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Purpose: Measurements using surface electromyography (sEMG) may be more complicated
when the different thickness of the subcutaneous tissue layer is observed, therefore it is
important to show the influence of fat tissue on the results of SEMG measurements. The main
aim of the study was to assess the relationship between the SEMG RMS value of rectus and
external oblique muscles of the abdomen and the composition of the body, which was
assessed using bioelectrical impedance analysis.

Patients and methods: The target group was made up of healthy people aged 20-30-year-
old. The study visit protocol of the participants was as follows: a medical history, instructions
on the purpose of measurements and examination procedures, obtaining consent for partici-
pation in the research, an analysis of the body weight composition by the electrical bioim-
pedance method, a fat tissue thickness measurement using body fat calipers, preparation of
the subject for SEMG measurements (SEMG RMS value of rectus and external oblique
abdominal muscles).

Results: Twenty-nine people were qualified for the study according to the inclusion and
exclusion criteria. SEMG amplitudes decreased when the person had a higher fat content and
had less water in the body. These results were related to the rectus abdominal muscle (mainly
its upper part) during the active contraction of this muscle. In addition, it was observed that
when actively bent their torsos forward people with a higher BMI and with a greater
thickness of fat tissue had a lower SEMG RMS value of the rectus abdominal muscle.
Conclusion: In order to conduct reliable examinations using SEMG, parameters concerning
the amount of fat tissue, the thickness of fat tissue, BMI and amount of water in the body
should be taken into account.

Keywords: surface electromyography, body mass index, bioelectrical impedance, abdominal
fat, skinfold thickness

Introduction

Surface electromyography (SEMG) is now a common auxiliary tool used in scien-
tific research or clinical work.'™ Interpretation of SEMG results depends mostly on
the shape and amplitude of the signal from a given muscle. Therefore, it is
important that factors influencing the signal can be quantified and considered in
the interpretation. Sometimes, in the case of SEMG, locating the source of the
signal becomes problematic. Not all active muscle fibers are subject to testing, but
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those fibers that are located nearby may affect the mea-
surement results.'® Measurements using SEMG may be
even more complicated when the different thickness of the
subcutaneous tissue layer is observed.'*'?

The main aim of the study was to assess the relation-
ship between the SEMG value of rectus and external obli-
que muscles of the abdomen and the composition of the
body, which was assessed using bioelectrical impedance
analysis (BIA). A correlation between the electromyo-
graphic results and the body mass index (BMI) and fat
thickness was evaluated secondarily.

Materials And Methods

A prospective, cross-sectional observational study
received the approval from the Bioethical Commission at
the Wroclaw Medical University (number of opinions of
the Bioethics Committee: KB —152/2017). The study was
ST.E060.16.059

(Ministry of Science and Higher Education in Poland).

a part of research project number

The research was carried out in the Department of
Clinical Biomechanics and Physiotherapy in Motor
System Disorders (Wroclaw Medical University) from
October 2016 to December 2017.

The target group was made up of healthy people aged
20-30-year-old. The exclusion criteria were as follows: a
lack of consent for participation in the study; contraindica-
tions for electromyographic examination or BIA (among
others: neurological diseases or musculoskeletal disorders,
pharmacological treatment at present, infection, open
wound, rash, pregnancy, a pacemaker, metal implants) a
surgery or injury in the last 12 months; malaise on the day
of the study; cancer or epilepsy; and difficulty in contact-
ing the subject.

The study visit protocol of the participants was as
follows: a medical history (personal questionnaire),
instructions on the purpose of measurements and examina-
tion procedures, obtaining consent for participation in the
research, an analysis of the body weight composition by
the electrical bioimpedance method, a determination of the
indicator BMI, a fat tissue thickness measurement using
body fat calipers, preparation of the subject for sSEMG
measurements (SEMG RMS value of rectus and external
oblique abdominal muscles).

The following apparatus was used for the study: the
body weight scale and segmental analyzer for determination
of the body composition, the body fat calipers, and the
surface electromyography. The analysis of the body weight
composition by the electrical bioimpedance method was

carried out using the Tanita BC545N scale (TANITA,
USA) with complete body analysis, and the test is carried
out in a standing position. The subjects stood barefoot on
the weight scale and on the visible electrodes, thus evenly
spreading their weight. Then, each subject pulled the mova-
ble arm of the device, which was located at the front of the
scale, and remained in place with their upper limbs straigh-
tened, while the electrodes were still placed on their body.
Such a position allowed a free flow of current throughout
the body and guaranteed a more accurate measurement.
During the measurement, the person was instructed to
stand motionless because, according to the literature, dis-
placement of the electrodes by up to 1 cm, due to a change
in body position, can cause a change in the current flow of
up to 2%, which may have produced unreliable results.
After acquisition of the signal, the subject exited the scale.
The following parameters were used in the study: body
water (%), body fat (%), muscle mass (kg), weight (kg)
and BMI (kg/m?).

Next, the measurement of the thickness of the fat tissue
was carried out using the Accu-Measure body fat calipers.
The participants were instructed to grab as much of the
tissue fold as possible over the right ilium, at the level of
the umbilicus. The results are given in millimeters.

The researcher then conducted the study participants
through the preparation procedure for the proper bioelec-
tric measurement. The subjects were instructed to lie back
on a couch and expose their abdomens. Then, the skin was
prepared for the application of electrodes via the removal
of hair from the surface of the skin and the cleansing of the
skin with a disinfectant. Afterwards, electrodes were glued
to the prepared skin. Starting with the placement of the
reference electrode on the right anterior superior iliac
spine, the researcher then proceeded to arrange the remain-
ing electrodes. The bioelectric activity of selected muscles
was evaluated using disposable surface, self-adhesive, sil-
ver-silver chloride electrodes (Ag/AgCl; size: 30 mm;
Sorimex, Poland). The electromyographic examination
included the following muscles: the rectus abdominis mus-
cle (RA) in the upper and lower parts of the abdomen (RA
upper part - RA UP, RA lower part - RA LP) and the
external abdominal muscles (EO). Measurements were
made on both the right and left sides. RA electrodes
were positioned on the upper and lower part of the muscle,
above and below the umbilicus, parallel to each other. The
surface electrodes for OEA muscle was positioned over
the anterolateral abdominal wall below the rib cage. The
reference electrode was located on the anterior superior
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iliac spine.>'> The electromyographic signal was ana-
lyzed with standard post-hoc processing. It was cleaned
and smoothened using the root square mean (RMS) value.
The bioelectrical activity of the examined muscles was
expressed in microvolts (uV).>%16-18

To measure the SEMG RMS value of the RA and EO,
each tested person was initially instructed to relax and
recall all of the activities that the person would have to
perform during the examination. The measurements were
carried out in three positions: P1, P2, and P3.

The first position (P1) involved each subject lying
down, during which the resting activity of the muscles
was measured. This measurement lasted for 10 seconds.
The second position (P2), also in the lying down position,
allowed for the measurement of functional muscle activity
during isometric work. Each subject was instructed to
perform a forward flexion of the torso while the researcher
applied resistance in the area of the shoulder joints. This
measurement lasted for 10 seconds and during this time,
the muscles were in a state of isometric contraction
(Figure 1).

In the third position (P3), each examined person lied on
their back and bent their torsos forward three times, after
which they moved their shoulders away from the couch.
Each participant had 10 seconds to do this. The result was
the average of the three contractions (Figure 1).

The sample size was assessed on the bases of pilot
studies carried out in our Department. The study compared
the differences of SEMG RMS of RA between two groups
(a group with normal BMI and group with BMI results
indicating obesity or overweight). Prior data indicated that
the difference of SEMG RMS of RA between groups is
normally distributed with a standard deviation of 2.6 pV. If
the true difference in the mean of SEMG RMS of RA
between groups is 3.4 pV than to be able to reject the
null hypothesis, 13 subjects will be needed in each group
(total 26 participants plus 10% of participants who may

drop out from research). Power analysis was set at 0.8.
The Type I error probability associated with this test of
this null hypothesis was 0.05.

Statistical analysis was performed using Statistica 13
(TIBCO Software Inc.; USA). For continuous variables,
arithmetic means, medians, standard deviations, and
ranges of variation (extreme values) were calculated. For
qualitative variables, the frequency of their occurrence
(percentage) was calculated. All the tested quantitative
variables were analyzed with the Shapiro-Wilk test to
determine the type of distribution. The dependence
between the selected alternatives was determined using
the Spearman rank correlation test. An alpha level of

0.05 was assumed for all comparisons.

Results

Thirty-seven people participated in the study. Twenty-nine
people were qualified for the study according to the inclu-
sion and exclusion criteria. Eight people were excluded
based on the following criteria: five people reported a
surgery in the last 12 months, two people experienced
malaise on the day of the study, and one person did not
agree to the test. The study group consisted of twenty
women (68.97%) and nine men (31.03%). The character-
istics of the group are shown in Table 1.

The results of the electromyographic evaluation of the
examined muscles in the three positions are presented in
Table 2. These results were used to assess the linear
relationship with variables such as body fat (%), body
water (%), muscle mass (kg), BMI (kg/m?), and fatty
tissue thickness (mm).

The relationship between the percentage of body fat,
body water, muscle mass and the bioelectrical activity of
the selected muscles is shown in Table 3. In P1, statisti-
cally significant positive correlations between the percen-
tage of body fat and the sSEMG RMS value of the EO
muscles on the right side, as well as the RA LO muscles

Figure | Second (P2) and third (P3) positions during the study (A-the second position P2 isometric contraction; B—the third position P3 functional SEMG measurement).
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Table | Characteristics Of The Study Group

Study group (n=29)

X SD Me Min Max
Age (years) 20 1.5 20 19 24
Height (m) 1.74 0.10 1.73 1.60 1.95
Weight (kg) 68.5 15.7 65.2 50.7 131.1
BMI (kg/m”2) 22.5 3.6 21.8 17.0 348
Thickness of the fat tissue (mm) 13.1 6.3 12.0 4.0 28.0
Body fat (%) 20.8 7.6 20.2 5.8 38.6
Body water (%) 58.0 4.9 59.1 46.4 68.3
Muscle mass (kg) 51.4 1.8 47.2 37.0 89.9
Gender Female n=20 (69%)

Male n=9 (31%)

Abbreviations: n, the number of participants; X, mean; SD, standard deviation; Me, median; Min — minimum; Max, maximum.
Table 2 Measurement Of sSEMG (uV) Of The Examined Muscles In P1, P2, And P3
Side | Position
Pl P2 P3
X SD | Me | Min | Max | x SD Me Min | Max X SD Me Min | Max

EO (uv) RT 102 |77 |72 43 44.3 329 | 263 | 259 | 10.0 1400 | 547 | 293 | 504 17.3 130.0
RA LO (uv) 8.6 5.1 6.6 35 22.0 67.7 | 51.6 | 543 10.9 | 2090 | 899 | 686 | 62.0 | 355 | 316.0
RA UP (uV) 10.1 | 47 | 88 4.5 25.7 80.0 [ 787 | 534 | 134 | 4220 | 792 | 509 | 71.7 | 25.0 | 241.0
EO (uv) LT 8.7 4.7 7.5 37 234 31.8 | 272 | 24.1 | 58 125.0 | 47.7 | 26.7 | 40.2 17.9 127.0
RA LO (uv) 9.1 6.6 7.0 3.6 284 56.6 | 424 | 407 | 11.2 169.0 | 74.1 | 44.1 60.7 | 28.1 222.0
RA UP (uV) 9.9 39 9.6 42 18.5 909 [ 956 | 538 | 108 | 399.0 | 905 [ 682 | 703 | 229 | 322.0

Abbreviations: RA, rectus abdominis muscle; EO, external oblique muscle; UP, upper part; LO, lower part; pV, microvolt; RT, right; LT, left; n, the number of participants; X,

mean; SD, standard deviation; Me, median; Min, minimum; Max, maximum.

on the right side, were observed. Additionally, there was a
negative correlation observed between the percentage of
body fat and the sSEMG RMS value of the RA UP muscles
on the left side. In P2, there were statistically significant
negative correlations between the percentage of body fat
and the RA UP muscles on the right and the left side. In
P3, there were statistically significant negative correlations
between the percentage of body fat and the RA LO mus-
cles on the right and the left side, and with the RA UP
muscles on the right and the left side (Table 3).

In P1, statistically significant negative correlations
between the percentage of body water and the sEMG
RMS value of the RA LO muscles on the right and the
left side were observed. Additionally, a positive correla-
tion was observed between the percentage of body water

and the SEMG RMS value of the RA UP muscles on the
left side (Table 3). In P2 and P3, statistically significant
positive correlations were observed between almost all of
the results of SEMG RMS value of the RA muscles
(Table 3).

No statistically significant correlations between muscle
mass and the SEMG RMS value of the selected abdominal
muscles were observed (Table 3).

Table 4 shows the relationships between the BMI index
and the bioelectrical activity of RA muscles and EO mus-
cles in three positions (P1, P2, P3). In P1, a statistically
significant positive correlation between BMI and the
SEMG RMS value of the RA LO muscles on the right
side was observed. In P3, negative, statistically significant
correlations were observed between BMI and the SEMG
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Table 3 Correlation Between Body Weight Composition Parameters (Body Fat Content, Body Water Content, Total Muscle Muss)
And Bioelectric Activity (nV) RA Muscles And EO Muscles In Three Positions (P1, P2, P3)

Muscle Side Position
Pl P2 P3
rs p-value rs p-value rs p-value
Body fat content (%)
EO RT 0.44 0.017 —-0.20 0.310 —0.02 0.926
RA LO 0.53 0.003 —0.36 0.057 —0.46 0.013
RA UP —-0.09 0.654 —0.49 0.007 —0.56 0.001
EO LT 0.18 0.363 —0.34 0.070 —0.09 0.627
RA LO 0.34 0.075 —0.34 0.074 —0.54 0.003
RA UP -0.37 0.046 —0.45 0.015 —0.63 0.000
Body water content (%)
EO RT —0.41 0.028 0.20 0.300 0.0l 0.958
RA LO —0.43 0.020 0.35 0.061 0.47 0.010
RA UP 0.17 0.387 0.49 0.008 0.58 0.001
EO LT —0.10 0.602 0.38 0.040 0.07 0.730
RA LO —0.24 0.220 0.33 0.078 0.52 0.004
RA UP 0.47 0.011 0.45 0.013 0.59 0.001
Total muscle mass (kg)
EO RT -0.27 0.154 0.00 0.992 —0.05 0.807
RA LO —-0.20 0.295 0.04 0.848 —0.01 0.962
RA UP —0.07 0.700 0.11 0.585 —0.05 0.810
EO LT —0.06 0.746 0.04 0.840 —0.01 0.972
RA LO —0.33 0.082 0.09 0.656 0.13 0.491
RA UP 0.25 0.197 0.19 0.324 0.17 0.373

Abbreviations: RA, rectus abdominis muscle; EO, external oblique muscle; UP, upper part; LO, lower part; RT, right; LT, left; rs, Spearman’s rank correlation coefficient.

Table 4 Correlation Between BMI (m/kgz) And Bioelectric Activity (nV) RA Muscles And EO Muscles In Three Positions (P1, P2, P3)

Muscle Side Position

Pl P2 P3

rs p-value rs p-value rs p-value
EO RT —0.03 0.862 —0.09 0.658 —0.13 0.490
RA LO 0.38 0.043 -0.29 0.126 -0.39 0.038
RA UP —0.02 0.931 —0.34 0.071 —0.47 0.010
EO LT 0.19 0.334 —-0.10 0.597 —-0.16 0418
RA LO 0.05 0.785 -0.24 0.212 —0.39 0.036
RA UP —0.04 0.829 -0.21 0.276 —0.35 0.066

Abbreviations: RA, rectus abdominis muscle; EO, external oblique muscle; UP, upper part; LO, lower part; RT, right; LT, left; r;, Spearman’s rank correlation coefficient.

RMS value of the RA LO muscles on the right side, the
SEMG RMS value of the RA UP muscles on the right side,
and the SEMG RMS value of the RA LO muscles on the
left side. There was no statistically significant correlation

observed between BMI and bioelectric muscle activity in
P2 (Table 4).

There were no statistically significant correlations
observed between the measurement of fat tissue thickness
and the sSEMG RMS value of selected muscles in P1. In
P2, a statistically significant, negative correlation was
observed between the measurement of fat tissue thickness
and the sSEMG RMS value of the RA UP muscles on the
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Table 5 Correlation Between Fat Tissue Thickness (mm) And Bioelectric Activity (nV) RA Muscles And EO Muscles In Three
Positions (P1, P2, P3)

Muscle Side Position

Pl P2 P3

rs p-value rs p-value rs p-value
EO RT 0.11 0.561 —-0.02 0.908 —-0.01 0.964
RA LO 0.10 0.589 -0.27 0.157 —0.45 0.014
RA UP —0.12 0.539 —0.38 0.042 —0.49 0.007
EO LT 0.08 0.683 —0.06 0.764 0.06 0.762
RA LO —0.01 0.964 —0.31 0.102 —0.49 0.006
RA UP —0.24 0.209 -0.32 0.092 —0.45 0.015

Abbreviations: RA, rectus abdominis muscle; EO, external oblique muscle; UP, upper part; LO, lower part; RT, right; LT, left; ry, Spearman’s rank correlation coefficient.

right side. In P3, statistically significant, negative correla-
tions were observed between the measurement of fat tissue
thickness and the SEMG RMS value of the following
muscles: the RA LO muscles on the right and left side,
and the RA UP muscles on the right and left side (Table 5).

Discussion
The main reason for the above tests was to address the
lack of a clearly defined influence of fat tissue on measure-

ments using sEMG. In the literature,>*'>!%72

we
attempted to investigate this impact, but the past results
were ambiguous.

In this study, SEMG amplitudes decreased when the
person had a higher fat content and had less water in the
body. These results were related to the rectus abdominal
muscle (mainly its upper part) during the active contrac-
tion of this muscle. In addition, it was observed that when
actively performing the forward slope, people with a
higher BMI and with a greater thickness of fat tissue had
a lower sSEMG RMS value of the rectus abdominal muscle.
Interestingly, no unequivocal association was observed
between the resting assessment of the examined muscles
and either the content of the fat tissue or the amount of
water. There were no correlations observed between the
sEMG RMS value and muscle mass. Additionally, poor
correlations were observed between the assessed variables
and the SEMG RMS value of the oblique abdominal mus-
cles, which may have resulted from the incomplete activa-
tion of these muscles during the movements performed
during the study. Partial confirmation of these obtained
results can be found in the work of De la Barrera and
Milner.'? Through the study, they were able to conclu-
sively show that the selectivity of the SEMG electrodes
increases as the thickness of the tissue layer between the

skin surface and the muscle fibers decreases. The tests
were performed during voluntary contraction of the biceps
muscle. The researchers stressed that through these stu-
dies, the sEMG signals could not be interpreted in the
same manner for all subjects. Parameters such as the
skinfold thickness at the recording site and the orientation
of the electrodes on the active muscle fibers must be taken
into account.'?

1,>! the researchers obtained

In a study by Bartuzi et a
results similar to the results obtained by our research team,
especially as they apply to the rectus abdominal muscle.
These researchers also evaluated the palmaris longus mus-
cle; however, in this case, the results were inconclusive.
The results of Bartuzi’s study suggested that the SEMG
signal is sensitive to a fatty tissue layer, but the impact of
the fatty tissue layer on the sEMG signal is dependent on
the muscles examined. In addition, the researchers drew
attention to the need to continue research, in order to
determine the exact impact of fat tissue on the sEMG
record.”!

Nordander et al'® summarized the results of their
research by concluding that a large part of the inter-indi-
vidual variance in sSEMG amplitudes can be explained by
the amounts and properties of the subcutaneous tissue that
separates the muscle and the electrode. This can be mea-
sured either by BMI or, as argued above, more reliably by
skinfold calipers. These results are consistent with our
results. It seems that this information should be used to
create a normalization method that will allow the varia-
bility resulting from body fat thickness to be taken into
account.'’

It is worth noting that the SEMG record is possible in
obese people, as confirmed by Minetto et al.” The
researchers noticed that the detection of sEMG signals
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from the quadriceps muscle is also possible in severely
obese people (who have an increased thickness of subcu-
taneous adipose tissue). In addition, they confirmed the
assumptions that were also known in this study; specifi-
cally, that a lower degree of thickness of the subcutaneous
tissue results in a higher assessment of amplitude and
mean frequency of the sEMG signal. Furthermore, the
researchers did not find any differences in myoelectrical
muscle fatigue after periodic, voluntary, and persistent
contractions between obese patients and lean patients.”
This last conclusion can be compared with the results
obtained in our work, which relate to the assessment of
the dependence of the amount of body fat and the resting
activity of the examined muscles. There was no clear
relationship between these variables.

There is a lack of data in the literature that draws
attention to the influence of the amount of water in the
body on the assessment of muscle sSEMG activity. In this
study, a linear relationship is observed and concerns the
active work of the rectus abdominal muscle. Only in a
portion of the publication can you find information that the
patient should not perform intense physical exercise and
should regularly replenish fluids before the sSEMG
examination.

The main limitations of this study are related to the
examination of a small part of the population. However, it
is worth emphasizing that these subjects are pilot studies.
Additionally, despite the small sample size, we can
observe some statistically significant correlations that
emphasize the validity of conducting these tests. The
small sample size also contributed to the fact that a multi-
variate regression analysis was not performed because of
the possible bias (a high number of variables and a small
sample size). Additionally, future research should also take
into account the standardization of maximum voluntary
contraction (MVC), even though it is a method that also
has some limitations. For example, the participants must
be able to perform a valid trial, the test exercise must
correctly “catch” the muscle, and the selected muscle
length must represent dynamic movements.

The results presented in this paper and presented by
other researchers indicate that in order to conduct reliable
examinations using sEMG, parameters concerning the
amount of fat tissue, the thickness of fat tissue, BMI
and amount of water in the body should be taken into
account. When taken into account, these parameters will
result in a better reliability of the data and a better choice

of subject populations in studies involving the use of
sEMG.

Conclusion

An increased fat content in the body and a reduced amount
of water contributed to a lower recording of the bioelec-
trical activity of the rectus abdominal muscle during its
functional activity. In addition, a similar relationship was
observed with the BMI parameters and fat thickness.
These parameters should be considered when performing
a study using sSEMG measurements and at the stage of
determining the target group. Research should be contin-
ued, with future changes to account for a larger number of
people and an additional, objective assessment of the
thickness of body fat.
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