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The amount of tissue between the muscle and surface electromyography (sEMG)
electrode influences the sEMG signals. Increased intramuscular adipose tissue (IMAT)
of the hip abductor muscles negatively impacts balance in older individuals, but it
is unknown if this is related to the ability to activate the muscles. The aim of this
preliminary study was to investigate the influence of gluteus medius (GM) IMAT on
sEMG amplitude during maximal voluntary isometric contractions (MVIC) of the hip
abductors in older adults. We recruited 12 healthy community-dwelling older adults that
underwent a spiral computerized tomography scan. High density lean (HDL), IMAT, and
subcutaneous adipose tissue (SUBFAT) cross-sectional area of the GM were assessed.
sEMG signal from the GM was recorded while participants performed an MVIC of the
hip abductors. There was a negative correlation between GM activation and IMAT
(r = −0.58, P = 0.046), and also SUBFAT (r = −0.78, P = 0.002) and a positive
correlation with HDL (r = 0.73, P = 0.006). When controlling for SUBFAT, the partial
correlations demonstrated a consistent negative correlation between GM activation and
IMAT (r = −0.60, P = 0.050) but no relationship with HDL. The current results are
important for helping to interpret the results from sEMG by accounting for IMAT. In
conclusion, the neuromuscular activation of the GM may be reduced by the quantity
of IMAT.

Keywords: intramuscular fat, muscle activation, isometric contraction, older adults, aging, surface
electromyography

INTRODUCTION

Surface electromyography (sEMG) is widely used to assess neuromuscular activation across
multiple populations, including healthy individuals and those with neurological disorders
(Vandervoort, 2002; Hogrel, 2005). Multiple intrinsic factors may influence recording signals from
sEMG, such as fiber composition, blood flow, and the amount of tissue between the muscle and
EMG electrode (De Luca, 1997; Lanza et al., 2018). The amount of subcutaneous fat between
the muscle and the electrode is well known to influence sEMG amplitude (Petrofsky, 2008;

Abbreviations: CSA, cross-sectional area; CT, computerized tomography; EMGMVT, electromyography amplitude from
instantaneous maximal voluntary torque; GM, gluteus medius; HDL, high density lean tissue; IMAT, intramuscular fat;
MVIC, maximal voluntary isometric contraction; sEMG, surface electromyography.
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Lanza et al., 2018). It is theorized that inhomogeneity in the
muscle, such as increased amounts of adipose tissue inside the
muscle, may also impact sEMG amplitude.

Intramuscular adipose tissue (IMAT), or the amount of
adipose tissue within the fascia of a muscle, increases with
age and inactivity (Addison et al., 2014a; Correa-de-Araujo
et al., 2020), and is an important factor influencing muscle
function and quality (Addison et al., 2014a; Biltz et al., 2020).
Furthermore, increased IMAT is associated with decreases in
strength (Reid et al., 2012) and mobility (Bamman et al.,
2000; Newman et al., 2006) and reduces the ability to recover
balance in older adults (Addison et al., 2014b). For example,
increased IMAT of the hip abductor muscles negatively impacts
balance in older individuals (Addison et al., 2014b, 2017) and
is found to be higher in fallers than non-fallers (Addison
et al., 2014a). Accordingly, the amount of IMAT in the muscle
appears to have high clinical relevance. However, to the date,
there is only one study (Yoshida et al., 2012) that examined
the influence of IMAT on central activation. In the knee
extensor muscles, it was previously demonstrated that central
activation (measured by central activation ratio, CAR, during
an isometric contraction) was inversely associated with IMAT
in older adults (Yoshida et al., 2012). The measure of central
activation measured by CAR, provides a quantification of muscle
activation by using force measurements by superimposing an
electrical stimulus during a maximal contraction (Bampouras
et al., 2006). However, the use of electrical stimulation to
examine muscle activation is not as common or as easily
applied as sEMG, which is consistently used in the literature
to report neuromuscular activation. Thus, it remains unknown
if IMAT influences neuromuscular activation as measured by
sEMG. Moreover, a decreased ability to fully activate the muscle
may impair an older adult’s ability to recover from a balance
perturbation, placing them at an increased risk for falls; thus,
further investigation of the influence of IMAT on muscle
activation is needed.

The ability to activate the hip abductor muscles is important to
recover balance and avoid falls (Mercer et al., 2009; Marques et al.,
2013; Lee et al., 2017). For instance, higher gluteus medius (GM)
activation, measured by sEMG, is associated with an increased
ability to perform a step (Mercer et al., 2009; Marques et al., 2013),
which is an essential movement in fall avoidance and balance
recovery. Considering sEMG is often used in the assessment
of clinical populations (i.e., neurological diseases), and the hip
abductor muscles are important in mobility and balance recovery,
understanding the influence of IMAT on the sEMG amplitude of
the hip abductor muscles may offer insight in the interpretation
of sEMG. Therefore, the purpose of this study was to investigate
the influence of GM IMAT on sEMG amplitude during a maximal
voluntary isometric contraction (MVIC) of the hip abductors in
older adults. Because the amount of lean tissue may also influence
the sEMG amplitude, a secondary aim was to investigate the
influence of GM high-density lean tissue (HDL; muscle free from
fat) on sEMG amplitude during MVIC of the hip abductors in
older adults. It was hypothesized that the sEMG amplitude would
be inversely associated with IMAT and positively associated with
HDL in older adults.

MATERIALS AND METHODS

Subjects
Healthy community-dwelling older adults were recruited for
this study. All participants provided written informed consent,
and the study was approved by the Institutional Review
Board of the University of Maryland, Baltimore. As previously
described (Inacio et al., 2018), inclusion criteria included healthy,
ambulatory older adults with a BMI of less than 35 kg/m2.
Exclusion criteria included: cognitive impairment (Folstein
Mini-Mental Score Exam < 24), sedative use, depression,
or a clinically significant functional impairment related to a
musculoskeletal, neurological, cardiopulmonary, or metabolic
disorder. All inclusion and exclusion criteria were verified by a
medical exam with a licensed physician.

Muscle Composition
Details of the spiral computerised tomography (CT) exam have
been published previously (Addison et al., 2017). Briefly, a
CT scan was performed starting at L2-L3 and ending at the
patella (Siemens Somatom Sensation 64 Scanner). HDL, low
density lean tissue (IMAT), and subcutaneous adipose tissue
(SUBFAT) cross-sectional area (CSA; cm2) of the GM and
minimus together (Figure 1) were determined using Medical
Image Processing, Analysis, and Visualization (MIPAV, v 7.0,
NIH) analysis software. For SUBFAT analysis, we verified a strong
correlation (r = 0.90) between subcutaneous fat thickness and
CSA from the CT scans in 50% of the participants; hence, to keep
consistency among the study measurements, we used SUBFAT
CSA. HDL was defined as 30–100 Hounsfield units (HU), low
density lean tissue was representative of IMAT and defined as 0–
29 HU and −190 to −30 HU for SUBfat. As previously published,
LDL and HDL were normalized for the GM muscle size by
calculating a percentage of each measure relative to the total
muscle CSA (Addison et al., 2017).

MVIC and sEMG
Participants performed a standing unilateral hip abduction
MVIC on a BIODEX System 4 dynamometer (BIODEX, Shirley,
NY, United States). The torque signal was recorded at a frequency
of 1,500 Hz. The test limb was strapped to the Biodex arm with
the thigh pad proximal to the knee joint. Support was provided
through the arms by a custom stabilizing frame. Three trials were
performed at 30◦ of hip abduction. Each participant was asked to
“push” abduction as fast and hard as possible for ∼5 s with 90 s
rest between trials. During the MVIC, sEMG signal was recorded
using a wireless sEMG system (NORAXON, United States Inc.) at
a frequency of 1,500 Hz. sEMG electrodes arranged in a bipolar
configuration (2 cm inter-electrode distance) were placed on the
GM in accordance with SENIAM guidelines (Hermens et al.,
2000). The sEMG signals were collected in MyoResearch XP
software (Noraxon, United States Inc.) and exported to Spike
2 software (CED, Cambridge, United Kingdom) for off-line
analysis. Data was filtered (fourth-order Butterworth band-pass
filter with a 20–500 Hz pass band), and the root mean square
was calculated. The root mean square sEMG amplitude during
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FIGURE 1 | CT scans of one individual demonstrating low attenuation and high levels of IMAT in the gluteal muscles (outlined in red).

the MVIC was calculated over a 500 ms epoch, 250 ms either
side, from instantaneous maximal voluntary torque (EMGMVT)
at the highest MVIC.

Statistical Analysis
A Shapiro–Wilk test was used to assess the normality of the data.
Pearson’s product-moment bivariate correlations between sEMG
amplitude and each predictor variable (HDL, IMAT, and SUBFAT)
was performed. Considering the influence of SUBFAT on sEMG
(Lanza et al., 2018), partial correlations were performed between
sEMG amplitude and muscle composition (IMAT and HDL) with
SUBFAT as a covariate. There was no difference in the correlation
between absolute (cm2) or relative (% CSA) values; hence, all
correlations are presented as cm2. Additionally, considering
possible sex differences, an independent t-test was performed for
all variables, and no differences was found (P ≤ 0.081). Thus,
results were presented for both sexes as one group. Statistical
analysis was performed using SPSS version 25 (IBM Corporation,
Armonk, NY, United States); the significance level was set at
P < 0.05.

RESULTS

Seven males (N = 7; 71.7 ± 3.1 years, 1.73 ± 0.05 m,
83.5 ± 14.1 kg, and BMI: 27.8 ± 4.6 kg/m2) and five females
(N = 5; 69.6 ± 4.2 years, 1.62 ± 0.05 m, 73.9 ± 8.6 kg, and
BMI: 28.3 ± 4.9 kg/m2) were tested. There was a significant

bivariate negative correlation between GM sEMG amplitude
and IMAT (r = −0.585, P = 0.046, 95%CI: −0.867 to −0.210;
Figure 2A) and also SUBFAT (r = −0.786, P = 0.002, 95%CI:
−0.967 to −0.642; Figure 2C). Conversely, there was a significant
correlation between GM sEMG amplitude and HDL (r = 0.738,
P = 0.006, 95%CI: 0.490 – 0.903; Figure 2B). When controlling
for SUBFAT, the partial correlations demonstrated a consistent
negative correlation between GM sEMG amplitude and IMAT
(r = −0.602, P = 0.050, 95%CI: −0.936 to −0.077), Figure 3A.
However, when accounting for SUBFAT, no significant correlation
was found between GM sEMG amplitude and HDL (r = 0.503,
P = 0.115, 95%CI: 0.009 – 0.228), Figure 3B.

DISCUSSION

This study investigated the influence of GM and minimus IMAT
on sEMG amplitude during a MVIC of the hip abductors in
older adults. We partially confirmed our hypothesis showing that
sEMG amplitude was inversely associated with IMAT in older
adults, and demonstrated that explained up to 36% of the variance
of neuromuscular activation in the hip abductors as measured
with sEMG in older adults. To the best of our knowledge, this is
the first study to show that neuromuscular activation, measured
by sEMG, is influenced by the amount of adipose tissue within the
muscle. This relationship was maintained even when controlling
for a confounding factor (subcutaneous fat). Thus, we provide
evidence that GM neuromuscular activation is potentially altered
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FIGURE 2 | Correlations between surface electromyography at maximal voluntary torque (EMGMVT) with intramuscular fat (IMAT; A), high density lean tissue (HDL;
B), and subcutaneous fat (SUBFAT; C) from gluteus medius and minimus (n = 12).

FIGURE 3 | Partial correlations with SUBFAT as covariate, between EMGMVT and IMAT (A), and HDL (B; n = 12).

by the amount of adipose tissue inside the muscle. Moreover,
although lean muscle tissue positively influenced sEMG, this
association disappeared after accounting for subcutaneous fat.
Overall, these results bring important information which may
be important in the interpretation of sEMG signals in different
populations, especially those of disuse and muscle atrophy who
may have increased IMAT.

Previous work demonstrated that the knee extensor
neuromuscular activation, measured by CAR, was partially
explained by the amount of adipose tissue inside the muscle
of older adults (∼26%; Yoshida et al., 2012). While we found
similar results, we recognize the differences in techniques and
muscle groups may be important. The previous study (Yoshida
et al., 2012) did not examine the hip abductors, nor did they
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measure sEMG; hence, the differences between techniques
and muscle groups to measure muscle activation should be
further evaluated. When considering the limitations of the CAR
technique (Bampouras et al., 2006), an investigation of the
sEMG and IMAT of the quadriceps femoris would be essential
for clarifying if there are differences between muscle groups.
With aging, IMAT increases (Ryan et al., 1996; Goodpaster
et al., 2001; Gallagher et al., 2005; Marcus et al., 2010) while lean
muscle tissue decreases (Frontera et al., 2000; Hughes et al., 2002;
Vandervoort, 2002). Increased total body fat has been associated
with impaired neuromuscular activation in sedentary young and
older women (Tomlinson et al., 2014), but these previous studies
did not examine the relationship with IMAT. Nevertheless, the
decrease in lean tissue, which is related to denervation of motor
neurons and muscle fibers (Vandervoort, 2002; Piasecki et al.,
2018) with a larger reduction in type II fibers (Lexell, 1997),
results in a lower capacity to produce force and may also have an
impact on neuromuscular activation as seen in our study.

The present study was not designed to explore the mechanism
by which IMAT influences neuromuscular activation, but some
factors might help explain the present results. Given that, IMAT
represents the deposit of lipids within and between muscle
fibers (Karampinos et al., 2012), the increase in IMAT may
change muscle architecture (e.g., pennation angle and fascicle
length). When a contraction is performed, and the sarcomere
decreases in width, it is expected a decrease in fascicle length
followed by an increase in pennation angle (Ichinose et al., 1997;
Rekabizaheh et al., 2016). Thus, the increase in IMAT in older
adults may change muscle structure which could impact fascicle
length and pennation angle (Rahemi et al., 2015), and ultimately
neuromuscular activation (Guilhem et al., 2011; Ghosh et al.,
2017). This suggestion may be reinforced by previous studies
showing that muscle structure changes with aging, with older
adults showing higher amounts of non-muscle tissue (including
fat) inside the muscle compared to young adults (Rice et al.,
1989; Overend et al., 1992). Future research is warranted to
better understand the relationship between increased IMAT and
reduced neuromuscular activation.

High density lean partially explained the variance (∼54%)
of the neuromuscular activation in older adults. However, after
controlling for SUBFAT, there was no significant association
between variables, albeit did present a moderate correlation
(r = 0.503). Thus, although HDL did not directly affect muscle
activation in the present study, the small number of participants
used here may be a limiting factor, and likely, a larger sample size
may be required to produce a significant correlation. It could be
hypothesized that higher HDL would provide more motor units
to be recruited and result in a greater neuromuscular activation.
However, it was previously demonstrated that a decrease in
lean muscle mass in older adults does not directly translate
into a decline in muscle function (Goodpaster et al., 2006;
Addison et al., 2014a), which may partially explain the lack of
association between HDL and neuromuscular activation seen
here. Therefore, the increases in neuromuscular activation in
older adults may be more likely to be related to the increased
motor unit characteristics (e.g., motor unit recruitment and firing
frequency) than lean muscle mass. Nonetheless, this outcome

possibly reinforces the fact that increased IMAT appears in
some way to directly affect the ability to activate the muscle, as
previously demonstrated (Yoshida et al., 2012).

Because the present study had a small sample size, we may
have been underpowered to detect some correlations. Note
that, conclusions for bivariate correlations should be taken
with caution. Nonetheless, it is important to highlight that
there are several other extrinsic (e.g., fiber orientation) and
intrinsic actors (e.g., fiber diameter) that also influence sEMG
amplitude (De Luca, 1997). The images from the CT scan do
not allow to properly separate GM from minimus, which may
limit our conclusions. Additionally, the older individuals in the
present study were healthy, and extrapolation to a non-healthy
population should be done carefully. Our results are also limited
to the GM muscle, and exploring other muscles would help to
clarify our results. Since the present study was not designed
to explore the mechanism by which IMAT or HDL influences
neuromuscular activation, this is an area for future exploration.
For example, future studies should investigate the muscle internal
structure (e.g., muscle architecture and/or non-muscle tissue) to
further examine the mechanisms by which both IMAT and HDL
influence neuromuscular activation. The current results have an
important clinical application related to the interpretation of
results from sEMG. When interpreting the results in populations
that presented augmented fat infiltration (e.g., older adults, those
who are obese, or those with neurologic conditions), the influence
of IMAT in the ability to activate the muscles should be taking
into consideration.

In conclusion, the neuromuscular activation of the hip
abductor muscles may be reduced by the quantity of IMAT, while
the lean tissue after accounting for subcutaneous fat, may not
influence the activation of the GM muscle. Therefore, to better
interpret neuromuscular activation from gluteus medius in older
adults during a maximal isometric contraction, accounting for
the amount of intramuscular fat would provide a more accurate
representation of the signal.
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