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CLINICAL SIGNIFICANCE OF THE MUSCULUS GLUTEUS MINIMUS IN TOTAL HIP ARTHROPLASTY
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Dislocation of the acetabular component is one of the most frequent complications of total hip arthroplasty. It is commonly attributed to implant malpositioning.
However, not all dislocations can be explained by this hypothesis. The aim of our study was to elucidate the role of intraoperative injury to hip abductors (m. gluteus
minimus in the first place, since it is reportedly an important hip stabilizer) in the development of postoperative hip dislocation. The experiment was conducted in 4
male and 3 female cadavers. A total of 12 THA were performed. The Hardinge and Watson-Jones approaches were used in equal proportion. On plain radiography,
acetabular inclination was 40-47°, anteversion was 10-22°; technically and biomechanically, these values were within the normal range and did not depend on
the type of surgical approach (for inclination, p = 0.94; for anteversion, p = 0.63), ruling out implant malpositioning as a risk factor for hip dislocation. Nevertheless,
implant stability was significantly disrupted following transection of the anterior or posterior fascicle of m. gluteus minimus, leading to the dislocation of the acetabular
component in standard rotation and flexion tests. Thus, our study shows the significant role of m. gluteus minimus in stabilizing the hip joint. Preservation or adequate
repair of this muscle during surgery will reduce the risk or dislocation and help to restore the anatomy and biomechanics of the operated joint.
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KITMHWYECKOE 3HAYEHUE MAJTOW AroANYHOW MbILLLIbI MPU SHAONPOTE3UPOBAHUMN
TASOBEOPEHHOIO CYCTABA

K. A. ErnasapsH’, M. B. CupotuH' =, 1. O. Ynxmkosa?, . [. Nasuweunu', A. 1. Patbes’, A. B. ByT-lycanm!

T POCCUIACKMI HaLWIOHaNBHBINA NCCNEeLoBaTeNbCKU MEOVLIMHCKNI YHUBEPCUTET UMeHn H. . Muporosa, Mocksa, Poccus
2 Blopo cyaebHo-MeamUMHCKOM akenepTnabl enaptameHTa 3apaBooxpaHeHns ropoga Mockebl, Mocksa, Poccus

Bo3HNKHOBEHME BbIBVXOB HEAPEHHONO KOMMOHEHTa SHA0MPOTE3a — OLHO M3 YaCTbIX OCNOXHEHWUI SHAOMPOTE3NPOBaHNS Ta300epeHHOro cycTasa. Havbonee
nonynspHbLIM OObACHEHWEM BO3HVKHOBEHWS AAHHOMO OCNOXHEHWSI SBASETCS Maslbrno3numMs KOMMOHEHTOB aHAonpoTe3a. OaHako He BCe BbIBUXWU yOaeTcst
OOBACHWUTL NCXOAA U3 AaHHOW rnoTesbl. Liensto paboTbl BbIN0 YyTOYHWUTL 3HAYEHWE B reHe3e [aHHOrO OCIOKHEHWS MOBPEeXAeHNa MbllL, abaykTopoB begpa
1 B NepByto ovepenb m. gluteus minimus, onvcbiBaeMol B pPsifie UCTOYHUKOB Kak BaXKHbI CTabunmnsaTop TazobefpeHHoro cyctasa. [Ans nsyyYeHust 4aHHOro
Tesunca 6bln NOCTaBMEH KCMEPUMEHT C UCTMONb30BAHMEM HETLIDEX MYXCKIMX N TPEX >KEHCKUX B1OMaHekeHoB. bbino nporaseneHo 12 yCTaHOBOK aHOONpOTE3a
Ta306enpeHHOro cyctasa. B paBHbix fonax npumMensav goctynbl no Hardinge n Watson—Jones. Mo gaHHbIM PEHTIEHKOHTPOSS, HAKIIOH BEPTIYXKHOMO KOMMOHEHTA
coctaBun 40-47°, aHteBepcust — 10-22°, 4TO TEXHUYECKM 1 BYOMEXAHNYECKM COOTBETCTBYET AOMYCTUMbIM 3HAYEHVISIM, 3aBYCMMOCTb AaHHbIX rnokasartenein ot
TMNa JOCTyna CTaTUCTUYECKN He 3Ha4vMa (A5 HakoHa BEPTIY>XKHOrO KOMMOHeHTa p = 0,94; Ana aHTeBepCun BEPTITY>KHOMO KOMMoHeHTa p = 0,63), 4To nckto4ano
MaUTbMo3nLIMIO KOMMOHEHTOB Kak (hakTop pucKa BbiBYXa. TeM He MeHee Npu nepeceveHnn NepeqHero Unmn 3agHero nyydka m. gluteus minimus CTabuibHOCTb
3HO0MPOTE3A CyLLIECTBEHHO HapyLUanach, YTO NMPUBOAMIO K BbIBMXY 6EAPEHHOrO KOMMOHEHTA NPW BbIMOMHEHWI CTaHAAPTHBIX TECTOB POTaLWN U CrbaHust. Takim
06pa3om, mokasaHa 3Ha4MMOCTb M. gluteus minimus B cTabunusaummn Ta3obenpeHHoro cyctasa. CoxpaHeHue U TLLaTeNbHOe BOCCTaHOBMEHWE ee CTPYKTYPbI
B XOA€ BbINOIHEHVSI OMnepaLiv NO3BOUT HE TONbKO MPOBECTY NPOMUNAKTUKY BO3HUKHOBEHWS BbIBKXa, HO 1 BOCCTAHOBWTL HGOMee MpaBusibHyt0 aHaToOMUIO U
OroMeXaHIKy OMepupPOBaHHOro CycTasa.

KnioueBble cnoBa: BbiBYX 9HOOMPOTE3a Ta306eAPEHHOr0 CycTaBa, Manas sroanyHas Mbilula, abaykTopsl 6eapa, apTponiacTvka Ta3obeapeHHoro cycTasa,
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Total hip arthroplasty (THA) is a surgical treatment of choice for
a damaged hip joint. According to most estimates, its success
rate ranges from 92 to 95%. However, low as it is, the rate of
THA complications remains stable over the years, showing no
significant improvement [1].

Postoperative dislocation of the acetabular hip
component is a serious complication of THA and is largely
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associated with the use of a posterior approach to the hip.
However, dislocation is also reported for patients who had the
lateral or anterolateral Hardinge or Watson-Jones approach
traditionally viewed as safer. In some cases, the underlying
cause of dislocation is implant malposition and a movement
beyond the recommended range that forces the joint out of
the socket [2—-4].
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Deficiency of hip abductors, including m. gluteus medius
and m. gluteus minimus, is another factor predisposing
to dislocation after THA. Abductor deficiency can be very
pronounced following a fracture of trochanter major, the main
attachment site for these muscles. In some cases, the true
cause of postoperative dislocation remains unknown. Some
authors point out that apart from abduction itself, hip abductors
(m. gluteus minimus in particular) are responsible for stabilizing
or “centering” the femoral head in the socket and rotating
the hip externally and internally [5, 6]. M. gluteus medius and
m. gluteus minimus are broad, thick, short muscles with a
broad tendon that originate proximally on the outer surface
of the ilium and insert distally into trochanter major et fossa
piriformis. Some studies of human anatomy and abductor
tendinopathy refer to this group of muscles as the hip rotator
cuff, similar to the rotator cuff of the shoulder joint.

Magnetic resonance imaging made it possible to more
precisely identify the sites of m. gluteus medius and m. gluteus
minimus insertion on the greater trochanter and to describe their
functions. M. gluteus medius attaches to the posterosuperior
and lateral facets of the greater trochanter; 3 fascicles of this
muscle stabilize the pelvis during gait initiation and are also
involved in pelvic rotation. The fibers of m. gluteus minimus
course toward the internal surface of the anterosuperior facet
of the greater trochanter; its fibers are oriented horizontally
and play the role of key stabilizers in the mid and terminal gait
phases [7].

In-depth studies of muscle anatomy provide an insight
into how functions are distributed among separate bundles of
fibers constituting these muscles. The anterior and posterior
fascicles can be clearly distinguished in the structure of
m. gluteus medius; they are responsible for external and
internal hip rotation, respectively [8]. Although there is only
a limited number of studies addressing the anatomy of
m. gluteus minimus, some of them report the functional division
of its fascicles, similarly to m. gluteus medius [8].

Previously, it was hypothesized that m. gluteus minimus
might promote stabilization of both the native hip joint and the
implant [5]. Due to intimate bonding with the fibers of the joint
capsule, this muscle might not only “drive” hip movements but
also stabilize the joint, similarly to pes anserinus in the knee
joint. This hypothesis, however, did not take off.

The aim of this work was to test the hypothesis that
m. gluteus minimus can play a significant role in hip dislocation
following THA.

METHODS

The experiment was conducted in cadavers after the resolution
of rigor mortis; the cadavers did not have visible signs of damage
to the gluteal and hip regions. For hip replacement, we used
instrumentation by DePuy, USA, and a CORAIL-PINNACLE hip
construct by the same manufacturer. At our disposal, we had
28-mm trial femoral heads with +1.5 to +12 mm offset. The
Hardinge and Watson-Jones approaches to the hip were used
in all cases. All surgeries were performed by an experienced
surgeon who had done over 500 hip replacements over the
past 3 years using these traditional approaches.

For the experiment, 4 male and 3 female cadavers
(78-86 years) were selected, comparable in terms of their
anthropometric characteristics; THA was performed on 3 male
(mean age 82.33 years) and 3 female (mean age 84.33 years)
cadavers with the normosthenic body type and no visible
damage to the pelvis and lower limbs (see Table).

The remaining cadaver was exploited for primary
visualization of m. gluteus minimus; THA was not performed
on this cadaver.

In total, 12 hip replacements were performed, one on each
body side. The Hardinge and Watson-Jones approaches were
used in equal proportion. Implant positioning was assessed on
plain radiographs using the Lewinnek method [9] (Fig. 1).

Differences in inclination and anteversion of the acetabular
hip component between the applied surgical approaches were
compared using the Mann-Whitney U test. Statistical analysis
was carried out using open Python libraries.

RESULTS

Firstly, we indirectly assessed the role of m. gluteus minimus
in hip rotation. For better muscle visualization, the portion of
m. gluteus medius overlying m. gluteus minimus was removed.
The anterior and posterior sections of the muscle belly were
clearly distinguishable, meaning that there were 2 fiber bundles
sharing a broad tendonous part (Fig. 2).

We found that fibers and tendons constituting the anterior
fascicle of m. gluteus minimus stretched during external hip
rotation, whereas the posterior fascicle stretched on hip flexion
and internal rotation, limiting the possible range of motion. This
observation inspired a hypothesis that m. gluteus minimus
might have a significant role in the stabilization of a native
hip joint.

Table. Characteristics of surgeries, including age and sex of the cadavers, the operated body side, surgical approaches, acetabular inclination and anteversion

Sex Age Side Access Acetabular inclination Acetabular anteversion
f 82 left Hardinge 40 12
f 82 right Watson-Jones 42 18
f 84 left Watson-Jones 45 20
f 84 right Hardinge 46 22
f 87 left Hardinge 47 15
f 87 right Watson-Jones 45 17

m 78 left Watson-Jones 42 20
m 78 right Hardinge 43 15
m 83 left Hardinge 41 21
m 83 right Watson-Jones 45 20
m 86 left Watson-Jones 46 12
m 86 right Hardinge 45 10

Note: m — male; f — female.
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In the second step, we performed THA using the traditional
Hardinge and Watson-Jones approaches. After the implant was
installed, a section of m. gluteus medius just above m. gluteus
minimus was removed for better visualization. Both surgical
approaches resulted in the injury to the anterior portion of
m. gluteus minimus; the damage was slightly more pronounced
for the Hardinge approach. The joint capsule was not dissected
but closed with sutures. Measured on plain radiographs,
acetabular inclination was 40-47°, anteversion was 10-22°;
technically and biomechanically, these values were within the
normal range. Then, the hip was rotated inward and outward
with the maximum amplitude possible for the cadaver under
examination and flexed to 90°. These movements did not
provoke dislocation of the acetabular component. However,
with the Hardinge approach, a femoral head with a bigger offset
was used to ensure joint stability. Traction of the acetabular
component with a surgical instrument along the axis of the
prosthetic neck (after the joint capsule was dissected) did not
cause the escape of the prosthetic femoral head from the cup.

After the implant was installed and the joint capsule was
repaired, the anterior fascicle of m. gluteus minimus was
transversely transected and the posterior fascicle was left
intact. Then, the hip was rotated outward with the maximum
possible amplitude. This resulted in the dislocation of the initially
stable implant but did not damage the joint capsule. Attempts
to compensate for the instability of the implant by using femoral
heads with more offset were unsuccessful. Traction of the
acetabular component with a surgical instrument along the axis
of the prosthetic neck (after the joint capsule was dissected)
caused the escape of the prosthetic femoral head from the cup
during hip flexion.

In the fourth step, we transversely transected the posterior
fascicle of m. gluteus minimus, leaving its anterior fascicle
intact. Then, the hip was rotated inward and flexed or just
flexed without rotation, using the maximum possible amplitude.
The combination of hip flexion and inward rotation resulted in
the dislocation of the initially stable implant but did not damage
the joint capsule. Attempts to compensate for the instability
of the implant by using femoral heads with more offset were
unsuccessful. Traction of the acetabular component with a
surgical instrument along the axis of the prosthetic neck (with
the opened joint capsule) caused the escape of the prosthetic
femoral head during hip flexion.

On plain radiography, inclination of the acetabular
component was 40-47°, anteversion was 10-22°; technically
and biomechanically, these values were within the normal range
(see Table). No statistical differences were detected in mean
acetabular inclination and anteversion values for the Watson-
Jones and Hardinge approaches (for inclination, p = 0.94; for
anteversion, p = 0.63), suggesting that implant malposition was
not the case in our study and could not be a risk factor for
postoperative hip dislocation.

DISCUSSION

The modern literature looks at hip abductors from 2 different
perspectives. Firstly, degenerative or traumatic injury of hip
abductors causes pronounced pain and gait disturbance [10].
Secondly, abductor rupture (due to trochanter major fracture)
or weakness (caused by an injury to nervus gluteus superior)
precipitates the instability of the artificial joint [11].

It was shown that the physiological cross-sectional area of
m. gluteus minimus is smaller than that of m. gluteus medius,
suggesting that the force of m. gluteus minimus contraction is
proportionally weaker [12]. Perhaps, the architecture of separate
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Fig. 1. Measuring acetabular inclination and anteversion (cup inclination is
calculated as the angle between the horizontal line A and the continuation of
the long axis B of the ellipsis; anteversion is calculated as arcsin (short axis G/
long axis B)

__M.gl'ulausme-::l.iu:'-;

Fig. 2. The region of the greater trochanter featuring the site of m. gluteus
minimus attachment and parts of external hip rotators (see the article)

bundles of m. gluteus minimus determines the stabilizing
function of this muscle. In a series of dissections, some of
m. gluteus minimus fascicles were found to be attached to
the joint capsule, but the functional role of such bonding, its
prevalence and force are still a matter of debate [6, 13].
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Ultrasonography and functional tests conducted in vivo
revealed that the thickness of hip abductors does not correlate
with their strength or function; the authors of the study
hypothesized that this was due to the inability of applying the
tests to separate muscle bundles in vivo [14].

There is a paucity of studies exploring the functions of hip
abductors in general and m. gluteus minimus in particular.
This can be partially explained by the fact that hip abductor
pathology unrelated to conditions requiring hip replacement is
relatively rare and usually responds well to traditional therapy;
in such cases, no detailed investigation of abductor anatomy
is needed.

Being an effective orthopedic surgery, THA is not free of
complications, although their rate is low. Better understanding
of causes underlying THA complications will help to reduce
their risks, contribute to the knowledge of biomechanics of both
native and artificial hip joints, improve the quality of treatment,
and develop effective regimens for such complications.

Our study looked at the possibility of injuring m. gluteus
minimus during hip replacement with lateral approaches to the
hip. Our findings and results of some other studies [15] also
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