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ABSTRACT

Gluteal tendon tears represent a common but underreported cause of lateral hip pain and dysfunction. In case of conservative management fail-
ure, a surgical procedure must be performed to relieve patient symptoms. Current operative treatments, either open or endoscopic, have been
however associated with different drawbacks which led to the introduction of themini-open technique.The aim of this study was to evaluate and
report the short-term outcomes of patients operated through the aforementioned surgical technique for gluteus medius (GM) chronic tears. We
retrospectively analysed the records of 14 consecutive patients operated at the La Tour hospital by mini-open repair using a double-row tech-
nique for full-thickness GM chronic tears. Intra- and post-operative complications were recorded. The pre- and post-operative pain on visual
analogue scale (pVAS), modified Harris Hip score (mHHS), abduction strength and gait dysfunction were assessed for all patients. Pre- and
post-operative values were compared to evaluate whether improvements were statistically significant and clinically relevant. The study cohort
comprised 13 women (93%) and 1 man (3%) aged 62.4± 18.0 at index surgery. No intra- or post-operative complications were noted. Com-
pared to pre-operative values, patients reported a significant improvement inmHHS(59.1± 7.1 vs 92.7± 4.6) andpVAS (7.4± 1.0 vs 1.3± 1.3)
at last follow-up. Patients exhibited a perfect improvement inmuscle strength (3.6± 0.5 vs 5.0± 0.0), and the proportion of patients with a pos-
itive Trendelenburg sign decreased from 71% to 0%. Mini-open repair of chronic GM tendon tears using a double-row technique demonstrated
excellent clinical and functional outcomes at short follow-up.
Level of Evidence: IV.

INTRODUCTION
Lateral hip pain localized at the greater trochanter has often be
reported as a clinicalmanifestation of trochanteric bursitis. How-
ever, recent studies revealed that such a condition, also called
greater trochanteric pain syndrome (GTPS), could rather be
caused by gluteal tendinopathy or external snapping hip in more
than half of the cases [1–3]. Tendon tears of the hip abduc-
tors [e.g. gluteus medius (GM) and gluteus minimus] constitute
a common but underreported source of peritrochanteric pain,
irritation, muscle weakness and gait dysfunction [4–7]. They
occur in a considerable proportion of the middle-aged popula-
tion, notably in women for whom the incidence reaches 25%,
compared to only 10% in men [8, 9]. A recent literature review
furthermore underlined that abductor tendinopathy increases
with age, with a prevalence exceeding 80% in elderly patients
(≥70 years) without hip-related problems [10], thus emphasiz-
ing the importance of systematic and thorough patient examina-
tion for avoiding misdiagnosis [11].

Initial GTPS treatment consists of nonsteroidal anti-inflam-
matory drugs (NSAIDs), physical therapy for strengthening

and stretching of the hip abductors and, if necessary, corticos-
teroid injections into the greater trochanteric (GT) bursa. In
case of conservative management failure, a surgical procedure
may be performed to relieve patient symptoms [12]. Different
techniques have been proposed, including endoscopic or open
surgeries, both providing good to excellent clinical outcomes
[11]. Endoscopic repair has been, however, associated with the
difficult assessment of under-surface tears due to insufficient vis-
ibility and inability to correctly place anchors or mobilize the
muscle-tendon complex [13]. On the other side, open repair
has been associated with greater rates of complications (re-tears,
infections, deep vein thrombosis and hematomas) and is, more-
over, less cosmetic due to larger incisions [14–16].

Recently, the mini-open repair using a double-row (Speed
Bridge) technique has been described and used to avoid the
aforementioned limitations while granting satisfactory out-
comes [13]. More published data on its clinical and func-
tional results would be needed to evaluate whether mini-open
repair is safe and efficient. The aim of our study was, there-
fore, to evaluate and report the short-term outcomes of patients
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operated through the aforementioned surgical technique forGM
chronic tears.

MATERIALS AND METHODS
Patients

The authors retrospectively analysed the records of 31 consec-
utive patients operated for full-thickness GM chronic tears. All
patients were operated by the same senior surgeon (PC) at the
La Tour hospital (Geneva, Switzerland) between May 2018 and
May 2020. The inclusion criteria were (i) the presence of a
lateral thigh and chronic abductor insufficiency confirmed clin-
ically and by magnetic resonance imaging (MRI) and (ii) the
failure of previous non-operative treatments. Patients were, how-
ever, excluded if they had (i) symptomatic osteoarthrosis or
(ii) previous surgeries on the symptomatic hip, (iii) a fatty GM
degeneration of above stage 2 according to the Goutallier clas-
sification [17], (iv) other pathologies that could influence the
study outcomes and (v) if they refused to participate in this
study. All patients gave their written informed consent and the
study protocol was approved by the ethics committee of Geneva
(#2020-01885).

Pre-operative evaluation
Trendelenburg gait and the level of muscle strength were eval-
uated for all patients. Abduction strength was evaluated with
the patient lying on the contralateral side and the affected side
abducted against resistance and was graded using the ordinal
Medical Research Council (MRC) scale (0, No contraction; 1,
Flicker or trace of contraction; 2, Full range of active movement,
with gravity eliminated; 3, Active movement against gravity;
4, Active movement against gravity and resistance; 5, Normal
power).ThemodifiedHarrisHip Score (mHHS) from0 (worst)
to 100 (best) and pain on visual analogue scale (pVAS) from 0
(best) to 10 (worst) were also recorded.

Surgical technique
The patients were placed in the lateral decubitus position and
maintained with positioners placed on the pubic symphysis and
sacrum. A 5–10 cm incision was performed and centred over
the greater trochanter following the anatomic axis of the femur.
Following the dissection and retraction of the subcutaneous tis-
sue, the fascia lata was incised longitudinally over the greater
trochanter to reveal the tear location (Fig. 1). It is worth not-
ing that tear identification can be challenging due to the presence
of important scar tissue. For these cases, a solution comprising
20 cl of NaCl was injected over the theoretical insertion of the
GM (blow test) for a better lesion identification on the sagittal
MRI view. Release and mobilization were then performed and
the free end of the GM was whipstitched with an Ethibond 3
(also for the gluteus minimus if possible).The greater trochanter
area was then exposed and the footprint identified (Fig. 2). The
GTwas prepared using a round burr over an area of 2–3 cm2; the
preparation aimed to reveal cancellous bone to facilitate muscle
flaps healing. To not disturb the vascular supply of the femoral
head, three drill holes (2.0mmdiameter) weremade at the ante-
rior and posterior margins of the footprint as close as possible to
the normal insertion. Then, four 4.75mm SwiveLock C anchors
(Arthrex, Naples, FL, USA) were double loaded and inserted

Fig. 1. After incising the fascia lata and excising the trochanteric
bursa, we observe a full thickness tear of the gluteus medium tendon.
The forceps is situated in the cephalic portion.

Fig. 2.The degenerative tissue and osteophytes of the anterolateral
facette of the GT are cleared and the tendon footprint is recreated
using a round burr.

(Fig. 3). An Arthrex FiberTape (Arthrex, Naples, FL, USA) was
used. The sutures were then passed through the GM and gluteus
minimus, transferring their insertion on the major trochanter
with the hip in 15◦–20◦ of abduction. Apart from abduction,
internal rotation was also needed to counteract natural antev-
ersion. The sutures were tied such that no gaps could remain
between the anchors and the tendon.

Post-operative rehabilitation
The patients were educated to walk with a partial weight-
bearing of 15 kg using two crutches for the first eight post-
operative weeks with no active abduction and passive adduction.
Physiotherapy was initiated at 2months post-operatively, per-
forming active abduction against gravity, gait training and pro-
gression to full weight-bearing. The patients also received a
standard anticoagulation therapy during the first four post-
operatives weeks.
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Fig. 3.Double-row, crossed-limb reconstruction.

Intra- and post-operative evaluation
All intra- and post-operative complications related to the surgery
weredocumented. All patientswere evaluatedpost-operatively at
6months and 1 year at our hospital to evaluate the pVAS,mHHS,
muscle strength andTrendelenburg gait. Patientswere contacted
by mail or telephone to update their records (only for pVAS and
mHHS).

Sample size calculation and statistical analyses
Maldonado et al. reported a pre-operative mHHS of 54.7± 15.9
points for patients with full thickness GM tears [18]. The min-
imal clinically important difference (MCID) of the mHHS at
short follow-up was reported to be 13 points [19]. A priori sam-
ple size calculation to ensure the fulfilment of the principal goal
of the study indicated that 14 patients would be needed to detect
a difference in mHHS of 13 points with a standard deviation of
15.9 points and a statistical power of 0.80.

For baseline characteristics, variables were reported as
mean± standard deviation or proportions. Shapiro–Wilk tests
were used to assess the normality of distributions. Differences
between pre-operative and post-operative values (mHHS, pVAS
andHip strength) were evaluated using either the paired student
t-test (if Gaussian distribution) or theWilcoxon signed-rank test
(if non-Gaussian distribution). For subgroup analyses (mHHS,
pVAS and hip strength improvements), differences between
groups were evaluated using Wilcoxon rank-sum tests (Mann–
WhitneyU-test) or unpaired student t-test.The improvement in
mHHS was compared to the MCID set at 13 points, while the
post-operative mHHS was compared to the patient acceptable
symptom state (PASS) set at 77.5 points [20]. For categorical
data, differences between groups were evaluated using the Fisher
exact test. Statistical analyses were performed using R version
3.6.2 (RFoundation for Statistical Computing, Vienna, Austria).
P-values <0.05 were considered statistically significant.

RESULTS
From the initial cohort of 31 patients, 9 (29%) were excluded
because of previous hip surgeries, 6 (19%) because of a fattyGM

Table I. Patient characteristics

Total (n= 14 patients)

Mean± SD
n (%) Median (min–max)

Age (years) 62.4± 18.0 66.5 (18.0–86.0)
Symptoms onseta (months) 16.6± 14.0 12.0 (2.0–36.0)
Gender
Men 1 (7%)
Women 13 (93%)

Gluteus minimus lesions 12 (86%)
Gluteus minimus reattachment 7 (50%)
Osteoarthrosis
None 10 (67%)
Tonis I 4 (27%)

Fatty GM degeneration
Stage 0 5 (40%)
Stage 1 6 (40%)
Stage 2 3 (20%)

aPreceding surgery; GM, gluteus medius.

degeneration of above stage 2, 1 (3%) because of a spinal pathol-
ogy that needed local lumbar infiltrations and 1 (3%) refused
to participate in this study. None of the patients were lost to
follow-up. This left a final cohort of 14 patients with up-to-
date records at a follow-up of 10.6± 4.8months (median, 10.0;
range, 6.0–18.0) for their last clinical visit and14.3± 7.0months
(median, 14.5; range, 6.0–24.0) for their last updated PROMs.
The study cohort comprised 13 women (93%) and 1 man (3%)
aged 62.4± 18.0 (range, 18–86) at index surgery. Seven patients
(50%)underwent bothGMandgluteusminimus reattachments,
while 7 patients (50%) had isolated GM repair only due to the
absence of gluteusminimus lesions (n= 2) or excessive fatty glu-
teus minimus degeneration (n= 5). Other patient pre-operative
characteristics, including symptoms onset before surgery, pres-
ence of gluteus minimus lesions or radiologic osteoarthro-
sis, as well as fatty GM degeneration stage, are presented in
Table I.

Patient outcomes
None of the patients presented wound complications or experi-
enced other intra- or post-operative complications.

Compared to pre-operative values, patients reported a sig-
nificant improvement in mHHS (59.1± 7.1 vs 92.7± 4.6;
P < 0.001) and pVAS (7.4± 1.0 vs 1.3± 1.3; P < 0.001) at last
follow-up (Table II). All patients improved their mHHS beyond
the MCID (>13 points) with a post-operative mHHS exceed-
ing the PASS (>77.5 points). Patients exhibited a consider-
able improvement in abduction strength (3.6± 0.5 vs 5.0± 0.0;
P < 0.001), and the proportion of patients with a positive Tren-
delenburg sign decreased from 71% (n= 10) pre-operatively
to 0% at their last follow-up visit. All patients improved their
abduction strength by at least one grade. It is worth noting
that patients who benefited from adjuvant gluteus minimus reat-
tachment did not differ from those with isolated GM repair in
terms of mHHS, pVAS or strength improvements (P= 0.439,
P= 0.340 and P= 0.293, respectively).
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Table II. Pre- and post-operative outcomes

Total (n= 14 patients)

Mean± SD
n (%) Median (min–max)

Modified Harris Hip Score (mHHS)
Pre-operative 59.1± 7.1 58.5 (47.0–72.0)
Post-operative 92.7± 4.6 93.5 (85.0–98.0)
Improvement 33.6± 6.5 34.5 (20.0–49.0)
P-value 0.001

Pain on visual analogue scale (pVAS)
Pre-operative 7.4± 1.0 8.0 (6.0–9.0)
Post-operative 1.3± 1.3 1.0 (0.0–4.0)
Improvementa 6.1± 0.9 6.0 (4.0–7.0)
P-value <0.001

Abduction strength
Pre-operative 3.6± 0.5 3.8 (3.0–4.0)
Post-operative 5.0± 0.0 5.0 (5.0–5.0)
Improvement 1.4± 0.5 1.3 (1.0–2.0)
P-value <0.001

Trendelenburg sign
Pre-operative 10 (71%)
Post-operative 0 (0%)
Improvement 100%
P-value <0.001

aA positive improvement indicates a decrease in pVAS.

DISCUSSION
The most important finding of this study was that mini-open
repair using adouble-row techniquedemonstrated excellent clin-
ical and functional outcomes at short follow-up for patients
suffering from chronic full-thickness GM tears with low fatty
muscle degeneration. In comparison to single-row repair, the
double-row technique is known to grant stronger biomechani-
cal properties, better tendon healing and lower retear incidence
as underlined by several studies on rotator cuff tears [21–24].
Moreover, conversely to endoscopic surgeries, the mini-open
repair offers a better tear visualization, a reconstruction that is
closer to patients’ anatomy, and provides the flexibility to per-
form another procedure than the one planned in case of intraop-
erative assessment of irreparable tears.

Gluteal tendon tears represent a common but underreported
cause of hip pain and dysfunction [25]. While such lesions have
been reported following total hip arthroplasty [8, 26–28] or
traumatic events [5, 29, 30], the prevalence of chronic tears in
patients suffering from GTPS is high and should not be ignored.
To date, these degenerative and inflammatory lesions become
a matter of particular interest [31–36], notably, because of the
global population ageing related to advances in medical tech-
nologies. Different authors, therefore, emphasized the impor-
tance of an early and adequate diagnosis using either imaging
results or clinical tests to facilitate orthopaedic care [7, 37]. Cur-
rent surgical treatments, either open or endoscopic, have been,
however, associated with different limits and drawbacks which
led to the introduction of the mini-open technique [13]. In
the present study, the authors analysed a consecutive series of
patients operated for chronic GM tears and demonstrated the

efficacy of mini-open repair at alleviating patients’ symptoms at
short follow-up.

The short-term clinical outcomes of the present series were
excellent. The improvement in mHHS (34 points) was compa-
rable to those reported in the recent literature at a minimum of
2 years of follow-up for open or endoscopic repair of gluteal ten-
don tears (18.4–46.5 points; Table III) [13, 18, 20, 38–43]. All
patients included in the present series (100%) met the PASS in
terms of mHHS, which compares favourably with the results of
Maldonado et al. [18] (69%) and Kirby et al. [40] (88%). To
the authors’ knowledge, the post-operative mHHS reported in
our series (93 points) is above every single result published in
the existing literature (68–86 points) at different follow-up time
points [13, 14, 17, 18, 20, 38–43]. Likewise, the post-operative
pain reported in the present series (median, 1) is one of the
greatest (lowest) values reported in the literature, which ranges
from 0.5 to 3.4 points [13, 14, 17, 18, 20, 38, 39, 41–43]. This
is of particular interest because such a low post-operative pain
level is known to be associated with a considerable reduction
of opioid consumption [44]. Improvements in PROMs seem to
be associated with functional results given that all our patients
(100%) improved their abduction strength by at least one grade,
which is greater than the proportions reported by Maldonado
et al. [18] (44%), Nazal et al. [41] (53%) and Hartigan et al.
[39] (64%).The present series also revealed the complete disap-
pearance of gait dysfunction at last clinical evaluation, which is
consistent with the findings of Hartigan et al. [39] who observed
Trendelenburg gait disappearance in 86% of his patients.

Although such comparisons with the literature illustrate the
satisfactory outcomes of mini-open repair, they remain, how-
ever, debatable because studies differ in terms of patients’ aetiol-
ogy (degenerative, post-traumatic or post-operative tears), tear
types (partial or full thickness tears), fatty muscle degeneration,
surgical procedure (endoscopic, open or mini-open) or fixation
technique (single or double row). Such a heterogeneity pre-
vents us from identifying the best treatment option according
to patient characteristics and tear patterns as recently underlined
in a review article that aimed to develop clinical guidelines for
open surgery of acute and chronic tears of hip abductor tendons
[12].Theonly study that described patient outcomes following a
similar surgical technique is the one published by DeFroda et al.
[13] who reported promising 6months outcomes and potential
benefits. However, such results are hardly interpretable because
the aforementioned pilot study lacks information and clarity on
patients and tears characteristics. Our study is, therefore, the first
to investigate the clinical and functional benefits of mini-open
repair using a double-row technique on a well-described and
homogeneous population (chronic full-thickness GM tears with
low fattymuscle degeneration). It is worth noting that the cohort
size of the present study, which might seem low (14 patients), is
relatively high compared to other published series, notably when
considering our strict inclusion and exclusion criteria [11]. Only
patients who had acute symptoms, a good muscle quality and
minor retraction on MRI were selected from our initial cohort
of 31 cases, which probably explains our good results compared
to others. The excellent results presented in this study, there-
fore, reflect both the efficiency of the surgical technique and an
adequate patient selection.
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Tendon repair using a double-row technique has been largely
studied for rotator cuff tears in the shoulder joint. Different
authors reported that such a procedure could lead to a specific
type of retear (Type 2—medial cuff failure) potentially induced
by themedial transfer of the tension-bearing row and the oblique
passage of instruments through the tendon, which creates larger
holes and more tension on the medial side [45–47]. Further-
more, Christoforetti et al. [48] reported that a second row of
suture anchors could reduce the intratendinous blood flow by
nearly 50% at the time of initial fixation. Further studies with a
longer follow-up and greater cohort size are, therefore, needed to
evaluate the optimal surgical technique in terms of biomechani-
cal and biological properties.

This study presents, however, several limitations. First, its
retrospective nature and absence of a comparative or control
group. Second, the functional outcomes (abduction strength
and gait dysfunction) and PROMs (mHHS and pVAS) were
not assessed at a similar follow-up time point since only the
latter could be updated by mail or telephone. Additional clini-
cal visits at greater follow-up are, therefore, needed to evaluate
whether patient improvements in abduction strength and gait
dysfunction are stable over time. Furthermore, the last follow-up
was not consistent across patients, ranging from 6 to 24months.
While the authors usually evaluate patients at the hospital, this
remote PROMs evaluation had the advantage to reduce costs,
patient travels and potential risks related to the coronavirus
disease-19 (COVID-19). For similar reasons, the authors did
not perform post-operative MRI examination of tendons’ repair
integrity. Lastly, the authors used the mHHS to clinically follow
patients with gluteal tendon tears, while this PROMwas initially
designed for osteoarthritis. The mHHS remain, however, com-
monly assessed in routine for many hip pathologies and is often
useful for comparisons with existing published studies.

CONCLUSION
Mini-open repair of chronic GM tendon tears using a double-
row technique demonstrated excellent clinical and functional
outcomes at short follow-up. This procedure seems to be an
adequate compromise between endoscopic and traditional open
surgeries since it grants an appropriate tear visualization and a
small incision.

DATA AVAIILABILITY
Thedata underlying this article cannot be shared publicly for the
privacy of individuals that participated in the study.

ACKNOWLEDGEMENT
None declared.

FUNDING
This research did not receive any specific grant from funding
agencies in the public, commercial or not-for-profit sectors.

CONFLICT OF INTEREST STATEMENT
None declared.

AUTHORS’ CONTRIBUTIONS
M.B., H.B., L.P. and P.C. contributed to the study design, data
interpretation and article writing. M.B. and H.B. collected the
data and performed the statistical analyses. P.C. supervised the
entire project. All authors approved final manuscript prior to
submission.

REFERENCES
1. Lequesne M, Mathieu P, Vuillemin-Bodaghi V et al. Gluteal

tendinopathy in refractory greater trochanter pain syndrome:
diagnostic value of two clinical tests. Arthritis Rheum 2008; 59:
241–6.

2. Thomassen PJB, Basso T, Foss OA. Endoscopic treatment of greater
trochanteric pain syndrome - a case series of 11 patients. JOrthopCase
Rep 2019; 9: 6–10.

3. Williams BS, Cohen SP. Greater trochanteric pain syndrome: a
review of anatomy, diagnosis and treatment. Anesth Analg 2009; 108:
1662–70.

4. Cormier G, Berthelot J-M, Maugars Y et al. Gluteus tendon rupture
is underrecognized by French orthopedic surgeons: results of a mail
survey. Joint Bone Spine 2006; 73: 411–3.

5. Lachiewicz PF. Abductor tendon tears of the hip: evaluation and
management. J Am Acad Orthop Surg 2011; 19: 385–91.

6. LaPorte C, VasarisM, Gossett L et al.Gluteusmedius tears of the hip:
a comprehensive approach. Phys Sportsmed 2019; 47: 15–20.

7. Lindner D, Shohat N, Botser I et al. Clinical presentation and imag-
ing results of patients with symptomatic gluteus medius tears. J Hip
Preserv Surg 2015; 2: 310–5.

8. Christofilopoulos P, Kenanidis E, Bartolone P et al. Gluteus max-
imus tendon transfer for chronic abductor insufficiency: the Geneva
technique.Hip Int 2020; 1120700020924330.

9. Robertson WJ, Gardner MJ, Barker JU et al. Anatomy and dimen-
sions of the gluteus medius tendon insertion. Arthroscopy 2008; 24:
130–6.

10. Kenanidis E, Kyriakopoulos G, Kaila R et al. Lesions of the abductors
in the hip. EFORTOpen Rev 2020; 5: 464–76.

11. Ebert JR, Bucher TA, Ball SV et al. A review of surgical repair meth-
ods and patient outcomes for gluteal tendon tears. Hip Int 2015; 25:
15–23.

12. Kenanidis E, Lund B, Christofilopoulos P. A roadmap to develop
clinical guidelines for open surgery of acute and chronic tears of hip
abductor tendons. Knee Surg Sports Traumatol Arthrosc 2021; 29:
1420–31.

13. DeFrodaS, SilvermanA,QuinnM et al.Mini-opendouble rowgluteus
medius repair provides good short-term functional outcomes. J Hip
Preserv Surg 2019; 6: 271–6.

14. Chandrasekaran S, Gui C, Hutchinson MR et al. Outcomes of endo-
scopic gluteus medius repair: study of thirty-four patients with mini-
mum two-year follow-up. J Bone Joint Surg Am 2015; 97: 1340–7.

15. Dai Z, Chen Z, Liao Y et al. Comparison of arthroscopic versus open
surgery on external snapping hip caused by gluteal muscle contrac-
ture.Hip Int 2018; 28: 173–7.

16. Gulledge CM,Makhni EC. Open gluteus medius andminimus repair
with double-row technique and bioinductive implant augmentation.
Arthrosc Tech 2019; 8: e585–9.

17. Bogunovic L, Lee SX, Haro MS et al. Application of the goutal-
lier/fuchs rotator cuff classification to the evaluation of hip abductor
tendon tears and the clinical correlation with outcome after repair.
Arthroscopy 2015; 31: 2145–51.

18. Maldonado DR, Annin S, Chen JW et al. Full-thickness gluteus
medius tearswith orwithout concomitant hip arthroscopy:minimum
2-year outcomes using an open approach and contemporary tendon
repair techniques.Orthop J Sports Med 2020; 8: 2325967120929330.

19. Chahal JVT GS, Mather RC, Lee S et al.The minimal clinical impor-
tant difference (MCID) and patient acceptable symptomatic state
(PASS) for the modified Harris Hip Score and Hip Outcome Score



208 • M. Barrera et al.

among patients undergoing surgical treatment for femoroacetabular
impingement.Orthop J Sports Med 2014; 2.

20. Okoroha KR, Beck EC,Nwachukwu BU et al.Definingminimal clini-
cally important difference and patient acceptable symptom state after
isolated endoscopic gluteusmedius repair.Am J Sports Med 2019; 47:
3141–7.

21. Abtahi AM, Granger EK, Tashjian RZ. Factors affecting healing after
arthroscopic rotator cuff repair.World J Orthop 2015; 6: 211–20.

22. Saltzman BM, Collins MJ, Leroux T et al. Arthroscopic repair of iso-
lated subscapularis tears: a systematic review of technique-specific
outcomes. Arthroscopy 2017; 33: 849–60.

23. Shen C, Tang ZH, Hu JZ et al. Incidence of retear with double-row
versus single-row rotator cuff repair.Orthopedics 2014; 37: e1006–13.

24. Ying ZM, Lin T, Yan SG. Arthroscopic single-row versus double-row
technique for repairing rotator cuff tears: a systematic review and
meta-analysis.Orthop Surg 2014; 6: 300–12.

25. CvitanicO,HenzieG, SkezasN et al.MRI diagnosis of tears of the hip
abductor tendons (gluteus medius and gluteus minimus). AJR Am J
Roentgenol 2004; 182: 137–43.

26. CatesHE, SchmidtMA,PersonRM. Incidental ‘rotator cuff tear of the
hip’ at primary total hip arthroplasty. Am J Orthop 2010; 39: 131–3.

27. Rajkumar S, Singer GC, Jones JR. Results following repair of gluteus
medius defects following total hip arthroplasty. Hip Int 2011; 21:
293–8.

28. Rosinsky PJ, Bheem R, Meghpara MB et al. Asymptomatic gluteal
tendinopathies negatively impact outcomes of total hip arthro-
plasty: a propensity score-matched study. J Arthroplasty 2021; 36:
242–9.

29. GodshawB,WongM,OjardC et al.Acute traumatic tear of the gluteus
medius and gluteus minimus in a marathon runner. Ochsner J 2019;
19: 405–9.

30. StantonMC,MaloneyMD, Dehaven KE et al.Acute traumatic tear of
gluteus medius andminimus tendons in a patient without antecedant
peritrochanteric hip pain.Geriatr Orthop Surg Rehabil 2012; 3: 84–8.

31. Zhu MF, Musson DS, Cornish J et al. Hip abductor tendon tears:
where are we now?Hip Int 2020; 30: 500–12.

32. Ali M, Oderuth E, Atchia I et al. The use of platelet-rich plasma in
the treatment of greater trochanteric pain syndrome: a systematic
literature review. J Hip Preserv Surg 2018; 5: 209–19.

33. Bessette MC, Olsen JR, Mann TR et al. Intra-articular hip injections
for lateral hip pain. J Hip Preserv Surg 2014; 1: 71–6.

34. Hapa O, Isin Y, Toklong M et al. Bare area on the trochanter and its
correlations to gluteal tendon insertion dimensions. JHip Preserv Surg
2020; 7: 38–42.

35. KhouryAN,BrookeK,Helal A et al.Proximal iliotibial band thickness
as a cause for recalcitrant greater trochanteric pain syndrome. J Hip
Preserv Surg 2018; 5: 296–300.

36. Lall AC, Walsh JP, Maldonado DR et al. Teamwork in hip preserva-
tion: the ISHA 2019 Annual Scientific Meeting. J Hip Preserv Surg
2020; 7: 2–21.

37. Ortiz-Declet V, Chen AW, Maldonado DR et al. Diagnostic accu-
racy of a new clinical test (resisted internal rotation) for detection of
gluteus medius tears. J Hip Preserv Surg 2019; 6: 398–405.

38. DominguezA, SeijasR,AresO et al.Clinical outcomesof trochanteric
syndrome endoscopically treated. Arch Orthop Trauma Surg 2015;
135: 89–94.

39. Hartigan DE, Perets I, Ho SW et al. Endoscopic repair of partial-
thickness undersurface tears of the abductor tendon: clinical out-
comes with minimum 2-year follow-up. Arthroscopy 2018; 34:
1193–9.

40. KirbyD,Fried JW,BloomDA et al.Clinical outcomes after endoscopic
repair of gluteus medius tendon tear using a knotless technique with
a 2-year minimum follow-up. Arthroscopy 2020; 36: 2849–55.

41. NazalMR, AbrahamPF,ConawayWK et al.Endoscopic repair of full-
thickness gluteus medius andminimus tears-prospective study with a
minimum 2-year follow-up. Arthroscopy 2020; 36: 2160–9.

42. Perets I, Mansor Y, Yuen LC et al. Endoscopic gluteus medius repair
with concomitant arthroscopy for labral tears: a case series with min-
imum 5-year outcomes. Arthroscopy 2017; 33: 2159–67.

43. Thaunat M, Clowez G, Desseaux A et al. Influence of muscle
fatty degeneration on functional outcomes after endoscopic gluteus
medius repair. Arthroscopy 2018; 34: 1816–24.

44. Maslaris A, Vail TP, Zhang AL et al. Equivalent mid-term results of
open vs endoscopic gluteal tendon tear repair using suture anchors in
forty-five patients. J Arthroplasty 2020; 35: S352–8.

45. Bedeir YH, Jimenez AE, Grawe BM. Recurrent tears of the rotator
cuff: effect of repair technique and management options. Orthop Rev
2018; 10: 7593.

46. HayashidaK,TanakaM,KoizumiK et al.Characteristic retearpatterns
assessed by magnetic resonance imaging after arthroscopic double-
row rotator cuff repair. Arthroscopy 2012; 28: 458–64.

47. Trantalis JN, Boorman RS, Pletsch K et al. Medial rotator cuff failure
after arthroscopic double-row rotator cuff repair. Arthroscopy 2008;
24: 727–31.

48. Christoforetti JJ, Krupp RJ, Singleton SB et al. Arthroscopic suture
bridge transosseus equivalent fixation of rotator cuff tendon preserves
intratendinous blood flow at the time of initial fixation. J Shoulder
Elbow Surg 2012; 21: 523–30.




