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a b s t r a c t

Objective: The aim of this study was to measure the area of iliopsoas tendon attachment and the distance
of sciatic nerve, medial circumflex femoral artery (MCFA) and quadratus muscle to lesser trochanter tip,
before and after 5, 10, 15 mm depth excision of lesser trochanter.
Methods: A total 15 hips of 8 adult male cadavers were evaluated. Distances between lesser trochanter
tip, sciatic nerve, the lower edge of quadratus muscle and MCFA; length and width of quadratus muscle
insertion; area of iliopsoas muscle and quadratus muscle insertion was measured before and after
sequential 5,10 and 15 mm depth trochanterplasties using 5 mm wide burr parallel to the posterior
cortex.
Results: Each incremental 5 mm depth bone removal led to significant decrease of tendon area (p¼0.001)
at each stage. Mean decreases of iliopsoas tendon attachment area with incremental 5 mm burring were
22%±10 with 5 mm, 50%±13 with 10 mm, and 76% ±13 with 15 mm of burring.
Conclusion: Up to 15 mm lesser trochanter removal did not result in complete detachment of the
iliopsoas tendon. Lesser trochanter tip was detected at least 20 mm away from important anatomic
structures including quadratus tendon, sciatic nerve, and the medial circumflex femoral artery.
© 2017 Turkish Association of Orthopaedics and Traumatology. Publishing services by Elsevier B.V. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
Introduction

Ischiofemoral impingement (IFI) syndrome is one of the etiol-
ogies of hip pain, caused by narrowing between the ischial tuber-
osity and the lesser trochanter.1 Two endoscopic techniques of
decompression of the lesser trochanter have been described:
anterior and posterior.1,2 Each has advantages and disadvantages.
The main structures at risk are the sciatic nerve (SN), the medial
circumflex femoral artery (MCFA), the quadratus muscle, and the
iliopsoas tendon.1

Several recommendations exist in the literature for the quantity
of the lesser trochanter to be excised: 5e10 mm or the posterior
one-third of the lesser trochanter, or decide according to oblique
views.2,3
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Recently, Gomes-Hoyos et al4 described the insertional anatomy
of the iliopsoas tendon on the lesser trochanter, and they reported
that the lesser trochanter had a bald anterior cortical area with no
tendinous attachment; they concluded that resection of more than
50% of the tip would partially or completely detach the tendon.

The purpose of the present study was to quantify the area of the
iliopsoas tendon attachment before and after a 5-mm, 10-mm, and
15-mm deep excision using a 5-mm wide burr parallel to the
posterior cortex and to measure the distance of the SN andMCFA to
the lesser trochanter tip, and the dimensions of the quadratus
muscle.

The hypothesis was that 5-mm, 10-mm, and 15-mm burring of
the lesser trochanter would result in a proportional decrease in the
area of the iliopsoas tendon attachment with the tendon still
attached after 15 mm of burring.
Materials and methods

A total of 15 hips of 8 adult, male, formalin-fixed cadavers were
evaluated. Study exclusion criteria were any macroscopic evidence
rvices by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
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Fig. 2. The burr on the tip of the lesser trochanter.
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of trauma to the hip region. All muscular attachments around the
hip regionwere dissected. The hip capsule was incised. The hip was
rotated internally until the entire lesser trochanter was exposed
and the tip was vertical to the ground. Next, the quadratus femoris
muscle insertion at the trochanteric area was dissected off and the
insertion area was marked with a pen. The MCFAwas then clarified
at the undersurface of the quadratus muscle. The insertion of the
iliopsoas muscle at the lesser trochanter was then cut with a sur-
gical blade and the area was marked with a pen. The distance of the
lesser trochanter tip to the SN, the lower edge of the quadratus
muscle, the MCFA, the length and width of the quadratus muscle
insertion, the surface area of the iliopsoas muscle, and the quad-
ratus muscle insertion were measured using Image J, version 1.46,
software (National Institutes of Health, Bethesda, MD, USA)5 (Fig.1).

A burr, 5 mm in width (Depuy Mitek, Inc., Raynham, MA, USA)
was placed on the tip of the lesser trochanter (Fig. 2) and sequential
5-mm, 10-mm, and 15-mm deep trochanterplasties (using the
width of the burr as guide for the depth) were performed parallel to
the posterior cortex of the femur, and the iliopsoas insertion area
was measured at each stage of bone removal (Fig. 3).

Statistical analysis

Data analysis was performed using SPSS for Windows, Version
11.5 (SPSS Inc., Chicago, IL, USA). TheWilcoxon signed-rank test was
used to detect a side-to-side difference between each cadaver for
each variable (n ¼ 7), and to determine any difference in the
insertion area of the iliopsoas muscle between no burring and 5-
mm burring, 5-mm and 10 mm-burring, and 10-mm and 15-mm
burring (n ¼ 15).

Results

The results are presented in Tables 1 and 2. The lesser trochanter
tip was consistently located posterior-inferior to the inferior
attachment site of the quadratus. There were no side-to-side dif-
ferences in the variables tested, except for the distance of the
trochanter to the quadratus tendon (p ¼ 0.04) (27 ± 4 mm vs
30 ± 5 mm). Each incremental 5 mm in depth of bone removal
resulted in a significant decrease of tendon area (p ¼ 0.001) at each
stage.
Fig. 1. The iliopsoas and quadratus muscles are elevated and the insertions are
marked. (Arrow: medial circumflex femoral artery at the undersurface of the quadratus
muscle).
The mean decrease in iliopsoas tendon attachment area with
incremental 5 mm of burring was 22 ± 10% at 5 mm, 50 ± 13% at
10 mm, and 76 ± 13% at 15 mm.

Discussion

The primary findings of this study were that at each 5-mm in-
crease in depth of bone removal, there was a significant propor-
tional decrease in iliopsoas tendon attachment area, with as much
as 11% of the tendon still attached at 15-mm burring depth.

Endoscopic or open lesser trochanter excisions are proposed
treatment modalities for ischiofemoral excision. Two endoscopic
techniques, anterior and posterior, have been described as having
the risk of detachment of the iliopsoas tendon and injury to the
MCFA, the SN, and the quadratus tendon.2,3

In the present study, the mean distance of the lesser trochanter
to the MCFA was 22 ± 2 mm. Gautier et al6 reported a distance of
18.2 ± 4 mm in fresh cadavers (5 male, 7 female). In another study,
McCormick et al7 reported a distance of 22.9 ± 5 mm observed in
magnetic resonance arthrograms.

The distance between the SN and the lesser trochanter tip was
21 ± 1 mm in the present study, similar to the results of a study of
computed tomography (CT) images conducted by Liu et al,8

reporting a distance of 21.2 ± 5 mm. The authors noted that CT
analysis was performedwith the pelvis in the neutral position, with
the lower limb placed in internal rotation. However, the distance to
the lesser trochanter would probably change according to the
rotation of the thigh.9

Most recently, Gomes-Hoyos et al4 described the insertional
anatomy of the iliopsoas tendon on the lesser trochanter. In that
study, up to 70% of the specimens had a double tendinous footprint
(i.e., two separate tendons for the iliacus and the psoas). Our ca-
davers were observed to be single tendinous, but we did not spe-
cifically distinguish or define the 2 tendons with histological
studies, as the aim of the study was not to describe the footprint
location of the iliopsoas tendon, which has previously been pub-
lished.4 In the same study by Gomes-Hoyos et al, the height of the



Fig. 3. The iliopsoas muscle insertion after sequential burring (Left to right: no burr, 5-mm, 10-mm, and 15-mm burring) IP0: Iliopsoas insertion area; IP5: after 5 mm of bone
removal, IP10: after 10 mm of bone removal, IP15: after 15 mm of bone removal.

Table 1
Measured distances (LT-S: lesser trochanter tip to sciatic nerve, LT-Q: lesser
trochanter tip to inferior border of quadratus muscle, LT-A: lesser
trochanter tip to MCFA, QL: lenght of quadratus tendon, QW: width of
quadratus tendon. SD: standard deviation).

All specimens (n:15) Mean ± SD(median)
[%95 confidence interval] mm

LT-S 21 ± 1(21)[20e21]
LT-Q 29 ± 4(30)[26e31]
LT-A 22 ± 2(22)[20e23]
QL 37 ± 4(38)[35e40]
QW 15 ± 3(15)[13e17]

Table 2
Measured areas (QA:Quadratus insertion area, IP0: Iliopsoas insertion area,
IP5: after 5mmdepth bone removal, IP10: after 10mmdepth bone removal,
IP15: after 15 mm depth bone removal).

All specimens (n:15) Mean ± SD (median)
[%95 confidence interval] mm2

QA 353 ± 98(375)[299e408]
IP0 120 ± 24(128)[106e133]
IP5 93 ± 24(87)[79e106]
IP10 60 ± 23(60)[47e73]
IP15 29 ± 17(27)[19e39]
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lesser trochanter was reported to be 13.8 mm ± 1.2 mm in male
cadavers.4 We did not focus on the height of the trochanter minor
and its localization (anteversion) on the femur, which may be the
subject of other studies. In the present study, our intent was to
investigate the effect of excision of the lesser trochanter on the area
of the iliopsoas muscle insertion. Lesser trochanterplasty for
ischiofemoral impingement is a recently developed procedure, and
the related literature consists of case reports or small series. The
technique described in the reported cases recommends excision of
the lesser trochanter to achieve an ischiofemoral distance of at least
17 mm, or an average of 5e10mm, according to the thickness of the
arthroscopic burr.1,3

Gomes-Hoyos et al4 also described a mean ratio in male ca-
davers between the bald anterior wall devoid of tendon attach-
ment and the lesser trochanter height of approximately 35%. That
conclusion was based on a resection of more than 50% of the tip,
which will partially or completely detach the iliopsoas tendon.
However, this was partially rejected in the present study, which
revealed that up to 15-mm of tip removal resulted in approxi-
mately 25% of tendon still remaining attached to the lesser
trochanter tip.

This study has several limitations. First, the cadavers were
formalin-fixed, rather than fresh-frozen, which may have changed
the tendonebone relationship. Second, the number of specimens
may limit the power of the study. Another major limitation of our
study is the inclusion of only male cadavers. The case reports and
case series in the literature regarding ischiofemoral impingement
mostly describe adult females. In a recent meta-analysis, Singer
et al reported that 75.9% of all cases were female.10 Tosun
et al explained the difference between genders as the ischiofe-
moral space narrowing being a result of female pelvic anatomy.11

However, it was also mentioned that ischiofemoral impingement
is “not uncommon” in males.12 In this study, the lesser trochan-
teric tip was burred by a single surgeon, and the width of the burr
was used as a guide for the depth of removal; however, as usual for
a clinical application, this may not be a complete, standardized
guide for the depth of removal. Furthermore, biomechanical
analysis revealing the strength of the remnant tendon would be
more clinically relevant and would be a topic of interest for future
studies.
Conclusion

Removal of up to 15mm of the lesser trochanter did not result in
complete detachment of the iliopsoas tendon. The lesser trochanter
tip was observed to be at least 20 mm from the important
anatomical structures of the quadratus tendon, the SN, and the
MCFA.
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