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Abstract Purpose:
The current study aimed to report the mid-term follow-up results of endoscopic gluteus medius repair combined with a systematic release of
the gluteus maximus reflected tendon.
Methods:
Twenty-two patients with a symptomatic full-thickness tear of the gluteus medius tendon, as diagnosed by clinical examination and imaging
(MRI), and who had a failure of conservative treatment for at least 6 months, were retrospectively enrolled for this study. An endoscopic
repair of gluteus medius was performed for all patients in combination with gluteus maximus reflected tendon release according to the Polesello
technique. The Visual Analogue Scale (VAS) for pain, Modified Harris Hip Score (mHHS), Lower Extremity Functional Scale (LEFS), Hip
Outcome Score-Activity Daily Life (HOS-ADL), and Hip Outcome Score-Sport Specific Subscale (HOS-SSS) were administered to each
patient before surgery for 6 months, 1 year, and every following year after surgery.
Results:
All analysed hip scores (mHHS, LEFS, HOS-ADL, and HOS-SSS) showed statistically significant improvements between the pre-operative
and post-operative values at 6 months, 1 year, and the latest follow-up appointments after surgery (p < 0.001). The mean pre-operative pain
was 8.6 ± 1.0 on the VAS. After surgical treatment, the pain was significantly reduced (p < 0.001) on the VAS at 6 months (5.4 ± 1.5), 1 year
(4.4 ± 1.8) and the latest follow-up control visit (3.6 ± 2.2). No patient-reported major complications (re-rupture, deep infection or
neurovascular injury). Eleven (50%) patients indicated the results as excellent, 7 (32%) as good, 2 (9%) as fair, and 2 (9%) as poor.
Conclusion:
The use of abductor tendon repair in combination with a systematic release of the reflected tendon of the gluteus maximus according to the
Polesello technique seems to be a safe and effective endoscopic way of treating a full-thickness tear of the gluteus medius.
Level of evidence:
Level IV.
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Abstract
Purpose The current study aimed to report the mid-term follow-up results of endoscopic gluteus medius repair combined 
with a systematic release of the gluteus maximus reflected tendon.
Methods Twenty-two patients with a symptomatic full-thickness tear of the gluteus medius tendon, as diagnosed by clinical 
examination and imaging (MRI), and who had a failure of conservative treatment for at least 6 months, were retrospectively 
enrolled for this study. An endoscopic repair of gluteus medius was performed for all patients in combination with gluteus 
maximus reflected tendon release according to the Polesello technique. The Visual Analogue Scale (VAS) for pain, Modified 
Harris Hip Score (mHHS), Lower Extremity Functional Scale (LEFS), Hip Outcome Score-Activity Daily Life (HOS-ADL), 
and Hip Outcome Score-Sport Specific Subscale (HOS-SSS) were administered to each patient before surgery for 6 months, 
1 year, and every following year after surgery.
Results All analysed hip scores (mHHS, LEFS, HOS-ADL, and HOS-SSS) showed statistically significant improvements 
between the pre-operative and post-operative values at 6 months, 1 year, and the latest follow-up appointments after surgery 
(p < 0.001). The mean pre-operative pain was 8.6 ± 1.0 on the VAS. After surgical treatment, the pain was significantly 
reduced (p < 0.001) on the VAS at 6 months (5.4 ± 1.5), 1 year (4.4 ± 1.8) and the latest follow-up control visit (3.6 ± 2.2). No 
patient-reported major complications (re-rupture, deep infection or neurovascular injury). Eleven (50%) patients indicated 
the results as excellent, 7 (32%) as good, 2 (9%) as fair, and 2 (9%) as poor.
Conclusion The use of abductor tendon repair in combination with a systematic release of the reflected tendon of the gluteus 
maximus according to the Polesello technique seems to be a safe and effective endoscopic way of treating a full-thickness 
tear of the gluteus medius.
Level of evidence Level IV.

Keywords Gluteus medius full-thickness tear · Gluteus maximus reflected tendon release · Endoscopy · Hip arthroscopy · 
Surgical technique

Introduction

Recently, greater trochanteric pain syndrome has become a 
common cause of lateral hip pain. In particular, it is more 
common amongst women in the 5th and 6th decades of their 
lives, with a ratio of women to men up to 4:1 [6, 12] and an 
estimated prevalence of 1.8/1000 [10].

Although trochanteric pain is generally associated with 
the inflammation of the trochanteric bursa, many studies 
have suggested that the main cause of lateral hip pain is tear-
ing in gluteal muscles, which is more prevalent in gluteus 
medius than in gluteus minimus [3, 28]. Abductor tears are 
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characterised more often by the onset of chronic pain gener-
ated by attritional forces than by acute traumatic pain [5]. 
However, partial-thickness undersurface tears may be more 
common than complete ruptures, and they typically occur at 
the dual insertion of the anterior and middle muscle fibres of 
the gluteus medius into the superoposterior and lateral facets 
of the greater trochanter [11, 12].

Although findings on plain radiographs are generally nor-
mal, magnetic resonance imaging (MRI) has been shown 
to have a specificity of 95% and a sensitivity of 91% in 
detecting hip abductor tears [19]. Conservative treatment is 
considered the first option, including steroidal anti-inflam-
matory drugs, physical therapy, functional therapies, peri-
trochanteric corticosteroids, and local anaesthetic injections. 
The surgical option, using either open or endoscopic tech-
niques, is recommended for patients with recalcitrant lateral 
hip pain who continue to feel pain after more than at least 
6 months of non-operative management [12, 23].

The endoscopic procedure was introduced by Voss et al. 
in 2009, but the literature lacks studies on the gold standard 
for endoscopic abductor repair techniques [20, 22]. During 
an endoscopic procedure, the iliotibial band (ITB) overly-
ing the deep gluteal muscles can influence the amount of 
intra-operative space for viewing, causing peritrochanteric 
pathology due to frictional forces [22]. Furthermore, the ITB 
moves over the great trochanter during hip extension, and 
in the process, the distal border of the gluteal tendons may 
snap over the great trochanter [24]. Generally, during an 
endoscopic procedure for gluteus medius repair, the ITB can 
be split or spared [22]. Polesello et al. performed a release 
of gluteus maximus reflected tendon to treat symptomatic 
external snapping hip, creating a space between the ITB and 
the abductor hip complex [24].

In the current study were reported the outcomes of 
patients with gluteus medius full-thickness tears repaired 
endoscopically in combination with a selective release of 
gluteus maximus reflected tendon according to the Polesello 
technique [24].

This study aims to demonstrate that endoscopic gluteus 
medius repair with a selective release of gluteus maxi-
mus reflected tendon is a safe, effective, and useful way of 
improving post-operative outcomes assessed via patient-
reported outcomes, satisfaction, and failure rates.

Materials and methods

The appropriate ethical approval was obtained from the local 
ethics committee (Humanitas Research Hospital—Protocol 
Number 618/17).

All procedures involving human participants in this study 
followed the ethical standards of the institutional and/or the 
national research committee, as well as the 1964 Helsinki 

Declaration and its later amendments or comparable ethical 
standards. The study was conducted following the STROBE 
checklist for cohort studies [7]. Informed consent to par-
ticipate in the study was obtained from all the participants.

Between 2015 and 2018, 22 patients were included in 
this study. The inclusion criterion was a symptomatic full-
thickness tear of the gluteus medius tendon diagnosed by 
clinical examination and imaging (MRI), with a failure of 
conservative treatment for at least 6 months. The exclusion 
criteria were an associated injury (chondral or labral defect), 
bone marrow oedema of the acetabulum, inflammatory pat-
terns (history of arthritis and synovitis), and other previous 
surgeries on the affected hip.

Clinical examinations and surgical treatments were per-
formed by an experienced hip surgeon in a high-volume, 
single surgical centre.

The diagnoses and the relative indications for surgical 
treatment were based on MRI findings and a clinical exami-
nation confirmed by the surgeon. All the patients suffered 
from trochanteric pain and were not responsive to conserva-
tive management (for at least 6 months), with evident limp-
ing and functional limitations. The clinical examination 
revealed gait alteration (known as the Trendelenburg sign) 
with an inconsistent weakness of the gluteus medius and 
tenderness at the palpation of the anterosuperior area of the 
great trochanter [3].

A 1.5 Tesla MRI scan, all performed at the same institu-
tion (Istituto Clinico Humanitas, Rozzano, Italy), in which a 
focal discontinuity of the tendon of the gluteus medius with 
or without proximal part of tendon retraction was observed, 
was performed on each patient before surgery [15]. In addi-
tion, an endoscopic repair of the gluteus medius in combina-
tion with the reflected gluteus maximus tendon release was 
also performed in all patients.

Surgical technique

The patient is placed supine on a traction table. The limb 
under the operation is not tractioned but slightly abducted 
to allow better visualisation of the peritrochanteric space 
[25]. When repairing a full-thickness gluteus medius (GM) 
tear, it is generally preferred to use three regular portals, 
namely the anterolateral (AL) portal, the midanterior (MA) 
portal, and the distal anterolateral (DAL) portal, and one 
accessory portal for the positioning of anchors. The DAL 
portal is placed 3–4 cm distally to the AL portal, whilst the 
accessory portal is placed more than 2–3 cm posteriorly and 
1–2 cm anteriorly to the DAL portal. A well-placed MA 
portal should lie distal to the gluteus medius muscle belly 
and proximal to the vastus lateralis, avoiding injury to both 
structures and facilitating abductor repair.

Fluoroscopy can aid in proper portal placement by con-
firming the placement directly over the lateral prominence 
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of the greater trochanter. Extra-articular time is performed 
without the intra-articular diagnostic check, although the 
portals used are the same as they are for the intra-articular 
time. After the peritrochanteric compartment is pointed at, 
the space is distended with 50–70 mmHg of fluid pressure 
and a 70° scope is introduced through the AL portal into the 
potential space between the ITB and the greater trochanter. 
The ITB is split by entering with an arthroscope directly 
from the portal [14].

At this point, the gluteus maximus tendon insertion on the 
ITB (reflected tendon) is released according to the Polesello 
technique [24]. By aiming at just below the vastus ridge 
under fluoroscopic visualisation, the surgeon avoids iatro-
genic damage to the GM insertion. A motorised shaver is 
then introduced through the DAL portal, and the trochanteric 
bursa is thoroughly cleared. The bursectomy begins distally 
at the gluteus maximus insertion directed proximally in a 
systematic fashion. This allows for easy visualisation of the 
ITB and the greater trochanter, which defines the lateral and 
the medial borders of the space. Next, a thorough inspection 
begins at the gluteus maximus insertion into the linea aspera 
and vastus lateralis, which should be the distal and posterior 
extent of any dissection. The sciatic nerve is located 3–4 cm 
posterior to the gluteus maximus insertion. The gluteus 
medius muscle and the insertion are then evaluated at the 
anterior and lateral facets. Both facets and the entire tendon 
should be inspected and carefully probed. The gluteus mini-
mus is often covered by the gluteus medius and visualising it 
can be challenging. A switching stick can be used to gently 
retract the medius muscle to see the tendinous insertion of 
the gluteus minimus onto the anterior facet. When the tear 
of the gluteus medius is recognised, it must be evaluated for 
retraction and reparability by assessing tissue quality and 
the retraction and mobility of the tendon, similar to the pro-
cess in the case of tears of the rotator cuff during shoulder 
arthroscopy. If the tear is eligible for repair, the tendon edge 
is debrided using a shaver until the healthy tissue is visu-
alised. At this point, the preparation of the bony footprint 
of the torn tendon is performed; the insertion is cleared of 
the soft tissue remnants, and the bone is decorticated to the 
point of bleeding.

Suture anchors are then introduced by the accessory por-
tal. This way, as with the shoulder for a rotator cuff repair, 
the anchors can be placed in the opposite direction to the 
tears at a 45° inclination to better achieve a more anatomic 
orientation of the native footprint, covering the entire bald 
zone without creating tension. A spinal needle is placed first 
and positioned with arthroscopic and fluoroscopic guidance 
to find the ideal location and trajectory of the repair. The 
repair is then performed using two 5.5 mm Eliquis Anchors 
(DePuy Mitek, Massachusetts, USA) with two sutures. The 
anchors are then placed, followed by confirmation with 
fluoroscopy. The tears of the gluteus medius of the lateral 

facet are generally repaired with four anchors spaced evenly 
across the tendon footprint [17]. A penetrator is used to pass 
the suture through the tendon edge. After two anchors are 
placed proximally, the horizontal mattress stitches are per-
formed sequentially through the free tendon edge using a 
suture-passing device with one limb of each suture pulled 
through the anterior part of the tendon and the other pulled 
through the posterior part.

Knots are then tied using standard arthroscopic knot 
tying techniques to anatomically reduce the tendon to the 
footprint. Then two anchors are placed distally and a side-
to-side suture is performed to close the tendons and restore 
the footprint.

Post‑operative rehabilitation

For all the patients, bearing full weight on the operated limb 
was not recommended for a month, and a hip cast was used 
to avoid excessive abduction and extension of the hip for the 
same duration. A slight abduction and hip flexion of up to 
90° were admitted passively after 1 month.

Walking with crutches was admitted with partial weight 
bearing after 1–3 months post-surgery. Isometric exercises 
with passive and active mobilisation of the operated limb 
were admitted from the 3rd month onwards.

Four months after surgery, isotonic exercises and deep 
hip flexion were allowed. Tapis-roulant and exercise bikes 
were prescribed to improve the lower limbs’ strength and 
flexibility.

After 6  months, a return to non-contact sports was 
allowed [16].

Data collection

Visual Analogue Scale (VAS) for pain, Modified Harris Hip 
Score (mHHS), Lower Extremity Functional Scale (LEFS), 
Hip Outcome Score (HOS)–Activity Daily Life (HOS-
ADL), and Hip Outcome Score–Sport Specific Subscale 
(HOS-SSS) were administered to each patient before surgi-
cal treatment at 6 months, 1 year, and every following year 
after surgery [1, 13, 18, 21].

Patients’ satisfaction after the surgery was recorded in 
four (poor, fair, good, and excellent) conditions [9].

Demographics

This study had a 100% patient follow-up with an average of 
42 ± 14.5 months (range 24–72 months; median 37 months). 
Twenty-two patients met the inclusion criteria. The partici-
pants included four men and eighteen women with a mean 
age of 58.6 ± 4.9 years (range 52–69 years). No patient had 
major complications (re-rupture, deep infection or neurovas-
cular injury). The mean time from the insurgence of the pain 
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to the surgery was 15 ± 7.5 months (range 6–36 months), 
and the mean BMI (kg/m2) of the examined population was 
28.5 ± 3.6 (range 20.6–34.3) (Table 1).

Statistical analysis

The ANOVA one-way test with Geisser–Greenhouse cor-
rection was used to compare the pre-operative and post-
operative VASs, mHHS, LEFS, HOS-ADL, and HOS-SSS 
at 6 months, 1 year, and the latest follow-up after surgery. 
Significance was set at p < 0.05.

A sample of 22 subjects with hip dysplasia was deter-
mined to be adequate for the current study, assuming a prev-
alence of a gluteus medius symptomatic full-thickness tear 
of 14.5%, a desired total width of 95% confidence interval 
(CI) of 6.5%, and a type I error of 5% [11]. In addition, sam-
ple was increased by five patients to preserve the statistical 
significance in case of unexpected events. The anticipated 
prevalence of the gluteus medius pathology and its 95% CI 
were estimated based on the most recent relevant literature 
[15].

Results

Complications

No patient recorded major complications with the require-
ment of re-operation. A total of four patients (18.2%) 
recorded minor complications during follow-up visits. In 
particular, three patients (13.6%) presented swelling with 
local hematomas in the surgical area, which healed after 1 
month without a delay in recovery of functions. One patient 
(4.5%) had a little area of dehiscence in one portal, which 
healed in 3 weeks. No patient-reported stiffness or limita-
tion of range of motion (ROM) of the operated limb. No 

superficial wound infections were recorded. Five patients 
(22.7%) experienced a mild delay of recovery due to kinesio-
phobia without sequelae at the 1 year follow-up control visit.

Three patients (13.6%) had a relapse of symptoms (pain 
and functional limitation) after surgery. The mean time from 
surgery to the relapse was 17.6 months (range 1–36 months) 
without evidence of re-rupture at successive MRI control. 
Amongst these three patients, one (4.5%) underwent re-
operation of total hip arthroplasty after 2 years from the 
endoscopic repair, even though the surgical treatment had 
been performed well (Table 1).

Hip scores

All analysed hip scores (mHHS [pre-operative: 36.7 ± 1.9; 
6 months: 70.1 ± 9.1; 12 months: 84.0 ± 10.1; last follow-
up: 88.8 ± 9.8], LEFS [pre-operative: 19.3 ± 3.6; 6 months: 
53.1 ± 4.1; 12 months: 62.7 ± 5.8; last follow-up: 65.4 ± 6.3], 
HOS-ADL [pre-operative: 25.3 ± 1.4; 6 months: 43.3 ± 3.1; 
12  months: 58.2 ± 3.8; last follow-up: 62.5 ± 3.0], and 
HOS-SSS [pre-operative: 8.8 ± 0.8; 6 months: 19.0 ± 2.0; 
12 months: 29.7 ± 3.1; last follow-up: 29.7 ± 3.1]) showed 
statistically significant improvements between the pre-oper-
ative and the post-operative values at 6 months, 1 year, and 
the latest follow-up appointment after surgery (p < 0.001) 
(Figs. 1a, b, 2a, b).

VAS outcome score and rate of satisfaction

The mean pre-operative pain was 8.6 ± 1.0 on the VAS. 
After surgical treatment, the pain was significantly reduced 
(p < 0.001) on the VAS at 6  months (5.4 ± 1.5), 1  year 
(4.4 ± 1.8) and the latest follow-up control visit after surgery 
(3.6 ± 2.2) (Fig. 3).

Eleven (50%) patients indicated the results as excellent, 7 
(32%) as good, 2 (9%) as fair and 2 (9%) as poor.

Table 1  Characteristics of 
population

In this table demographic elements of the population analysed were recorded. Minor and major complica-
tions with the relative rate of relapsed symptoms and re-operation rate were registered

Patient characteristics
Number of patients 22
Mean age 58.6 (range 52–69)
Sex (M/F) (4/18)
BMI (kg/m2) 28.5 (20.6–34.3)
Mean follow-up (months) 42 (range 24–72)
Time from pain insurgence to surgery (mean time) 15 months (range 6–36)
Relapse of symptoms (No of patients) 3/22 (13.6%)
Rate of major complications (re-rupture, deep infection, neurovascular injury, 

persistent stiffness)
0%

Rate of minor complications (swelling, local paresthesia/anaesthesia, superficial 
wound infection)

5/22 (22%)

Rate of re-operation 1/22 (4.5%)
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Discussion

The most important finding of the current study confirms 
that abductor tendon repair in combination with a system-
atic release of the reflected tendon of gluteus maximus 
according to the Polesello technique seems to be a safe 
and effective endoscopic way of treating a full-thickness 
tear of gluteus medius with promising clinical outcomes.

A full-thickness tear of the gluteus medius tendon is a 
common cause of pain with limping and functional limita-
tion [28], and surgery is recommended in case of failure 
of non-operative management [12]. For the first time, the 
clinical outcomes of this novel surgical procedure combin-
ing endoscopic gluteus medius repair with the release of 
gluteus maximus reflected tendon and medium- and long-
term follow-ups have been reported.

Fig. 1  The graph shows a the 
trend of mHHS and b LEFS at 
each follow-up. **Statistical 
significant improvement com-
pared to the pre-operative value

Fig. 2  The graph shows a the 
trend of HOS-SSS and b HOS-
ADL at each follow-up. **Sta-
tistical significant improvement 
compared to the pre-operative 
value
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First, the primary purpose of the study was to describe 
this technique. Second, we reported medium- and long-term 
post-operative outcomes and analysed subjective evaluation 
scales, rates of satisfaction and re-operation rates.

The rationale of this combined technique is to achieve 
improvements in detecting symptoms and protect the 
repaired tendon from frictional forces, excessive compres-
sive loading and stress shielding.

Tendinopathy of the gluteus medius and gluteus mini-
mus tendons is now recognised as a primary local source of 
lateral hip pain [26], and gluteal tendinopathy is most com-
mon in women above 40 years of age. Chronic tendinopathy 
appears on MRI as increased signal intensity on T2 weighted 
images [2]. Patients with gluteal tendinopathy may experi-
ence pain during prolonged sitting, with subsequent diffi-
culty in standing, particularly if they have been sitting with 
more than 90° of hip flexion for a long period.

Soslowsky et al. demonstrated in an animal model that 
compression and high tensile loads combined are more dam-
aging than either stimulus alone. Several factors related to 
bones and muscles as well as their interactions require con-
sideration for understanding how compressive loading or 
stress shielding contributes to the underlying pathomechan-
ics of this disorder [27].

The tendons of gluteus medius and gluteus minimus, as 
well as the associated bursae, can be compressed by the 

ITB and iliotibial tensing muscles (gluteus maximus, ten-
sor fascia lata and vastus lateralis) at their insertion into 
the greater trochanter [30].

The excessive hip adductions adopted during static pos-
tures and dynamic activities result in an excessive accu-
mulation of compressive tendon loading of hip abductor 
mechanisms. Higher ranges during hip flexion may also 
change the ITB tensioning muscles; in fact, the confluence 
of the ITB with the gluteal fascia into the lumbodorsal 
fascia contributes to the gluteus medium tendon compres-
sion [4, 23, 30].

Considering the pathomechanics of chronic gluteal ten-
dinopathy and the consequent rate of tendinosis and rupture 
on chronic tendinopathy, it was decided to perform a sys-
tematic release of reflected gluteal maximus tendon during 
GM tendon repair to avoid re-rupture or inflammation of the 
repaired GM tendon and secondary bursitis from compres-
sive forces of the ITB tensing muscles and post-operative 
stiffness.

Generally, the Polesello technique is used for pathological 
external snapping hip onset and consists of an endoscopic 
gluteus maximus tendon release close to the linea aspera 
[24].

In their case series, Polesello et al. reported promising 
excellent results with a high rate of satisfaction (8 patients, 
9 hips) and significant improvements in mHHS (p = 0.01) 
from 61.3 preoperatively to 77.6 points at the latest follow-
up [24].

It was supposed, with this technique, that the ITB is 
moved away from the great trochanter to create a larger 
working space and avoid stiffness post-operatively without 
limiting the range of motion and secondary snapping hip. 
Furthermore, moving the hip into abduction increases the 
space between the ITB and the greater trochanter and facili-
tates viewing and working in the potential space; this pre-
sents a chance for us to better place the anchors without any 
muscle tensioning forces and with a larger working space.

These findings inform shared decision-making and can 
help to manage patients’ expectations after surgeries, par-
ticularly in patients with a full-thickness gluteus medius tear 
that is non-responsive to conservative treatment. Further-
more, the results of this study demonstrate how the use of an 
endoscopic surgical procedure can be considered a valid and 
effective alternative to non-responsive conservative treat-
ment (physical therapy, injections and rehabilitation). It can 
help young surgeons who are new to endoscopic and hip 
arthroscopic surgery.

The main limitations of the current study are the lack 
of a control group and the relatively small number of 
patients combined with the retrospective nature of the 
analysis. Regarding the number of patients, this was in 
line with the numbers present in the literature, and the 
number was small mainly because of the relative rarity of 

Fig. 3  The graph shows the trend of VAS at each follow-up. **Sta-
tistical significant improvement compared to the pre-operative value
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this pathology and the strict inclusion/exclusion criteria 
chosen in this study [15, 24].

A univariate analysis was performed for the study. A 
recently published paper has demonstrated that multivari-
ate tests do not provide an appreciable increase in power 
compared to univariate tests [29].

Another limitation is the combination of the two tech-
niques. When two techniques are combined, it becomes 
difficult to analyse whether the clinical improvement is due 
to the association of the techniques or one of the two sepa-
rately. Due to this, further comparative studies on classic 
endoscopic GM repairs with and without the systematic 
release of reflected gluteus maximus tendon and with a 
larger number of participants are required to validate our 
technique and establish a better surgical recommendation 
for full-thickness tears of GM.

Finally, another limitations is the use of mHHS, in fact, 
this scale normally is used for young men with often long-
standing severe secondary osteoarthritis after a fracture of 
the acetabulum, but it is probably the most commonly used 
outcome measure worldwide.

Conclusions

Gluteus medius endoscopic repair combined with a sys-
tematic release of the reflected tendon of the gluteus maxi-
mus according to the Polesello technique is a safe and 
effective approach to treating a full-thickness tear of the 
gluteus medius. Gluteus maximus tendon release is useful 
in creating a larger working space to reach a better posi-
tioning of suture anchors. All subjective scales were sig-
nificantly improved at medium- and long-term follow-up 
control visits with a high grade of satisfaction by patients, 
low rate of complications, a return to an active lifestyle, 
and no rate of re-rupture.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00167- 022- 07140-x.

Acknowledgements Thanks to F.D.R. who operated all patients 
enrolled in this study and designed this technique; A.D. wrote the arti-
cle and revisioned the results; V.D.F collected and elaborated results; 
M.R. and R.D. supported the writing and corrected the proof. This 
study won the award “best poster presentation” at Annual congress of 
Italian Society of Hip (SIDA). This study was supported and funded 
by the Italian Ministry of Health—"Ricerca Corrente"

Funding Open access funding provided by Università degli Studi di 
Milano within the CRUI-CARE Agreement.

Declarations 

Conflict of interest None.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

 1. Aprato A, Jayasekera N, Villar RN (2012) Does the modified Har-
ris hip score reflect patient satisfaction after hip arthroscopy? Am 
J Sports Med 40:2557–2560

 2. Arvesen J, McCallum J, Pill SG, Cannady H, Adams KJ, Jackson 
I, Wienke JR, Folk J (2022) Prevalence of contralateral hip abduc-
tor tears and factors associated with symptomatic progression. Am 
J Sports Med 50:1603–1608

 3. Chamberlain R (2021) Hip pain in adults: evaluation and differ-
ential diagnosis. Am Fam Physician 103:81–89

 4. De Grove V, Buls N, Vandenbroucke F, Shahabpour M, Sca-
foglieri A, de Mey J, De Maeseneer M (2021) MR of tendons 
about the hip: a study in asymptomatic volunteers. Eur J Radiol 
143:109876

 5. Ferrer-Peña R, Muñoz-García D, Calvo-Lobo C, Fernández-
Carnero J (2019) Pain expansion and severity reflect central sen-
sitization in primary care patients with greater trochanteric pain 
syndrome. Pain Med 20:961–970

 6. French HP, Woodley SJ, Fearon A, O’Connor L, Grimaldi A 
(2020) Physiotherapy management of greater trochanteric pain 
syndrome (GTPS): an international survey of current physiother-
apy practice. Physiotherapy 109:111–120

 7. Ghaferi AA, Schwartz TA, Pawlik TM (2021) STROBE reporting 
guidelines for observational studies. JAMA Surg 156:577–578

 8. Ilizaliturri VM Jr, Zepeda Mora R, Rodríguez Vega LP (2022) 
Rehabilitation after gluteus medius and minimus treatment. 
Arthrosc Sports Med Rehabil 4:e41–e50

 9. Joseph K, Udogwu UN, Manson TT, Ludwig SC, Banagan KE, 
Baker M, Yousaf IS, Yousaf O, Demyanovich H, Pollak AN, 
O’Toole RV, O’Hara NN (2021) Patient satisfaction after dis-
charge is discordant with reported inpatient experience. Ortho-
pedics 44:e427–e433

 10. Kay J, Memon M, Lindner D, Randelli F, Ayeni OR (2021) 
Arthroscopic management of greater trochanter pain syndrome 
and abductor tears has demonstrated promising results in terms of 
improvement in pain scores and functional outcomes: a scoping 
review. Knee Surg Sports Traumatol Arthrosc 29:2401–2407

 11. Kenanidis E, Lund B, Christofilopoulos P (2021) A roadmap to 
develop clinical guidelines for open surgery of acute and chronic 
tears of hip abductor tendons. Knee Surg Sports Traumatol 
Arthrosc 29:1420–1431

 12. LaPorte C, Vasaris M, Gossett L, Boykin R, Menge T (2019) 
Gluteus medius tears of the hip: a comprehensive approach. Phys 
Sportsmed 47:15–20

 13. Lau BC, Scribani M, Lassiter T, Wittstein J (2019) Correlation of 
single assessment numerical evaluation score for sport and activi-
ties of daily living to modified harris hip score and hip outcome 
score in patients undergoing arthroscopic hip surgery. Am J Sports 
Med 47:2646–2650

AQ3

AQ4

399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

417

418

419

420

421

422

423

424

425

426

427

428

429

430

431

432
433

434
435
436
437
438
439
440

441
442

443

444

445
446
447
448
449
450
451
452
453
454
455
456

457

458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505

https://doi.org/10.1007/s00167-022-07140-x
http://creativecommons.org/licenses/by/4.0/


UNCORRECTED PROOF

Journal : Large 167 Article No : 7140 Pages : 8 MS Code : 7140 Dispatch : 1-9-2022

 Knee Surgery, Sports Traumatology, Arthroscopy

1 3

 14. Lubowitz JH, Brand JC, Rossi MJ (2020) Hip gluteus medius 
and minimus endoscopic treatment results in patient satisfaction. 
Arthroscopy 36:2775–2776

 15. Meghpara MB, Bheem R, Shah S, Shapira J, Maldonado DR, Ros-
insky PJ, Lall AC, Domb BG (2020) Prevalence of gluteus medius 
pathology on magnetic resonance imaging in patients undergoing 
hip arthroscopy for femoroacetabular impingement: asymptomatic 
tears are rare, whereas tendinosis is common. Am J Sports Med 
48:2933–2938

 16. Meghpara MB, Yelton MJ, Annin S, Rosinsky PJ, Shapira J, 
Maldonado DR, Lall AC, Domb BG (2021) Return to activity 
after gluteus medius repair in active patients older than 50 years. 
Orthop J Sports Med 9:2325967120967968

 17. Meghpara MB, Yelton MJ, Glein RM, Malik MS, Rosinsky PJ, 
Shapira J, Maldonado DR, Ankem HK, Lall AC, Domb BG (2021) 
Isolated endoscopic gluteus medius repair can achieve successful 
clinical outcomes at minimum 2 year follow-up. Arthrosc Sports 
Med Rehabil 3:e1697–e1704

 18. Mehta SP, Fulton A, Quach C, Thistle M, Toledo C, Evans NA 
(2016) Measurement properties of the lower extremity functional 
scale: a systematic review. J Orthop Sports Phys Ther 46:200–216

 19. Miyasaki MR, Marcioli MAR, Cunha APRRD, Polesello GC, 
Marini MG, Fernandes KBP, Macedo CSG (2021) Greater tro-
chanteric pain syndrome in women: analysis of magnetic reso-
nance, sagittal alignment, muscular strength and endurance of the 
hip and trunk. Int J Rheum Dis 24:941–947

 20. Nazal MR, Abraham PF, Conaway WK, Quinlan NJ, Gillinov 
SM, Gibbs JS, Upadhyaya S, Alpaugh K, Martin SD (2020) Endo-
scopic repair of full-thickness gluteus medius and minimus tears-
prospective study with a minimum 2 year follow-up. Arthroscopy 
36:2160–2169

 21. Okifuji A, Mitsunaga R, Kida Y, Donaldson GW (2021) The 
visual time analog scale: simple, novel measurement approach to 
assess pain in patients with chronic pain. Pain Manag 11:357–368

 22. Parker EA, Meyer AM, Laskovski JR, Westermann RW (2020) 
Endoscopic gluteus medius repair with an itb-sparing versus itb-
splitting approach: a systematic review and meta-analysis. Orthop 
J Sports Med 8:2325967120922196

 23. Pianka MA, Serino J, DeFroda SF, Bodendorfer BM (2021) 
Greater trochanteric pain syndrome: evaluation and manage-
ment of a wide spectrum of pathology. SAGE Open Med 
9:20503121211022584

 24. Polesello GC, Queiroz MC, Domb BG, Ono NK, Honda EK 
(2013) Surgical technique: endoscopic gluteus maximus tendon 
release for external snapping hip syndrome. Clin Orthop Relat Res 
471:2471–2476

 25. Rice MW, Browning RB, Nho SJ (2022) Surgical treatment of 
gluteus medius tears. Arthroscopy 38:2115–2117

 26. Rosinsky PJ, Diulus SC, Walsh JP, Meghpara MB, Shapira J, Mal-
donado DR, Lall AC, Kyin C, Domb BG (2021) Development 
of a predictive algorithm for symptomatic hip abductor tears in 
patients undergoing primary hip arthroscopy. Am J Sports Med 
49:497–504

 27. Soslowsky LJ, Thomopoulos S, Esmail A, Flanagan CL, Iannotti 
JP, Williamson JD 3rd, Carpenter JE (2002) Rotator cuff tendino-
sis in an animal model: role of extrinsic and overuse factors. Ann 
Biomed Eng 30:1057–1063

 28. Sunil Kumar KH, Rawal J, Nakano N, Sarmento A, Khanduja V 
(2021) Pathogenesis and contemporary diagnoses for lateral hip 
pain: a scoping review. Knee Surg Sports Traumatol Arthrosc 
29:2408–2416

 29. Todorov H, Searle-White E, Gerber S (2020) Applying univariate 
vs multivariate statistics to investigate therapeutic efficacy in (pre)
clinical trials: a Monte Carlo simulation study on the example of a 
controlled preclinical neurotrauma trial. PLoS ONE 15:e0230798

 30. Weber AE, Bell JA, Bolia IK (2021) Hip abductor and peritro-
chanteric space conditions. Clin Sports Med 40:311–322

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543

544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572

573
574

575



Journal : Large 167 Article No : 7140 Pages : 1 MS Code : 7140 Dispatch : 1-9-2022

Journal: 167
Article: 7140

Author Query Form
Please ensure you fill out your response to the queries raised below and return this form along 

with your corrections

Dear Author

During the process of typesetting your article, the following queries have arisen. Please check your typeset proof 
carefully against the queries listed below and mark the necessary changes either directly on the proof/online grid or in the 
‘Author’s response’ area provided below

Query Details Required Author’s Response
AQ1 Kindly check and confirm the edit made in the article title.
AQ2 Please confirm if the author names are presented accurately and in the correct 

sequence (Federico Della Rocca). Author 1 Given name: [Federico Della] Last name [ 
Rocca]. Also, kindly confirm the details in the metadata are correct.

AQ3 Please check and confirm the removal of the sentence 'because it can be used..' here. 
AQ4 Reference [2] was provided in the reference list; however, this was not mentioned or 

cited in the manuscript. As a rule, if a citation is present in the text, then it should 
be present in the list. Please provide the location of where to insert the reference 
citation in the main body text. Kindly ensure that all references are cited in ascending 
numerical order.


	Satisfactory results after€endoscopic gluteus medius repair combined with€selective gluteus maximus reflected tendon release for€the€treatment of€a€full-thickness tear of€gluteus medius
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 
	Level of evidence 

	Introduction
	Materials and€methods
	Surgical technique
	Post-operative rehabilitation
	Data collection
	Demographics
	Statistical analysis

	Results
	Complications
	Hip scores
	VAS outcome score and€rate of€satisfaction

	Discussion
	Conclusions
	Acknowledgements 
	References


