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Sonographic pathoanatomy of greater trochanteric pain syndrome

Leire Atilano'? - Nerea Martin?3 - Gotzon Iglesias'? - Jose Ignacio Martin'?- Josu Mendiola'? - Ayoola Aiyegbusi* -
Paola Bully® - Manuel Rodriguez-Palomo?3 - Isabel Andia?

Received: 30 July 2023 / Accepted: 11 October 2023 / Published online: 12 December 2023
© Societa ltaliana di Ultrasonologia in Medicina e Biologia (SIUMB) 2023

Abstract

Aims To identify and highlight pertinent US features that could serve as imaging biomarkers to describe different patient
phenotypes, within Great Trochanteric Pain Syndrome (GTPS) clinical diagnosis.

Materials and methods Using ultrasound we evaluated eighty-eight clinically diagnosed patients with GTPS, for tendon
matrix changes and calcium deposits in the gluteus medius (superoposterior and lateral aspects) and in the gluteus minimus.
Peritrochanteric examination included fascia lata, trochanteric bursa, cortical irregularities and the presence of enthesophytes.
The association of pathological changes with pain and functionality was evaluated using multivariate regression models.
Results Out of the 88 patients, 86 examinations (97.7%) detected gluteus medius tendinopathy, and 54 patients (61.4%) had
gluteus minimus tendinopathy in addition. Calcium deposits were present in 97.7% of patients, associated with tenderness
(»=0.009), and most often located in the gluteus medius rather than in the gluteus minimus (p =0.014); calcifications were
associated with tendon thickness (p =0.042), hypoechogenicity (p =0.005) and the presence of partial tears (p =0.030).
Bursa swelling occurred in 36 patients (40.9%); multivariate regression models predicted less pain in patients with bursa
distension (p=0.008) and dysfunction in patients with gluteal muscle atrophy (p =0.001) and loss of fibrillar pattern in the
gluteus medius (p =0.002).

Conclusion GTPS involves both degenerative calcifying gluteal tendinopathy and alterations in the peritrochanteric space
associated with physical function and pain. The severity of GTPS can be assessed using ultrasound imaging biomarkers.

Keywords Ultrasound - Gluteal tendons - Tendinopathy - Fascia - Bursa - Trochanteric pain

Introduction

Greater trochanteric pain syndrome (GTPS), formerly known
as trochanteritis, is a term that embraces pain generated by
traumatic and/or degenerative lesions involving tendons,
bursae, trochanteric osseous structure and other anomalies
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of the peritrochanteric space [1-9]. The primary causes of
symptoms in patients with GTPS are tendinopathy of the
gluteus medius (GMED) and/or minimus tendon (GMIN)
[10, 11]. Gluteal tendinopathy is the most prevalent of all
lower limb tendinopathies with an incidence of 1.8-5.6 per
1000 annually, affecting 10-25% of the population [12—15].
The prevalence of gluteal tendinopathy increases with age
and typically affects women in their fourth to sixth decades
of life [16]. The dysfunction and quality of life of people
with gluteal tendinopathy has been shown to be similar to
people with end-stage hip osteoarthritis (OA) [17].

The clinical diagnosis of GTPS is based on history, pain
on palpation, and findings from provocative physical exami-
nation maneuvers. Magnetic resonance imaging (MRI) is the
gold standard for confirmation of diagnosis and MRI stud-
ies have shown changes in GMED and GMIN insertions at
the greater trochanter (GT), muscle fatty atrophy and bursa
distension [8, 18]. To better understand GTPS progression
and severity, a MRI scoring system (Melbourne Hip MRI
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score) with five categories has been proposed recently [19].
Similarly, to guide endoscopic management, Lall et al. have
proposed an endoscopic grading system with six categories
of severity [20]. Likewise, an intraoperative GTPS classifi-
cation system was useful for driving a stage-adjusted surgi-
cal technique and rehabilitation protocol [21, 22].

Models of severity of stage tendinopathy based on US
imaging have been proposed for Achilles and patellar ten-
dons [4], but not for gluteal tendons. The diagnostic capa-
bilities of modern US equipment have improved for deep
regions, such as the gluteal tendons, and are thus effective
for detection and description of gluteal tendinopathy and
peritrochanteric pathology in the earlier stages. Ultrasound
was effective in the diagnosis of GTPS with a sensitivity of
79% for gluteal tendon tears and 61% for bursa pathology
[23]. Although MRI is considered by some authors as the
gold standard in GTPS diagnosis, MRI evidence of bursal
fluid is commonly present in asymptomatic hips, with detec-
tion rates as high as 65-88% [24, 25]. Thus, our study was
not meant to assess ultrasound specificity in GTPS diagno-
sis, but to describe ultrasound findings associated with the
clinical diagnosis of GTPS.

We aimed to determine the sonographic pathoanatomy of
the gluteal medius and minimus tendons, named here as ten-
dinopathy. We examined changes in echogenicity (hypoecho-
genicity, heterogeneous echogenicity and loss of fibrillar
pattern), changes in thickness, calcifications and partial
tendon tears [26, 27]. To explain other structural patholo-
gies associated to the clinical diagnosis of GTPS, we also
examined the peritrochanteric space, including the fascial
structures next to these tendons: fascia lata (FL)/proximal
iliotibial band, trochanteric bursae, subcutaneous fat tissue.
We assessed muscle atrophy qualitatively by comparing the
gluteal muscles with the quadriceps muscles. In addition, the
presence of cortical irregularities and enthesophytes on the
greater trochanter facets were recorded. Finally, we inves-
tigated their potential association with pain and functional
impairment in a clinically diagnosed GTPS population. The
essence is to identify and highlight pertinent US features
that could serve as imaging biomarkers to identify different
patient phenotypes, within GTPS clinical diagnosis.

Methods
Patient selection

The study was performed in the ultrasonography unit of the
Radio-diagnostic Services in a tertiary hospital. Orthopedic
surgeons specialized in hip pathology performed the clini-
cal GTPS diagnosis, based on flexion/abduction/external
rotation and palpation (direct compression) of the soft tis-
sues overlying the greater trochanter. We examined patients
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complaining from lateral hip pain for pain on resisted abduc-
tion and resisted internal rotation of the thigh, abductor
strength through extension of the hip and knee and internal
rotation at the hip. All patients were positive to the follow-
ing pain provocation tests: ‘“jump sign” after direct palpation
of the greater trochanter [18] and the “single leg stance”
test (pain within 30 s of standing on one leg) [18]. All the
patients had standardized anterior—posterior x-ray in supine
centered on the pelvis. Eventually, we performed MRI to
rule out severe hip OA or lumbar pathology. Inclusion/
Exclusion criteria are shown in Table S1 (Supplementary
Material).

We assessed one hundred nine patients for eligibility
between January 2020 and January 2022. Fifteen did not
meet the inclusion criteria. The reasons were severe hip
OA (n=4), hip prosthesis (n=1), massive tendon rupture
(n=2), lumbar pathology (n=3), BMI> 35 (n=2) and nine
declined to participate. Eighty-eight patients were recruited
and informed consent was obtained from the patients before
the commencement of the study. The Local Ethics Commit-
tee (2,019,028) approved the study, which was performed in
accordance with the ethical standards in the 1964 declaration
of Helsinki.

We used Hip Outcome Score (HOS) self-reported ques-
tionnaire as a tool for measuring functional disability. To
assess patient-reported pain, we used the pain visual ana-
logue scale (VAS-P, 0-10 Likert scale), which is a unidi-
mensional measure for pain intensity. Scores were recorded
by making a handwritten mark on a 10-cm line that repre-
sents a continuum between “no pain” and “worst pain”.

Ultrasound examination

A senior radiologist with more than 15 years’ experience in
musculoskeletal interventional ultrasonography performed
all US assessments using a LOGIQ E10 ultrasound system
(GE Healthcare, CHI, IL, USA), equipped with a high fre-
quency linear array probe (6—15 MHz). Further retrospec-
tive evaluation of images was performed for inter-observer
reliability using the GE Healthcare’s Pictures Archiving and
Communication System (CHI, IL, USA). A second radiolo-
gist with 12 years of musculoskeletal ultrasound experience,
blind to the other observer’s findings assessed retrospec-
tively the ultrasound images.

Evaluation of gluteal tendon pathology

Patient was positioned over the non-affected side in lateral
decubitus with both knees extended. First, we identified
the osseous facets. The transducer is positioned over the
superior facet in short axis and we move the transducer
over the tendon insertion obtaining an optimal long axis
view of the posterior band of the GMED (posterior coronal
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oblique orientation). We move the transducer over the lat-
eral facet in short axis and then rotate it to see the long
axis of the lateral band of the GMED (anterior coronal
oblique orientation). Finally, we move the transducer over
the bared area towards the anterior facet in short axis and
rotate the transducer slightly anterior to see the long axis
of the GMIN. Sonographically the anterior and posterior
bands of the GMED tendon can be differentiated by their
morphologic characteristics [28]. GMED has a bipennated
structure, including a robust/strong posterior band, which
inserts onto the superoposterior facet of the greater tro-
chanter (GT) and the thinner anterior band, which inserts
onto the lateral facet. The superoposterior and lateral
aspects of the GMED were evaluated independently for
changes in echotexture, categorized as hypoechogenic,
heterogeneous echogenicity, (i.e. not homogeneous echo-
genicity and loss of fibrillar pattern), and partial tears
(defined as focal anechoic areas with interruption of
fibrillar pattern). Changes in morphology (thick > 5 mm,
thin < 3.5 mm, normal) (3.5-5 mm) were recorded as well
as calcium deposits within the tendons or tendon surface.
Although we have not included a control group, we have
chosen these values based on our experience. The same
features were evaluated for GMIN.

Evaluation of peritrochanteric pathology

The proximal iliotibial band (ITB) is depicted during the
examination of the greater trochanter with the patient in
the same position as described above. The ITB origin is
identified first with the probe in the long-axis and then
short-axis images are obtained. The ITB origin and the
origin of the FL are typically described together because
these structures are directly adjacent to and difficult to
distinguish from each other. In pathological cases, nodular
thickness with or without decrease of its echogenicity can
be observed.

Bony alterations were rated dichotomously and included
the presence of enthesophytes, i.e. osseous exostosis in
facetary insertions and cortical irregularities along the
greater trochanter. The latter were categorized as mild,
i.e. a single cortical irregularity and severe, more than
one cortical irregularities. We identified the trochanteric
bursa merely, which is associated to GTPS according to
most authors [26]. Distensions of the greater trochanteric
bursa, defined as an anechoic fluid collection within the
bursa, were recorded [26].

During the assessment of GMED and GMIN tendons,
the presence of muscle atrophy (fat infiltration of the
muscle with increase in its echogenicity compared to the
quadriceps muscle) was also considered dichotomously
(yes/no).

Statistical analyses

For the descriptive analyses, means and standard deviations
were used for the continuous variables, and absolute (count)
and relative frequencies (percentage) for the categorical
variables. y* (Chi-square) tests were used to compare the
data sets of US pathologies. Pearson’s tests were used to
assess the association between continuous variables. Inter-
radiologist reliability for the ultrasound structural patholo-
gies was calculated using Cohen’s kappa coefficient, after
retrospective evaluation of all the ultrasound images, which
were taken following a standardized protocol. To analyze
the relationship between the possible predictor variables
(including sociodemographic and clinical factors, and struc-
tural pathology assessed by ultrasound) and the level of pain
(VAS score) and functionality (HOS score), multivariate
analyses were performed using multiple linear regressions.
In doing so, we obtain a linear relationship between inde-
pendent variables (clinical and ultrasound characteristics)
each of them pondered by a regression coefficient and the
dependent variable, i.e. self-reported pain (VAS-P) or func-
tion (HOS) scores. The best models were chosen following
a stepwise backward strategy using likelihood ratio tests
(with a significance criteria of p <0.05). All analyses were
performed with SPSS v28.

Results

The sonographic pathoanatomy of GTPS was assessed in
88 patients (90.9% were female) that had been clinically
diagnosed by specialized hip orthopedists. Clinical and
demographic characteristics of the cohort are summarized
in Table 1.

Two patients showed normal gluteal ultrasound anatomy;
the latter is illustrated in Fig. 1; in these patients ultrasound
examination revealed a nodular hypoechoic fascial thicken-
ing [1], showing tenderness when applying pressure with
the probe.

Insertional pathoanatomy of the gluteus medius
and minimus

Main ultrasound findings, associated with clinical GTPS,
were echotexture alterations in the lateral insertion of the
GMED:; this feature was evident in 86 patients (97.7% of our
cohort). Concomitantly, 74 patients (84.1%) had pathologi-
cal alterations at the superoposterior insertion.

The number and frequency of pathological echotexture
findings, according to the detailed anatomy are summarized
in Table 2. Tendinopathy at the lateral insertion of GMED
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Table 1 Clinical and demographic characteristics of patients with
GTPS

Variable No M+SD Range
Age (years) 88 54.47+9.24 31.9-75
BMI (kg/m?) 88 25.38+3.79 19.5-35
Gender, no. (%)
Female 80 90.9%
Male 8 9.1%
Physical exercise, no. (%)
No 43 48.9
Yes 45 51.1%
Metabolic diseases, no. (%)
Hypercholesterolemia
No 76 86.4%
Yes 12 13.6%
Diabetes
No 87 98.9%
Yes 1 1.1%
Hyperuricemia
No 88 100%
Yes 0
Laterality, no. (%)
Left 44 50.0%
Right 44 50.0%
VAS-P 87 7.12+1.73 3-10
HOS (%) 88 54.75+17.01 22-91

M mean, No number of patients, SD standard deviation, no number,
BMI bone mass index, VAS-P visual analog scale for pain, HOS hip
outcome score

plus GMIN tendinopathy were present in 54 patients (61.4%)
with a substantial inter-observer agreement (Supplementary
Material, Table S2).

When comparing the frequency of pathological changes
by anatomical area, the superoposterior branch of the GMED
presented more physiological echotexture than the lateral
insertion (y*(2) = 14.63; p=0.001), with fewer inhomogene-
ous abnormalities ()(2(2) =9.71; p=0.008), and interstitial
tears (y*(2)=21.17; p<0.001).

Representative sonographic images of specific alterations
found in echotexture, including hypoechoic/inhomogeneous
abnormalities, the loss of fibrillary pattern and partial tears
are shown in Fig. 2.

Calcium deposits were present in 86 patients (97.7%),
located in either the superoposterior (38) or lateral branches
(46) of the GMED and/or GMIN (16) (Fig. 3). Of note, the
presence of calcifications at GMIN was less frequent than at
GMED (%(2)=8.56; p=0.014). At GMED there were sig-
nificant associations of calcium deposits with other patho-
logical alterations, such as tendon thickness, (;(2(2) =6.62;
p=0.037) or partial tears (y*(1)=7.72; p=0.005). In
GMIN, calcifications were associated with hypoechogenicity

@ Springer

Fig.1 Long axis view of normal ultrasound anatomy of gluteus
medius and minimus tendons. Tendons are isoechogenic with gluteus
muscles and shows a normal and well organized parallel fibrillar pat-
tern. a Long axis ultrasound image shows the insertion of lateral por-
tion of gluteus medius on the lateral facet of the greater trochanter
(arrow). b Long axis ultrasound image displays the insertion of super-
oposterior portion of gluteus medius on superoposterior facet of the
greater trochanter (arrow). ¢ Long axis ultrasound image displays
insertion of gluteus minimus at anterior facet of the greater trochanter
(arrow). LF lateral facet, SPF superoposterior facet, AF anterior facet

(¥*(1)=17.94; p=0.005), the presence of partial tears
(*(1)=4.69; p=0.030) and tendon thickness (y*(2) =6.33;
p=0.042). Figure 3 depicts representative ultrasound images
of calcium deposits.

Pathology in the peritrochanteric space

Table 3 shows the findings in the peritrochanteric spaceFocal
nodules were present in 51 patients (58%) in which the inter-
observer agreement was almost perfect (Supplementary Mate-
rial Table S3). Mean nodular thickness was 4.498 +1.039 mm.
Of note, in two patients fascia lata thickening was the only
ultrasound abnormal finding (Fig. 4). Trochanteric bursa
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Table 2 Ultrasound Changes

3 . No. (%) Gluteus medius (branches) Gluteus minimus
Associated with GMED and
GMIN Tendinopathy Superoposterior Lateral
Affected 74 (84.1) 86 (97.7) 54 (61.4)
Hypoechoic abnormalities 60 (81.1) 69 (80.2) 35 (64.8)
Loss of fibrillar pattern 36 (48.6) 58 (67.4) 19 (35.8)
Heteroechoic abnormalities 3@.1) 14 (16.3) 12 (22.2)
Partial tears (anechoic) 5(6.8) 28 (32.6) 21 (38.9)
Calcifications 38 (51.4) 46 (53.5) 16 (30.8)
Pain under compression 51 (68.9) 63 (73.3) 26 (48.1)
Thickness
Normal 49 (66.2) 30 (34.9) 29 (54.7)
Thickened (>4.5 mm) 15 (20.3) 8(9.3) 9 (17.0)
Thin/weak (<3 mm) 10 (13.5) 48 (55.8) 15 (28.3)

GMED gluteus medius, GMIN gluteus minimus, No. number of patients with the condition

Fig.2 Echogenic alterations of gluteus medius at lateral facet of
the greater trochanter. a Long axis ultrasound image demonstrates
hypoecogenicity and focal thinning on lateral insertion, marked with
crosses. b Long axis ultrasound image reveals heterogeneous echo-
genicity on insertion at the greater trochanter (of note the increase
of echogenicity on bursal surface and the hypoechogenicity on bone

distension was evident in 36 patients, representing a frequency
of 40.9% of GTPS patients (Fig. 5).

Prevalent anomalies in the peritrochanteric space are corti-
cal irregularities present in 77 patients (87.5%) (Fig. 5); the
inter-radiologist agreements were substantial (Table S3).
Enthesophytes (Fig. 6a) were present in 30 patients and
showed a positive correlation with muscular atrophy
(’(1)=4.63, p=0.032).

surface) (arrow). ¢ Long axis ultrasound image reveals loss of fibillar
pattern at the insertion on the greater trochanter (arrow). d Long axis
(left) and short axis (right) ultrasound images demonstrate a focal
anechoic gap consistent with partial tendon tear (the gap is measured
with crosses in the three dimensions)

Relationships between pain (VAS-P) and physical
function (HOS) with US pathologies associated
with GTPS

GTPS limits performance of common functional tasks.
HOS (Activity of Daily Living Scale) is a self-reported
questionnaire from O to 100 with 0 being the worst level
of common functional tasks. Pain intensity is measured
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Fig. 3 Representative ultrasound images of gluteal calcific tendinopa-
thy. a Long-axis sonographic image demonstrates an echogenic foci,
with cloud appearance and without posterior shadowing, measured
between crosses at the transition of superoposterior and lateral inser-
tions at the greater trochanter. b Long-axis ultrasound image reveals
an echogenic arciform calcium deposit (measured between crosses)
without posterior shadowing at the lateral insertion of the gluteus
medius

Table3 US findings in the peritrochanteric space in patients with
GTPS

Peritrochanteric space No. (%)

Fascia Lata broadening 51 (58.0)
Trochanteric bursa distension 36 (40.9)
Muscle atrophy 28 (31.8)
Enthesophytes 30 (34.1)
Cortical irregularities 77 (87.5)
Mild 54 (70.1)
Severe 23 (29.9)

M mean, SD standard deviation, No. number of patients with the
condition, % frequency of US findings in a representative group of
patients with GTPS

as a handwritten mark on a 10-cm line that represents a
continuum between “no pain” and “worst pain”. There was
a negative correlation between baseline clinical scores,
HOS and VAS-P, r=-0.523, p <0.001.

Our results show that those patients with the lack of
parallel-aligned fibers in the lateral branch of the gluteus
medius reported worse functionality (Hip Outcome Score,
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HOS). We found this relationship in the lateral but not in
the superoposterior branch.

In order to identify potential sources of pain, all imag-
ing biomarkers and their relationship with self-reported
pain (VAS-P) were analyzed using multivariate regres-
sion algorithms. Table 4a presents the final model of self-
reported pain and its relationship with US biomarkers (all
variables with low/non-significant contribution to the model
were eliminated). Merely, the presence of distension in the
trochanteric bursa predicted less pain intensity. The other
structural pathologies did not show any significant relation-
ship with self-reported pain. According to this model, the
presence or not of a distended bursa explains 6.9% of the
variability found in pain intensity; pain decreased by 1.01
points when the trochanteric bursa was distended. As shown
in Table 4a, the association is described by the following
equation: Pain="7.46-1.01*(1 =bursa distension is present
or 0 =bursa distension is not present).

We also performed a multivariate regression analysis
to explore potential relationships between US pathologies
underlying GTPS and impaired function (performance of
common functional tasks as assessed by HOS). We found
that gluteus muscle atrophy and the loss of normal fibrillar
pattern in the lateral branch of the GMED contributed to
impaired physical function, p=0.001 and p =0.002 respec-
tively. As shown in Table 4b, the HOS score decreased by
13.71 and 12.12 points in the presence of muscle atrophy
and lateral loss of the normal fibrillar pattern. However, in
those patients with loss of the normal fibrillar pattern in
superoposterior branch physical function increased by 10.69
points, p=0.007.

The significant relationship between these pathologic
changes and function is predicted by the following equation,
Y=62.74-13.71 X, — 12.12 X, +10.69 X;.

Y, physical function (HOS); X, muscle atrophy; X, loss
of fibrillar pattern in the lateral branch of GMED; Xj, loss
of fibrillar pattern in the superoposterior branch of GMED.

Discussion

The quality of ultrasound machines and probes is rapidly
improving, and can help identify imaging biomarkers
describing different patient phenotypes (or disease stages)
according to specific pathological findings. In addition, care-
ful ultrasound examination can help to identify targets for
percutaneous treatment of GTPS patients. Here we report
some ultrasound findings that have not been described with
MR imaging. Broadly, MRI has established five grades of
progressive gluteal tendon degeneration [19, 20], specifically
Grade 1 bursitis (with minimal tendon changes); increased
tendon signal on T1-weighted images as the predomi-
nant sign in Grade 2 tendinopathy and Grade 3 involving
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Fig.4 Nodular hypoechoic
fascial thickening at the greater
trochanter. Ultrasound short
axis (a) and long axis (b)
images demonstrate fascial
thickening (arrows). GT greater
trochanter, LF lateral facet, SCF
subcutaneous fat

Fig.5 Long axis ultrasound image demonstrates trochanteric bursa
distension under fascia lata and over lateral insertion of gluteus
medius (arrows). Of note, ultrasound image also demonstrates gluteus
medius tendinopathy on the lateral insertion and severe cortical irreg-
ularities on lateral facet of the greater trochanter

partial-thickness tears. The severe stages included Grades
4-5 characterized by full-thickness tear with mechanical
failure, which were excluded in this study. Other studies have
confirmed these MRI severity grades, during intraoperative
examinations [11, 21]. By so doing, they have recommended
tailored surgical management and rehabilitation procedures.

Recently, Hilligsoe M et al. [26] have reviewed system-
atically US findings in GTPS and their prevalence. Thirteen
studies were included. Four of these studies compared US
with MRI, one retrospectively and three in prospective con-
secutive patients. Three of these studies found good agree-
ment between both imaging modalities. Three other studies
compared US with surgical findings in patients with GTPS
and found good sensitivity and positive predictive value
when detecting full thickness tears.

This present study adds new information to Grade 1-3
tendinopathy; it was undertaken in patients who failed con-
servative treatments and were candidates to percutaneous
interventions. Chiefly, ultrasound examinations revealed the
presence of calcium deposits (in 97% of patients) associated
with hypoechoic areas and with the loss of fibrillar pattern.
The presence of calcifications in GTPS has been described
previously [29, 30]. These deposits had varied shapes; some

Fig.6 Cortical irregularities. a Long-axis sonographic image shows
an osseous peak (exostosis) in the transition of lateral and anterior
facets of greater trochanter, arrow. b Long-axis sonographic image
reveals one irregularity on cortical surface of lateral facet (arrow). ¢
Long-axis sonographic image shows several irregularities on cortical
surface of lateral facet (arrows). LF lateral facet

of them are intratendinous with hiperechogenic arciform
shape and others show nodular echogenicities. In addi-
tion, we also found calcium deposits in the tendon surface.
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Table 4 Final mu]tivar iate Model Unstandardized coefficients T score P R?

model to describe: (a) the

association between structural 95% Confidence interval for B

pathologies and self-reported

pain (VAS-P); (b) the B Lower bound Upper bound

association between physical @

function (HOS) and structural

pathologies Intercept 7.46 7.02 7.90 33.44 <.001
Trochanteric Bursa —1.01 - 1.76 —-0.27 —-2.71 .008 .069

()

Intercept 62.74 56.83 68.65 21.11 <.001
Muscle atrophy —13.71 —21.27 —6.15 —3.60 .001  .083
L loss fibrillar pattern —12.12 —19.50 —4.76 -3.27 002 .056
SP loss fibrillar pattern 10.69 3.05 18.32 2.78 .007 .073

Y =B+ B *X; T value indicates a significant linear relationship between variables

B partial regression coefficients, L lateral branch of GMED, SP superoposterior branch of GMED, B partial

regression coefficients

According to Rosinsky et al. pertrochanteric calcifications
are common radiographic findings in patients with GTPS
[31]. In the surgical setting, the presence of intratendinous
calcifications associated with tendon tears were reported in
10.5% of patients in a surgically treated cohort [31]. In eight
out of 13 studies reviewed by Hilligsoe [26], calcifications
were mentioned as a finding during ultrasound examinations,
but the frequency of occurrence was not mentioned.

Just as reported in a recent study, we also found that ten-
dinopathic changes are associated with a range of abnor-
malities in the peritrochanteric space that could be a source
of pain, mainly trochanteric bursitis [20]. Ultrasound scans
revealed trochanteric bursa distension only in 40.9% of
patients and it was always associated with gluteal tendinopa-
thy. Notably, in our study, multivariable statistics revealed
that bursa distension was associated with pain. Interestingly,
bursa distension implicated less pain. There are three bur-
sae around the great trochanter and the trochanteric bursa is
the largest of the three and associated with GTPS [31]. The
bursa distension/swelling visualized by US corresponds to
the swelling of the greater trochanteric bursa [32]. We think
that bursal fluid can have a damping role, attenuating friction
on movement, therefore reducing pain. In clear contradiction
with these data, endoscopic bursectomy has been recom-
mended in the operative management of low grade GTPS
[21]. Additional research is mandatory to clarify these dis-
parities regarding bursa pathology.

Matthews et al. systematically reviewed tendinopathy
studies, which classified tendon matrix changes by means
of ultrasound [4]. They recommended the inclusion of three
parameters: tendon thickness, echogenicity and vascularity.
Gluteal tendinopathy is better characterized by changes in
echotexture, loss of fibrillar pattern, calcifications, enthesop-
athy and tendon tears [30, 32].

The ultrasound examination of gluteal tendinopathy in
our study adds complexity to the current state of the art as
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we sought to discriminate tendon matrix changes in the lat-
eral and superoposterior branches of the gluteus medius as
well as in the gluteus minimus. Prior to the commencement
of this study, we printed 3D models of the target anatomy
(based on segmented MRI) in order to understand the com-
plexity and overlapping anatomy of the gluteus medius and
gluteus minimus attachments to bone and, eventually we
established an ultrasound assessment protocol and template
for systematic data collection.

Our data reveal that those patients with the lack of
parallel-aligned fibers in the lateral branch of the gluteus
medius reported worse functionality (Hip Outcome Score,
HOS). The fibrillar disorganization could be attributed to the
change from type I collagen to type III collagen due to a det-
riment of mechanical properties [33]. Interestingly, we found
this relationship in the lateral but not in the superoposterior
branch. The reason could be a biomechanical one. In fact,
posterior fibers have an almost parallel alignment with the
neck of the femur [2], thus, primarily function to stabilize or
compress the hip joint. In addition to its stabilizing function,
the superoposterior branch also assists in external rotation of
the hip [34]. The gluteus maximus however is the strongest
external rotator muscle of the hip, therefore degeneration of
the posterior portion of the gluteus medius tendon would not
largely impact external rotation strength of the hip, hence the
results of the HOS seen. On the other hand, the anterior and
middle fibers of the gluteus medius initiate hip abduction,
which is then taken over by the tensor fascia lata. Accord-
ingly, from a biomechanical point of view, the lateral branch
of the gluteus medius and the gluteus minimus are the main
contributors to physical function of hip abduction [35]. In
accordance with other studies, patients with muscle atrophy
reported worse functionality (lower HOS) [36, 37].

We found nodular thickening of fascia lata over the
greater trochanter in 58% of patients. Notably, two patients
clinically diagnosed as GTPS presented focal thickness at
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this point, as the sole abnormality originating trochanteric
pain [38].

Based on ultrasound examinations, enthesophytes were
present in 34% of patients. In more severe GTPS patients
assessed intraoperatively, the presence of distally or proxi-
mally oriented enthesophytes, was associated with abductor
tendon tears [3, 31].

This study has limitations. Although inter-radiologist
agreement in gluteal tendinopathy items was substantial or
almost perfect, we have not examined participants with nor-
mal gluteal tendons in this study. However, previous studies
have concluded that MR and ultrasound imaging might be
adequate to differentiate pathological versus normal gluteus
medius tendons. Likewise, we have to clarify if these find-
ings can guide personalized interventions in the peritrochan-
teric space. We cannot modify bony irregularities; however,
we can manage consequent biomechanical abnormalities
with physiotherapy while the nodular focal thickness of the
tensor fascia lata, and/or the trochanteric bursa could be
targeted with percutaneous interventions. Diagnostic vari-
ability from one radiologist to another is a major issue with
ultrasound, especially when dealing with deep structures in
overweight patients. The challenge is to reach an agreement
concerning the features that support ultrasound structural
diagnoses for gluteus medius and minimus tendinopathy.
Although agreement between radiologists was strong, future
studies are mandatory to confirm and optimize the scanning
technique and diagnosis guidelines we have proposed. To
enhance the quality of assessments, artificial intelligence
and machine learning approaches could be adapted to this
problem. Using ultrasound images and artificial intelligence
based approaches, in supraspinatus tendon pathology, the
diagnostic sensitivity and specificity for partial and full
thickness tears has improved significantly [6].

Going forward, we need to determine if the response to a
given therapeutic intervention is influenced by the different
categories of pathology, considering both gluteal tendinopa-
thy and pathology in the peritrochanteric space.

Conclusions

GTPS involves several ultrasound findings not only in glu-
teal tendons but also in adjacent fascial structures. Predomi-
nant findings were hypoechogenicity, loss of fibrillar pattern
and tendon/peritendon calcifications in gluteus medius and
minimus, above all in the lateral insertion of the gluteus
medius. Predominant pathological findings in the peritro-
chanteric space were cortical irregularities and nodular
thickness of fascia lata at the greater trochanter. Both degen-
erative calcifying gluteal tendinopathy and alterations in the
peritrochanteric space associated with physical function or
pain. Our results revealed that those patients with the lack of

parallel-aligned fibers found in the lateral branch of gluteus
medius reported worse functionality (HOS) as well as those
with fatty infiltration in the gluteal muscles. The association
of trochanteric bursa with pain needs further research, as it
is relevant for treatment options.
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