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Abstract
Greater trochanteric pain syndrome (GTPS) is a prevalent musculoskeletal condition characterised by lateral
hip pain and reduced function. Platelet-rich plasma (PRP) injections have gained attention as a potential
treatment due to their regenerative properties. However, variability in PRP preparation methods and
insufficient standardisation in the literature complicate the evaluation of its efficacy and reproducibility.
This systematic review aims to assess the level of standardisation in PRP injection protocols for GTPS,
focusing on preparation methods, injection techniques, and reported outcomes. A systematic review was
conducted using comprehensive searches of major databases. Inclusion criteria targeted randomised
controlled trials (RCTs) evaluating PRP for GTPS in adults. Four eligible RCTs were identified, and data were
extracted on PRP preparation methods, injection protocols, and reported outcomes. The risk of bias was
assessed using the Cochrane Risk of Bias 2 (RoB 2) tool. The included studies demonstrated significant
heterogeneity in PRP preparation methods, including centrifugation speeds (1,100 gravitational force (g) to
3,850 revolutions per minute (rpm)), blood volumes (25-54 mL), and platelet concentrations (9.23 × 10⁹/L to
1232 × 10⁹/L). Injection sites varied from the gluteal tendons to the trochanteric bursa, with volumes ranging
from 4 mL to 7 mL. Only one study conducted ultrasound-guided injections into the tendon. Despite the
variability, two studies reported significant improvements in pain and function, while two found no
difference compared to the control. This review highlights the lack of standardisation in PRP preparation
and injection protocols for GTPS. Standardised guidelines are urgently needed to improve comparability
across studies and optimise clinical outcomes. Future research should establish consensus on PRP
preparation, classification, and reporting standards to advance its clinical application.
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Introduction And Background
Greater trochanteric pain syndrome (GTPS) is characterised by persistent lateral hip pain and is frequently
misdiagnosed as other conditions, such as trochanteric bursitis. Diagnosis is often challenging, as GTPS
symptoms overlap with other sources of hip pain. Key features include tendinopathies with or without tears,
inflammation of the bursa, and effusion, which can severely impact patients' quality of life, often to a
greater extent than hip osteoarthritis [1-3].

The aetiology of GTPS involves repetitive use, trauma, and, less commonly, infection or crystal deposition. If
left untreated, GTPS can progress from tendinopathy to partial or full-thickness tears, often accompanied by
muscle atrophy visible on MRI [4,5]. Psychosocial factors and pain modulation also contribute to its
complexity, necessitating a multidisciplinary approach to treatment [6-9]. GTPS affects 10-25% of the
general population, with a higher prevalence among women aged 40-60, and it frequently coexists with
conditions such as low back pain, osteoarthritis, and obesity [10,11].

Historically, GTPS was managed with conservative treatments, such as rest, ice, anti-inflammatory
medications, and corticosteroid injections [12]. Contemporary approaches now include graded exercise
programs, shockwave therapy, and injections, with surgical intervention reserved for persistent cases [13-
16]. While acute tendinopathy often responds well to conservative management, advanced cases, such as
those with full-thickness tendon tears, frequently require surgery due to the ineffectiveness of nonoperative
treatments [17-19].

Platelet-rich plasma (PRP) injections have emerged as a promising treatment for higher-grade and
refractory tendinopathy. PRP is an autologous preparation with regenerative and anti-inflammatory
properties, facilitating tissue healing through growth factors such as epidermal growth factor (EGF),
platelet-derived growth factor (PDGF), transforming growth factor (TGF), insulin-like growth factor (IGF),
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vascular endothelial growth factor (VEGF), and basic fibroblast growth factor (bFGF) [20-24]. Despite mixed
efficacy in treating musculoskeletal conditions such as plantar fasciitis, knee osteoarthritis, and patellar
tendinitis, PRP shows potential for addressing GTPS. However, conclusive evidence remains limited, and
challenges such as variability in PRP preparation methods hinder its clinical application [24-30].

Given the significant variability in PRP preparation and the lack of comprehensive reporting in existing
studies, there is an urgent need to assess the level of standardisation in PRP use for GTPS. Laboratory
studies have highlighted inconsistencies in platelet and cell concentrations resulting from differences in
PRP kits, preparation methods, and centrifugation protocols, all of which directly impact treatment efficacy
[31]. Furthermore, insufficient reporting of essential parameters such as platelet concentrations and
activation methods complicates the comparison of study outcomes [32]. Patient-specific variability in
platelet and growth factor concentrations adds another layer of complexity [33], emphasising the need for a
systematic review to critically evaluate the current state of PRP protocol standardisation in GTPS
management.

Review
A systematic review was conducted in December 2023, following the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines. Two independent reviewers performed a
comprehensive literature search across multiple databases, including PubMed, EMBASE, MEDLINE Ultimate,
Complementary Index, CINAHL Complete, Academic Search Index, Gale OneFile: Health and Medicine,
ClinicalTrials.gov, Directory of Open Access Journals, and Supplemental Index. The search strategy used a
combination of keywords to capture studies related to GTPS and PRP injections, focusing on terms such as
"greater trochanter pain syndrome", "gluteal tendinopathy", "platelet-rich plasma", and "randomised
controlled trial". No date restrictions were applied, and studies in English were included to minimise
language bias. Duplicate studies were removed using a reference management tool.

The screening process involved an initial review of titles and abstracts, followed by a detailed assessment of
full-text articles. Inclusion criteria required studies to be randomised controlled trials (RCTs) evaluating PRP
injections for GTPS in adults, with follow-up data on at least one outcome measure related to pain or
function. Non-randomised studies, reviews, and studies with overlapping or incomplete data were excluded.
Disagreements between reviewers were resolved through discussion or arbitration by a third reviewer.
Bibliographies of included articles were screened to identify additional relevant studies, ensuring
comprehensive coverage of eligible literature. The study selection process adhered to PRISMA guidelines
and is visually represented in a flow diagram.

To assess methodological quality, the included studies were evaluated using the revised Cochrane Risk of
Bias 2 (RoB 2) tool for randomised trials, which examined five domains: bias from the randomisation
process, deviations from intended interventions, missing outcome data, outcome measurement, and
selection of reported results [34]. Each study was categorised as having low, some concerns, or high risk of
bias. Data extraction was performed systematically using a structured template. Extracted data included
details on PRP preparation, such as blood volume, anticoagulant type, centrifugation parameters, platelet
activation methods, and final PRP composition, as well as injection protocols, delivery methods, and follow-
up outcomes. Outcome measures included pain scores, functional assessments, and adverse events, which
were compiled into a comprehensive data table for comparative analysis across studies.

The systematic review initially identified 58 studies, including 56 RCTs retrieved through primary database
searches and two additional studies identified via cross-referencing. Following the removal of 38 duplicates,
20 studies were screened. Of these, 12 were excluded for not meeting inclusion criteria, two lacked complete
results, one was a protocol study, and one presented follow-up data from a previous trial. This rigorous
selection process resulted in the inclusion of four RCTs for final analysis. The systematic screening and
selection steps are visually summarised in the PRISMA flow diagram (Figure 1).
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FIGURE 1: PRISMA flow diagram.
PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses

The included studies were sourced from a diverse range of databases, underscoring the comprehensiveness
of the search strategy. The final studies were distributed as follows: PubMed (four studies), EMBASE (six
studies), MEDLINE Ultimate (12 studies), Complementary Index (eight studies), CINAHL Complete (eight
studies), Academic Search Index (seven studies), Gale OneFile: Health and Medicine (four studies),
ClinicalTrials.gov (four studies), Directory of Open Access Journals (two studies), and Supplemental Index
(one study). This wide-ranging coverage ensured a thorough exploration of the available literature.

The four included studies [35-38] varied in design, interventions, and follow-up durations, enrolling a total
of 172 participants. Sample sizes ranged from 20 to 80 patients, with follow-up periods from two to 48
months (Table 1). These studies recruited adults with chronic lateral hip pain lasting at least three months
and clinical signs of GTPS. Exclusion criteria included prior hip surgeries, recent corticosteroid injections,
and systemic conditions such as diabetes or rheumatoid arthritis. Most participants were middle-aged
women, reflecting the demographic most affected by GTPS. Key details of the studies, including demographic
data and eligibility criteria, are summarised in Table 2.
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Study
Study
design

Level of
evidence

Country Interventions
Number of
patients

Follow up in
months

Results

Begkas et al.
(2020) [35]

RCT 1 Greece
PRP vs
corticosteroid
injection

24 24
PRP better than
corticosteroid

Fitzpatrick et al.
(2019) [36]

RCT 1 Australia
PRP vs
corticosteroid
injection

80 12
PRP better than
corticosteroid

Thompson et al.
(2019) [37]

RCT 1
New
Zealand

PRP vs placebo 48 48
PRP no better than
placebo

Ribeiro et al.
(2016) [38]

RCT 2 Brazil
PRP vs
corticosteroid
injection

20 2
PRP no better than
corticosteroid

TABLE 1: Summary of study characteristics.
PRP: Platelet-Rich Plasma; RCT: Randomised Controlled Trials

Study
Participants
(n)

Gender
Distribution

Average
Age

Inclusion Criteria Exclusion Criteria
Intervention
Groups

Begkas et
al. (2020)
[35]

24
18 women,
6 men

48.7
years

Tenderness and pain
over lateral hip
continuously for at
least 12 weeks

Recent hip injury, Inflammatory disorders, Specific
conditions

Platelet-Rich
Plasma (PRP) vs.
Methylprednisolone

Fitzpatrick
et al.
(2019)
[36]

80
72 women,
8 men

60 years
Lateral hip pain,
Clinical signs of
tendinopathy

Full-thickness tears, Previous hip surgery, Recent
cortisone injections

Corticosteroid
Injection (CSI) vs.
Leucocyte rich
(LR)-PRP

Thompson
et al.
(2019)
[37]

48
Not
specified

Not
specified

Chronic lateral hip
pain, Local
tenderness over
superior aspect of
greater trochanter

Previous surgery in the area, Recent ipsilateral,
corticosteroid injection, Diabetes, Rheumatoid
arthritis, cardiovascular disorder, Osteoarthrosis of
hip, Infection. BMI >35, high performance athletes

PRP vs placebo

Ribeiro et
al. (2016)
[38]

20
Not
specified

18-79
years

Lateral hip pain for
more than three
months,
Tendinobursitis
diagnosed by MRI

Various medical conditions, Previous hip
infiltration, Specific contraindications

PRP vs.
Hexacetonide
Triamcinolone

TABLE 2: Details on the number of participants, gender, age, inclusion and exclusion criteria, and
intervention.

Each study employed distinct PRP preparation methods, centrifugation protocols, and injection techniques,
highlighting significant variability. Blood volumes ranged from 25 mL to 54 mL, with variability in the
reporting of centrifugation parameters. While some studies specified speeds as relative centrifugal force
(e.g., 200 g), others reported revolutions per minute (e.g., 3,850 rpm), leading to inconsistencies and
challenges in direct comparisons. Reported platelet concentrations showed a broad range, from 9.23 × 10⁹/L
in Ribeiro et al. [38] to 1232 × 10⁹/L in Thompson et al. [37]. Delivery sites also differed, targeting the
trochanteric bursa, gluteal tendons, or focal tender points. Ultrasound guidance was used inconsistently,
with three studies employing it, while Thompson et al. [37] relied on manual techniques. These
discrepancies in preparation and delivery methods are summarised in Table 3.
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Begkas et al.
(2020) [35]

Thompson et al. (2019) [36] Fitzpatrick et al. (2019) [37]
Ribeiro et al. (2016)
[38]

Details of the
kit

SW-PRP system
provided by NTL
Biologica

RecoverTM platelet separation
collecting system (Biomet Biologics,
Warsaw, Indiana, USA)

RecoverTM platelet sepa- ration
collecting system (Biomet Biologics,
Warsaw, Indiana, US)

Table top centrifuge

PRP spin
protocol

3850 rpm for 7
min + 4 min

Centrifuged using an FDA-approved
Drucker centrifuge (Biomet Biologics,
Warsaw, Indiana, USA)

Centrifugal force, 1100 g; time, 15
min

15 min at 200 g in a
table top centrifuge

Volume of
blood
taken/additives

40 mL blood + 6
mL ACD-A

54 mL blood + ACD-A 6 mL 52 mL, blood; ACD-A, 8 mL
25 mL blood + 10%
citrate phosphate
dextrose adenine

PRP platelet
concentration

Not assessed 1232.3 x 109/L (SD 637.8 x 109/L) 964 x 109/L (SD 551 x 109/L) 9.23x109/L. Mean

PRP leucocyte
concentration

Not assessed 29.5 x 109/L (SD, 9.0 x 109/L) 35.8 x 109/L (SD, 10.8 x 109/L) Not assessed

Classification
of platelet

Not assessed Not assessed Not assessed Not assessed

Site of delivery

Most painful
place around
trochanteric
bursa

Focal tender point at bone depth In the gluteal tendon
In the trochanteric
bursa

Volume
delivered

4 mL PRP 5 mL PRP 6-7 mL PRP 4 mL PRP

Concomitant
use

None
0.3 mL of 8.4% sodium bicarbonate for
buffering, 1 mL 1% xylocaine

None
0.1 mL of 10%
calcium gluconate

Ultrasound
used

Yes No Yes Yes

TABLE 3: PRP preparation and characterisation across studies.
ACD-A: Anticoagulant Citrate Dextrose Solution, Solution A; PRP: Platelet-Rich Plasma

Outcome measures primarily assessed pain relief and functional improvement, using tools such as the visual
analogue scale (VAS) and Harris hip score (HHS). PRP demonstrated superior outcomes to corticosteroid
injections in two studies (Begkas et al. [35] and Fitzpatrick et al. [36]) over 12-24 months. However,
Thompson et al. [37] found no significant difference between PRP and placebo over 48 months, and Ribeiro
et al. [38] reported comparable results for PRP and corticosteroids at two months. The variability in PRP
preparation and administration methods complicates direct comparisons between studies but highlights
PRP's potential benefits in specific contexts.

The quality of the included studies was evaluated using the Cochrane RoB 2 tool. While all studies
implemented randomisation, two (Begkas et al. [35] and Ribeiro et al. [38]) showed concerns regarding
allocation concealment and blinding. Fitzpatrick et al. [36] and Thompson et al. [37] exhibited a low risk of
bias across all domains, while Begkas et al. [35] and Ribeiro et al. [38] were classified as having a high overall
risk of bias. The risk of bias assessment results are summarised in Table 4.
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Domain 1: Risk of bias
arising from the
randomization process

Domain 2: Risk of
bias due to
deviations from the
intended

Domain 3:
Missing
outcome
data

Domain 4: Risk of
bias in
measurement of the
outcome

Domain 5: Risk of
bias in selection of
the reported result

Overall
risk of
bias

Ribeiro et
al. [38]

Low Low Low Some concerns Some concerns High

Fitzpatrick
et al. [36]

Low Low Low Low Low Low

Thompson
et al. [37]

Low Low Low Low Low Low

Begkas et
al. [35]

Some Concerns Some Concerns
Some
Concerns

Low Low High

TABLE 4: Risk of bias assessment across studies.

When contextualised within the broader literature, these findings align with similar issues observed in other
fields of medicine using PRP. Studies in tendinopathy, osteoarthritis, and sports medicine have reported
comparable variability in preparation and application protocols. Centrifugation speeds, inclusion of the
buffy coat, and other procedural factors significantly influence platelet yields and growth factor
concentrations, which in turn affect clinical outcomes [39-42]. Despite ongoing efforts to standardise PRP
preparation across specialties, many clinical studies still fail to provide adequate details on preparation
methods, leading to inconsistent results and reduced comparability [43-45]. These challenges reinforce the
urgent need for detailed reporting and consensus guidelines to enable reliable assessments of PRP efficacy
for various conditions, including GTPS.

For clinical practice, the variability in PRP preparation and injection protocols necessitates a tailored,
patient-specific approach. Clinicians must exercise caution when interpreting the literature, given the
inconsistencies in methodology and reporting. Setting realistic expectations with patients is also essential,
as the heterogeneity in PRP protocols may lead to variable treatment outcomes. Until standardisation is
achieved, clinical judgment and individualised care remain pivotal in optimising the use of PRP injections
for GTPS.

This review has several limitations that should be considered when interpreting the findings. First, only four
RCTs met the inclusion criteria, limiting the generalisability and robustness of conclusions. The small
sample size and significant methodological heterogeneity across studies further complicated the synthesis
of findings. Additionally, the review included only English-language studies, potentially introducing
language bias and excluding relevant data from other languages. Publication bias may also have influenced
the results, as studies with positive outcomes are more likely to be published. Another notable limitation is
the relatively short follow-up periods in the included studies, which restrict the evaluation of PRP's long-
term efficacy for GTPS.

Conclusions
This systematic review highlights significant variability in PRP injection protocols for the management of
GTPS, with notable differences in centrifugation parameters, anticoagulants, activation methods, and
platelet concentrations across the included studies. Such variability affects the reproducibility of findings
and complicates the establishment of evidence-based guidelines for clinical practice. While the reviewed
studies generally reported positive outcomes in terms of pain relief and functional improvement, the lack of
standardisation limits definitive conclusions regarding the optimal PRP preparation and administration
protocols. To advance the use of PRP in GTPS management, researchers should prioritise the development
of standardised preparation and reporting protocols. This includes providing detailed descriptions of
centrifugation processes, platelet and leucocyte concentrations, and activation methods to enhance
transparency and comparability across studies. Clinicians are encouraged to consider patient-specific factors
when utilising PRP injections and set realistic expectations about treatment outcomes, given the variability
in reported protocols.

Future research should focus on conducting high-quality RCTs with extended follow-up periods and
harmonised methodologies to determine the most effective PRP preparation and injection strategies.
Collaborative efforts to establish consensus guidelines will be crucial in bridging the current gaps, ensuring
that PRP becomes a more reliable and effective treatment option for GTPS patients who have not responded
to conventional therapies.
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