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A B S T R A C T

Gluteus medius and minimus tears have recently been reported to be very common and the main etiology of
lateral sided hip pain. The purpose of this study was to determine whether there is any correlation between the
dimensions of the tendon insertions and bare areas (BA) and various bony landmarks. Twenty-seven hemipelvises
from adult male hips were included. The bony landmarks [anterior tip (Ta), posterior tip of trochanter, vastus tu-
bercle (VT) and center of BA] were marked. The longitudinal lengths and widths (maximum) of posterosuperior
(PS), lateral facets (LF), minimus insertion (Min) and BA and the distance between posterior (Tp) and Ta and
between anterior/posterior tips and the VT or center of BA were measured using a digital caliper. A correlation
analysis was performed between variables. There was a correlation between LFlength and Minlength (r ¼ 0.4, P ¼
0.01) and between Ta–BA and PS þ LF (r ¼ 0.5, P ¼ 0.003) or Minlength (r ¼ 0.4, P ¼ 0.016). LFwidth was nega-
tively correlated with BAwidth (r ¼ �0.4, P ¼ 0.002). Tp–BA was negatively correlated with BAwidth (r ¼ �0.4,
P ¼ 0.01). LFwidth was correlated with Tp–BA, and this nearly reached statistical significance (r ¼ 0.3, P ¼ 0.05).
BA can be used intraoperatively as landmarks to estimate the width of the LF and also to determine the length of
the longitudinal insertion of the gluteus medius and minimus tendons.

I N T R O D U C T I O N
Gluteus and minimus tears are recognized as the main eti-
ology of lateral sided hip pain [1]. Partial and total rup-
tures of gluteal muscles tendon insertions have been
described [2–4]. Open and arthroscopic treatments of
gluteal tendon tears have been reported to be associated
with pronounced short-term pain relief and gain of func-
tion [5, 6]. Recently, bald areas without any tendon at-
tachment between the gluteus medius and minimus
tendons have been described in previous works as pos-
sible reference points while repairing gluteal tendon tears
and as reference points for intramedullary nail entry to re-
duce soft tissue injury [7, 8]. These areas have been
reported to be slightly ellipsoidal with a diameter of
21 mm. Diameters of gluteal tendon insertions [supero-
posterior facet and lateral facet (LF)] were also analyzed;
however, no correlation has been reported between the

distance from any bony landmarks and the dimensions of
the bare area (BA) [7, 8].
The gluteus minimus insertion (Min) on the trochanter
has been described as L-shaped or triangular shaped in one
study and shaped like a bowstring or crescent in another;
no study has yet given its dimensions [9–11].

The purpose of this study was first to assess the presence
of the bald spot and second to determine whether there is a
correlation between the dimensions of the BA, width of the
trochanter (the distance between anterior and posterior tips)
or length of the trochanter [distance between anterior tip
(Ta) and vastus tubercle (VT) or BA] and the insertional
dimensions of the gluteal tendons. It is here hypothesized
that there is a correlation between the dimensions of the
bony landmarks and the insertional dimensions of the ten-
dons, which, in turn, may help the surgeon to understand
the size of the tear to plan its repair.

VC The Author(s) 2020. Published by Oxford University Press.
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use,
please contact journals.permissions@oup.com

� 38

Journal of Hip Preservation Surgery Vol. 7, No. 1, pp. 38–42
doi: 10.1093/jhps/hnaa001
Advance Access Publication 7 February 2020
Research article

http://orcid.org/0000-0001-8154-658X
https://academic.oup.com/


M A T E R I A L S A N D M E T H O D S
This study included 27 hemipelvises (14 formalin pre-
served pelvises) from the hips of cadavers of adult Turkish
men preserved at the Department of Anatomy, Dokuz
Eylül University. Two female pelvises (four hemipelvis)
were also measured to allow gross comparison to those of
the all-male study group. Exact ages and body dimensions
were not known.

Macroscopic examinations performed to assess gross
tendon or muscle damage and signs of tears in the gluteal
tendon or osteoarthritis (e.g. cartilage damage and/or
osteophyte formation), any evidence of peripheral vascular
disease, changes in the skin, prior fracture and traumatic or
surgical scar were performed. The right hemipelvis of the
first pelvis was used for pilot hemi-dissection. Dissection
consisted of excision of skin, peritrochanteric muscles and
fascia to isolate tendon insertions of the gluteus medius,
gluteus minimus, piriformis and vastus lateralis were iso-
lated. Sharp dissections of these tendons were then per-
formed. Bony landmarks (Ta, posterior tip of trochanter,
VT and center of BA) were also marked.

Longitudinal lengths and widths (maximum) of poster-
osuperior (PS),LF, Min, BA, distance between posterior
(Tp), Ta, between anterior, posterior tips, VT or center of
BA were measured using digital caliper (Figs 1 and 2). The
distance from the center of the BA to the center of the tro-
chanter or the most proximal point of the trochanter was
also measured. The angle between longitudinal axis of the
BA and LF and the axis of the femur shaft were measured
using a goniometer. Correlations between the measured
parameters were assessed using the Spearman correlation
analysis test. Significance was set as P< 0.05.

R E S U L T S
None of the specimens yielded any macroscopic evidence
of tendon damage, muscle atrophy, or scarring or any evi-
dence on any scale of peripheral vascular disease, prior
fracture or osteoarthritis. The data are presented in
Table I. The distance between the most proximal point of
the trochanter and the center of the BA was 8 6 2 mm [9
(7–9)]. The distance between the center of the trochanter
and the center of the BA was 13 6 2 mm [13 (12–14)].
The angle between the longitudinal axis of the femur shaft
and the LF was 32 6 6 [30 (29–35)], while the angle be-
tween the shaft and the BA was 23 6 6 [24 (20–26)].

The gluteus Min appeared to be shaped like a bow tie
in most of the specimens (20 specimens), while the rest
were crescent shaped.

There was a correlation between LFlength and Minlength (r
¼ 0.4, P¼ 0.01, PSþ LF versus Minlength r¼ 0.3, P¼ 0.06)
and between Ta–BA and PS þ LF (r ¼ 0.5, P ¼ 0.003)

or Minlength (r ¼ 0.4, P ¼ 0.016) or BAlength (r ¼ �0.3, P
¼ 0.07).

LFwidth was negatively correlated with BAwidth (r ¼
�0.4, P ¼ 0.002). Tp–BA was negatively correlated with
BAwidth (r ¼ �0.4, P ¼ 0.01). LFwidth showed a correlation
with Tp–BA that almost reached statistical significance
(r ¼ 0.3, P ¼ 0.05). Female subjects (n ¼ 4) had lower
parameters than their male counterparts (PS þ LF ¼
48 6 3, LF ¼ 23 6 4 � 14 6 1, Min ¼ 24� 12 6 2 mm,
BA ¼ 15 6 1� 10 6 1, Ta–Tp ¼ 32 6 1 mm, Ta–VT ¼
18 6 1, Ta–BA ¼ 12 6 1, Tp–BA ¼ 25 6 4).

D I S C U S S I O N
Greater trochanteric pain syndrome is now used for laterally
based hip pain and includes several pathologies, such as tro-
chanteric bursitis, gluteal muscle tendinopathies and external
coxa saltans due to iliotibial band thickening. If conservative
measures such as rest and anti-inflammatory medications fail
injections (‘recently’ platelet-rich plasma) and mini-open,
endoscopic treatments have been described [12–15].

The main findings of this study were that the BA be-
tween the gluteus medius and minimus tendon insertions
was 20 mm� 9 mm in size, the width of which was nega-
tively correlated to that of the LF. The distance between
the posterior tip of the trochanter and the center of this
particular area was correlated with the width of LF (P ¼
0.05), and the length of the BA was correlated with the dis-
tance from the Ta to the center point; this correlation
approached statistical significance (P ¼ 0.07). The lengths
of the insertions of the gluteus medius and minimus were
positively correlated with the distance from the Ta of the
trochanter to the center of the BA.

Robertson et al. [8] were the first to describe the pres-
ence of the bald center or area in between the gluteal ten-
dons on the trochanter as approximating a least squares
circle with a radius of 10 6 1 mm. Robertson et al. reported
the dimensions of the BA, angle between its longitudinal
axis and femoral shaft, coordinates of the localization of
the BA (e.g. central point distance to most proximal part
of trochanter or central point of trochanter) and dimen-
sions of the LF. It was reported that the shape of this area
is slightly ellipsoidal with its major axis in the posterior su-
perior to anterior inferior at an angle of 34� (17–48�) to
the femoral shaft axis [similar to this study (20–26�)] with
a diameter of 21 mm (17–25) [7]. In this study, it was
observed that the same ellipsoid shape of the area with a
longitudinal length similar to that shown in the previous
study (20 mm); however, the width in this study was
9 mm. In the previous work, the center of the area was
11 mm (7–14 mm) distal to the most proximal point of the
trochanter [similar to present study (7–9 mm)] and 5 mm
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(0–9 mm) anterior to the center of the trochanter [less
than this study (12–14 mm)] [7].

Robertson et al. also reported the dimensions of the LF
to be 34 6 4 mm� 13 6 2 mm. This study showed the LF
to be slightly shorter (26–30 mm) with a 14–16-mm width
[8]. However, both the previous studies were performed
on fresh cadavers of both female and male pelvises with a
smaller number of specimens, unlike in this study [7, 8].
Another study reported dimensions of LF to be 34
mm� 30 mm without mentioning about the BA [16].

Most recently, Philippon et al. [10] reported the total
anterior length of the PS facet plus LF to be 58 mm and
the posterior length to be 63 mm. Philippon et al. [10] also
described the distances of footprint centrums to various
bony landmarks on the trochanter; however, no report has

yet discussed correlations between the dimensions of the
footprints and the distances between the landmarks. In this
study, the mid longitudinal length of the PS facet plus LF
was reported to be 57 mm rather than providing distinct
anterior or posterior total lengths.

For the gluteus minimus trochanteric insertion, the first
study described its shape to be irregular L-shaped or tri-
angular but did not provide its dimensions [9]. More re-
cent studies described it to be shaped like a crescent (n ¼
11) or bow tie (n ¼ 3) [9, 10] but still not providing the
dimensions of the anterior facet or distances to various
bony landmarks [10, 11]. Another study reported the
width of the anterior facet to be 21 6 3 mm [16]. This
study showed a correlation between the length of the mini-
mus tendon insertion area and the LF length or the dis-
tance from the Ta to the BA center.

The findings of this study may suggest that the BA is pre-
sent, and it can be used intraoperatively as a landmark to esti-
mate the width of LF or even determine the longitudinal
insertion length of the gluteus medius and minimus tendons.
The reason why other bony landmarks (e.g. VT) and the dis-
tance between the anterior and posterior tips were not

Fig. 1. Schematic drawings of the measured parameters (Ta, Tp,
BA, Min, Med: medius tendon, P: piriformis and VT).

Fig. 2. Gluteus minimus and medius insertions on the trochanter
and BA in between.

40 � O. Hapa et al.



correlated with the dimensions of tendon insertion remains
unclear. This may be because the distance between the BA
and the trochanteric tip is on the same plane or was shorter.
These can be reproduced unlike other measurements, which
will require further studies for clarification.

This study does have some limitations. First, formalin-
fixed cadavers were used, which could affect the soft tissue
relationships. Second, only male cadavers were included in
correlation analysis, and the exact ages of the cadavers
were not known. Due to the small number of female pel-
vises statistical analysis could not be performed. Most of
the studies did not report the sexual differences for the ten-
dinous attachment dimensions [8–11, 17–19]. Only one
study reported sexual differences between parameters, such
that that LF (34 versus 27 mm; present study 28 versus
23 mm) and tendon length were found to be longer in
males than in females [16].

Further studies utilizing fresh cadavers and including
the female pelvises and an overall larger number of speci-
mens are needed to validate the correlations found in this
study and to further delineate possible other correlations,
which, in turn, may help surgeons determine the sizes and
configurations of tears to plan treatment.
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