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Repairing released posterior soft tissues is important in preventing dislocation after total hip arthroplasty (THA)
via the posterior approach. We clarify the functional and the clinical anatomy of obturator externus. We per-
formed cadaveric studies and investigated clinically in primary THA cases. The location, trajectory, and size of
the muscular tendon was recorded. The trajectory of the obturator externus ran orthogonal to the femoral axis
with the hip in 90° flexion whereas that of the obturator internus muscle ran parallel. Because the trajectory of

obturator externus and the obturator internus differ, their functions also differ.

1. Introduction

The posterior approach is a basic approach to the hip joint and is
currently one of the most frequently used approaches in universal total
hip arthroplasty (THA). Regarding the posterior approach to the hip, the
joint is typically exposed by releasing the tendon of the three short
external rotators, the piriformis, the conjoined tendon of the superior
gemellus, the obturator internus, the inferior gemellus, and the external
obturator tendon from the greater trochanter. The importance of
repairing the released posterior soft tissues in preventing dislocations
after THA via the posterior approach has been reported in recent
years.'* However, details of the role of each posterior tissue, and the
underlying mechanism by which they contribute to preventing dislo-
cation has not been elucidated.

Of the short external rotators, the literature has limited information
on the obturator externus muscle in particular. In the classic and
representative reports regarding the posterior approach to the hip by
Osborne® and Moore,’ while the release of the piriformis tendon and the
conjoined tendon are described, there is no description on the procedure
for the obturator externus tendon. The procedure is described as having
sufficient exposure from the neck region to the lesser trochanter, and so
even though the obturator externus tendon appears to be released, there

is no clear description. This may be because the muscle has a different
trajectory from the other external rotators, and the muscle belly lies
deep to the surgical field on the distal aspect of the joint, and with deep
retraction once the tendon is released, it is difficult to verify under direct
vision.

As such, while reports regarding the obturator externus and its
anatomy, function, and actual clinical findings in THA are few, there
have been some reports of studies in recent years regarding its anat-
omy,”® function,”'® and relevant clinical findings."!

The authors considered that the obturator externus has a completely
different trajectory from the other external rotators, and so initiated
basic studies on the obturator externus muscle in 2008 and clinical
studies from December 2008, in THA via the posterior approach. This
also included repair of the obturator externus tendon in addition to the
previously performed piriformis tendon, conjoined tendon, and the
posterior capsule repair. The basic science study reported on anatomy
and function from cadaveric studies in 2009'? and 2014,'® but these
were reported only in Japanese. The clinical study reported focused on
the effect of obturator externus repair on clinical outcomes after THA via
the posterior approach.’*

The purpose of this study was to describe the functional anatomy of
the obturator externus based on basic cadaveric studies performed by
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the authors in the English literature, and to elucidate the clinical anat-
omy of the actual appearance of the obturator externus in comparison to
the other external rotators during THA surgery performed via a posterior
approach.

The cadaveric studies were implemented under the guidance of a
qualified anatomist. In addition, both the cadaveric and the clinical
studies were implemented with approval of the Institutional Review
Board of the authors’ institution. Informed consent was obtained from
all patients. Permission to publish the Japanese studies from 2009 to
2014 in English has been duly obtained from the Japanese Hip Society.

2. Materials and methods
2.1. Cadaveric investigations

2.1.1. Comparative study on the functional anatomy of the obturator
externus and obturator internus from the standpoint of preventing hip
dislocation after THA'?

One formalin-treated cadaver hip joint from one adult (male,
78years) subject donated to the university anatomy department was
used. It was confirmed that the hip joint had no obvious deformities or
joint disease. Leaving the entire obturator internus and the obturator
externus in situ, all other soft tissues were removed from the hip joint,
and an experimental specimen comprising the sacrum, pelvis, and
proximal femur was constructed. The trajectory of the obturator inter-
nus and the obturator externus along with the change in tension of the
muscles were observed by stabilizing the specimen’s pelvis with passive
movement of the femur. Because the obturator internus bends as it runs
over the lesser sciatic notch, the trajectory of the tendon was observed to
be the direction of action of the muscle traction force around its inser-
tion to the greater trochanter. Tension was observed for adduction,
abduction, internal rotation, and external rotation with the hip joint in
neutral and 90° flexion. With the initiation of motion as baseline (0),
tension the same as baseline was evaluated as (0), mild increase in
tension as (+), increase as (++), marked increase as (+-++), mild
relaxation as (—), and relaxation as (-).

2.1.2. Functional anatomy of the obturator externus accompanying hip
motion’’

Six formalin-treated hip joints from three adult cadavers (2 males
and 1 female, range 78 years) donated to the university anatomy
department were used. All hip joints were confirmed to have no obvious
deformities or hip joint disease. The entire obturator externus and part
of the capsule were left in situ while the soft tissues were removed from
around the hip joint and experimental specimens comprising the
sacrum, pelvis, and proximal femur were constructed. First, the location
of the insertion of the obturator externus tendon to the greater
trochanter was observed and recorded. Next, the tension on the obtu-
rator externus was observed for each of the flexion angles 0°, 60°, and
90° in the position of neutral adduction/abduction and neutral internal
rotation/external rotation. Also, at flexion angles 0°, 60°, and 90°, the
tension on the obturator externus was observed by adding internal
rotation. Each motion was repeated 3 times, and the status of the
obturator externus was recorded with a digital video camera. In evalu-
ating the tension on the obturator externus, the muscle was divided into
3 regions (anterior, middle and posterior), tension status at neutral po-
sition was considered baseline, and tension the same as baseline was
evaluated as (0), mild increase in tension as (+), increase as (+-+),
marked increase as (+++), mild relaxation as (—), and relaxation as (-).

2.2. Clinical investigation: clinical anatomy of the obturator externus in
THA via the posterior approach

The cases were 141 hips in 137 consecutive patients for whom pri-
mary THA was performed via the posterior approach in our department.
Hips with previous surgeries or trauma, or those with history of
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treatment for Perthes disease or septic hip arthritis were excluded. There
were 113 females and 28 males, and mean age at time of surgery was 65
(range, 37-91) years. In total, 119 patients had hip osteoarthritis, 12 had
avascular necrosis of the femoral head, and 4 had rheumatoid arthritis.
All surgeries utilized the posterior approach with the patient in the
lateral decubitus position. The external rotators from the piriformis to
the obturator externus were released from their insertion to the greater
trochanter together with the underlying posterior capsule. After place-
ment of the implant, during the repair of the soft tissues in the posterior
aspect of the hip joint, I) the piriformis tendon, II) the conjoined tendon
(bundle of superior and inferior gemelli and the obturator internus), and
III) the obturator externus tendon were identified, and their locations
and trajectory directions were observed. The identified location of the
released end of the obturator externus tendon was recorded in detail
defining the superior aspect of the acetabulum as 12 o’clock, the pos-
terior aspect as 3 o’clock, and the inferior aspect as 6 o’clock in relation
to the capsule. Also, for the three identified external rotator tendons, the
transverse and longitudinal diameters of the elliptical shaped released
cross-sectional area were measured with a ruler. The area of the ellipse
was approximated as major diameter/2 x minor diameter/2 x n (3.14)
and the cross-sectional area of each tendon was calculated and
compared.

3. Results
3.1. Cadaveric investigations

3.1.1. Comparative study on the functional anatomy of the obturator
externus and obturator internus from the standpoint of preventing hip
dislocation after THA'?

3.1.1.1. Trajectory of tendons. Regarding the trajectory of tendons close
to the insertion to the greater trochanter, at neutral, the obturator
internus tendon ran from the posteromedial aspect to the anterolateral
aspect after circumscribing the posterior margin of the ischium; the
obturator externus ran almost entirely from the medial to the lateral
aspect, and in the coronal plane, the trajectory of both tendons was
showed orthogonal to the axis of the femur (Fig. 1).

At 90° flexion, the direction of the axis of the femur was changed, the
trajectory of the obturator internus in the axial plane ran oblique to the
femoral axis, and in the sagittal plane, the direction became the same as
that of the femoral axis. In contrast, the obturator externus tendon ran
from the medial to the lateral aspect just orthogonal to the femoral axis
in the axial plane when the hip was in flexion (Fig. 2).

3.1.1.2. Change in muscle tension with motion. For moving the hip to
adduction, abduction, internal rotation, and external rotation from
neutral position and from 90° flexion, changes in tension for the obtu-
rator internus and obturator externus are shown in Table 1.

In internal rotation at the neutral position, both the obturator
internus and obturator externus had marked increased in tension. At 90°
flexion, the tension on the obturator externus markedly increased with
internal rotation. In contrast, tension on the obturator internus only
mildly increased with internal rotation, but markedly increased in
adduction.

3.1.2. Functional anatomy of the obturator externus accompanying hip
motion’’

The insertion of the obturator externus to the greater trochanter was
fixed at the trochanteric fossa 25-38 (mean 32) mm distal to the pir-
iformis fossa, with almost no variations amongst the specimens. Changes
in tension in the anterior, middle, and posterior fibers of the obturator
externus accompanying the flexion motion as well as internal rotation
are shown in Table 2.

In flexion motion from 0° to 60°, all fibers relaxed from anterior to
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Fig. 1. Direction of the obturator externus (meshed arrow) and obturator
internus (white arrow) tendons relative to the axis of the femur in neutral
position (coronal plane). The trajectory of both tendons is orthogonal to the axis
of the femur.

Fig. 2. Direction of obturator externus (meshed arrow) and obturator internus
(white arrow) tendons relative to femoral axis at 90° flexion (axial plane). In
hip flexion, obturator internus trajectory runs oblique to femoral axis. Obtu-
rator externus runs orthogonal to femoral axis.
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Table 1
Changes in tension of the obturator internus and obturator externus with various
hip motion from the neutral position and from 90° flexion.12.

1) Neutral position

Obturator internus Obturator externus

Adduction +4 __
Abduction —— e+
Internal rotation 444 4t

External rotation —_ __

2) 90° flexion

Obturator internus Obturator externus

Adduction Tt __
Abduction —_ 44
Internal rotation -+

External rotation - __

With initiation of motion as baseline, tension the same as baseline was recorded
as (0), mild increase in tension as (+), increase as (++), marked increase as
(+++), mild relaxation as (—), and relaxation as (——). Cited from reference.

posterior, but at flexion of approximately 60°, the posterior fibers
gradually started to regain tension. From 60° to 90° flexion, all fibers of
the obturator externus increased in tension while producing a twist, and
at 90° flexion, the anterior and middle fibers returned to tension similar
to that of neutral, with an associated increase in tension in the posterior
fibers. In contrast, during internal rotation motion of the hip joint,
increased tension was noted at all flexion angles, especially at 90°
flexion, where the largest tension in the posterior fibers was observed.

3.2. Clinical investigation: clinical anatomy of the obturator externus in
THA via the posterior approach

During closure, in identifying the released end of the three tendons,
the piriformis tendon lay posteromedially and somewhat superior to the
greater trochanter in the superficial layer; the conjoined tendon was
posteromedial to the greater trochanter a little deeper to the piriformis
tendon next to the capsule and these were easily found. When the
retracted tendon was pulled with forceps, the piriformis tendon ran
posteromedially, and somewhat superiorly, while the conjoined tendon
ran posteromedially also. Conversely, the end of the obturator externus
tendon had retracted to a position completely different from these other
tendons, and differentiating this from the surrounding soft tissues was
difficult and it was somewhat hard to find. However, it was identified by
picking up the soft tissue adjacent to the capsule with forceps from the
posterior aspect of the hip joint to the inferior aspect. For 5 out of the
141 hips (3.5%), a clear tendinous material could not be identified and
the dimension of the released end could not be measured. After several
cases, identification of the obturator externus tendon became easier, and
time to detection was thus shortened.

In the 136 hips where the obturator externus tendon was identified,
the location of the released end was at 4 o’clock in 90 hips (66%), 5
o’clock in 43 hips (32%), and 6 o’clock in 3 hips (2%). The trajectory of
the tendon differed completely from the posteromedial trajectory of the
other 2 tendons, and ran along the inferior face of the capsule towards
the medial and somewhat anterior direction.

The transverse/longitudinal diameters of the cross-sections of the 3
tendons were I) 4-13 mm/3-10 mm (mean 7.9 4 0.2/5.0 + 0.2 mm) for
the piriformis tendon, II) 7-20 mm/4-11 mm (mean 12.2 + 0.2/6.1 +
0.1 mm) for the conjoined tendon, and 6-14 mm/3-8 mm (mean 9.1 +
0.2/4.5 + 0.1 mm) for the obturator externus tendon; each cross-
sectional area was, I) 29.5 + 1.4 mmz, 1) 59.0 + 2.3 mmz, and III)
35.4 £ 1.2 mm? (Table 3).

The size of the tendons according to cross-sectional area increased in
the order of the conjoined tendon, the obturator externus, and the pir-
iformis tendon; each differed significantly. No differences in cross-
sectional area based on underlying disease were noted. By sex, the



Y. Kawaguchi et al.

Table 2
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Changes in tension in each fibers of the obturator externus accompanying various flexion motions with or without internal rotation.13.

0° flexion (neutral) 0° flexion with internal rotation 60° flexion 60° flexion with internal rotation 90° flexion 90° flexion with internal rotation
Anterior fiber + ++ - + + ++
Middle fiber + ++ - + + ++
Posterior fiber ~ + ++ 0 ++ ++ St

Tension status at the neutral position was considered baseline, tension the same as baseline was recorded as (0), mild increase in tension as (+), increase as (++),
marked increase as (+++), mild relaxation as (—), and relaxation as (——). Cited from reference.

Table 3
Transverse/longitudinal diameters and cross-sectional area of each tendon.

Cross-sectional
area (mmz)

Transverse
diameter (mm)

Longitudinal
diameter (mm)

Piriformis tendon ~ 4-13 (7.9 + 0.2) 3-10 (5.0 £ 0.2) 7.1-77.8 (29.5 £

1.4)
Conjoined 7-20 (12.2+0.2) 411 (6.1 +£0.1) 25.1-106.0 (59.0
tendon +2.3)
Obturator 6-14 (9.1 £ 0.2) 3-8 (4.5+0.1) 17.3-56.5 (35.4
externus +1.2)
tendon

conjoined tendon (males 67.0 + 7.6 mm?/females 59.9 + 2.4 mm?) and
the piriformis tendon (males 38.5 + 3.1 mm?/females 30.2 + 1.7 mmz)
were significantly larger in males, but the obturator externus tendon
(males 32.6 + 2.1 mm?/females 32.6 + 1.1 mmz) showed no significant
differences.

4. Discussion

According to anatomy texts, the obturator externus originates from
the lateral margin of the obturator foramen of the innominate bone, runs
over the posterior surface of the femoral neck laterally to externally
rotate and adduct the femur. While reported studies on the anatomy and
function of obturator externus are few, Solomon et al.” have evaluated
this anatomically using 20 cadaver specimens. Because only a few fibers
connect the obturator externus tendon to the surrounding tissues, it is
reported that the tendon will shrink and retract in cases where it is
released without stay sutures, and therefore will not be repairable.
However, from our clinical evaluation of intraoperative findings, even in
cases where it was released without stay sutures, searching with an
understanding of the anatomy of the released tendon made it possible to
identify and repair the obturator externus tendon in 96.5% of cases. The
5 hips where the tendinous material could not be clearly identified were
mostly early cases in the beginning of the study, and in addition to the
lack of experience in searching to identify it, individual variations, at-
rophy, and degeneration of the muscle and tendon due to disease can
also account for the difficulty in locating and identifying it.

Furthermore, Gudena et al.” in their study on cadaver and anatom-
ical models in 2015, reported that the main function of the obturator
externus is external rotation at neutral and 90° flexion, and that it
functions as a hip stabilizer in flexion and internal rotation. In the
Japanese literature, Hirano et al.'? and Kinoshita et al.'® likewise re-
ported in 2009 and 2014, studies on the functional anatomy of the
obturator externus and obturator internus using cadaveric specimens.
They found that the functions of obturator internus and obturator
externus differ based on their varying trajectories, the obturator internus
functions against adduction in flexion, and the obturator externus
(especially the posterior fibers) functions against internal rotation in
flexion, as the main dynamic stabilizers, respectively. Also, measure-
ments of released tendons from the present clinical anatomical study
show that the thickness of the cross-sectional area was largest for the
conjoined tendon, followed by the obturator externus and the piriformis;
thus, the obturator externus tendon provides an important function.
THA via the posterior approach is associated with significant posterior
dislocation from the combination of hip flexion, adduction, and internal
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rotation. It is thus considered that combining the repair of both the
conjoined tendon and the obturator externus tendon is most effective for
prevention of posterior dislocation.

This current study has some limitations. First, particularly regarding
the cadaveric study the sample size is relatively small. Second and both
the cadaveric and clinical studies are limited in that all cases are in the
Asian (Japanese) population. However, it can be inferred that individual
and racial variations are minimal with regard to the anatomical origin
and insertion of each muscle along with their trajectory. Japanese in-
dividuals have a smaller frame, and so the possibility of having a small
muscle and tendon size compared to Westerners must be taken into
consideration. Third, because the cases in the clinical study are actual
cases of primary THA, pathological factors such as disuse atrophy, ad-
hesions, and contractures in the muscles and tendons around the hip
joint could have brought about some variability compared to normal
anatomy. However, because the essential purpose of this study is to
elucidate clinical anatomy in actual THA patients, we think that these
errors can be overlooked.

In recognizing the posterior soft tissues in THA via the posterior
approach, both historically and considering the current universal pro-
cedure, while surgeons pay adequate attention to the piriformis tendon
and the conjoined tendon, little attention has been paid to the obturator
externus tendon. This is likely because the anatomy and function of the
obturator externus is unclear. Thus, understanding the location and
course of the obturator externus and its role would facilitate adequate
repair of the posterior soft tissues including capsuler ligaments.

5. Conclusion

We evaluated the functional anatomy and the clinical anatomy of the
short external rotators of the hip, which are important in posterior
approach THA. Because the trajectory of the conjoined tendon (obtu-
rator internus tendon) and the obturator externus tendon differ, their
functions also differ. The conjoined tendon and the obturator externus
each serve important roles in stabilization during adduction in flexion,
and stabilization during internal rotation in flexion, respectively.
Therefore, repair of both tendons would be most effective in preventing
posterior dislocation after surgery. In primary THA via the posterior
approach, it is important for surgeons to understand that the obturator
externus that has been released and typically is found in the 4 o’clock to
5 o’clock position posteroinferiorly to the hip joint along the capsule,
with a released end size of about 9 x 5 mm, and when pulled, its tra-
jectory is directed medially and somewhat anteriorly.
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