basic
111.0 pg/mL (77.0).

Venous thromboembolism prophylaxis complied
with individual hospital protocols and was prescribed
to half of the participants (platelet rich plasma, 56/113;
placebo, 58/116). The two groups had similar number
of days to injured limb weight bearing (platelet rich
plasma, mean 27 (standard deviation 24); placebo, 28

Table 1 | Baseline demographic and clinical characteristics of randomised participants, summarised by treatment group

Characteristic Platelet rich plasma (n=113) Placebo (n=116)

Age (mean (SD))

45.90 (13.74)

45.16 (12.43)

Female (No (%)) 25 (22.12) 32 (27.59)
Body mass index (mean (SD))* 27.69 (5.29) 27.25 (4.22)
Time since injury (days; mean (SD)) 5.35 (2.95) 5.20 (3.08)
Injured during sports participation (No (%)) 81 (71.68) 76 (65.52)
Alcohol consumption (units/week; median (IQR)) 6(2-12) 8(2-18)
Smoker (No (%)) 14 (12.39) 13(11.21)
Achilles tendon rupture score (median (IQR))t 12 (4,19) 10 (4.5, 16)
Achilles tendon rupture score—functional limitation 3 (0-7) 3 (0-5)

due to pain (median (IQR))¥

Pain visual analogue score (median (IQR))§ 34 (9-63) 21.50 (9-54)
Patient specific functional score (median (IQR))1 3(0.67-6.67) 3(1-6.67)

Short form 12 version 2® (median (IQR))**

Pre-injury physical component

57.01 (50.11-58.05)

57.21 (48.33-58.43)

Pre-injury mental component

56.38 (50.48-59.05)

56.38 (49.30-59.21)

Post-injury physical component

30.09 (26.10-34.61)

28.84 (24.40-34.25)

Post-injury mental component

48.12 (37.75-59.06)

50.55 (41.58-58.85)

No (%) of comorbidities

0 44 (38.94) 56 (48.28)
1 36 (31.86) 28 (24.14)
2 20(17.70) 23(19.83)
2 13 (11.50) 9 (7.76)
No (%) of drugs affecting platelet functiontt 7 (6.19) 8 (6.90)
Whole blood analysis (mean (SD))+#
Erythrocytes (x10'2/L) 4.83 (0.59) 4.83 (0.48)
Leucocytes (x10%/L) 6.74 (2.05) 7.00 (1.90)

Platelets (x10°/L)

208.18 (77.73)

227.23 (65.54)

SD=standard deviation; IQR=interquartile range. One participant in the platelet rich plasma group withdrew before completing the baseline

questionnaire.
*Data were not available for two participants in the placebo group.

tScores were from 0 to 100, with O indicating major limitations and 100 indicating no limitations.
$Scores were from 0 to 10, with 0 indicating major limitations and 10 indicating no limitations.
§Scores were from 0 to 100, with O indicating no pain and 100 indicating worst pain imaginable. Data were available for 93 participants in the platelet

rich plasma group and 86 in the placebo group.

fIScores were from O to 10, with O indicating participants were unable to perform and 10 indicating they were able to perform at the prior level. Data on
the patient specific functional scale were not available for one participant in the placebo group.
**Scores were from 0 to 100, with higher scores indicating better quality of life.

ttQuestion on drug treatment added during trial recruitment; data available for 81 participants in the platelet rich plasma group and 76 in the placebo

group.

++Erythrocyte and leucocyte analyses available for 107 participants in the platelet rich plasma group and 114 in the placebo group; platelet analyses
available for 104 participants in the platelet rich plasma group and 110 in the placebo group.
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(16)) and starting ankle motion exercise (47 (20); 48
(20)).

We saw no evidence of a difference in muscle tendon
function between the two groups, measured by the
maximum work limb symmetry index (adjusted mean
difference -3.9% (95% confidence interval -10.5%
to 2.7%; platelet rich plasma, mean 34.7% (standard
deviation 17.7%); placebo, 38.5% (22.8%); table 2).
Sensitivity analyses supported the primary analysis
findings, and results from the analysis for complier
average causal effect were consistent with these
conclusions (adjusted mean difference -4.3% (95%
confidence interval -11.0% to 2.4%), supplementary
table S2). A post hoc analysis was performed where the
primary adjusted analysis was also adjusted for time
from injury to injection. The results for limb symmetry
index were consistent (adjusted mean difference -3.7%
(95% confidence interval -10.2% to 2.8%); platelet
rich plasma, mean 34.9% (standard deviation 16.7%);

RESEARCH

placebo, 38.6% (23.5%)). The James and Bang blinding
indices indicated no evidence to suggest that masking
was unsuccessful (supplementary table S3). Neither
cellular and growth factor concentrations in platelet rich
plasma nor quality measurements correlated with work
limb symmetry index except for vascular endothelial
growth factor (r=-0.23, P=0.03; table 3).

We saw no evidence of any differences between
the platelet rich plasma and placebo groups in the
other measures related to the heel rise endurance test
(maximum heel rise height and heel rise repetitions),
the patient reported outcomes of the Achilles tendon
rupture score (fig 3), Achilles tendon rupture pain
score, patient specific functional scale, or short form
12v2® at 4, 7, 13, or 24-week follow-up (table 2 and
supplementary figs S1 to S3), or pain during the two
weeks after injection (table 2 and supplementary fig
S4). The two groups had similar adverse event rates
related to their Achilles rupture or injection (platelet

Table 2 | Primary and secondary outcomes at 7, 14, and 24 week follow-up

Platelet rich plasma Placebo Treatment comparison (adjusted
Measure and follow-up No Mean (SD) No Mean (SD) difference (95% CI))* P value
Heel rise endurance test (%; mean (SD))t
Work limb symmetry index
24 weeks 100 34.67 (17.66) 101 38.54 (22.82) -3.87 (-10.45t02.71) 0.23
Maximum heel rise height, limb symmetry index
24 weeks 100 55.10 (17.36) 101 55.43 (27.83) -0.35 (-6.09 t0 5.38) 0.90
Maximum heel rise repetitions, limb symmetry index
24 weeks 100 50.08 (30.03) 101 60.75 (37.68) -10.67 (-21.91 10 0.56) 0.06
Achilles tendon rupture score
Mean (SD))+
4 weeks 107 28.46 (16.76) 109 30.61 (16.23) -2.15 (-6.55 t0 2.25) 0.34
7 weeks 107 37.58 (16.61) 109 38.62 (16.42) -1.04 (-5.45 10 3.37) 0.64
13 weeks 107 51.66 (16.79) 109 53.11 (16.51) -1.45 (-5.89 t0 2.99) 0.52
24 weeks 107 64.99 (16.48) 109 65.53 (16.17) -0.54 (-4.90t0 3.81) 0.81
Pain component score (mean (SD))§
4 weeks 107 6.26 (2.98) 109 6.28 (2.89) -0.02 (-0.81 10 0.76) 0.95
7 weeks 107 7.01 (2.96) 109 6.68 (2.93) 0.33 (-0.46t0 1.11) 0.42
13 weeks 107 7.49 (3.00) 109 7.24(2.95) 0.25 (-0.54 to 1.05) 0.53
24 weeks 107 7.66 (2.93) 109 7.45 (2.88) 0.21 (-0.56 t0 0.99) 0.59
Patient specific functional score (mean (SD))1
4 weeks 107 2.02(2.18) 109 2.03(2.12) -0.01 (-0.58 t0 0.56) 0.98
7 weeks 107 3.13(2.17) 109 3.36 (2.14) -0.23 (-0.80t0 0.35) 0.44
13 weeks 107 5.81(2.19) 109 5.78 (2.15) 0.03 (-0.55t0 0.61) 0.91
24 weeks 107 7.20(2.16) 109 7.49(2.12) -0.30 (-0.87 t0 0.27) 0.31
Short form 12 version 2® (mean (SD))**
Physical component
4 weeks 105 38.87 (7.78) 108 39.00 (7.62) -0.14 (-2.2110 1.93) 0.90
7 weeks 105 40.73 (7.75) 108 42.42 (7.69) -1.69 (-3.77 t0 0.39) 0.11
13 weeks 105 45.76 (7.84) 108 46.27 (7.74) -0.51(-2.611t0 1.58) 0.63
24 weeks 105 50.24 (7.78) 108 49.44 (7.64) 0.80 (-1.27 to 2.88) 0.45
Mental component
4 weeks 105 48.29 (9.55) 108 50.69 (9.34) ~2.40 (=4.94 t0 0.14) 0.06
7 weeks 105 52.05 (9.51) 108 53.42 (9.44) -1.37(-3.91t01.18) 0.29
13 weeks 105 56.42 (9.60) 108 55.67 (9.48) 0.74 (-1.82 to 3.30) 0.57
24 weeks 105 53.79 (9.49) 108 55.60 (9.32) -2.71(-5.24t0-0.19) 0.04
Pain visual analogue score (mean (SD))tt
14 days 93 9.55 (21.45) 87 13.57 (21.51) -4.02 (-10.30 to 2.26) 0.21

SD=standard deviation.

*Differences adjusted for age category (<55 v 255 years) and clustered by study site.

tScores were injured/uninjured valuex100, with 0 indicating no symmetry and 100 indicating perfect symmetry between limbs.

$Scores were from 0 to 100, with O indicating major limitations and 100 indicating no limitations.

§Scores were from 0 to 10, with 0 indicating major limitations and 10 indicating no limitations.

IScores were from O to 10, with O indicating participants were unable to perform and 10 indicating they were able to perform at the prior level.
**Scores were from 0 to 100, with 0 indicating worst and 100 indicating best. Differences further adjusted to account for participants pre-injury score.
t1Scores were from 0 to 100, with 0 indicating no pain and 100 indicating participants’ perceived worst pain imaginable.
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rich plasma preparation, quality control procedures
across 19 hospitals, and robust trial design and

Table 3 | Correlation assessment between primary outcome and key blood parameters
and platelet and growth factor properties in samples of platelet rich plasma

Key blood parameters and platelet properties No r Variance (%)* P value conduct strengthen the confidence in our findings.
Blood cell counts We used outcomes based on the main limitations
Erythrocyte count 91 0.13 1.59 0.23 people experience after an acute tendon rupture.
Lelicocyielcoln 21 010 105 USH Muscle tendon function was selected as the primary
Platelet countt 88 0.13 1.65 0.23 o .

- - outcome measure because this is the primary
Platelet quality (resting) X . .
Resting CD62p expression (%) 93 0.10 092 075 impairment after Achilles tendon rupture and can be
Mean fluorescence intensity 9% 2003 007 0.97 quantitatively assessed. We also used the validated
Platelet quality (activated) patient reported outcome (Achilles tendon rupture
Activated CD62p expression (%) 92 0.04 0.14 0.72 score),”® because we recognised that platelet rich
Mean fluorescence intensity 920 001 <0.01 0.57 plasma could have wider effects on patients’ recovery
Glovithliaeiors experience. The consistency and precision in the
Insulin-like growth factor 1 93 0.12 1.25 0.29 p '.d' d id Y ¢ lp let rich ol
Transforming growth factor p1 88 0.01 <0.01 0.96 estlmate:s indicated no evidence of platelet rich p as'ma
Platelet derived growth factor-AB 90 <0.01  <0.01 1.00 efficacy in any of the assessed outcomes. The finding
Vascular endothelial growth factor 93 -0.23 535 0.03 of the PATH-2 trial highlights that the use of platelet
Fibroblast growth factor-basic 93 -0.10  1.05 033 rich plasma preparations in soft tissue injuries must

CD62p=P selectin.

*Proportion of variance in work limb symmetry index explained by blood parameter.

tAs fluorescent platelet count.

Overall Achilles tendon
rupture score (adjusted mean)

-
o
o

@
o

o
o

N
o

N
o

0Baseline

rich plasma, 84/113 (74%); placebo, 90/116 (78%)
participants reporting at least one complication
related to their Achilles rupture or injection; table 4).
Re-rupture rates were 5% (6/113) in the platelet rich
plasma group and 3% (4/116) for the placebo group,
of whom nine participants went on to have surgical
treatment. Rates of deep vein thrombosis were 5%
(6/113) in the platelet rich plasma group and 4%
(5/116) in the placebo group. One serious adverse
event, an ST elevation myocardial infarction, occurred
2.5 hours after platelet rich plasma injection, which
was deemed indirectly plausible.

Discussion

Principal findings

This large randomised controlled trial found no
evidence that platelet rich plasma injections improved
muscle tendon function, patient reported function,
pain, goal attainment, or quality of life in patients
with acute Achilles tendon rupture. The hypothesised
benefits of platelet rich plasma in tendon injury
healing, based on encouraging findings in laboratory
studies, did not translate into a detectable patient
benefit. Our use of a standardised device for platelet

100 = No limitations due to Achilles tendon rupture

—&— Placebo injection

Platelet rich plasma injection

0 = Major limitations due to Achilles tendon rupture

Week 4 Week 7 Week 13 Week 24

Fig 3 | Results from repeated measures, mixed effects regression model, showing
change in Achilles tendon rupture score in study participants (receiving platelet rich
plasma v placebo) over time. Bars=95% confidence intervals

8

be questioned unless supported by robust evidence
indicating positive outcomes.

Comparison with other studies

Systematic reviews have synthesised evidence from
37 clinical trials on platelet rich plasma applications
in musculoskeletal injuries so far.'®*' Comparisons
with our study are challenging owing to heterogeneity
in clinical applications, lack of standardisation of
platelet rich plasma preparations and quality controls,
underpowered studies, and potential confounders such
as concurrent surgery in those trials. Achilles ruptures
are increasingly being treated non-surgically,’® but
previous trials of platelet rich plasma in Achilles
tendon rupture have used platelet rich plasma as an
adjunct to surgical repair, and have low statistical
power and high loss to follow-up'?*?

Strengths and limitations of the study
To our knowledge, PATH-2 was the largest trial so far
to investigate the efficacy of platelet rich plasma in
acute tendon ruptures. The interventions were embed-
ded into usual care pathways, which enhances the
generalisability of the findings. Platelet rich plasma
analysis indicated that our preparation method pro-
duced a leucocyte and platelet rich plasma of optimal
quality that would have provided a supraphysiological
concentration of leucocytes and platelets capable of
degranulating and releasing high concentrations of
growth factors on injection, with few exceptions.
Platelet rich plasma preparations are often poorly
reported and not standardised between trials, leading
to heterogeneity and uncertainty in the literature.’!
These preparations could contain supraphysiological
or subphysiological concentrations of leucocytes. The
effects of leucocytes in platelet rich plasma for tendon
healing are uncertain, with in vitro investigations
identifying both potential benefits and limitations
at the cellular level.** Currently, leucocyte rich
preparations are commonplace in clinical practice,
as buffy-coat-derived platelet rich plasma results
in substantial leucocyte and red cell inclusion. In
PATH-2, we used a method to prepare leucocyte and
platelet rich plasma that had cellular and growth
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Table 4 | Treatment related adverse events during study. Data are the number of participants (%) experiencing event

Platelet rich plasma group (n=113) Placebo (n=116)

Participants experiencing at least one adverse event of any type* 84 (74.34) 90 (77.59)

Serious adverse events* 1(0.88) 0
ST elevation myocardial infarction 1(0.88) 0

Adverse events* 84 (74.34) 90 (77.59)

Foreseeable adverse events* 83 (73.45) 87 (75.00)
Mild discomfort or minor bleeding following injection 22 (19.47) 8 (6.90)
Technical complications of lower leg casting and splinting 38 (33.63) 28 (24.14)
Consequences of depending on walking aids 1(0.88) 1(0.86)
Syncopal episode related to venesection or tendon injection 0 0
Discomfort at rupture site during rehabilitation 9 (7.96) 10 (8.62)
Swelling or bruising of the lower leg and foot 68 (60.18) 77 (66.38)
Deep vein thrombosis in a lower limb 6(5.31) 5(4.31)
Re-rupture of treated Achilles tendon 6(5.31) 4 (3.45)

Unforeseeable adverse events* 16 (14.16) 19 (16.38)
Serious infection of injection site of Achilles tendon rupture 0 0
Skin breakdown or ulceration of treated lower leg 13 (11.50) 13(11.21)
Severe pain (more than simple analgesia) >10 days after injection 6(5.31) 6(5.17)

Other adverse events related to treatment or Achilles tendon rupture* 13 (11.50) 13(11.21)
Frequent discomfort at injection site 5 (4.42) 6(5.17)
Infection at injection site confirmed by doctor 0 3(2.59)
Infection at non-injection sitet 0 3(2.59)
Other problem# 9 (7.96) 6(5.17)

*Participants could have experienced multiple adverse events so number of participants reporting foreseeable and unforeseeable adverse events may not

add up to the overall total reporting.

tInfections included cellulitis, pneumonia, and an infected insect bite on the treated leg.
$Participant specific complications associated with treatment or rupture not covered by other complication types.

factor levels consistent with the preparation device
manufacturer’s specifications®® and those observed
within other controlled laboratory studies of healthy
individuals.>*® Unlike many previous trials,>” we fully
defined what the participants received and importantly
found no correlation between any platelet or leucocyte
parameters of platelet rich plasma and muscle tendon
function outcome. We also did not see a correlation
between growth factors and muscle tendon function
outcome, except for a weak negative correlation with
vascular endothelial growth factor. The analysis on
complier average causal effect had similar findings
to the primary analysis, indicating that observed
deficiencies in adhering to the intervention protocol
did not affect the final results.

The PATH-2 trial had some limitations. Different
volumes of whole blood were taken from the two
randomisation groups (55 mL platelet rich plasma v 5
mL placebo). Despite safeguards, participant masking
could have been compromised. However, indices used
to measure participant masking after assessment of the
primary outcome indicated that participants did not
accurately predict their allocated treatment. Although
the rehabilitation protocol set boundaries on the
length of immobilisation and weight bearing, variation
is still possible in these factors and in the content of
the physiotherapy sessions. However, time to weight
bearing, duration of immobilisation, and referral rates
to physiotherapy were balanced between the groups,
and centre effects were managed with stratification
and adjustment of estimates.

Conclusions and policy implications
We found no evidence that, compared with placebo,
platelet rich plasma injections have an effect on

thebmj | BMJ2019;367:16132 | doi: 10.1136/bmj.16132

objective muscle tendon function, patient reported
function, or quality of life after acute Achilles tendon
rupture, indicating that platelet rich plasma offers no
patient benefit.

AUTHOR AFFILIATIONS

Kadoorie Research Centre, Nuffield Department of Orthopaedics,
Rheumatology and Musculoskeletal Sciences, University of Oxford,
Oxford, UK

2|nstitute of Translational Medicine, University of Liverpool,
Liverpool, UK

’Institute of Inflammation and Ageing, University of Birmingham,
Birmingham, UK

“Botnar Research Centre, Nuffield Department of Orthopaedics,
Rheumatology and Musculoskeletal Sciences, University of Oxford,
Oxford, UK

>Oxford Clinical Trials Research Unit, Centre for Statistics in
Medicine, Nuffield Department of Orthopaedics, Rheumatology and
Musculoskeletal Sciences, University of Oxford, Oxford, UK

PATH-2 trial principal investigators/research associates (recruiting
sites) were: Robert Handley/Kathryn Lewis, Louise Spoors, Yuhan
Zhang, Maria Mestre, Doreeen Muller, Sangeetha Prasath, Martin
Austin (Oxford University Hospitals NHS Trust); Maneesh Bhatia/Manjit
Attwal, Carla Christie, Tracy Brear (University Hospitals of Leicester
NHS Trust); Andrew Kelly/Keira Beacham, Sarah Brown, James Allen,
Alison Whitcher, Kate James, Eliza Foster (Taunton and Somerset NHS
Foundation Trust); Steve Hepple/Steven Barnfield, Katherine Coates,
Ruth Halliday, Lucille Hooper (North Bristol NHS Trust); Paul Hodgson/
Helen Hodgson, Cheryl Cleary, Claire Nott, Jessica Whiteman (Cardiff
and Vale University Health Board); Michael Carmont/Louise Tonks
(Shrewsbury and Telford Hospital NHS Trust); Nima Heidari/Jamila
Kassam, Catherine Hilton, Shanaz Ahmad, Sophie Young (Barts Health
NHS Trust); Jonathan Young/Louise Clarkson, Sylvia Turner, Kerri
McGowan, Janet Lowe (University Hospitals Coventry and Warwickshire
NHS Trust); Gareth Stables/Kerry Bunworth, Pascal de Feyter
(Warrington and Halton Hospitals NHS Foundation Trust); Ranjith
Ravindran/Mark Vertue (Basildon and Thurrock University Hospitals
NHS Foundation Trust); Simon Frostick and Joseph Alsousou/Kate
Maitland, Joanne Stokes-Denson, Lisa Watson, Deborah Scanlon,
Philip Walker (Royal Liverpool and Broadgreen University Hospitals
NHS Trust); James Carmichael/Susie O’Sullivan, Deborah Butcher
(Peterborough And Stamford Hospitals NHS Foundation Trust); Claire
Topliss and Anne-Marie Hutchison/Sharon Storton, Amanda Cook,
Leanne Quinn (Abertawe Bro Morgannwg University Health Board);

uBLAdO Ag pa1da10id "|00YIS [eIPA AleIg] SauIeg e BTOZ JGUISAON 0Z UO /W0 fug mmm//:dny Wwolj papeojumod "6TOZ JOGWIAON 0Z U0 ZETOI fwa/9eTT 0T Se paysiand 1s1y :CNg


http://www.bmj.com/

RESEARCH

10

Lyndon Mason and Joseph Alsousou/Joanne Earley (University
Hospital Aintree NHS Foundation Trust); Moez Ballal/Joanne Bradley-
Potts, Georgina Williamson, Richard McCormick (University Hospital
South Manchester NHS Foundation Trust); Mark Davies/Julie Walker,
Joanne Badloe (Sheffield Teaching Hospitals NHS Foundation Trust);
Adrian Hughes/Anna Grice, Jayne Dark (Royal Devon and Exeter NHS
Foundation Trust); Simon Barnes and Jagan Velpula/Kelly Amor, Janet
Brown (Mid Cheshire Hospitals NHS Foundation Trust); and Matthew
Solan (Royal Surrey County Hospital NHS Foundation Trust).

Trial steering committee: Roger Smith (chair), Catriona Graham,
Dylan Morrissey, John O’Byrne, Gustaaf Reurink, and Sarah Webb.

Data monitoring and ethics committee: Chao Huang (chair), Andy
Goldberg, and Carey McClellan.

We thank Chris Byrne (University of Plymouth) for contributing to the
development of the heel rise endurance test for use in the trial; Lesley
Morgan and Emma Roberts who coordinated the trial set-up; Marie
Didembourg, Amarpreet Devi, Rob Dinsdale, Jon Hazeldine, Hema
Chahal, Kirsty McGee, and Alexander Wood (Institute of Inflammation
and Ageing Laboratory, University of Birmingham) for assisting with
the whole blood and platelet rich plasma analyses; and Jennifer A

de Beyer (Centre for Statistics in Medicine, University of Oxford) for
English language editing. SF-12 (short form 12) and SF-12v2® are
trademarks of the Medical Outcomes Trust and were used under
license; the SF-12v2 Health Survey 1992-2002 is copyrighted by
Optum.

Contributors: DJK and JA contributed equally. JA, DJK, PHa, PHu, SJD,
SEL, and KW contributed to the study concept and design. All the
authors contributed to the acquisition, analysis, and interpretation of
data. DJK, HMO’C, SJD, and KW drafted the manuscript. All the authors
critically revised the manuscript for important intellectual content.
HMO’C, MMS, SJD, SEL, and KW conducted the statistical analysis. DJK,
JA, PHa, PHu, SJD, SEL, and KW obtained funding. SW, SRP, and JYT
provided administrative and technical support. SEL and KW supervised
the study. The corresponding author attests that all listed authors
meet authorship criteria and that no others meeting the criteria have
been omitted. DJK and KW act as guarantors and take responsibility
for the integrity of the data and the accuracy of the data analysis.

Funding: The PATH-2 trial was funded by the Efficacy and Mechanism
Evaluation programme, a Medical Research Council (MRC) and
National Institute for Health Research (NIHR) partnership (reference
12/206/30). The trial was supported by the NIHR Biomedical
Research Centre, Oxford, and the NIHR Fellowship programme (DJK,
PDF-2016-09-056). SEL receives funding from the NIHR Collaboration
for Leadership in Applied Health Research and Care Oxford at

Oxford Health NHS Foundation Trust. University of Birmingham staff
were supported by the Scar Free Foundation and the NIHR Surgical
Reconstruction and Microbiology Research Centre. The views and
opinions expressed herein are those of the authors and do not
necessarily reflect those of the MRC, NHS, NIHR, or Department of
Health and Social Care. The sponsor (University of Oxford) and funders
monitored the study but were not involved in the design and conduct
of the study; collection, management, analysis, and interpretation

of the data; preparation, review, or approval of the manuscript; and
decision to submit the manuscript for publication.

Competing interests: All authors have completed the ICMJE uniform
disclosure form at www.icmje.org/coi_disclosure.pdf and declare:
support from the NIHR and MRC and the University of Oxford for the
submitted work; no financial relationships with any organisations that
might have an interest in the submitted work in the previous three
years; SEL reports personal fees from Pleuristem, Israel, for consulting
on the design of trials of stem cell interventions in hip fracture
management and KW declares design royalties from Zimmer Biomet
(Warsaw, IN, USA), for intramedullary bone fixation implants, outside
the submitted work; KW held the role of medical director for acute
care, NHS England, during the conduct of this study.

Ethical approval: The study was approved by the National Research
Ethics Service Oxfordshire Committee A (reference 14/SC/1333)
and overseen by an independent trial steering committee and data
monitoring and ethics committee. We attest that we have obtained
appropriate permissions and paid any required fees for use of
copyright protected materials.

Data sharing: Anonymised datasets can be made available on
reasonable request after approval from the trial management
committee and after signing a data access agreement. Proposals
should be directed to the corresponding author.

The lead author affirms that the manuscript is an honest, accurate,
and transparent account of the study being reported; that no

important aspects of the study have been omitted; and that any
discrepancies from the study as planned and registered have been
explained.

This is an Open Access article distributed in accordance with the
terms of the Creative Commons Attribution (CC BY 4.0) license, which
permits others to distribute, remix, adapt and build upon this work,
for commercial use, provided the original work is properly cited. See:
http://creativecommons.org/licenses/by/4.0/.

1 Clayton RAE, Court-Brown CM. The epidemiology of musculoskeletal
tendinous and ligamentous injuries. Injury 2008;39:1338-44.
doi:10.1016/j.injury.2008.06.021

2 Mattila VM, Huttunen TT, Haapasalo H, Sillanpaa P, Malmivaara A,
Pihlajamaki H. Declining incidence of surgery for Achilles tendon
rupture follows publication of major RCTs: evidence-influenced
change evident using the Finnish registry study. Br/ Sports
Med 2015;49:1084-6. doi:10.1136/bjsports-2013-092756

3 ZellersJA, Carmont MR, Gravare Silbernagel K. Return to play post-
Achilles tendon rupture: a systematic review and meta-analysis of
rate and measures of return to play. Br/ Sports Med 2016;50:1325-
32.d0i:10.1136/bjsports-2016-096106

4 Khan RJ, Carey Smith RL. Surgical interventions for treating
acute Achilles tendon ruptures. Cochrane Database Syst
Rev 2010;(9):CD003674. d0i:10.1002/14651858.CD00367 4.
pub4

5 Alsousou ), Ali A, Willett K, Harrison P. The role of platelet-rich plasma
in tissue regeneration. Platelets 2013;24:173-82. d0i:10.3109/095
37104.2012.684730

6 Marques LF, Stessuk T, Camargo IC, Sabeh Junior N, dos Santos L,
Ribeiro-Paes JT. Platelet-rich plasma (PRP): methodological aspects
and clinical applications. Platelets 2015;26:101-13. d0i:10.3109/0
9537104.2014.881991

7 Reuters. Platelet rich plasma (PRP) market report, size, share,
analysis 2017 and forecast to 2023. 2017 https://www.reuters.com/
brandfeatures/venture-capital/article?id=15251 Accessed 12th
October 2018.

8  Rachul C, Rasko JEJ, Caulfield T. Implicit hype? Representations
of platelet rich plasma in the news media. PLoS
One 2017;12:e0182496. doi:10.1371/journal.pone.0182496

9  Harm SK, Fung MK. Platelet-rich plasma injections: out of control and
on the loose?Transfusion 2015;55:1596-8. doi:10.1111/trf.13160

10 ChenX, Jones IA, Park C, Vangsness CTJr. The efficacy of platelet-
rich plasma on tendon and ligament healing: a systematic
review and meta-analysis with bias assessment. Am J Sports
Med 2018;46:2020-32. d0i:10.1177/0363546517743746

11 Moraes VY, Lenza M, Tamaoki M), Faloppa F, Belloti JC. Platelet-
rich therapies for musculoskeletal soft tissue injuries. Cochrane
Database Syst Rev 2013;(12):CD010071. doi:10.1002/14651858.
CD010071.pub2

12 Schepull T, Kvist J, Norrman H, Trinks M, Berlin G, Aspenberg P.
Autologous platelets have no effect on the healing of human achilles
tendon ruptures: a randomized single-blind study. Am J Sports
Med 2011;39:38-47.doi:10.1177/0363546510383515

13 ZouJ, Mo X, Shi Z, et al. A prospective study of platelet-
rich plasma as biological augmentation for acute achilles
tendon rupture repair. Biomed Res Int 2016;2016:9364170.
doi:10.1155/2016/9364170

14 Keene DJ, Alsousou J, Willett K. How effective are platelet
rich plasma injections in treating musculoskeletal soft tissue
injuries?BMJ/ 2016;352:i517. d0i:10.1136/bmj.i517.

15 Alsousou J, Keene DJ, Hulley PA, et al. Platelet rich Plasma in
Achilles Tendon Healing 2 (PATH-2) trial: protocol for a multicentre,
participant and assessor-blinded, parallel-group randomised clinical
trial comparing platelet-rich plasma (PRP) injection versus placebo
injection for Achilles tendon rupture. BM/ Open 2017;7:e018135.
doi:10.1136/bmjopen-2017-018135

16 Schlussel MM, Keene D), Wagland S, et al, PATH-2 Trial Study
Group. Platelet-rich plasma in Achilles tendon healing 2 (PATH-2)
trial: statistical analysis plan for a multicentre, double-blinded,
parallel-group, placebo-controlled randomised clinical trial.

Trials 2018;19:464. doi:10.1186/513063-018-2840-z

17 Brown S, Thorpe H, Hawkins K, Brown J. Minimization--reducing
predictability for multi-centre trials whilst retaining balance within
centre. Stat Med 2005;24:3715-27. doi:10.1002/sim.2391

18 UK National External Quality Assessment Service. 2018 [Available
from: https://www.ukneqgash.org/gh.php accessed 11th October
2018.

19 Silbernagel KG, Nilsson-Helander K, Thomeé R, Eriksson BI, Karlsson J.
A new measurement of heel-rise endurance with the ability to detect
functional deficits in patients with Achilles tendon rupture. Knee Surg
Sports Traumatol Arthrosc 2010;18:258-64. doi:10.1007/s00167-
009-0889-7

20 Nilsson-Helander K, Thomeé R, Silbernagel KG, et al. The Achilles
tendon Total Rupture Score (ATRS): development and validation

doi: 10.1136/bmj.16132 | BMJ 2019;367:16132 | thebmj

uBLAdO Ag pa12a10id "J00YIS [EIPAN AleIqi] SauIeg e BTOZ JGUISAON 0Z UO /W0 fug: mmm//:dny Wwolj papeojumod "6TOZ JOGWaAON 0Z U0 ZETOIfWa/9eTT 0T Se paysiand 1s1y :CNg


http://www.icmje.org/coi_disclosure.pdf
http://creativecommons.org/licenses/by/4.0/
https://www.reuters.com/brandfeatures/venture-capital/article?id=15251
https://www.reuters.com/brandfeatures/venture-capital/article?id=15251
https://www.ukneqash.org/gh.php
http://www.bmj.com/

RESEARCH

21

22

23

24

25

26

27

28

29

[correction in: Am ] Sports Med 2011;39:NP8]. Am ] Sports

Med 2007;35:421-6.doi:10.1177/0363546506294856

Horn KK, Jennings S, Richardson G, et al. The patient-specific
functional scale: psychometrics, clinimetrics, and application as a
clinical outcome measure. / Orthop Sports Phys Ther 2012;42:30-
42.doi:10.2519/jospt.2012.3727

Stratford P, Gill C, Westaway M, et al. Assessing Disability and Change
on Individual Patients: A Report of a Patient Specific Measure.
Physiother Can 1995;47:258-63. d0i:10.3138/ptc.47.4.258

Ware JJr, Kosinski M, Keller SDA. A 12-Item Short-Form Health Survey:
construction of scales and preliminary tests of reliability and validity.
Med Care 1996;34:220-33. doi:10.1097/00005650-199603000-
00003

Hawker GA, Mian S, Kendzerska T, French M. Measures of adult
pain: Visual Analog Scale for Pain (VAS Pain), Numeric Rating Scale
for Pain (NRS Pain), McGill Pain Questionnaire (MPQ), Short-Form
McGill Pain Questionnaire (SF-MPQ), Chronic Pain Grade Scale
(CPGS), Short Form-36 Bodily Pain Scale (SF-36 BPS), and Measure
of Intermittent and Constant Osteoarthritis Pain (ICOAP). Arthritis
Care Res (Hoboken) 2011;63(Suppl 11):5240-52. doi:10.1002/
acr.20543

Nilsson-Helander K, Silbernagel KG, Thomeé R, et al. Acute

achilles tendon rupture: a randomized, controlled study

comparing surgical and nonsurgical treatments using validated
outcome measures. Am / Sports Med 2010;38:2186-93.
doi:10.1177/0363546510376052

James KE, Bloch DA, Lee KK, Kraemer HC, Fuller RK. An index for
assessing blindness in a multi-centre clinical trial: disulfiram for
alcohol cessation--a VA cooperative study. Stat Med 1996;15:1421-
34.d0i:10.1002/(SIC1)1097-0258(19960715)15:13¢1421::AID-
SIM26653.0.C0;2-H

Bang H, Ni L, Davis CE. Assessment of blinding in clinical trials.
Control Clin Trials 2004;25:143-56. d0i:10.1016/j.cct.2003.10.016
Schulz KF, Altman DG, Moher D, CONSORT Group. CONSORT

2010 statement: updated guidelines for reporting parallel group
randomised trials. BM/ 2010;340:¢332. d0i:10.1136/bmj.c332
Kearney RS, Achten J, Lamb SE, Plant C, Costa ML. A systematic
review of patient-reported outcome measures used to assess Achilles
tendon rupture management: what’s being used and should we

30

31

32

33

34

35

36

37

be using it?[pii]. BrJ Sports Med 2012;46:1102-9. doi:10.1136/
bjsports-2011-090497

Sheth U, Wasserstein D, Jenkinson R, Moineddin R, Kreder H, Jaglal
SB. The epidemiology and trends in management of acute Achilles
tendon ruptures in Ontario, Canada: a population-based study of 27
607 patients. Bone Joint]/ 2017;99-B:78-86. d0i:10.1302/0301-
620X.99B1.BJ)-2016-0434.R1

Harrison P, Subcommittee on Platelet Physiology. The use of
platelets in regenerative medicine and proposal for a new
classification system: guidance from the SSC of the ISTH. / Thromb
Haemost 2018;16:1895-900. doi:10.1111/jth.14223

Zhou'Y, Zhang J, Wu H, Hogan MV, Wang JH. The differential effects
of leukocyte-containing and pure platelet-rich plasma (PRP) on
tendon stem/progenitor cells - implications of PRP application for the
clinical treatment of tendon injuries. Stem Cell Res Ther 2015;6:173.
doi:10.1186/513287-015-0172-4

Cellular Therapies Medical Systems ARTERIOCYTE. Discover
MAGELLAN Hopkinton, MA2013. http://pdf.medicalexpo.
com/pdf/arteriocyte-medical-systems/magellanprp-
brochure/99091-140078.html.

Castillo TN, Pouliot MA, Kim HJ, Dragoo JL. Comparison of growth
factor and platelet concentration from commercial platelet-rich
plasma separation systems. Am J Sports Med 2011;39:266-71.
doi:10.1177/0363546510387517

Kushida S, Kakudo N, Morimoto N, et al. Platelet and growth factor
concentrations in activated platelet-rich plasma: a comparison of
seven commercial separation systems. / Artif Organs 2014;17:186-
92.d0i:10.1007/510047-014-0761-5

QOudelaar BW, Peerbooms JC, Huis In 't Veld R, Vochteloo AJH.
Concentrations of Blood Components in Commercial Platelet-Rich
Plasma Separation Systems: A Review of the Literature. Am / Sports
Med 2019;47:479-87.doi:10.1177/0363546517746112

Chahla J, Cinque ME, Piuzzi NS, et al. A call for standardization

in platelet-rich plasma preparation protocols and composition
reporting: a systematic review of the clinical orthopaedic literature. /
Bone Joint Surg Am 2017;99:1769-79. d0i:10.2106/)BJS.16.01374

Web appendix: Supplementary file

No commercial reuse: See rights and reprints http://www.bmj.com/permissions

Subscribe: http://www.bmj.com/subscribe

yBuAdoo Aq pa1oalold "|ooyas [edlpain Aleiqgi] sauleg 1e 6T0Z JqWSAON 0Z UO /W09 g mmmy/:dny wol) papeojumoqd "6T0Z JoqWBAON 0Z Uo ZeT9| fwa/osTT 0T Se paysignd 11y CINg


http://pdf.medicalexpo.com/pdf/arteriocyte-medical-systems/magellanprp-brochure/99091-140078.html
http://pdf.medicalexpo.com/pdf/arteriocyte-medical-systems/magellanprp-brochure/99091-140078.html
http://pdf.medicalexpo.com/pdf/arteriocyte-medical-systems/magellanprp-brochure/99091-140078.html
http://www.bmj.com/

