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ABSTRACT

Background and Objectives: Greater Trochanteric Pain Syndrome (GTPS) is a common condition characterized
by chronic lateral hip pain, particularly among females aged 40 to 60. Various non-surgical options, corticosteroid
injections (CSI), platelet-rich plasma (PRP) injections, and extracorporeal shockwave therapy (ESWT), are used, but
their comparative effectiveness remains uncertain. This systematic review aimed to evaluate the effectiveness of
ESWT compared to PRP and CSl in managing GTPS.

Methods: A systematic literature search was conducted in March 2025 across PubMed, OVID Medline, and Embase,
following PRISMA guidelines. Randomized controlled trials (RCTs) evaluating ESWT, PRP and CSl for GTPS were in-
cluded. Atotal of 16 RCTs met the criteria: 6 on ESWT, 6 on PRP, and 4 on CSI. Methodological quality was assessed
using the PEDro scale and Cochrane Risk of Bias Tool. Visual Analogue Scale (VAS) scores were extracted to com-
pare pain outcomes at baseline, 3, 6, and 12 months. The most used tools for function and quality of life were the
Harris Hip Score (HHS) and the Modified Harris Hip Score (mHHS).

Results: All three treatments ESWT, PRP, and CSI showed reductions in pain and improvements in function and
quality of life, as measured by VAS and other functional scores. 1,275 patients were grouped across 16 RCTs, en-
hancing consistency and comparability. ESWT showed the greatest pain relief at 3 months (VAS 3.14), compared
to PRP (3.39) and CSI (3.78). At 12 months, ESWT and CSI had similar outcomes (VAS 3.71), while PRP had a higher
score (4.52). However, variability in treatment protocols and baseline characteristics across study populations lim-
its direct comparison and generalizability.

Discussion and Conclusion: ESWT appears to offer rapid and sustained pain relief and functional benefit in
GTPS. CSI offers similar long-term benefits, while PRP shows moderate mid-term promises. GRADE assessment
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indicates that the overall evidence is of moderate certainty in supporting all three non-surgical interventions for
pain reduction in GTPS. However, further high-quality research is warranted.

Keywords: greater trochanteric pain syndrome (GTPS), corticosteroid injections (CSl), platelet-rich plasma (PRP),
extracorporeal shockwave therapy (ESWT), Systematic Review, non-surgical conservative therapies.

1. Introduction

Greater trochanteric pain syndrome (GTPS) is a musculoskeletal condition characterized by
chronic pain in the lateral thigh and buttock region. It is most commonly seen in females be-
tween the ages of 40 and 60. GTPS accounts for approximately 20% of hip pain cases among
patients seeking primary care. Recent studies report an annual incidence ranging from 1.8t0 5.6
cases per 1000 people, with a prevalence of approximately 17.6% in community-dwelling adults
aged 50-79. These figures highlight the considerable global burden of this condition. Although
GTPS was traditionally attributed to trochanteric bursitis, recent studies have demonstrated
the involvement of tendinopathies of the gluteal muscles and other peri-trochanteric struc-
tures”. GTPS is considered a challenging condition to evaluate due to the complex anatomy
of the peritrochanteric structures®. This introduction provides a comprehensive overview of
GTPS, encompassing its etiology, pathophysiology, clinical presentation, diagnostic evaluation,
and non-surgical management strategies, with a particular focus on Extracorporeal Shockwave
Therapy (ESWT).

1.1 Etiology and Pathophysiology

The etiology of GTPS is multifactorial, involving both intrinsic and extrinsic factors. Intrinsic fac-
tors include gluteal muscle weakness, altered hip biomechanics, and leg length discrepancies,
which lead to increased tensile and compressive forces on the peri-trochanteric structures. Ex-
trinsic factors encompass overuse injuries, direct trauma, and repetitive friction from the iliotib-
ial band over the greater trochanter'”. While some patients may present with trochanteric bursi-
tis, histopathological studies suggest that GTPS is primarily due to tendinopathy of the gluteus
medius and minimus muscles. Bursal inflammation often develops secondarily due to repeat-
ed friction between the greater trochanter and the iliotibial band (ITB)"“. Evolving insights into
GTPS pathophysiology indicate a multifactorial basis. From a biomechanical perspective, the
chronic overload and friction caused by altered gait patterns or ITB tension can contribute to
degenerative changes in the gluteal tendons'?. Additionally, there is evidence of neurophysio-
logical involvement, as patients with GTPS may experience central and peripheral sensitization
wherein pain processing is amplified. This leads to persistent symptoms even after the initial
tissue injury resolves. For example, elevated levels of pain-related neuropeptides such as calci-
tonin gene-related peptide (CGRP) have been implicated in chronic lateral hip pain, and ESWT
may exert analgesic effects in part by reducing the release of such mediators®.
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1.2 Clinical Presentation

Patients with GTPS typically present with lateral hip pain that may radiate down the leg, often
accompanied by paresthesia and difficulty lying on the affected side'. The pain is often de-
scribed as aching and can intensify during activities such as walking, climbing stairs, or pro-
longed sitting. Physical examination commonly reveals tenderness over the greater trochanter,
and pain may be elicited with passive, active, and resisted hip abduction and external rotation.
This is commonly assessed using clinical tests such as the Single Leg Stance (SLS) test, the
resisted external de-rotation test (ADD-R), and the Flexion-Adduction-External Rotation with
Resistance (FADER-R) test, which are helpful in provoking pain and supporting the diagnosis.
The jump sign, where palpation of the greater trochanter causes the patient to nearly jump off
the bed, is a characteristic finding™*.

1.3 Diagnostic Evaluation

A thorough history and physical examination are essential for diagnosing lateral hip pain. Di-
agnosis is primarily clinical, supported by imaging modalities such as ultrasound and magnet-
ic resonance imaging (MRI), which aid in excluding other pathologies. Ultrasound may reveal
gluteal tendon thickening or bursal distension, whereas MRI can detect tendinopathy, tendon
tears, or bursitis. Additionally, MRI can assist in ruling out alternative causes such as avascu-
lar necrosis, femoroacetabular impingement, labral pathology, snapping hip syndrome, and
ischiofemoral impingement, which may mimic or coexist with GTPS**. Early and accurate di-
agnosis of GTPS is crucial, as delays and mismanagement can worsen the prognosis due to the
development of persistent symptoms. Differential diagnoses include hip osteoarthritis, lumbar
radiculopathy, and referred pain from the sacroiliac joint, necessitating a thorough clinical as-
sessment?,

1.4 Management options

The majority of cases of GTPS can be effectively managed within a primary care setting using
conservative treatments. These initial interventions include avoiding activities that exacerbate
symptoms and performing physiotherapy or home-based exercises to strengthen and stretch
the hip muscles. Pharmaceutical treatments mainly involve utilizing nonsteroidal anti-inflam-
matory drugs (NSAIDs) for pain relief and inflammation reduction. NSAIDs can be beneficial for
acute tendinopathy; however, their use should be avoided in chronic cases'*®. Administration
of corticosteroid injections is another common management strategy used to reduce inflam-
mation and provide short-term pain relief. These injections deliver a targeted dose of cortisone,
often in combination with a local anesthetic such as lidocaine®. Despite these interventions,
some patients may still experience persistent symptoms, prompting exploration of alternative
advanced therapies such as platelet-rich plasma (PRP) injections and extracorporeal shock
wave therapy (ESWT)“. PRP is a concentration of platelets derived from a patient's own blood,
containing growth factors that promote healing. When injected into injured tissues, PRP releas-
es these growth factors, stimulating cell proliferation and tissue regeneration®. ESWT will be
discussed in detail in the section below. Surgical intervention is considered only as a last resort
for cases that do not respond to conservative management.
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1.5 Extracorporeal Shockwave Therapy (ESWT)

ESWT has emerged as a non-invasive treatment modality for various musculoskeletal disorders,
including GTPS. It involves the application of shockwaves to the affected tissues to promote
healing and alleviate pain. Understanding its mechanisms of action and the different types of
ESWT is crucial for optimizing therapeutic outcomes®.

1.5.1 Mechanisms of Action

ESWT involves the application of acoustic waves that transmit energy through tissues, induc-
ing a range of biological responses. The primary mechanism is mechanotransduction, where-
in mechanical stimuli are converted into biochemical signals, promoting tissue regeneration
and repair. This process enhances angiogenesis, the formation of new blood vessels, which
improves blood supply to the affected area and facilitates healing'*”. Additionally, ESWT mod-
ulates inflammation by influencing the production of nitric oxide and other anti-inflammatory
mediators, thereby reducing pain and swelling. Furthermore, ESWT has been shown to induce
selective loss of unmyelinated sensory nerve fibers, leading to long-term analgesia without af-
fecting motor function®".

1.5.2 Types of ESWT

There are two main types of ESWT: focused and radial, each differing in their generation meth-
ods and tissue penetration characteristics. Focused ESWT (F-ESWT) delivers shockwaves to a
specific focal point, allowing precise targeting of tissues. F-ESWT is generated using electrohy-
draulic, electromagnetic, or piezoelectric sources, delivering high-energy shockwaves that aid
tissue penetration. The electrohydraulic technique uses a high-voltage electrical discharge to
create a shockwave in water, which is then directed towards the treatment area. The electro-
magnetic method works by generating a magnetic field that produces shockwaves. Crystals
that expand and contract in response to electrical pulses are used in the piezoelectric tech-
nique, which generates precise shockwaves'®.

On the other hand, radial ESWT (R-ESWT) produces pressure waves that disperse radially from
the applicator's tip, affecting superficial tissues. Radial waves are commonly generated pneu-
matically, where a projectile is accelerated and strikes a transmitter, producing the shockwave.
As the wave travels, its peak pressure is highest at the point of origin and gradually diminish-
es as it penetrates deeper into the tissue. Compared to F-ESWT, R-ESWT is primarily used for
treating broader and more superficial areas of the body"”. Both types have been used for GTPS
in clinical practice. Focused ESWT may be selected to target specific degenerative spots in the
gluteal tendons, while radial ESWT might be used for more diffuse lateral hip pain orif a broader
stimulation is desired. The choice of technique depends on availability and practitioner prefer-
ence, but both aim to achieve similar biological effects in the tendon. Radial ESWT is generally
more accessible and cost-effective, making it a common choice in outpatient settings, whereas
focused ESWT delivers deeper, more precise energy and may be better suited for localized pa-
thology. Although current evidence does not clearly favor one modality, ongoing studies con-
tinue to assess their relative efficacy and long-term outcomes®?.
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Given the limited and mixed evidence regarding the efficacy of ESWT for GTPS, this system-
atic review will critically assess and compare the effectiveness of ESWT with other non-surgi-
cal treatment modalities for GTPS. Compared to treatments such as corticosteroid injections,
which may provide only short-term relief, or physiotherapy, which may not fully resolve symp-
toms in chronic cases, ESWT offers a promising alternative due to its non-invasive mechanism
and regenerative potential®. By analyzing available clinical evidence, this review seeks to deter-
mine whether ESWT offers the most significantimprovements in pain, functionality, and overall
patient satisfaction compared to others in patients with GTPS.

2. Methods

This systematic review was conducted following Preferred Reporting Items for Systematic Re-
views and Meta-Analyses (PRISMA) guidelines and is registered in the International Prospective
Register of Systematic Reviews (PROSPERO) under the reference number CRD420251006652.

2.1 Eligibility criteria

The PRISMA PICOS framework consists of five different categories that help to assess which ar-
ticles can be included in research. These are Population (P), Interventions (I), Comparators (C),
Outcomes (0), and Study Design (S). We limited the search to clinical trials and English-language
articles to ensure methodological rigor and facilitate accurate assessment and interpretation;
non-English studies were excluded due to the lack of reliable translation resources, which could
introduce misinterpretation or bias. Postmenopausal women were excluded because this pop-
ulation presents specific hormonal and musculoskeletal characteristics that may influence pain
perception, tendon structure, and treatment response, potentially affecting the generalizability
of findings to the broader GTPS population without such factors*?.

A- Population

« Inclusion: Studies that focused on patients aged 18 years and older diagnosed with GTPS
were included. No minimum number of patients required.

« Exclusion: Studies were excluded if the population included pregnant women, children, can-
cer patients, or if the study population was limited to post-menopausal women only.

B- Intervention

« Inclusion: Studies investigating ESWT, PRP and CSI for GTPS were included.
« Exclusion: Excluded papers focused on Surgical interventions.

C- Comparator

« Inclusion: No specific inclusion criteria were applied exclusively based on the comparator
conditions.
« Exclusion: Studies that compare the intervntion with Surgical interventions.

D- Outcome

« Inclusion: Articles were included if they reported outcomes on pain, function, and patient
satisfaction in GTPS patients.
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« Exclusion: Studies that focused on outcomes that areirrelevant to our research were excluded.
E- Study design

« Inclusion: All phases of clinical trials were included (Randomized Controlled trials: single
blinded, double blinded, parallel-group, crossover, cluster, factorial, adaptive). Non-English
studies were excluded

« Exclusion: All non-RCTs were excluded (pilot studies, systematic reviews, cohort studies, case
reports, case-control studies, non-randomized studies).

2.2 Data sources and search strategy

On March 4, 2025, a comprehensive electronic literature search was conducted in PubMed,
OVID Medline, and Embase databases to identify studies on conservative and non-surgical
treatments for Greater Trochanteric Pain Syndrome (GTPS). Search terms were structured to
capture a broad range of interventions, including: (Platelet-Rich Plasma or PRP), (Dry Needling),
(extracorporeal shock wave therapy or ESWT), (shockwave), (Shock Waves), (injection), (cortico-
steroid), (glucocorticoid), (Exercise), (infiltration), (acupuncture), and (non-surgical), combined
with the term (Greater trochanteric pain syndrome). Terms were adapted for each database
using title/abstract fields. Additionally, the reference lists of included articles were screened
manually to identify any potentially missed studies.

2.3 Study selection

To determine whether the studies met the inclusion criteria, three independent reviewers (AHA,
MKA, and MAH) evaluated each report separately, following a standardized methodology es-
tablished prior to the search to minimize bias. After completing their assessments, they com-
pared their findings. Disagreements between reviewers were resolved by discussing them with
a fourth reviewer (MMG) who used Rayyan to assess his decision making.

Duplicate records were identified and removed using EndNote and Rayyan, which reduced the
total number of articles. Titles and abstracts were then screened for relevance to the research
question using Rayyan, resulting in the exclusion of studies not related to the non-surgical man-
agement of GTPS. The remaining articles were carried forward for further evaluation.

A full-text eligibility assessment was subsequently conducted, and only studies meeting all in-
clusion criteria were selected. Some papers were excluded due to the specific population stud-
ied. The final set of eligible articles was then included in this systematic review.

2.4 Data extraction process

Three reviewers (AHA, MKA and MAH) independently extracted data from the articles and the
outcomes were compared to ensure consistency. All reviewers followed a specific process while
extracting the data aligned with the predefined inclusion and exclusion criteria. Disagreements
were resolved by involving a fourth reviewer (MMG).
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2.5 Assessment of methodological quality/risk of bias

Two tools were used to evaluate the methodological quality and risk of bias in the 16 eligible
clinical trials: the Physiotherapy Evidence Database Scale (PEDro scale) and the Cochrane Risk
of Bias Tool. All articles were independently reviewed using both tools by three reviewers (AHA,
MKA and MAH), and their individual assessments were compared and discussed to ensure con-
sensus.

First, the PEDro scale was used to assess methodological quality and partially the risk of bias.
The PEDro scale is a validated tool commonly used to evaluate the quality of clinical trials in the
field of physiotherapy. It consists of an 11-item checklist focusing on trial design, execution and
statistical analysis. Each criterion is scored as one if met, and zero if not met. The checklist as-
sesses whether the eligibility criteria were clearly defined, whether participants were randomly
allocated, whether randomization was concealed, similarity of groups at baseline, blinding of
subjects, blinding of therapists, blinding of assessors, adequacy of follow-up, intention-to-treat
analysis, between-group comparisons, and reporting of point estimates and variability mea-
sures such as standard deviations.

The total PEDro score ranges from 0 to 10, with the first item (eligibility criteria) not included in
the total score. Clinical trials scoring 6 or higher are generally considered to have high meth-
odological quality, those scoring 4-5 are considered moderate quality, and score below 4 are
classified as low quality.

Secondly, the Cochrane Risk of Bias Tool was used to assess the risk of bias across seven do-
mains: randomisation and allocation concealment, blinding of participants and therapists,
blinding of outcome assessors, handling of missing date, reporting of planned outcomes and
other potential sources of bias. This tool evaluates the likelihood of selection, performance,
detection, attrition and reporting bias.

Each reviewer assessed all seven domains for each study assigning judgements of "low risk",
"high risk", or "unclear risk" to each domain. The overall risk of bias for each study was deter-
mined by aggregating the judgments across all domains.

The GRADE approach was used to evaluate the certainty of evidence across five domains: risk of
bias, inconsistency, indirectness, imprecision, and publication bias. Assessment was informed
by forest plots, effect size distributions, and confidence intervals. Visual tools such as forest
plots and inconsistency graphs (e.g., funnel plot, |? statistic) were utilized to interpret heteroge-
neity and guide downgrading decisions. Each domain was independently judged by the review-
ers before reaching consensus.

2.6 Process of data average formulation

The aim of this research is to compare various conservative therapies used in the management
of GTPS. To achieve this, we evaluated three main therapies: ESWT, PRP and CSI. Multiple clini-
cal trials utilised different outcome measures to assess the efficacy of these interventions. One
commonly used outcome measure is the Visual Analogue Scale (VAS), which evaluates pain
intensity. In this study, we used the equation below to calculate the average VAS score for each
conservative therapy at baseline, 3 months ,6 months and 12 months.
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[(\-’AS score triall x total of cohort sample size in trial 1) + (VAS score trial 2 x total of cohart sample size in trial 2)+ ]

Av VAS) =
verage (VAS) Total of cohort sample size in all trials

3. Results

3.1. Study Selection

A total of 432 studies were retrieved from three electronic databases: PubMed, OVID Medline,
and Embase. After limits applied and records screened, 389 articles were removed using End-
Note and Rayyan, reducing the total number of articles to 43. Titles and abstracts were then
screened for relevance to the review question using Rayyan, leading to the exclusion of 24
studies that did not pertain to the non-surgical management of Greater Trochanteric Pain Syn-
drome. This process left 19 articles for further evaluation.

A full-text eligibility assessment was subsequently conducted, and only studies that met all in-
clusion criteria were selected. Three papers were excluded due to the specific population stud-
ied, resulting in a final total of 16 eligible articles for inclusion in this systematic review. Figure 1
provides a summary of the inclusion and exclusion criteria applied in this study.

Papers identified through searching

3 databases: Limits:
Total results (n = 432)

Clinical trial, English
PubMed (n = 134)
OVID Medline (n = 96)
Embase (n = 202)

|

Papers after limits applied

Identification

Total results (n = 82)

Duplicate records (n = 39
PubMed (n = 22) Pl (n=39)

OVID Medline (n = 17)
Embase (n = 43)

}

Records screened .
(n=43)

Papers excluded by title and
abstract (n = 24)

Screening

Full-text articles assessed for

eligibility
z (n=19)
= Articles excluded by full text (n = 3)
=
‘o > Exclusion criteria:
w v )

Population of the study (n=3)
Papers after adding relevant
references found

= (n=16)
]
w
S
3 l
£

Final number of papers included

(n=16)

Figure 1. PRISMA framework.
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3.2 Study Characteristics

Table 1 summarizes the main characteristics of the 16 included studies. It presents studies of
extracorporeal shockwave therapy (ESWT), platelet-rich plasma (PRP) injections and corticoste-
roid injections (CSI).

3.2.1 Sample Characteristics

A total of 1,275 individuals diagnosed with GTPS were included across all studies. These indi-
viduals presented with lateral hip pain, tenderness over the greater trochanter, and discomfort
during walking, stair climbing, or lying on the affected side. Of the total sample, 168 participants
were male (13.1%) and 1,107 were female (86.8%). The overall mean age of participants was
57.99 years.

When stratified by treatment group, studies evaluating ESWT included 471 participants, com-
prising 86 males and 385 females. PRP studies involved 391 participants, with 41 males and 350
females. Studies examining CSlincluded a total of 413 participants, of whom 41 were male and
372 were female.

3.2.2 Assessment and Intervention

A total of 16 randomized controlled trials (RCTs) were eligible for inclusion in this review, each
assessing different non-surgical management options for GTPS. Six RCTs evaluated the effec-
tiveness of ESWT in reducing pain and improving function"**. Another six RCTs investigated
the role of PRP injections in managing patients with GTPS"*%Y, Lastly, four RCTs examined the
effects of CSl on pain relief and quality of life®*2*),

All 16 RCTs are summarized and analyzed in this section, with brief definitions of the outcome
measures used in each trial. In addition, the methodological quality and risk of bias of each RCT
were assessed and rated.

3.2.3 Outcome measurements:

Outcome measurements are essential tools for assessing the effectiveness of interventions,
particularly in musculoskeletal and orthopedic research. In this review, various outcome mea-
sures were used to assess pain, physical function, overall patient improvement, and quality of
life, with outcomes typically quantified using numerical scales and scores.

Both the Numerical Pain Rating Scale (pNRS) and Visual Analogue Scale (VAS) were used to
measure pain intensity on a 0-10 scale, with higher scores indicating greater pain. Furthermore,
the Harris Hip Score (HHS) and its modified version (mHHS) were used to assess hip function on
a 0-10 scale, where higher scores indicate better function.
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Table 1. Summary of RCTs Characteristics

n

https://doi.org/10

)/ipmm.vl.el5

Population
Study Treatment arm Preparation Control arm
Treatment Control
Total 95 Shock: 2500, Guidance: Palpation, Target: Most tender area, Energy Flux Density: 0.15-0.35
Heaver et al,, 202107 F-ESWT ’ ! -ralp , arget ' 9y ¥ ’ CSI: 80 mg methylprednisolone, 3.5 ml 0.5% bupivicaine and 3.5 ml 1% lignocaine
48 47 mJ/mm2
Total 60 Shock: 2000, Guidance: Palpation, Target: Greater trochanter, Energy Flux Density: 2 bars
aglar Yagci et al., 2) - o i : i amixture of TmL o mg triamcinolone acetonide and 2 mL of 2% prilocaine hydrochloride
glar Yagcl et al, 2023 2 R-ESWT 2 : pation, farg » Energy y ' cSlami f 1 mL of 40 mg triamcinol ide and 2 mL of 2% prilocaine hydrochlorid
32 28 requency: 12 Hz
Total 103 Shock: 2000, Guidance: Ultrasound, Target: Greater trochanter, Energy Flux Density: 0.20 mJ/
Ramon et al,. 20200 Electromagnetic F-ESWT | L ’ + 1arget ' 9y y-0 F-ESWT was used with 2000 shocks and 0.01 mJ/mm? (lowest) at 5 Hz
53 50 mm?2, Frequency: 5 Hz
- o Total 50 . . Shock: 1800, Guidance: Ultrasound, Target: Greater trochanter, Energy Flux Density: 0.15mJ/  UST (ROLAND, RT-20 series); daily for 10 days, 10 minutes each at frequency 1 MHz; intensity of 1.5
Carlisi et al., 20181 Piezoelectric F-ESWT ;
2 24 mm?2, Frequency: 4 Hz W/cm?, area of 5cm?2
Total 30 ) . . . o _ ) . . . . . ) )
Notarnicola et al,, 2023 (9 Electromagnetic F-ESWT Shock: 2000, Guidance: U!trasound, Target: Greater trochanter, Energy Flux Density: 0.03 Eccentric exercises 5 Qays a week for 4 weeks (20 se‘ssmns')'lnlc\gdmg pmform|s.muscle stretching,
15 15 0.17 mJ/mm?2 Frequency: 4 Hz gluteal muscle stretching, wall squat with a ball, leg lift and iliotibial band stretching
Total 120 Shock: 2000, Guidance: Palpation, Energy Flux Density: Maximal comfortably tolerated
Wheeler et al,, 2022 19 RESWT o - ralpation, tnergy ¥ Y ' R-ESWT minimal dose with 500 shocks and 1.4 bar at 20 Hz
57 63 Frequency: 20 Hz
Total:24
Begkas et al (2020)""" Single LR-PRP injection Details of kit: SW-PRP system by NTTL Biologica, Volume of delivered: 4mL PRP Single GCCS injection (Methylprednisolone)
12 12
Total80 GPS Il Kit, Biomet Biologics, PRP platelet concentration: 964x109/L, PRP leucocyte concen-
i i 18) - _ . : ) ) . N . L .
Fitzpatrick et al (2018) 0 » Single L-PRP injection tration: 35.8 x109/L. Volume of delivered: 6-7rmL PRP Single BCCS injection
Total:80 GPS III Kit, Biomet Biologics, PRP platelet concentration: 964x109/L, PRP leucocyte concen-
Fitzpatrick et al (2019)"% o 0 Single LR-PRP injection tration: 35.8 x109/L, Volume of delivered: 6-7mL PRP Single BCCS injection
Total 48 RecoverTM platelet separation collecting system, PRP platelet concentration: 1232.2 x109/L
0 . T , : . , ) ' . . )
Thompson et al (2019) 9 9 Single PRP injection PRP leucocyte concentration: 29.5 x109/L, Volume of delivered: 5mL PRP PI (5 mlisotonic saline with Tml xylocaine)
Total:81
Atilano et al Single subfascial PRP iniection PRP platelet concentration: = 920 x109/L, PRP leucocyte concentration: Not assessed, Enthesis neediin
(2024)°) 9 ) Volume of delivered: 3-5mL PRP 9
39 42
Total:79
Atchia et al (2025)@? Single LR-PRP injection SW-PRP system by NTTL Biologica), Volume of delivered: 4mL LR-PRP Pl (0.9% Saline solution
39 40
Total:120
Brinks et al., 2011 @2 Csl CSI dose: 40mgtriamcinolone acetate, Anesthetic: 1% or 2% lidocaine, Volume: 5ml UC: Analgesia PRN
60 60
Total:204
Mellor et al., 2016 *4) ws:  Csl \C/(S)llut:;JEfe:ngnr%Celestone or Tml Kenacort, Anesthetic: 2ml bupivacaine or 1 ml marcaine, EDX: 14 sessions over 8 weeks Or Watch and see
CSlI: 66 EDX:69 ’
69
fotal:43 CSl dose: 2 mL methylprednisolone acetate 80mg, Anesthetic: 4 mL 1% lidocaine; 4 mL 0.25%
Brennan et al, 2017 29 csl b =thylp 9 : ° ' ““2% " DN: Needle length: 50 to 100mm
2 2 marcaine, Volume: 10 ml
Total: 46
Nissen et al.,, 2018 @9 Csl CSl dose:T ml betamethasone7 mg, Anesthetic: 4ml 1% lidocaine, Volume: 5ml PI: 5ml sterile saline solution
21 25

RCT = randomized clinical trial, CSI = Corticosteroid injection, PRP = Platelets-rich plasma, LR-PRP = Leukocyte-rich platelets rich plasma, PI: Placebo intervention, ml: milliliter, mm: millimeter, UST: Ultrasound Scan Therapy, UC: Usual care, DN: Dry needling, EDX: Education plus exercise, GCCS = Guided Corticosteroid, BCCS = Blinded Cortico-
steroid, SW-PRP: Single-Spin Whole blood Platelet-Rich Plasma, Hz: Hertz
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3.3 Synthesis of Results

3.3.1 Extracorporeal Shockwave Therapy

All six RCT aimed to assess the effect of ESWT on a total of 471 patients with GTPS, predominant-
ly females with a mean age of 58.4 years as demonstrated in Table 2. The RCTs utilized different
ESWT settings and modalities. Four studies used focused extracorporeal shockwave therapy
(F-ESWT) as the primary intervention: two employed electromagnetic-type devices"*'* one
used piezoelectric-type™, and one did not specify the type"**. The remaining two RCTs used
radial ESWT (R-ESWT) as the main intervention*.

These trials compared ESWT to CSI***) ultrasound therapy (UST)", exercise™”, and place-
bo**1, The primary outcomes were pain reduction and improvement in physical function, as-
sessed using various tools.

When comparing ESWT to corticosteroids, both Heaver et al. and Caglar Yagc et al. reported
similar short and mid-term outcomes™**. For instance, in the Heaver et al. trial, the 3-month
follow-up VAS scores were 44.0 + 25.9 for the ESWT group and 48.2 + 26.5 for the CSI group. How-
ever, at 12 months, ESWT demonstrated superior long-term pain improvement, with VAS scores
of 37.1+3.26 for ESWT versus 55.0 + 2.87 for CSI*.

Roman et al. used electromagnetic F-ESWT versus sham F-ESWT (with the lowest energy densi-
ty) and found considerable pain reduction at 2 months favouring the active treatment, with VAS
scoresof 2.0+ 2.1 versus 4.7 £2.1%),

Carlisi et al., who used piezoelectric F-ESWT, also demonstrated significant pain reduction com-
pared to UST, using the p-NRS scale. At 2 months, p-NRS scores were 2.08 + 2.12 for ESWT and
3.36 £2.14 for UST; at 6 months, 0.79 + 1.28 versus 2.03 + 2.09"%.

Notarnicola et al. compared electromagnetic F-ESWT with eccentric exercise and reported no
clear differences in pain reduction at 2, 4, and 6 months. The p-NRS scores were 5.4 +2,4.5+2,
and 3.9+ 1.8 for ESWT, versus 5.5+ 1.6,5.0 + 2.3, and 4.3 + 2.6 for the control group"”.

Lastly, Wheeler et al. assessed R-ESWT using p-NRS compared to control. While notable im-
provement was seen in both groups at 6 weeks, 3 months, and 6 months, there was no signifi-
cant difference between them. Scores for the treatment group were 5.0 £ 2.4, 4.7+ 2.6, and 4.6 +
2.8, respectively, versus 4.5+ 2.4,4.4+2.7,and 4.0 + 2.7 in the control group*®.

3.3.2 Platelet-Rich Plasma

Six trials have been conducted to examine the efficacy of PRP in 392 patients with GTPS, from
various clinical settings (Table 2)""%?. The populations in these trials were very similar, mainly
consisting offemales with amean age of approximately 55 years. Multiple PRP preparations were
used, as nearly every trial employed a different method for preparing the injection. Three trials
compared PRP injections to CSI""*9) two trials compared PRP to placebo interventions?%%?,
and one trial compared PRP to enthesis needling*".

The comparisons were primarily based on pain reduction and improvement in function, mea-
sured using various outcome tools. Begkas et al. and Fitzpatrick et al. reported that CSlI injec-
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tions demonstrated greater short-term efficacy (within the first 2-4 weeks) compared to PRP*"
9. In the Begkas trial, VAS scores at 4 weeks were 2.56 + 0.752 (CSI) and 4.64 + 0.789 (PRP).
However, PRP injections proved considerably more effective than CSI in the longer term (be-
yond 12 weeks)*". In the Atilano et al. trial, PRP was compared with enthesis needling VAS tools.
The results showed PRP was substantially better throughout the entire follow-up period. At 12
months, PRP group scores were 4.03 (VAS), compared to 3.79 in the needling group'*”. Although
PRP showed significant superiority over CSI and enthesis needling, the trials that compared
PRP to placebo were inconclusive. In both the Thompson et al. study and the HIPPO trial, PRP
did not demonstrate substantial pain reduction'?>??, In the Thompson trial, 12-month follow-up
using the numerical rating scale revealed very similar scores across different pain subgroups?.
In the HIPPO trial, using VAS and mHHS scores at 12 months, the PRP group scored 5.0, and 58.6
+22.9 respectively, compared to 5.0 and 60.0 + 17.2 in the placebo group*?.

3.3.3 Corticosteroids Injection

Four trials have been conducted to examine the efficacy of CSlin patients with GTPS from var-
ious clinical settings (Table 2)**2%. The populations in these trials were quite similar, consist-
ing mostly of females with a mean age of approximately 59 years. The primary outcome in all
studies was pain reduction, assessed using tools such as the Visual Analogue Scale (VAS) and
Numerical Rating Scale (NRS).

Brinks et al. reported that patients who received CSI experienced greater reductions in pain
at rest and during activity at the 3-month follow-up compared to the usual care group. The
adjusted differences were 1.18 for pain at rest and 1.30 for pain with activity. However, at the
12-month follow-up, pain levels had decreased in both groups with no significant difference
between them: 0.14 for pain at rest and 0.45 for pain with activity””. In the second trial, Mel-
lor et al. showed that at the 8-week follow-up, patients in the education plus exercise (EDX)
group reported less pain on the NRS compared to the CSl and watch-and-see (WS) groups. The
mean scores were 1.5 + 1.5 for EDX, 2.7 + 2.4 for CSI, and 3.8 + 2.0 for WS. During the 12 months
follow-up, EDX resulted in better global improvement than CSI, although estimates were com-
patible in pain intensity“”. Both EDX and CSI were superior to WS in reducing pain. In the third
trial by Brennan et al., a noninferiority test with a 1.5-point margin showed that DN was non-
inferior to CSI, rejecting the null hypothesis of CSI being superior. The maximum difference in
pain scores between the groups was 1.3 + 2.6 at three weeks®. In the trial by Nissen et al., CS|
was compared to placebo saline injection. Pain reduction one month after injection was similar
between groups: —1.5 for CSIand -2.5 for placebo®.
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Table 2. Summary of RCTs Findings.

https://doi.org/10.6

Study

Findings

Heaver et al.,, 2021 ("

F-ESWT VAS (mean * SD)
Baseline: 69.8 % 16.9
3mo:44.0+259P =0.39
12 mo: 37.1 #3.26 P =0.007

CSI VAS (mean * SD)
Baseline: 70.1 £ 16.5
3mo:48.2+26.5P =0.39
12 mo: 55.0 # 2.87 P = 0.007

Gaglar Yagci et al., 2023 (2

R-ESWT VAS Mean # SD
Baseline: 6.84 +0.95

3w: 1.09 £0.96 P = 0.001
3mo: 1.03+1.03

CSI VAS Mean + SD
Baseline: 6.96 + 0.99
3w:0.78 +0.73 P = 0.001
3mo:0.78+0.83

Ramon et al,. 20200

F-ESWT: Mean % SD

VAS at Baseline: 6.3+ 1.8

VAS at 2 mo: 2.0+ 2.1 P=0.001
HHS at Baseline: 65.0 + 13.5P = 0.71
HHS at 3mo: 90.4 + 10.3 P < 0.001
HHS at 6 mo:91.0+ 10.3 P < 0.001

Sham ESWT: Mean * SD

VAS at Baseline: 6.3+ 1.4

VAS at 2 mo: 4.7 +2.1 P =0.001
HHS at Baseline: 65.9 + 11.2 P = 0.71
HHS at 3 mo: 78.0 £ 11.7 P < 0.001
HHS at 6 mo: 79.4 + 12.5 P < 0.001

Carlisi et al., 201814

F-ESWT P-NRS Mean * SD
Baseline: 512+ 2.17

2mo: 2.08+2.12 P =0.02
6mo: 0.79 £ 1.28 P = 0.047

UST P-NRS Mean * SD
Baseline: 493+ 1.72

2mo: 3.36 #2.14 P = 0.02
6mo: 2.03+2.09 P =0.047

Notarnicola et al., 2023 ('

F-ESWT P-NRS Mean * SD
Baseline:8.3+0.9

2mo: 5.4+ 2.0
6mo:3.9+1.8

Exercise p-NRS Mean * SD
Baseline: 7.7 £ 1.4

2mo: 5.5+ 1.6

6mo: 4.3+ 2.6

Wheeler et al., 2022 )

3 Sessions R-ESWT P-NRS Mean
+SD

Baseline: 6.7+ 1.5
3mo:4.7+2.6P=0.686
6mo: 4.6 +2.8 P=0.841

Minimal dose R-ESWT P-NRS Mean
+SD

Baseline: 6.1+ 1.8
3mo:4.4+2.7P=0.686
6mo: 4.0+ 2.7 P=0.841

Begkas et al (2020)"”

PRP: Mean * SD

VAS at pre-injection: 7.21 + 0.760 P
value >0.05

VAS at 3mo: 3.16 + 0.866 P value
<0.05

VAS at 6mo: 1.52 + 0.505 P value
<0.05

HHS at Baseline: 55.91 + 9.82 P value
>0.05

HHS at 3mo: 86.12 + 0.78 P value
<0.05

HHS at 6mo: 96.17 + 0.71 P value
<0.05

CSI: Mean * SD

VAS at pre-injection: 7.15+ 0.582 P
value >0.05

VAS at 3mo: 6.57 + 0.915 P value
<0.05

VAS at 6mo: 6.98 + 0.691 P value
<0.05

HHS at Baseline: 56.72 + 9.93 P value
>0.05

HHS at 3mo: 86.61 + 4.71 P value
<0.05

HHS at 6mo: 57.92 + 11.13 P value
<0.05

Fitzpatrick et al (2018)

L-PRP: mHHS Mean * SD
Baseline: 53.77 + 12.08

6wW: 68.79 + 13.33

3mo: 74.05 £ 13.92 P value =.04

CSl: mHHS Mean £ SD
Baseline: 54.15 + 10.88

6w: 69.51 +14.78

3mo: 67.13 + 16.04 P value =.04

Fitzpatrick et al (2019)%

L-PRP: mHHS Mean * SD

6mo: 77.60 + 11.88 P value = 0.0003
12mo: 78.18 + 14.53

24mo: 82.59 £ 9.71 P value < 0.0001

CSI mHHS Mean * SD

6mo: 65.72 + 14.78 P value = 0.0003
12mo: 70.53 +23.80

24mo: 71.27 +25.78 P value < 0.0001
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Study

Findings

PRP: NRS as Worst pain

PI: NRS as Worst pain

Baseline: 6 Baseline: 7
Thompson et al (2019)*”

3mo:3 3mo: 3.5

12 mo: 0 12mo: 2

PRP: VAS Mean DN: VAS Mean

Atilano et al (2024))

3 mo: 2.35P=.058
6 mo: 2.87 P=.862
12 mo: 4.03 P=.716

3 mo: 1.02 P=.058
6 mo: 2.99 P=.862
12 mo: 3.79 P=.716

Atchia et al (2025)?)

PRP: Median

VAS at Baseline: 6.0 P=0.47

VAS at 3 mo: 4.5 P=0.98

VAS at 12 mo: 5.0 P=0.31

mHHS at Baseline: 49.5 P=0.056
MHHS at 3 mo: 59.0 P=0.27
MHHS at 12 mo: 58.6 P=0.77

Pl: Mean

VAS at Baseline: 7.0 P=0.47

VAS at 3 mo: 4.5 P=0.98

VAS at 12 mo: 5.0 P=0.31

mHHS at Baseline: 43.5 P=0.056
mMHHS at 3 mo: 54.2 P=0.27
mHHS at 12 mo: 60.0 P=0.77

Brinks et al., 2011 ¥

CSI: VAS Mean

Baseline: 5 at rest, 6.9 with activity
3mo: 2.4 at rest, 3.7 with activity
12mo: 2.7 at rest, 2.8 with activity

UC: VAS Mean

Baseline: 5.4 at rest, 6.8 with activity
3mo: 3.8 at rest, 4.9 with activity
12mo: 2.3 at rest, 3.4 with activity

Mellor et al., 2016 %

CSI: NRS Mean t SD
8w:2.7%24

3mo: 2.5+ 2.1
12mo:2.3%1.9

EDX: NRS Mean * SD
8w:1.5%15

3mo: 1.7 1.7
12mo:2.1%2.2

WS: NRS Mean * SD
8w:3.8%20

3mo: 3.6 %22
12mo:3.2%2.6

Brennan et al, 2017 ©*

CSI: NRS Mean * SD

Baseline: 6.1+ 2.1

DN: NRS Mean * SD
Baseline: 5.4 1.8

3W:2.7%£29 3w: 4022
6w:3.9%37 6w:2.8%24
CSI: NRS Mean PI NRS Mean
! Baseline: 6.1 Baseline: 6.6
Nissen et al., 2018 ©®
2w: 3.9 2W: 4.4
4w: 4.4 4w: 4.3

RCT = randomized clinical trial, VAS = Visual Analogue Scale, NRS = Numeric Rating Scale, HHS = Harris Hip Score, mHHS = Modified Harris Hip Score,
CSI = Corticosteroid injection, PRP = Platelets-rich plasma, LR-PRP = Leukocyte-rich platelets rich plasma, SD = Standard deviation, Pl = Placebo inter-
vention, UC: Usual care, DN: Dry needling, EDX: Education plus exercise

3.3.4 Comparison of F-ESWT, PRP and CSI using VAS

Table (3) summarizes the average VAS scores for the three main conservative therapies evalu-
ated in our research: F-ESWT, PRP, and CSI. All three therapies had similar baseline VAS scores,
averaging 6.62, 6.28, and 6.96, respectively. At the 3-month follow-up, F-ESWT demonstrated
the greatest pain relief with an average VAS score of 3.14, compared to PRP (3.39) and CSI (3.78).

At 6 months, PRP showed slightly better outcomes than CSI, with scores of 4.46 and 4.54, re-
spectively. F-ESWT was not followed up with VAS scores at this time point. After 12 months,
F-ESWT and CSI showed identical average VAS scores of 3.71, while PRP had a higher score of
4.52.
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Table 3. Summary of average VAS outcomes for F-ESWT, PRP and CSI.

F-ESWT PRP csli
Baseline 6.62 (n=101) 6.28 (n=51) 6.96 (n=147)
3mo 3.14 (n=101) 3.39 (n=90) 3.78 (n=147)
6 mo NA 4.46 (n=90) 454 (n=72)
12 mo 3.71 (n=48) 4.52 (n=78) 3.71(n=107)

VAS = Visual Analogue Scale, F-ESWT = Focused Extracorporeal Shockwave therapy, CSI = corticosteroid injection, PRP = Platelets-rich plasma, n =
number of patients, NA = Not available

3.3.5 Comparison of F-ESWT, PRP and CSI using Function and Quality of Life mea-
surements

Across interventions, hip function improved from baseline and generally tracked pain. In the
ESWT arm, Ramon et al. reported HHS rising from 65.0 + 13.5 at baseline to 90.4 + 10.3 at 3
months and 91.0 + 10.3 at 6 months, exceeding sham 65.9 + 11.2 at baseline, 78.0 + 11.7 at 3
months and 79.4 + 12.5 at 6 months™?.

For PRP, Begkas et al. showed HHS gains from 55.91 +9.82t0 86.12+0.78 (3 mo) and 96.17+ 0.71
(6 mo); the CSI comparator moved 56.72 + 9.93 t0 86.61 + 4.71 (3 mo) but declined by 6 months
(57.92 + 11.13)"". In longer-term PRP data, mHHS increased to 77.60 + 11.88 (6 mo), 78.18 +
14.53 (12 mo), and 82.59 £ 9.71 (24 mo) versus CSI 65.72 + 14.78, 70.53 + 23.80, and 71.27 + 25.78,
respectively. Earlier PRP follow-up likewise favored PRP at 3 months (mHHS 74.05 + 13.92 vs CS|
67.13 + 16.04)1*%9, Atchia et al. showed modest, similar mHHS changes for PRP and placebo at
all timelines®??.

Overall, ESWT and PRP demonstrate early and sustained functional gains, while CSI’s function-
al benefit is most apparent short-term with attenuation by 6-12 months in some trials; quali-
ty-of-life instruments were less consistently reported but generally moved in the same direction
as function.

3.3.6 Assessment of methodological quality/risk of bias

The methodological quality of the included randomized controlled trials was assessed using
the PEDro scale. All studies scored highly, indicating good methodological rigor across the tri-
als, as summarized in Table. 4.

Risk of bias was evaluated using the Cochrane Risk of Bias Tool. Thirteen studies were judged
to have a low risk of bias!*»***1#2% reflecting consistent adherence to core methodological
standards. Two studies were rated as having a moderate risk of bias due to concerns related
to missing outcome data and incomplete reporting**”. One study was rated as having a high
risk of bias, primarily due to selective reporting and deviations from the intended intervention
protocol™*?,
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Table 4. PEDro scale & Cochrane Risk of Bias assessment for all RCTs.

Study Q1-Q11 (Yes/11) Quality Rating D1-D5 Summary Risk of Bias
Brinks et al. 2011 ¥ 9/11 High Low, Some, Low, Low, Low Low
Mellor et al. 2016 @ 9/11 High Low, Some, Low, Low, Low Low
Brennan et al. 2017 @ 10/11 High Low, Some, Low, Low, Low Low
Carlisi et al. 2018 "9 10/11 High Low, Low, Low, Some, Low Low
Fitzpatrick et al. 2018 (') 10/11 High Low, Low, Low, Low, Low Low
Nissen et al. 2018 9 11/11 High Low, Low, Low, Low, Some Low
Fitzpatrick et al. 2019 (' 11/11 High Low, Low, Low, Low, Low Low
Thompson et al. 2019 ©% 9/11 High Low, Low, Low, Low, Low Low
Ramon et al. 2020 11/11 High Low, Low, High, Some, High High
Begkas et al. 2020 ") 8/11 High Low, Some, Low, Some, Some Moderate
Heaver et al. 2021 (1" 10/11 High Low, Low, High, Some, Low Moderate
Wheeler et al. 2022 (19 11/11 High Low, Low, Low, Some, Low Low
Gaglar et al. 2023 (12 10/11 High Low, Low, Low, Some, Low Low
Notarnicola et al. 2023 (' 8/11 High Low, Low, Low, Some, Low Low
Atilano et al. 2024 @V 10/11 High Low, Low, Low, Low, Some Low
Atchia et al. 2025 #? 9/11 High Low, Low, Low, Low, Some Low

The GRADE assessment (Figure2) indicates moderate-certainty evidence that ESWT, PRP in-
jections, and CSl significantly reduce pain in patients with GTPS. Most included studies were
well-conducted RCTs with low risk of bias, and the populations, interventions, and outcomes
were directly applicable to the review question. On average, pain scores improved by approxi-
mately 3 points on the 0-10 VAS at short-term follow-up (3 months), with these improvements
largely maintained at mid- and long-term follow-up (6-12 months).

However, the evidence was downgraded for inconsistency due to heterogeneity across studies,
both in terms of intervention type and effect size. Imprecision was not downgraded, as most
studies demonstrated sufficiently narrow confidence intervals that did not cross the line of no
effect, and estimates generally exceeded the minimal clinically important difference (MCID)
threshold for VAS (1.0). Overall, the evidence supports a meaningful reduction in pain with con-
servative treatments for GTPS, though variability in outcomes across studies and interventions
warrants cautious interpretation of the exact magnitude of benefit.

VAS

Outcome Risk of bias Imprecision Publication bias Overall certainty
Moderate

3 months i (@ODO)

6 months

Moderate
Rcatsced (®DDO)
Moderate
e (ODDO)

12 months

® 00
® O 0|
® 00
® 00

Figure 2. GRADE Assessment for VAS Outcome.
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The forest plot (Figure 3) summarizes the standardized mean differences (Cohen’s d) for pain
reduction as measured by VAS across studies evaluating F-ESWT, PRP, and CSI at multiple time-
points. Most studies demonstrated a favorable effect on pain, with effect sizes generally clus-
tering between small to large magnitudes. F-ESWT showed large and sustained effects, partic-
ularly at 12 months in Heaver et al."? (d = 3.42), while PRP studies such as Begkas et al."” and
Atilano et al.”? reported moderate improvements at 3 to 12 months. CSI, represented by Brinks
et al.,”” showed minimal changes over time with small or negligible effect sizes. The heteroge-
neity in effect sizes and confidence intervals, particularly in PRP and F-ESWT subgroups, reflects
variations in population characteristics, protocols, and follow-up durations.

Forest Plot for Pain (VAS) Across Interventions and Timepoints

'
I
Heaver 2021 (3mo) | +
E
Heaver 2021 (12mo) | !
Begkas 2020 (3mo) | —_—
1
Begkas 2020 (6mo) | 3 —————
i
1
Atilano 2024 (3mo) - —_—
Atilano 2024 (émo) - —_—i—
1
Atilano 2024 (12mo)} ————e—+—
Atchia 2025 (3mo) e —
5
Atchia 2025 (12mo) H —_—
S
Brinks 2011 (3mo) | | Intervention
H orange
<+ blue
Brinks 2011 (12mo) —— * green
0 1 2 3 4 5

Cohen's d (Effect Size)
Figure 3. Forest Plot for Pain (VAS) Across Interventions and Timepoints.

An imprecision assessment (Figure 4) based on the calculated effect sizes and 95% confidence
intervals revealed variability in estimate precision across the included studies. While studies
like Heaver 2021*Y (3mo) and Begkas 2020""" (3mo) demonstrated effect sizes well above the
minimal clinically important difference (MCID) with relatively narrow confidence intervals, oth-
er studies such as Atchia 2025“? (3mo, 12mo) and Brinks 2011“®) (3mo, 12mo) presented esti-
mates that clustered closely around the null effect, suggesting limited or uncertain benefit. Im-
portantly, although some studies (e.g., Heaver 2021% (12mo)) had wider confidence intervals
due to larger variance and sample size imbalance, most intervals did not cross the line of no
effect. This pattern supports a likely beneficial effect overall but also reflects heterogeneity in
precision. Given the consistency of clinically meaningful effects and the lack of major overlap
with null results in most cases, the certainty of evidence was not downgraded for imprecision
in the GRADE assessment.
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Heaver 2021 (3mo)
Heaver 2021 (12mo)
Begkas 2020 (3mo)
Begkas 2020 (6mo)
Atilano 2024 (3mo)
Atilano 2024 (6mo)
Atilano 2024 (12mo)
Atchia 2025 (3mo)
Atchia 2025 (12mo)
Brinks 2011 (3mo)

Brinks 2011 (12mo)

Assessing Imprecision for Pain Outcome (VAS)
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2 g 6 8
Effect Size (Cohen's d)

Figure 4. Assessing imprecision for Pain (VAS)

https://doi.org/10.63360/ipmm.v1.e15

To evaluate consistency (Figure 5), we calculated the 12 statistic based on the pooled results
from all included studies measuring pain reduction via the VAS. The resulting I? value was 68%,
indicating a moderate to substantial level of heterogeneity among the studies. As visualized
in the inconsistency funnel plot, this degree of heterogeneity suggests variability in effect es-
timates that is unlikely to be due to chance alone. The divergence may stem from differences
in follow-up durations, interventions (F-ESWT, PRP, CSI), baseline characteristics, or method-
ological quality across trials. While overlapping confidence intervals were observed in some
comparisons, the overall inconsistency warrants caution in drawing generalized conclusions.
Therefore, the GRADE certainty in the evidence was rated down by one level due to inconsisten-
cy, reflecting a reduced confidence in the precision and reproducibility of the pooled treatment

effect.

No worries

Only a little
necerned

Getting

ncerned

Figure 5. Consistency of Effects Across Studies
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4. Discussion

Our systematic review provides critical insights into the relative effectiveness of three widely
used non-surgical treatments for GTPS: F-ESWT, PRP, and CSI, as measured by the VAS for pain.
This outcome measure was chosen because it was the most commonly used in the clinical tri-
als, allowing us to calculate an average of the results.

Based on the synthesis of the initial results, it can be interpreted that F-ESWT achieved the
lowest final pain scores (3.14), compared to CSI (3.78) and PRP (3.39). These results support the
idea that F-ESWT improves pain relief by enhancing tissue healing, promoting local blood flow,
and controlling inflammatory responses'®”. Based on the 3-month comparison, F-ESWT may
offer quicker early pain relief and could potentially serve as a favourable first-line non-surgical
treatment for initial pain management.

In addition to pain, several of the included studies evaluated functional outcomes and quality
of life, which were part of the predefined objectives of this review. Although a wide range of
assessment tools were used, limiting direct comparisons, relevant findings can still be sum-
marized. Functional improvement was commonly assessed using both the modified Harris
Hip Score (mHHS) and Harris Hip Score (HHS)!**17:181%22) "which was reported in five trials and
showed consistent improvement across all intervention types. Regarding quality of life, various
tools were employed, including the EQ-5D, SF-12, and SF-36. While results varied, most studies
that included these instruments reported favorable changes following treatment, particularly
inthe ESWT and PRP groups.

The clinical improvements observed with F-ESWT may be partially explained by its underlying
biomechanical and neurophysiological effects. Mechanistically, ESWT is thought to promote
tissue regeneration through mechanotransduction, enhance local blood flow via neovascular-
ization, and modulate inflammation. Additionally, neurophysiological responses such as de-
sensitization of nociceptors and reduction in peripheral nerve fiber excitability may contribute
to the observed analgesic effects. These combined mechanisms provide a plausible biological
rationale for the superior short-term and sustained pain relief associated with ESWT in patients
with GTPS®4,

At the 6-month follow-up, no VAS score data were available for F-ESWT. However, a comparison
was made between the effectiveness of PRP and CSI. PRP emerged as a slightly better option,
scoring 4.46 compared to CSl's 4.54. These results may be attributed to the proposed mecha-
nism of PRP, which improves tendon healing by releasing growth factors over time'®. This sug-
gests PRP may be beneficial in managing chronic GTPS.

The long-term outcomes (12 months) showed that both F-ESWT and CSI achieved an identi-
cal average VAS score of 3.71. These results indicate that either treatment can be effective for
providing long-term pain relief. The mechanism behind this sustained effect remains unclear.
Although PRP outperformed CSI at the 6-month mark, its effectiveness appeared to decline
over the longer term.
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4.1 Heterogeneity of Interventions and Outcome Measures

The included RCTs exhibited considerable heterogeneity in both the interventions studied and
the outcomes measured. Intervention protocols differed widely across studies. ESWT was de-
livered with varying parameters (focused vs. radial ESWT, different energy flux densities, shock
frequencies, and total shocks), and injection-based treatments were not uniform (trials used
different corticosteroid compounds/doses and divergent platelet-rich plasma preparation
methods). Outcome assessment tools were likewise inconsistent between studies. Some trials
measured pain using a VAS or a NRS, while others evaluated functional improvement with in-
struments like the HHS or its modified version, alongside various quality-of-life questionnaires.
This inconsistency in outcome measures complicates direct comparison of results across trials
and hinders synthesis of the evidence, as pooling data is challenging when endpoints differ. In
effect, the heterogeneity in both intervention delivery and outcome reporting limits the inter-
pretability of overall treatment effectiveness and undermines the feasibility of any meaningful
quantitative synthesis of the results

4.2 Psycho-social aspects

GTPSis a complex condition that impacts various aspects of an individual’s life. It is increasing-
ly recognised as a syndrome that extends beyond biological pathology. The biopsychosocial
model helps in understanding the full picture of this syndrome®”. The biological aspects were
already discussed earlier in our research. Psychological factors associated with GTPS—includ-
ing anxiety, depression, pain catastrophizing, and kinesiophobia—can dramatically affect pain
perception, adherence to treatment, and consequently the outcomes of the management plan.
These factors may lead to maladaptive coping strategies, ultimately contributing to the failure
of non-surgical treatments, which is the main focus of our systematic review'*.

Another important factor that significantly influences treatment outcomes is the social compo-
nent. GTPS affects a patient's social life in various ways. For example, reduced mobility can limit
participation in social activities, thereby diminishing overall quality of life®?.

In our systematic review, ESWT demonstrated potential as a biological treatment for GTPS.
However, integrated treatment approaches must be employed to address psychological and
social barriers in order to optimize treatment outcomes. To address these aspects, it is essential
to design clinical trials that combine ESWT with psychosocial interventions such as cognitive
behavioural therapy, patient education, and support programs, in order to assess the influence
of psychosocial factors on GTPS*.

4.3 Clinical applicability

When evaluating non-surgical interventions for GTPS, clinical applicability, including cost,
availability, and provider requirements, must be considered. ESWT, although associated with
higher initial costs due to specialized equipment and operator expertise, may offer cost-effi-
ciency inthelongterm due to its sustained therapeutic effect and limited need for repeated ses-
sions'*®), However, its global availability remains uneven, particularly in resource-limited or rural
settings. Administration typically requires trained physiatrists, sports physicians, or physiother-
apists with formal training in shockwave application®”. PRP injections, while increasingly popu-

AshkananiM,etal.  Comparative Effectiveness of Extracorporeal Shockwave Therapy, Platelet-Rich Plasma, and Corticosteroid Injections...

20



Invasive Physiother Musculoskelet Med. 2025;1:e15 https://doi.org/10.63360/ipmm.v1.e15

lar, involve substantial setup costs for blood preparation systems and require aseptic technique
and procedural skill, often delivered by orthopedic surgeons or interventional physicians'®. CSI
remains the most widely available and affordable option, often administered in primary care or
outpatient orthopedic settings. While cost-effective for short-term relief, repeated use may raise
safety concerns®®?. Qverall, treatment selection should consider not only clinical efficacy but
also access to infrastructure, training, and long-term practicality.

4.4 Adverse effects

While generally safe, each non-surgical intervention for GTPS carries specific adverse effect
profiles that must be considered in clinical decision-making. ESWT is typically well tolerated
but may cause localized pain, skin reddening, or mild hematoma at the application site; these
effects are usually transient and self-limiting'”. PRP injections may lead to post-injection sore-
ness, swelling, and localized inflammation, reflecting the body’s biological response to the
autologous product; serious complications are rare®. CSI, although widely accessible and ef-
fective in the short term, carry higher risks with repeated use, including tendon weakening or
rupture, skin atrophy, and systemic effects such as hyperglycemia or infection®?. Awareness of
these potential adverse effects is crucial when weighing treatment options, especially in recur-
rent or long-term management strategies.

4.5 Limitations

In our systematic review, several limitations have been identified. Firstly, although all the as-
sessed clinical trials used multiple outcome measurements to evaluate their results, only one
outcome measurement, VAS was used to formulate our summary result. This decision is based
on few key reasons. First, VAS was consistently the most used outcome measurement across
theincluded trials. Although the VAS score only evaluates subjective pain levels, other outcome
measurements used in the trials also assessed different aspects of the syndrome, such as qual-
ity of life, physical examination findings, patient satisfaction, and psychological well-being.

Another limitation is that not all included trials used VAS, which means our summarized table
omits a considerable amount of data from other valuable outcome measurements. This may
have influenced our interpretation of the results and could lead to different conclusions. How-
ever, itis noteworthy that in the main findings as shown in Table 2, several alternative outcome
measurements exhibited a trend similar to that of VAS in terms of pain relief, functionality and
quality of life.

Regarding our search criteria, this review included only randomized controlled trials, excluding
other types of studies such as case-control studies, case reports, and cohort studies. This exclu-
sion may have limited the depth and variability of the evidence base, potentially impacting the
overall conclusions.

This review excluded non-English studies to minimize the risk of misinterpretation and ensure
consistency in quality appraisal. Non-English full-text extraction of parameter details risks trans-
lation errors; given that machine translation can misrender medical content, thus this review
prioritized auditable, English-language extraction. Moreover, many outcomes are patient-re-
ported outcome measures (PROMs); without verified cross-cultural validity invariance, pooling
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different language versions can add heterogeneity; Therefore, this review emphasized instru-
ments reported in English. However, this decision may have introduced language bias and led
to the omission of relevant findings from non-English-speaking regions. Additionally, a pooled
quantitative synthesis was not performed due to substantial heterogeneity in intervention pro-
tocols, follow-up durations, and outcome measures, which would have undermined the validity
of any combined estimates. This limitation was further compounded by the review team's lim-
ited experience with advanced statistical methods required to conduct a robust meta-analysis,
raising the risk of analytical error or misrepresentation had it been attempted.

Finally, only 16 studies met our eligibility criteria, which are a relatively small number of trials
and generalizability of the findings. Additionally, the sample sizes in the included studies were
relatively small, possibly influenced by age and gender distribution among GTPS patients.

4.6 Standardized preparation method

A major limitation identified across all clinical trials included in our systematic review is the
lack of standardized preparation and administration protocols for each non-surgical treatment
discussed. Important heterogeneity was observed in the parameters used for ESWT, with trials
employing either F-ESWT or R-ESWT, which differ in energy density, imaging guidance, frequen-
cy, and number of shocks. As previously mentioned in the introduction, F-ESWT is commonly
used for deeper target tissues due to its precision, whereas R-ESWT is more superficial and
dispersive”. The use of different ESWT modalities with varying settings can substantially affect
treatment outcomes and make direct comparisons across studies more difficult. It is also no-
ticeable that most clinical trials struggled to justify the chosen treatment parameters.

The same applies to both CSI and PRP injections. There was considerable variation in the types
of corticosteroids used (e.g., triamcinolone, methylprednisolone), as well as in doses, volumes,
use of local anesthetic, and imaging guidance. Similarly, PRP preparations lacked consistency
across trials, with differences in platelet concentrations and injection protocols.

The absence of an evidence-based consensus on standardized protocols for the preparation
and administration of conservative interventions highlights the need for future trials. Such
studies should aim to assess and compare different settings to establish well-documented, uni-
form preparation techniques. This could considerably enhance reproducibility, reduce clinical
heterogeneity, and improve the accuracy of meta-analyses ultimately facilitating the develop-
ment of optimized management strategies for GTPS.

Conclusions

This systematic review compared three non-surgical treatments for GTPS: ESWT, PRP injections,
and CSI. All improved pain and function to varying degrees. ESWT consistently provided sus-
tained relief, CSI offered short to medium-term benefits, and PRP showed midterm improve-
ments with greater variability. Many studies also reported gains in quality of life and mobility,
reinforcing the value of these treatments. However, heterogeneity in treatment protocols in
ESWT parameters and PRP or CSI preparation limits reliable comparisons. GTPS also affects
psychological well-being and daily life, suggesting future management should combine phys-
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ical therapies with psychosocial support. In terms of cost-effectiveness, ESWT has higher up-
front costs but may lower overall expenses by reducing repeat treatments. While most studies
were of high quality, GRADE rated the overall evidence as moderate due to heterogeneity and
some risk of bias. Findings should therefore be interpreted cautiously. Overall, ESWT appears
promising, but further high-quality research using standardized methods is needed to confirm
its role in clinical practice.
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