
Introduction
The contribution of the hip abductor muscles, gluteus
medius (GMed), gluteus minimus (GMin) and tensor fas-
ciae latae (TFL), to pelvic and hip stability and movement
has attracted increasing interest in recent years, particu-
larly in relation to greater trochanteric pain syndrome,[1–4]

hip osteoarthritis,[5–8] and total hip replacement surgery.[9,10]

Changes in the morphology of these muscles are evident
in individuals with these differing forms of hip dysfunction
and following surgery: primarily a loss in muscle volume
(atrophy), accompanied by increased intramuscular adi-
posity (particularly of GMin), with or without a reduction
in muscle strength.[3,4,6–10]

The function of the hip abductor muscles has been
assessed using a variety of methods including surface
electromyography (EMG),[11–14] biomechanical model-

ling,[14–17] and intramuscular EMG.[13,18–20] Generally, these
studies describe GMed as an important stabilizer of the
pelvis during weight-bearing, and a powerful abductor of
the hip. It is also likely that it contributes to contralater-
al forward rotation of the pelvis.[19] Likewise, the GMin is
an abductor of the thigh, and also contributes to internal
rotation of the hip. More recent work has shown that it
is also highly active during maximum resisted thigh
extension, with the hip in neutral, and at the end of hip
extension during the stance phase of the gait cycle.[20]

The TFL is also morphologically designed for, and
active during isolated hip abduction, and its intensity of
activation during mid-stance of gait suggests it assists
GMed and GMin to stabilize the pelvis.[12,21–23] The TFL
is also active during the initial part of the swing phase
where it works with iliopsoas to assist in hip flexion.[12,22,23]
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Abstract

Objectives: The hip abductor muscles; gluteus medius, gluteus minimus and tensor fasciae latae, play an important role in pelvic
stabilization. Morphological changes occur in these muscles as a consequence of chronic musculoskeletal conditions (e.g.
osteoarthritis), aging, and following hip joint replacement. Functional studies show unique activation profiles of the different
compartments of gluteus medius and gluteus minimus; however, little is known of the fiber type composition of these muscles,
which is an important consideration for understanding their functional and metabolic capabilities. 

Methods: Eight transverse muscle samples from each compartment of gluteus medius and gluteus minimus, and two samples
from tensor fasciae latae were harvested from 11 cadavers, and processed for immunohistochemistry. Fast-twitch muscle fibers
were stained with the MY-32 antibody to estimate the proportion of type II fibers comprising the muscles. 

Results: Individual muscle fiber composition profiles demonstrated that gluteus medius and gluteus minimus were similar in
composition, supporting a predominantly postural function. Tensor fasciae latae had a higher proportion of type II fibers, sug-
gesting a more phasic functional role. No differences were observed between compartments for gluteus medius, but the ante-
rior compartment of gluteus minimus had a significantly higher proportion of type II fibers than the posterior. 

Conclusion: This study provides anatomical data for the fiber type composition profiles of the hip abductor muscles, con-
tributing to the understanding of their metabolic and contractile capabilities. These data may be valuable when considering
changes that occur at the cellular level in the hip abductor muscles under pathological conditions and with aging. 
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In early EMG studies, each of the hip abductors were
considered as a whole muscle,[13,18] which is appropriate for
TFL. However, it is now known that GMed and GMin
are comprised of compartments which are morphological-
ly[24] and functionally[19,20] unique. Semciw et al.[19,20] estab-
lished an intramuscular EMG protocol utilizing fine wire
electrodes that enabled the collection of data from the
compartments of GMed (anterior, middle and posterior)
and GMin (anterior and posterior). In healthy, young
adults, distinct muscle activation profiles were demon-
strated for the hip abductors during specific hip move-
ments and gait. During gait, a compartment-specific acti-
vation profile was observed. For GMed, although all three
compartments (anterior, middle and posterior) showed
two bursts of activity during the stance phase of gait, the
anterior compartment activated significantly later than the
middle compartment at the first peak (0–20% gait), and
both middle and posterior compartments at the second
peak (20–60% gait cycle).[19] Comparably, while both ante-
rior and posterior compartments of GMin are co-activat-
ed in late mid-stance (peak ~40–50% of gait cycle), poste-
rior GMin is significantly more active during contra-lat-
eral toe-off (~18% of gait cycle) and thus, has been specif-
ically suggested as a major contributor of femoral head
stabilization in early stance.[20–24]

Given the dynamic and stabilizing functions of the hip
abductor muscles, examining their fiber type composition
would provide further insight into their compartmental
functions and metabolic capacity. However, despite the
numerous gross morphological and functional studies of
these muscles, little consideration has been afforded to
fiber type. To date, one study has provided data for GMed
and TFL, showing the percentage of type II fibers
(described as fatigue susceptible fibers with fast-shorten-
ing speed[25]) in males was 42% for GMed and 55% for
TFL,[26] and another reports on the fiber type composition
of GMin.[27] In this study, samples harvested from the
anterior and posterior aspects of nine cadaveric GMin
muscles exhibited a predominance of type I fibers
(described as fatigue-resistant fibers with a slow shorten-
ing speed[25]) (range 62% to 74%). However, it is unknown
whether there are regional differences between the
anatomically and functionally distinct compart-
ments.[11,19,20,24] Such information may be valuable for not
only furthering our understanding of the function (i.e.
contraction velocity and fatigability[28]) of these muscles
but also for providing information relevant to conditions
where the morphology of the gluteal muscles is altered. 

The aims of this study were to (a) quantify the propor-
tion of type I and type II fibers of GMed, GMin and TFL
using immunohistochemistry and stereology and (b)
determine the fiber type composition of the different
anatomical compartments. 

Materials and Methods
Tissue was collected from 15 limbs of 11 cadavers (7
male, 4 female; 7 right, 8 left; mean age at death, 81.9
years, range 66–97 years); both hips from 4 male cadav-
ers were therefore included in our sample. 

The cadavers from which samples were taken were
embalmed with Crosado Mix.[29] Each specimen was dis-
sected as described elsewhere,[24] and two transverse mus-
cle samples (deep and superficial) of 10 mm in length
were taken from the mid-point (proximal-distal, and
anterior-posterior) at four areas in each of GMed and
GMin, and one area of TFL (Figure 1), based on the
results of a previous investigation into the compartmen-
talisation of these muscles.[24] Although initially, the mid-
anterior and mid-posterior regions of the GMed and
GMin were sampled, after consideration of existing lit-
erature and in alignment with recent functional stud-
ies,[19,20] the most anterior sample of GMed was consid-
ered to be representative of the anterior compartment of
GMed, the middle two samples represented the middle
compartment and the most posterior sample the posteri-
or compartment of the muscle. For GMin, the two most
anteriorly located samples were re-considered to repre-
sent the anterior compartment of the muscle, while the
two most posterior samples were from the posterior
compartment. Following extraction of tissue, samples
were immediately immersed in Bouin’s solution (saturat-
ed aqueous picric acid [250 ml], 37% formalin [250 ml]
and acetic acid [50 ml]), at room temperature overnight.
Thereafter, samples were kept in 70% alcohol until they
were processed and embedded in paraffin wax, oriented
to be sectioned transversely across the muscle fibers. 

Optimization of Immunohistochemical Methods

The use of Crosado-embalmed cadavers for histology has
been shown to be successful and acceptable.[29,30] Mouse
and human muscle tissue samples from gluteus maximus
and GMed were used to optimize the immunohistochem-
ical protocol to ensure reliable complimentary staining of
the mouse monoclonal antibodies MY-32 (Anti-fast skele-
tal myosin heavy chain MY-32 (catalogue # M4276,
Sigma-Aldrich, St. Louis, MO, USA); mouse monoclonal
Ab which reacts with type II skeletal myosin (all
types)(Dilution 1:200 in tris-buffered saline in 1% bovine
serum albumin)) and 1a (Anti-slow skeletal myosin heavy
chain NOQ7.1.1A (1a)(gifted by M Duxson); mouse mon-
oclonal Ab hybridoma supernatant specific for type I
myosin heavy chain[31] (Dilution 1:100)) (Figure 2).
Negative control sections were incubated with an equiva-
lent concentration of mouse immunoglobulin (IgG).
Initially, both 1a and MY-32 antibodies were used to show
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specificity and produce complimentary staining.
Subsequently, only MY-32 was used as access to 1a was
limited; it was therefore assumed that all non-stained
fibers within these sections were type I. Sections of human
gluteus maximus were used as positive controls. 

Immunohistochemistry

After discarding the first 50 sections (5 μm thickness)
(microtome, Leica Instruments, Wetzlar, Germany) of
each sample, three serial sections were cut, mounted and
left to dry overnight at 37 °C, before being stained using
standard immunohistochemical procedures. Briefly, prior
to staining, antigen retrieval methods required the sections
to be immersed in a 10 mM citrate buffer solution, and
heated to 95 °C for 10 minutes. After cooling, an endoge-
nous peroxidase blocking step was carried out (15 minutes,
0.3% hydrogen peroxide) followed by a second blocking

step using Donkey serum in 1% bovine serum albumin
(catalogue # 85040C- 1K, Sigma-Aldrich, St. Louis, MO,
USA) in TBS, for 2 hours, at room temperature. Sections
were then incubated with the MY-32 primary antibody (or
negative control, mouse IgG) overnight at 4 °C. A Dako
biotinylated horseradish peroxidase kit (Dako LSAB2 sys-
tem-HRP, Dako North Amerika, Inc., Carpinteria, CA,
USA) was used for the secondary antibody step. Then,
diaminobenzidine (Sigma-Aldrich, St. Louis, MO, USA)
was applied to sections for visualization of immunoreactiv-
ity, prior to permanently mounting the slides using entel-
lan mounting media (Merck KGaA, Darmstadt, Germany).

Stereology

Whole stained sections were scanned at a magnification of
20× using an Aperio CS2 scanner (Leica Biosystems,
Nussloch, Germany) and subsequently viewed in ImageJ
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Figure 1. The regions within GMed and GMin from which samples were taken for immunohistochemical fiber typing. Samples taken for staining
included a superficial and deep fascicle taken from the areas indicated by “+” in the anatomical compartments of GMed (3) and GMin (2). In total,
eight fascicles were taken from each of GMed and GMin. A: anterior; GMed: gluteus medius; GMin: gluteus minimus, GT: greater trochanter; M:
middle; P: posterior.  



(NIH, Bethesda, MD, USA, v1.51s) as both a reference
for determining counting sample squares and for counting
the individual fibers. A grid with squares measuring 20
mm by 20 mm, was laid over the reference image and
using a random number generator, selected squares on
this grid were chosen for analysis. The number of whole
cells within the square, of each fiber type was counted. A
total of approximately 100 cells were required to be count-
ed from each section,[32] so depending on the density of
cells within each sample square, the number of sample
squares that were chosen for counting cells varied (range
5–94). For some sections, it was necessary to count all cells
in the section. The mean number of type I and type II
fibers was calculated from the two superficial areas, and
the two deep areas sampled in the middle compartment of
GMed, as were the two areas for the two superficial areas
and the two deep areas sampled in the anterior, and pos-
terior compartments of GMin (Figure 1). Thus, an aver-
age fiber type composition for the superficial samples, and
the deep samples, in each of the three compartments of
GMed and the two of GMin was attained. 

Atrophy Assessment

Each section was assessed for the amount of atrophy
present in the sample, using the Goutallier system.[33]

Sections with considerable amounts of atrophy (i.e. less
muscle than adipose), were excluded from the statistical
analysis of the fiber type composition, as data for those
sections were insufficient.

Statistics

All data were analysed using Excel (Microsoft Excel for
Mac, v16.54, 2021). Descriptive statistics (means, stan-
dard errors) of the percentage of type II fibers found in
each muscle (GMed, GMin and TFL), and the individ-
ual compartments (GMed and GMin only) were deter-
mined. A paired Student’s t-test was used to determine
differences between superficial and deep fascicle fiber
types within each compartment of GMed, GMin and
TFL (Table 1). As no differences were observed, the
samples were combined, and the percentage of type II
fibers for each compartment was calculated for each
muscle; e.g., anterior, middle and posterior for GMed,
anterior and posterior for GMin, and the whole of TFL.
All samples were then combined to obtain whole muscle
type II fiber percentages, for each of the three muscles.
Differences across the three muscles were determined
using a one-way analysis of variance (ANOVA) as well as
to explore differences between the three compartments
of GMed. A paired-samples t-test was used for differ-
ences between the two compartments of GMin.
Significance was taken as p<0.05.
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Figure 2. Complimentary staining of Ab MY-32 (type II fibers) and 1a
(type I fibers) within GMed. Those fibers that were darkly stained by the
MY-32 Ab (a), were not stained by the 1a Ab (b) (arrows). No fibers
were stained in the control section (c), where a mouse IgG replaced the
primary Ab. Magnification: (a, b) 20×, (c) 10×. Ab: antibody; GMed:
gluteus medius; IgG: immunoglobulin G.  

a

b
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Results
Differences between compartments: Table 1 shows the
mean percentage of type II fibers found within each com-
partment of GMed, and GMin. There were no statistically
significant differences in the percentage of type II fibers
across the compartments for GMed (F(2,103)=0.31, p=0.73).
However, there was a significantly higher mean percentage
of type II fibers in the anterior compartment of GMin
(49.7±3.9) when compared to the posterior compartment
(36.6±3.7, p=0.02). 

Differences Between Muscles

The descriptive statistics of the three hip abductor muscles
are summarized in Figure 3. There was a significant dif-
ference between the mean type II fiber type percentage
across the three muscles (F(2,219)=3.37, p=0.03). Post-hoc
analyses using the Bonferroni’s correction revealed that
there was a significantly higher mean percentage of type II
fibers in TFL (53.9±3.8) when compared to GMed

(40.5±2.0, p=0.03). No differences were observed between
TFL and GMin, nor between GMed and GMin. 

Fatty Infiltration

Each specimen showed variable amounts of adipose tissue,
but ratings mostly ranged between 0 (normal muscle tissue)
and 2 (fat evident, but less fat than muscle),[33] with a few
rated 4 (more fat than muscle tissue) for GMin only. For
the compartments of GMed, mean fatty infiltration ratings
ranged from 0.6 to 0.8 (range 0 to 3), with a median rating
of 1 for all three compartments. For GMin, mean fatty
infiltration ratings were slightly higher, at 1.6 (anterior) and
1.5 (posterior) (range 0 to 4), with median ratings of 2.0 for
both compartments. Little fatty infiltration was observed in
TFL, with a mean rating of 0.7, and a median rating of 0
(range 0 to 2) (Figure 4).

Although fiber dimensions were not quantified in this
study, it was anecdotally observed that the diameters of
both muscle fiber types were variable between muscles and
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Table 1
Mean percentage and differences between means of type II fibers found in superficial and deep regions for all muscles, and each compartment for

gluteus medius and gluteus minimus. 

Gluteus medius

Anterior mean (%) Middle mean (%) Posterior mean (%), Difference between 
SEM SEM SEM compartments

Sample region n=14 n=27 n=12 (ANOVA)

Superficial 40.8±20.7 41.1±19.4 44.6±18

Deep 44±27.9 36.8±20.3 38.75±15.7

Difference p=0.6 p=0.1 p=0.3

Combined superficial and deep 42.4±4.6 38.9±2.7 41.7±3.4 F(2,103)=0.31, p=0.73

Gluteus minimus

Anterior mean (%) Posterior mean (%) Mean difference 
SEM SEM between compartments

Sample region n=22 n=24 (Paired samples t-test)

Superficial 48.4±25.9 37.4±26.5

Deep 50.9±26.4 35.7±24.8

Difference p=0.3 p=0.5

Combined superficial and deep 49.7±3.9 36.6±3.7 t(89)=2.5, p=0.02

Tensor fasciae latae

Whole muscle mean (%)
SEM

Sample region n=12

Superficial 52.2±17.9

Deep 55.6±19.6

Difference p=0.1

Combined superficial and deep 53.9±3.8

Sample size differences between compartments are due to the loss/damage of sections during immunohistochemistry; as more areas were sampled for the middle
GMed compartment, and the compartments of GMin, larger sample sizes were available for this compartment. F: F-statistic; SEM: standard error of means; t: t-statis-
tic. Significance taken as p<0.05.



across specimens. There were also differences in size and
shape between type I and type II fibers within the same
muscle. In general, type I fibers appeared larger and round-
er, while type II fibers were smaller and shrunken. Type II
fibers also often appeared "spiked" in shape. 

Discussion
Insight into the fiber type composition of the hip abductor
muscles may contribute to a comprehensive understanding
of their function, and provide an anatomical understand-
ing for changes that may occur as a consequence of mus-
culoskeletal conditions such as hip osteoarthritis, greater
trochanteric pain syndrome or following hip joint replace-
ment.

The results of this study indicate differences in the
fiber type composition of the hip abductor muscles; GMed
and GMin are comprised of similar percentages of type II
fibers, but contain less than that observed for TFL. Based
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Figure 3. Mean percentage (±SEM) of type II fibers comprising the
whole hip abductor muscles: GMed, GMin and TFL. A statistically sig-
nificant difference in the percentage of type II fibers was observed
between GMed and TFL (p=0.03), but not between GMin and TFL nor
between GMed and GMin. GMed: gluteus medius; GMin: gluteus
minimus; TFL: tensor fasciae latae.

Figure 4. Mean (and SEM) atrophy ratings of each compartment for gluteus medius and gluteus minimus, and for the whole muscle of TFL as
determined by using the Goutallier’s scoring system. More severe fatty infiltration was observed in sections taken from GMin, with severe atrophy
(rated as “4”) being found only in sections taken from GMin. A: anterior; GMed: gluteus medius; GMin: gluteus minimus; M: middle; P: posteri-
or; TFL: tensor fasciae latae.



on the metabolic property differences between type I and
type II fibers,[34] the lower percentage of type II fibers com-
prising GMed (40.4±2%) and GMin (42.8±2.7%), and
therefore higher percentage of type I fibers, (fatigue-
resistant with slow-shortening speed[25]) hints at a more
“postural” or stabilising role for these two muscles. In con-
trast, the higher composition of type II fibers (fatigue sus-
ceptible, fast-shortening speed[25]) in TFL (53.8±3.8%)
suggests this muscle is potentially involved in more “pha-
sic” activities. These data corroborate those presented by
Sirca and Susec-Michieli[26] for GMed and TFL from
“normal adult males” (n=11, age range 22 – 44 years), and
those data for GMin, as identified more recently by
Takano et al.[27]

Despite these observations, the relative percentages of
type I and type II fibers within each muscle are not dis-
similar, especially when compared with muscles recog-
nized as having a predominantly postural function, such as
the thoracolumbar transversospinal muscles (mean 88.6%
type I)[35] or the palmaris brevis (72.2% type I).[25] Similar
heterogeneity is observed in a number of other muscles
within the body and reflects the ability of the skeletal mus-
cle to adapt to a variety of functional demands.[36]

Physiologically, GMed, GMin and TFL probably partici-
pate in both tonic activity (to maintain posture) as well as
phasic activity (creating movement of joints).[37] This
hypothesis is supported by the functional-based literature
which states that both gluteal muscles are important sta-
bilisers of the pelvis,[11,12,16,18,21,38,39] and also have the ability to
move the lower limb through hip abduction and internal
rotation.[11,14,15,38] Similarly, while TFL is considered to be
involved in contributing towards flexion and abduction of
the hip joint,[11,12,14,15,22,39] some authors attribute to it a role
in pelvic stabilization[21,22,39] especially during the stance
phase of the gait cycle.[23]

As has been previously reported, the fiber type compo-
sition of a muscle can vary depending on where the sam-
ple is taken (i.e. superficial vs deep,[37] or between anatom-
ically distinct compartments[28]). The current study
observed statistically significant compartmental differ-
ences for the percentage of type II fibers comprising
GMin, but the same was not observed for GMed. As the
functional profiles of the different compartments of GMed
and GMin are unique, we anticipated that there would be
differences between compartments, for both muscles.
However, the results of our study support this hypothesis,
particular to GMin only. Functionally this makes sense
based on the extended length of time for which GMin pos-
terior is required to provide stabilization through the early
and midstance phases of gait,[20] it is expected that the char-
acteristics of this region of the muscle support a slower

maximum shortening velocity and are more resistant to
fatigue, and thus, would contain a higher proportion of
type I fibers. However, it is also likely that the observed
difference in fiber type composition between compart-
ments of GMin is attributable to the atrophic changes that
appear to affect GMin preferential to GMed,[6,7,10,24,27]

explaining why we did not observe a similar difference for
the larger, more active muscle of GMed. Although it is
known that the individual compartments of the GMed are
activated at different times during gait and isolated hip
movements,[19,20] the overall metabolic capacity of the dif-
ferent regions of the muscle may be too similar to detect a
difference. 

The current study also observed a tendency towards
the predominance of fatty infiltration (and thus atrophy) of
the muscle in GMin compared to GMed and TFL, cor-
roborating observations made in previous studies.[6,7,10,24,27]

As shown by Semciw et al.[19,20] GMin is an important pelvic
stabilizer, so the predominance of atrophy in this muscle
could significantly affect hip stability during gait and
standing. However, the current study did not indicate that
fatty infiltration was constrained to anterior GMin as
shown in recent morphological studies.[7,24,27] It is possible
that the advanced age of the specimens in the current study
(mean age, ~81 years) can explain this absence. It has been
recently observed that the preferential location of fatty
muscular atrophy in GMin could be dependent upon age;
individuals younger than 70 years of age are more com-
monly observed to have atrophic changes located in the
anterior compartment of GMin, while those older more
commonly experience changes throughout the whole mus-
cle (i.e. in both compartments).[40] 

Although atrophy of individual muscle fibers and the
muscle overall was not quantitatively determined, the
descriptions afforded to its appearance and occurrence
may be important in understanding the pathology of these
muscles. In the present study, type II fibers appeared
smaller and less rounded in shape, compared to type I
fibers. This change in shape may indicate that type II
fibers undergo selective atrophy. A selective decrease in
the size of type II fibers or type II fiber area,[26,40,41] as well
as changes in shape,[41] attributed to aging, have been pre-
viously described in a number of different muscles includ-
ing vastus lateralis, GMed, gluteus maximus, and TFL.
Additionally, photographs published in some of these
studies[26,41] showed a similar histological appearance to the
fibers observed in the present study. Furthermore, Lexell
et al.,[41] and Sirca and Susec-Michieli,[26] both observed an
alteration in size and/or shape of type II fibers (angulated
and atrophic type II fibers) in the older participants (aged
between 70 and 80 years), when compared to younger par-
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ticipants (aged 19–44 years). The mean age of the cadav-
eric specimens used in the current study is similar to those
of the older participant groups in these studies, so it is pos-
sible that the observations of atrophy can be explained in
the same way. The evidence outlined above, supports the
suggestion that the atrophy observed in the current study
is due to aging, but in the current study TFL was shown
to have more type II fibers than both GMed and GMin,
but it was the least atrophied muscle. The impact that use,
or rather, disuse of these muscles also needs to be consid-
ered when trying to explain the disparity between atrophy
of the different muscle fiber types. Further quantitative
analysis on fiber type dimensions are needed to provide
conclusive information for GMed, GMin and TFL. 

Limitations

It is generally accepted that the aging process affects the
fiber composition of a muscle,[42] but how and to what
extent is still largely unknown. Historically, there was
agreement that with age, there was a preferential atrophy
of type II fibers.[26] However, with advancements in histo-
logical methods and the understanding of co-expressions
of different MHC isoforms and thus muscle fiber charac-
teristics, this “preferential atrophy” theory is being con-
tested, especially for the elderly.[43] It is also difficult to
ascertain the full amount to which age plays a role in the
changing characteristics of the muscle fiber as physical
activity also impacts on fiber type composition,[26] and dif-
ferent muscles may behave differently (i.e. gastrocnemius
versus soleus) with aging.[43] As there is no existing infor-
mation addressing a changing fiber type composition
specifically for GMed, GMin and TFL, with age or activ-
ity, and we also do not have the data from a younger sam-
ple to compare results, we cannot comment on to what
extent these factors may have influenced our data, if at all.

Unfortunately, the limited sample size utilised for the
current study did not allow analysis for differences
between males and females. Within the existing studies
that have investigated sex difference in fiber type compo-
sition, no data for the hip abductor muscles are available,
and results for other muscles are variable. Some studies
have found males to have a higher proportion of type II
fibers than females (e.g. vastus laterals, biceps brachii[44]

(but statistical analysis was not undertaken), some report
the opposite,[45] and others show no differences (e.g. longus
colli and multifidus[46]). This possibly indicates that the
composition of fiber types is influenced in a number of
ways. For example, fiber composition may be muscle-
dependent, affected by age, physical activity levels and
hormones, or there are methodological limitations such as
the use of fresh or fixed tissue and the subsequent histo-
logical investigation that can be used.[37,43] The current

study is further limited by the lack of medical history
information that is provided as part of the bequest pro-
gramme at the University of Otago. Further work to
address these limitations and provide a comprehensive
overview of the existence of sex differences in fiber type
composition is advised. 

Differentiation was made between type I and type II
muscle fiber types but not between the sub-types of type II
fibers. Identification of these fiber sub-types in the hip
abductor muscles could contribute to a better understand-
ing of the functional capabilities of GMed, GMin and
TFL. As the MY-32 monoclonal Ab does not differentiate
between fiber sub-types,[47] the ATPase method of detec-
tion would need to be employed, for which, the acquisition
of fresh tissue is necessary. Additionally, investigation into
the diameter size of these muscle fibers in this age group
and a quantification of differences would help to explain
any unexpected differences in fiber type composition, and
contribute to the understanding of what might happen to
different fibers comprising the hip abductor muscles as the
aging process occurs. 

Conclusion
The hip abductor muscles are considered to play an
important role in pelvic stabilization during gait and
abduction and rotation of the hip. This study has provided
an account of the fiber type composition of each of the hip
abductor muscles, using immunohistochemistry. Our find-
ings suggest in general, that there are unequal distribu-
tions of type I and type II fibers within GMed, GMin and
TFL, suggesting a more postural role for GMed and
GMin (slower contraction, more fatigue resistant) and a
more phasic role for TFL (faster contraction, more prone
to fatigue), although it is likely that all three muscles par-
ticipate in both actions. Furthermore, this study has shown
differences in fiber type composition between the anterior
and posterior compartments of GMin. Overall, such
knowledge is of significance when addressing the func-
tional capabilities of these muscles; these data provide
anatomical evidence for the verification of the functions of
these muscles, and a comparison for what changes might
occur under pathological conditions. 

Acknowledgments
The authors would like to extend our extreme gratitude to
all of the donors who generously donated their body for
scientific research, from which the tissue samples for this
study were taken, and the staff from the OMNI Histology
Unit, Division of Health Sciences, University of Otago,
Dunedin, New Zealand for their assistance with the
immunohistochemistry techniques. 

186 Flack NAMS, Woodley SJ, Nicholson HD

Anatomy • Volume 15 / Issue 3 / December 2021



Conflict of Interest

The authors declare that there are no conflicts of interest
to report. 

Author Contributions

NAMSF: Protocol/project development, data collection or
management, manuscript writing/editing; SJW: Protocol/
project development, data analysis, manuscript writing/
editing; HDN: Protocol/project development, data analy-
sis, manuscript writing/editing.

Ethics Approval

All cadavers were from a New Zealand European popula-
tion and had been bequeathed to the Department of
Anatomy, in accordance with the New Zealand Human
Tissue Act (2008). Ethical approval was granted by the
Department of Anatomy, University of Otago, Dunedin,
New Zealand. As the undertaking of this study was prior
to the establishment of a university-governed ethical
approval process for the use of cadavers in research, inter-
nal approval for the use of cadavers in this research proj-
ect was granted by the Department of Anatomy,
University of Otago, Dunedin, New Zealand in 2008 and
2014.

Funding 

No funding is associated with this publication. 

References
1. Kingzett-Taylor A, Tirman PFJ, Feller J, McGann W, Prieto V,

Wischer T, Cameron JA, Cvitnaic O, Genant HK. Tendinosis and
tears of gluteus medius and minimus muscles as a cause of hip pain:
MR imaging findings. AJR Am J Roentgenol 1999;173:1123–6.

2. Bird PA, Oakley SP, Shnier R, Kirkham BW. Prospective evaluation
of magnetic resonance imaging and physical examination findings in
patients with greater trochanteric pain syndrome. Arthritis Rheum
2001;44:2138–45.

3. Woodley SJ, Nicholson HD, Livingstone V, Doyle TC, Meikle GR,
Macintosh JE, Mercer SR. Lateral hip pain: findings from magnetic
resonance imaging and clinical examination. J Orthop Sports Phys
Ther 2008;38:313–28.

4. Sutter R, Kalberer F, Binkert CA, Graf N, Pfirrmann CW, Gutzeit
A. Abductor tendon tears are associated with hypertrophy of the ten-
sor fasciae latae muscle. Skeletal Radiol 2013;42:627–33.

5. Grimaldi A, Richardson C, Stanton W, Durbridge G, Donnelly W,
Hides J. The association between degenerative hip joint pathology
and size of the gluteus medius, gluteus minimus and piriformis mus-
cles. Man Ther 2009;14:605–10.

6. Zacharias A, Pizzari T, English DJ, Kapakoulakis T, Green RA. Hip
abductor muscle volume in hip osteoarthritis and matched controls.
Osteoarthritis Cartilage 2016;24:1727–35.

7. Kivle K, Lindland E, Mjaaland KE, Pripp AH, Svenningsen S,
Nordsletten L. The gluteal muscles in end-stage osteoarthritis of the
hip: intra- and interobserver reliability and agreement of MRI assess-

ments of muscle atrophy and fatty degeneration. Clin Radiol 2018;
73:675.e17–24.

8. Zacharias A, Green RA, Semciw A, English DJ, Kapakoulakis T,
Pizzari T. Atrophy of hip abductor muscles is related to clinical
severity in a hip osteoarthritis population. Clin Anat 2018;31:507–
13.

9. Pfirrmann CWA, Notzli HP, Dora C, Hodler J, Zanetti M.
Abductor tendons and muscles assessed at MR imaging after total hip
arthroplasty in asymptomatic and symptomatic patients. Radiology
2005;235:969–76.

10. Engelken F, Wassilew GI, Kohlitz T, Brockhaus S, Hamm B, Perka
C, Deiderichs UG. Assessment of fatty degeneration of the gluteal
muscles in patients with THA using MRI: reliability and accuracy of
the Goutallier and quartile classification systems. J Arthroplasty
2014;29:149–53.

11. Gottschalk F, Kourosh S, Leveau B. The functional anatomy of ten-
sor fasciae latae and gluteus medius and minimus. J Anat 1989;166:
179–89.

12. Peeraer L, Aeyels B, Van der Perre G. Development of EMG-based
mode and intent recognition algorithms for a computer-controlled
above-knee prosthesis. J Biomed Eng 1990;12:178–82.

13. Buchanan TS, Lloyd DG. Muscle activation at the human knee dur-
ing isometric flexion-extension and varus-valgus loads. J Orthop Res
1997;15:11–7.

14. Dubois MH, Herrman U, Bourbonnais D, Smith AM, Gravel D.
Correspondence between the directional patterns of hip muscle acti-
vation and their mechanical action in man. J Electromyogr Kinesiol
1997;7:141–8.

15. Dostal WF, Soderberg GL, Andrews JG. Actions of hip muscles.
Phys Ther 1986;66:351–61.

16. Beck M, Sledge JB, Gautier E, Dora CF, Ganz R. The anatomy and
function of the gluteus minimus muscle. J Bone Joint Surg Br 2000;
82:358–63.

17. Liu MQ, Anderson FC, Schwartz MH, Delp SL. Muscle contribu-
tions to support and progression over a range of walking speeds. J
Biomech 2008;41:3243–52.

18. Soderberg GL, Dostal WF. Electromyographic study of three parts
of the gluteus medius muscle during functional activities. Phys Ther
1978;58:691–6.

19. Semciw AI, Pizzari T, Murley GS, Green RA. Gluteus medius: an
intramuscular EMG investigation of anterior, middle and posterior
segments during gait. J Electromyogr Kinesiol 2013;23:858–64.

20. Semciw AI, Green RA, Murley GS, Pizzari T. Gluteus minimus: an
intramuscular EMG investigation of anterior and posterior segments
during gait. Gait Posture 2014;39:822–6.

21. Lyons K, Perry J, Gronley JK, Barnes L, Antonelli D. Timing and
relative intensity of hip extensor and abductor muscle action during
level and stair ambulation. An EMG study. Phys Ther 1983;63:10:
1597–605.

22. Jaegers SM, Arendzen JH, de Jongh HJ. An electromyographic study
of the hip muscles of transfemoral amputees in walking. Clin Orthop
Relat Res 1996;(328):119–28.

23. Ganderton C, Pizzari T, Harle T, Cook J, Semciw A. A comparison
of gluteus medius, gluteus minimus and tensor facia latae muscle
activation during gait in post-menopausal women with and without
greater trochanteric pain syndrome. J Electromyogr Kinesiol 2017;
33:39–47.

24. Flack NAMS, Nicholson HD, Woodley SJ. The anatomy of the hip
abductor muscles. Clin Anat 2014;27:241–53.

187Fiber type composition of the hip abductor muscles

Anatomy • Volume 15 / Issue 3 / December 2021



25. Moore CW, Beveridge TS, Rice CL. Fiber type composition of the
palmaris brevis muscle: implications for palmar function. J Anat 2017;
231:626–33.

26. Sirca A, Susec-Michieli M. Selective type II fiber muscular atrophy in
patients with osteoarthritis of the hip. J Neurol Sci 1980;44:149–59.

27. Takano Y, Kobayashi H, Yuri T, Yoshida S, Naito A, Kiyoshige Y.
Fat infiltration in the gluteus minimus muscle in older adults. Clin
Interv Aging 2018;13:1011–7.

28. Kim SY, Lunn DD, Dyck RJ, Kirkpatrick LJ, Rosser BW. Fiber type
composition of the architecturally distinct regions of human
supraspinatus muscle: a cadaveric study. Histol Histopathol 2013;28:
1021–8.

29. Crosado B, Loffler S, Ondruschka B, Zhang M, Zwirner J, Hammer
N. Phenoxyethanol-based embalming for anatomy teaching: an 18
years’ experience with Crosado embalming at the University of
Otago in New Zealand. Anat Sci Edu 2019;13:778–93. 

30. Nicholson HD, Samalia L, Gould M, Hurst PR, Woodroffe M. A
comparison of different embalming fluids on the quality of histologi-
cal preservation in human cadavers. European Journal of Morphology
2005;42:178–84.

31. Harris AJ, Fitzsimons RB, McEwan JC. Neural control of the
sequence of expression of myosin heavy chain isoforms in foetal
mammalian muscles. Development 1989;107:751–69.

32. Gundersen HJ, Bendtsen TF, Korbo L, Marcussen N, Moller A,
Nielsen K, Nyengaard JR, Pakkenberg B, Sorensen FB, Vesterby A,
West MJ. Some new, simple and efficient stereological methods and
their use in pathological research and diagnosis. APMIS 1988;96:379–
94.

33. Goutallier D, Postel JM, Bernageau J, Lavau L, Voisin MC. Fatty
muscle degeneration in cuff ruptures. Pre- and postoperative evalua-
tion by CT scan. Clin Orthop Relat Res 1994;(304):78–83.

34. Burke RE, Levine DN, Tsairis P, Zajac FE. Physiological types and
histochemical profiles in motor units of the cat gastrocnemius. J
Physiol 1973;234:3:723–48.

35. Cornwall J, Stringer MD, Duxson M. Functional morphology of the
thoracolumbar transversospinal muscles. Spine 2011;36:e1053–61.

36. Staron RS. Human skeletal muscle fiber types: delineation, develop-
ment, and distribution. Can J Appl Physiol 1997;22:307–27.

37. Johnson MA, Polgar J, Weightman D, Appleton D. Data on the dis-
tribution of fiber types in thirty-six human muscles. An autopsy
study. J Neurol Sci 1973;18:111–29.

38. Kumagai M, Shiba N, Higuchi F, Nishimura H, Inoue A. Functional
evaluation of hip abductor muscles with use of magnetic resonance
imaging. J Orthop Res 1997;15:888–93.

39. Al-Hayani A. The functional anatomy of hip abductors. Folia
Morphol 2009;68:98–103.

40. Tomonaga M. Histochemical and ultrastructural changes in senile
human skeletal muscle. J Am Geriatr Soc 1977;25:125–31.

41. Lexell J, Taylor CC, Sjostrom M. What is the cause of the ageing
atrophy? Total number, size and proportion of different fiber types
studied in whole vastus lateralis muscle from 15- to 83-year-old men.
J Neurol Sci 1988;84:275–294.

42. Larsson L. Morphological and functional characteristics of the age-
ing skeletal muscle in man. A cross-sectional study. Acta Physiol
Scand Suppl 1978;457:1–36.

43. Purves-Smith FM, Sgarioto N, Hepple RT. Fiber typing in aging
muscle. Exerc Sport Sci Rev 2014;42:45–52.

44. Behan WMH, Cossar DW, Madden HA, McKay IC. Validation of
a simple, rapid, and economical technique for distinguishing type 1
and 2 fibers in fixed and frozen skeletal muscle. J Clin Pathol
2002;55:375–80.

45. Kriketos AD, Baur LA, O’Connor J, Carey D, King S, Caterson ID,
Storlien LH. Muscle fiber type composition in infant and adult pop-
ulations and relationships with obesity. Int J Obes Relat Metab
Disord 1997;21:796–801.

46. Boyd-Clark LC, Briggs CA, Galea MP. Comparative histochemical
composition of muscle fibers in a pre- and a postvertebral muscle of
the cervical spine. J Anat 2001;199:709–16.

47. Havenith MG, Visser R, Schrijvers-van Schendel JM, Bosman FT.
Muscle fiber typing in routinely processed skeletal muscle with mon-
oclonal antibodies. Histochemistry 1990;93:497–9.

188 Flack NAMS, Woodley SJ, Nicholson HD

Anatomy • Volume 15 / Issue 3 / December 2021

Correspondence to: Natasha AMS Flack, BSc(hons), PhD
Department of Anatomy, School of Biomedical Sciences, University of Otago,
Dunedin, 9016, New Zealand 
Phone: +643 4797406 
e-mail: natasha.flack@otago.ac.nz 

Conflict of interest statement: No conflicts declared.

This is an open access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs 4.0 Unported (CC BY-NC-
ND4.0) Licence (http://creativecommons.org/licenses/by-nc-nd/4.0/) which permits unrestricted noncommercial use, distribution, and reproduction in any
medium, provided the original work is properly cited. How to cite this article: Flack NAMS, Woodley SJ, Nicholson HD. Fiber type composition of the
hip abductor muscles. Anatomy 2021;15(3):179–188.

ORCID ID:

N. A. M. S. Flack 0000-0003-2329-2053; 
S. J. Woodley 0000-0002-7288-0209; 

H. D. Nicholson 0000-0003-0921-2758


