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A B S T R A C T   

The assessment of muscle activity (MA) via surface electromyography (sEMG) within a workplace setting offers 
valuable insights into workers’ physical strain, but it encounters certain challenges. Particularly, the analysis of 
sEMG data presents difficulties when it requires normalization using maximal voluntary isometric contractions 
(MVIC). Given that familiarity with generating maximum forces cannot be assumed in samples from the field of 
occupational science, it becomes necessary to familiarize participants with the normalization task. This is crucial 
to ensure consistent and replicable performance of MVICs. This paper aims to investigate how familiarization can 
improve the capability of reproducing maximal voluntary force (MVF) of a high percentage (85% and 90%) and 
to assess its impact on the reliability of MA of lower leg (gastrocnemius medialis and tibialis anterior) and trunk 
muscles (obliquus externus abdominis) in MVICs, for a worker-specific sample. The results demonstrate that one 
or two familiarization days can enable a high degree of reproduction with a range of 85% of the absolute MVF 
and a low percentage of standard error of the mean (%SEM) in intra-day reliability of the sEMG amplitude. 
However, it is important to note that the reliability of sEMG varied among subjects and individual muscles, 
particularly for the trunk muscles. Still, our findings underscore the significance of familiarization sessions when 
utilizing MVIC normalization for a worker-specific sample.   

Relevance to industry 

With regard to the evaluation of the effectiveness of physical assis-
tance systems, e.g. industrial exoskeletons, on muscle fatigue during 
occupational activity or comparison of workloads, it is of great relevance 
to conduct meaningful sEMG studies in a work environment and to 
achieve the highest possible standardization for MVIC normalization. 

1. Introduction 

A suitable method for the evaluation of physical strain during a 
workload is the determination of muscle activation (MA) using surface 
electromyography (sEMG). SEMG is often used in occupational studies 
to evaluate MA in work processes, the ergonomic design of workplaces 
and work equipment (Mathiassen et al., 1995). It represents a 
non-invasive method for direct assessment of MA and therefore allows 
conclusions to be drawn on muscle fatigue during occupational activity 
or comparison of workloads between different individuals, muscle 
groups and days (Besomi et al., 2020; Mahdavi et al., 2020). 

The sEMG signal is affected by many intrinsic and extrinsic factors 
such as adhesive position of the electrodes, skin conductivity or sweat, 
especially in a work environment. Normalizing the signal can therefore 
reduce possible variability in the sEMG signal, to compare subjects, 
different muscles, or electrodes located on the same muscle but on 
different days (Merletti and Muceli, 2019). A common normalization 
method in ergonomics is the use of a maximal voluntary isometric 
contraction (MVIC) to generate a maximum sEMG amplitude (Burden, 
2010). An MVIC involves isolated maximal isometric loads on a single 
joint with maximal force development against a fixed static resistance 
(Burden, 2010). Resulting maximum sEMG amplitude is used as a 100% 
reference value to normalize the sEMG data as the appropriate % of 
maximum MA. This normalization method is suitable for making mea-
surements taken at different times comparable and has been used in 
numerous occupational science studies, including evaluation of loads on 
primary trunk muscles (Alemi et al., 2019; Jin, 2018; Lu et al., 2019; 
Kazemi et al., 2021), as well as upper and lower legs (Nicoletti and 
Läubli, 2018; Theurel et al., 2018; Renberg et al., 2020; Desbrosses et al., 
2021). 
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SEMG data expressed relative to the maximum (% MA) has physio-
logical relevance, however, submaximal reference MA values are 
frequently used when MVIC’s are limited by aging, pain or other 
symptoms (e.g. Dankaerts et al., 2004; Shamsi et al., 2017). In the 
context of occupational science long-term studies, MVICs allow for a 
direct and comparable measurement of %MA across different in-
dividuals, enabling data from various subjects to be placed on a 
consistent scale. Still, particularly when normalizing subsequent sEMG 
measurements on different days, it is crucial to standardize the mea-
surements in order to obtain comparable normalization sEMG ampli-
tudes (Merletti and Muceli, 2019). If these amplitudes on different days 
are not comparable, it significantly affects the validity and reliability of 
the measurements. An important prerequisite for this comparability is 
also the ability of subjects to achieve a consistent maximal voluntary 
force (MVF) at the time of MVIC data collection, because inexperience in 
producing high muscle forces (as it is typical e.g. for sports or strength 
training) limits the ability to reproduce MVF and related maximal MA 
(Frost et al., 2012; Amarantini and Bru, 2015; Salonikidis et al., 2021). 
As we can assume that in our case the user population of workers con-
sists to a large extent of subjects without previous specific experience in 
maximum strength generation, this must be considered as a critical 
factor for the consistency and reproducible MVF (Buckthorpe et al., 
2012; Tillin et al., 2010; Rodríguez-Rosell et al., 2018; Balshaw et al., 
2019). Therefore, producing at least a high and consistent proportion of 
MVF is mandatory in sEMG studies, especially if day-to-day measure-
ments require consistent daily maximal sEMG amplitudes for 
normalization. 

It was shown that MVF can be as much as 20–40% lower than true 
absolute MVF in untrained subjects (Sodeberg and Knutson, 2000). 
However, familiarization with the MVIC task can optimize force pro-
duction to reach the highest possible MVF value and MA of the selected 
muscle (Green et al., 2014; Chan et al., 2020; Reyes-Ferrada et al., 
2022). Here, the number of familiarization sessions to reach the absolute 
MVF required for isometric contractions is usually measured for a 
1-repetition maximum test and is reported as 2–3 sets (Green et al., 
2014; Chan et al., 2020). Nevertheless, it is not clear whether a certain 
number of training sessions can subsequently lead to a consistent 
intra-day-reproducibility of MVIC signal outcomes over further mea-
surement days. 

The aim of this work is to analyze how familiarization can improve 
daily capability of MVF reproduction of a high percentage (90% and 
85%) and to evaluate its effect on reliability of MA in MVICs for a 
worker-specific sample without previous experience in maximum 
strength generation. 

2. Materials and method 

2.1. Subjects 

Twenty-five subjects participated in the study, representing an 
average user population for the occupational sciences and worker- 
specific sample. We therefore recruited the participants from a subject 
list of the Federal Institute for Occupational Safety and Health including 
individuals of working age, mostly with either recreational or with no 
previous sport experience. They were twelve healthy men and thirteen 
women aged 19–41 years (age 29 ± 7 years, height: 175.0 ± 9.19 cm, 
weight: 70.9 ± 15.6 kg, BMI: 22.9 ± 3.19 kg/m2), mostly recreational or 
with no previous sport experience. Subjects were asked to abstain from 
physical activity the day before and the day of the test to avoid the ef-
fects of cumulative muscle fatigue. All subjects signed an informed 
consent form before the test. Ethical approval was obtained from the 
local institutional ethics committee. 

2.2. Experimental protocol 

MVICs were performed on an isokinetic dynamometer IsoMed 2000 

(D&R Ferstl GmbH, Hemau, Germany) on five familiarization days. 
Time interval between each examination was 48 h–72 h. On each 
familiarization day, we equipped the subjects with sEMG sensors, con-
nected to a mobile sEMG system (Ultium, Noraxon). 

Beforehand, skin was prepared to achieve stable electrode contact 
and high skin conductance by lowering the impedance. For this purpose, 
hair was removed from the skin positions to be covered with a dispos-
able razor. The skin was cleaned with alcohol and treated with an 
abrasive gel. This method is suggested for clinical use (Hermens et al., 
2000). Adhesive gel dual disposable electrodes served as sEMG elec-
trodes; we placed these on each body side on the obliquus externus 
abdominis (OE), tibialis anterior (TA), and gastrocnemius medialis (GM) 
muscles according to SENIAM guidelines. We have chosen these muscles 
for several reasons. Firstly, they represent various tissue compositions, 
such as strength in wobbling mass or fat (abdominal muscles having 
more, calf muscles having less). Secondly, these muscles have been 
selected because they are highly relevant for a subsequent long-term 
study involving exoskeletons (Bär et al., 2021). We took care to place 
the electrodes on the midline of the abdominal area, perpendicular to 
the length of the muscle fibers between the muscle tendon junction and 
the nearest innervation zone. 

After preparation, we fixed the subjects sequentially randomly on the 
isokinetic dynamometer in the following measurement positions.  

- Prone position with the foot and toe attached to the adapter (Fig. 1). 
In addition, the subject’s position was fixed with shoulder pads. 
Subjects were instructed to perform maximal plantar flexion (PlFlex) 
against the resistance of their fixed foot to activate GM.  

- Supine position (2) with the foot fixed in the foot section of the 
isokinetic dynamometer (Fig. 2), with fasten shoulder pads. 
Maximum activation of the TA, while performing dorsal extension 
(DorEx) against the fixed resistance of the fixed foot was required.  

- Seated position (3) with the pelvis firmly in the seat and the shoulder 
girdle fixed to the measuring bracket (Fig. 3). Isometric trunk rota-
tions (TrRot) were performed against the established lever arm of the 
isokinetic dynamometer with maximal activation of OE. 

All measurements started with a practice trial and were performed 
with both sides of the body, starting with each subject’s dominant side. 
After completing the practice session, the subjects performed three 
consecutive trials of MVICs within a 5-s protocol, with a 60-s rest period 
between each MVIC. For further analysis, the last 3 s of the MVICs were 
utilized. The pause between measurements on different body sides and 
positions was 5 min. For all participants, sessions took place at 
approximately the same time of the familiarization day ±60 min. We 
made this precaution to minimize the influence of circadian rhythms on 
MVIC between participants (Douglas et al., 2021). We also took care to 
select measurement positions that could be implemented in the field 
trial (PlFlex and DorEx in standing, for example). We choose TrRot, 
because trunk flexion was not possible with the isokinetic dynamometer, 
but the TrRot position has also been described as suitable for normal-
izing the OE (Vera-Garcia et al., 2010; Roth et al., 2017). 

2.3. Data acquisition and raw data processing 

We recorded isokinetic data by the manufacturer computer software 
IsoMed analyze V.2.0 at 200 Hz and filtered it with a recursive 5th order 
Butterworth low-pass filter (6 Hz cutoff frequency). The rectified sEMG 
signal was set to a sampling rate of 2.000 Hz per channel and filtered 
using a fourth-order Butterworth filter with a bandpass of 20–500 Hz for 
GM and TA. We selected a bandpass of 2.5–100 Hz for the OE to remove 
heart rate artefacts (Drake and Callaghan, 2006; Vera-Garcia et al., 
2010). Isokinetic data and sEMG were acquired time-synchronized using 
MyoSync (Ultium, Noraxon). 

First, we determined the time of peak torque of the isokinetic data for 
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each MVIC trial and formed a 500ms interval around it (250ms before 
and after the respective peak torque). Afterwards we also extracted the 
time-corresponding 500ms intervals for the sEMG data. For sEMG and 
isokinetic data, the root mean square (RMS) value was calculated for the 
entire 500ms interval. To do this, the mean of the squares of all values 
within the 500ms interval was determined, and then the square root of 
the result was taken for both the isokinetic force values and the sEMG 
amplitude. The RMS serves as the primary parameter for all subsequent 
analyses and was also used to determine whether the individual reached 
the absolute MVF threshold of 85% or 90%. 

2.3.1. Reproducibility of MVF 
To analyze the effect of familiarization on MVF reproducibility, we 

determined the highest RMS of all day isokinetic data per subject. Using 
this absolute MVF value, the remaining RMS values of the isokinetic data 
for each subject were normalized and converted to % of the absolute 
MVF. 

To subsequently assess the quality of MVF reproducibility over time, 
we defined two threshold at 90% and 85% (<90%) absolute MVF. We 
subsequently established distinct MVF plateaus, referred to as “pla-
teaus,” by observing the consistent achievement of a threshold during all 
three trials of a familiarization day. Specifically, when a subject ach-
ieved an MVF exceeding 90% of their absolute MVF in three consecutive 
trials, we deemed this as successfully reproducing the MVF at the 90% 
MVF plateau. On the other hand, if all three trials in a single day fell 
within the range of 85% to less than 90%, we referred to it as the 85% 
MVF plateau. We calculated the MVF plateaus individually for each 
muscle (GM in PlFlex, TA in DorEx and OE in TrRot) and each side of the 
body (L/R). We also determined the day when the absolute MVF was 
reached for each MVIC task. Only subjects that were able to reach at 
least the 85%MVF plateau were included in the analysis. Mean and 
standard deviation (SD) was calculated over the included subjects. 

2.3.2. Reliability of sEMG 
In the next step, we determined the effect that familiarization with 

the normalization task had on the reproducibility of the MA and the 
sEMG. The Kolmogorov-Smirnov test for normality revealed that the 

Fig. 1. PlFlex-position on the isokinetic dynamometer.  

Fig. 2. DorEx-position on the isokinetic dynamometer.  

Fig. 3. TrRot-position on the isokinetic dynamometer.  
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data were normally distributed, allowing us to construct superimposed 
Bland-Altman plots of all muscles using IBM SPSS (Version 29). Showing 
the differences between trials one and two (1), two and three (2) and one 
and three (3) per familiarization day; the plots can be used to evaluate 
the measurement error of the sEMG data for each familiarization day. 
We derived from the scatter of the measurements the “limits of agree-
ment” (LoAs) an average of the difference (AvDiff) ±SD. LoAs− /+95% 
were calculated summarized for differences of all three trials on one day 
LoAs− /+95% by AvDiff minus and plus 1.96 *SD (Atkinson and Nevill, 
1998). We transferred the determined days of the 90% and 85%MVF 
plateau for each muscle to the plots as an indication of successful 
familiarization and standardizable repeatability, and marked the day of 
the absolute MVF as well. Subjects who were unable to achieve at least 
the 85%MVF plateau in a MVIC task were not included in the further 
sEMG examination for the corresponding muscle. 

The reliability of the sEMG was furthermore assessed using the 
standard error of the mean (SEM) (Frost et al., 2012; Liljequist et al., 
2019). To evaluate the intra-day reliability for each muscle, the SEM was 
calculated for each muscles and each day, and it was reported as the 
percentage of the mean for that specific day (%SEM). In the subsequent 
results, the sides of the body are abbreviated as L (left) and R (right). 

3. Results 

In total 23 subjects (twelve men and eleven women) completed the 
measurements on all five familiarization days. Only subjects that were 
able to reach at least the 85%MVF plateau were included in the analysis 
of the respective muscles absolute MVF. For example, if a subject 
reached the 85%MVF plateau in PlFlex for L, they were included in the 
absolute MVF evaluation for L, but at the same time if they did not reach 
the plateau for PlFlex for R, they were not included in the absolute MVF 
calculation for R. Fig. 4 shows the average number of familiarization 
days±SD for each MVIC task. For PlFlex the 90%MVF plateau was 
reached by 17 subjects for L and 19 subjects for R on session 3 ± 2.19 
subjects achieved an 85%MVF plateau for L as well as R, after 3 ± 2 
familiarization days, absolute MVF was reached from the remaining 19 
subjects on day 3 ± 2. 

In DorEx 21 subjects achieved a 90%MVF plateau on day 3 ± 1 (L 
and R). The 85%MVF plateau was reached for DorEx by all 23 partici-
pants on day 1 ± 1 (L) and day 2 ± 1 (R). Absolute MVF in DorEx was 
reached on day 3 ± 2. For TrRot, 13 (L) and 11 (R) subjects achieved 
90%MVF plateau on day 3 ± 2 and day 1 ± 1.The 85%MVF plateau was 
achieved on day 2 ± 2 (absolute MVF on day 3 ± 1) and day 2 ± 1 
(absolute MVF on day 2 ± 1) by 15 or 17 subjects. 

3.1. sEMG reliability 

The Bland-Altman plots (Fig. 5) illustrate the differences in the 
averaged sEMG between trials one and two (1), two and three (2), and 
one and three (3) for each familiarization day. The vertical axis repre-
sents the difference of averaged sEMG, while the horizontal axis repre-
sents the average of the averaged sEMG. The plots cover familiarization 
days one to five (Fig. 5) for L. The black solid line represents the average 
difference (AvDiff), and the dashed line represent. 

The limits of agreement (LoAs) at ± 95%. The days on which the 
85% and 90% MVF plateau and the absolute MVF were reached on 
average are indicated. Table 1 displays the %SEM values for both sides 
of the body for all muscles. It presents the %SEM of sEMG data (%) for 
the L and R on all familiarization days, for the GM, TA, and OE muscles, 
considering all three trials per day. The table also marks the average 
days of the 85% and 90% MVF plateaus and the absolute MVF. If 85% 
and 90%MVF plateaus were reached on the same day, they were marked 
only as 90% MVF plateau. 

3.1.1. Lower leg muscles 
On day 1 the AvDiff ± SD for the GM muscle on L and R is 0.5 ± 2.1 

(LoAs − 3.5/4.6) and 0.2 ± 2.2 (LoAs − 4.0/4.4), while the %SEM of the 
measurement is 4.4% or 4.1%. On Day 2 the 85% MVF plateau is 
reached for R, with AvDiff of − 0.1 ± 2.6 (LoAs − 5.1/4.9), and 3.2% 
SEM. The 90% MVF plateaus is on day 3 with AvDiff ±SD values of 0.5 
± 2.5 (LoAs − 4.4/5.3), and %SEM of 3.0% for L (including 85%MVF 
plateau), and AvDiff ± SD of − 0.1 ± 1.9 (LoAs − 3.9/3.7), with %SEM of 
3.2% for R. In the subsequent days following the 90% MVF plateau and 
the absolute MVF, the AvDiff ±SD values continue to decrease, reaching 
0.2 ± 2.7 (LoAs − 5.1/5.4), and 0.2 ± 2.4 (LoAs − 4.4/4.8), on day 5. 
The %SEM remains ≤3.3%. 

Tibialis anterior’s 85% MVF plateau is on day 1 for L and ranging 
from − 4.1 ± 4.9 (LoAs − 2.9/3.6), with a %SEM of 3.8%. For R it is on 
day 2 ranging from − 5.1 ± 4.9 (LoAs − 4.3/4.2), with a %SEM of 3.2%, 
including the 90% MVF plateau on this day. For L the 90% MVF plateau 
is reached on day 2 AvDiff − 0.1 ± 2.2 (LoAs − 3.9/4.5), with a %SEM of 
3.3%. Throughout the familiarization period we observe a decreasing % 
SEM trend from day 1 onwards. However, on the day of the absolute 
MVF, the %SEM for the R side of the body shows a slight increase but 
remains below the initial value of 4.4% recorded on day 1. 

3.1.2. Trunk muscles 
For obliquus externus, the AvDiff ± SD is 0.2 ± 4.7 (LoAs − 9.0/9.5), 

and 0.1 ± 3.2 (LoAs − 6.1/6.3) on day 1, with a %SEM of 8.8/5.8%. On 

Fig. 4. Average measurement day or familiarization day required to reach absolute MVF and 90% and 85%MVF plateaus. Numbers in the boxes represent the 
number of subjects (n) included (only subjects that were able to reach at least the 85%MVF plateau were included in the analysis). 
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day 2, archiving the 85% MVF plateaus, the AvDiff ± SD is − 1.3 ± 6.5 
(LoAs − 12.5/10.9), with 10.1%SEM and − 1.1 ± 5.9 (LoAs − 12.7/10.6), 
with a %SEM of 7.7%. For L the 90%MVF plateau is on day 3 AvDiff ±
SD -1.3 ± 6.5 (LoAs − 14.1/11.5), -while the 90%MVF plateau for R is 
included in day 2. These values decrease on the following familiarization 
days, for both sides of the body, to values ranging from LoAs − 10.6/10.1 
(L) and − 8.5 to 7.8 (R) on day 4. The %SEM values also exhibit signif-
icant fluctuations and no clear reduction over time. The maximum % 
SEM for the OE muscle is reached on either day 2 or day 3. 

4. Discussion 

This study aimed to investigate the impact of familiarization on the 
daily ability to reproduce high percentages (90% and 85%) of maximum 
voluntary force and its effect on the reliability of muscle activity, pre-
sented in the sEMG amplitude, during MVICs in a sample of workers 
with no prior experience in generating maximum strength. Based on 

previous research (Buckthorpe et al., 2012; Tillin et al., 2010; Rodrí-
guez-Rosell et al., 2018; Balshaw et al., 2019), we hypothesized that the 
characteristics of the target group play a crucial role in the consistency 
of maximum sEMG amplitude during MVIC normalization. Therefore, it 
was essential to achieve a high and consistent MVF and MA. 

4.1. MVF reproducibility 

In our initial step, we aimed to determine an acceptable percentage 
of absolute MVF for reproducibility. Considering previous studies indi-
cating a reduction of 20–40% in MVF among untrained individuals 
(Sodeberg and Knutson, 2000), we defined a maximum deviation of 15% 
as acceptable for reproducibility. As a benchmark, we set the values of 
90% and 85% MVF, with three daily follow-up measurements. Assuming 
that we consider an 85% MVF as acceptable for MVIC normalization in 
our sample, we can expect this value to be reached on day 2 or 3 for 
PlFlex and TrRot. However, for DorEx, our participants only require 1–2 
days to safely reproduce 85% of their MVF. If we desire a higher degree 
of standardization for MVIC-normalization, such as a 90% MVF, this 
value was reached on day 2–3 for PlFlex, DorEx and TrRot. The 90% 
MVF plateau was typically achieved during the day of absolute MVF, 
meaning that individuals are capable of completing all three trials with 
at least 90% of their MVF. 

4.2. SEMG reliability 

Applying previous described understandings to the results of the 
sEMG measurement, we observe that the %SEM for the muscles GM and 
TA, activated by PlFlex and DorEx, decreases at day 2 and day 3 when 
reaching the 85% and 90% MVF plateau, respectively. It then remains at 
a low level in the following days. For OE in TrRot, these results are not 
conclusive but rather characterized by strong variations. Our results of 
GM and TA can be confirmed by Green et al. (2014) and Chan et al. 
(2020), who report that task familiarization was maintained over the 
three-day interval. The varying results regarding the reliability of sEMG 
amplitude of OE in TrRot differ from previous studies, such as the one 
reported by Vera-Garcia et al. (2010), Roth et al. (2017) and Juan-Recio 
et al. (2018), which found a very good intra-day reliability of isokinetic 

Fig. 5. SEMG data of L for GM, TA and OE. The plots show the differences between trials one and two with yellow dots, two and three with green dots and one and 
three with red dots per familiarization day, with difference on the vertical axis against the average of the measurements on the horizontal axis. AvDiff and LoAs− / 
+95% were calculated from the differences of all three trials per day, by mean minus and plus 1.96 *SD. The AvDiff is marked by the black solid line, the dashed line 
represents the upper and lower LoAs− /+95%. The black frames mark the day on which the absolute MVF was averaged achieved. Yellow and grey frames indicate 
the average day of 90%, and 85%MVF plateau. Missing grey borders indicate that the 80% MVF plateau was reached on the same day as the 90% MVF plateau. 

Table 1 
Standard error of the measurement (%SEM) of intra-day averaged sEMG of L and 
R for GM, TA and OE. The black frames mark the day on which the absolute MVF 
was averaged achieved. Yellow and grey frames indicate the average day of 
90%, and 85% MVF plateau. Missing grey borders indicate that the 80% MVF 
plateau was reached on the same day as the 90% MVF plateau. 
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data in TrRot. We attribute our divergent results primarily to the 
differing characteristics of our study participants, as the aforementioned 
studies examined individuals with prior movement experience in 
strength training (Folland et al., 2014). This is a crucial point, especially 
when conducting TrRot, because the normalization-position seems to be 
a challenge in terms of technical execution for untrained subjects. 
Furthermore our results for MA in OE be due to the influence of 
abdominal fat, although several studies have found that fat has a 
filtering effect on the sEMG signal (Ptaszkowski et al., 2019; Lanza et al., 
2020) and increases reliability. Our subject group has a particularly high 
proportion of wobbling mass, with an average fat fold thickness of 12.9 
mm. The actual muscle signal could therefore have been distorted by 
wobbling fat. 

The further interpretation of our results raises the critical question of 
whether the measured absolute MVF really represents the absolute 
maximum sEMG amplitude that subjects can achieve (Sodeberg and 
Knutson, 2000). This could be particularly relevant for GM and TA, as 
results from previous studies indicate that small muscles in particular, 
which are not consciously addressed in everyday life, tend to generate 
poorer reliability than others (Amarantini and Bru, 2015; Murley et al., 
2010), and some test persons reported problems when performing the 
DorEx, as they found the MVIC task very unfamiliar. Especially in the 
implementation of MVIC normalization without those highly standard-
ized positioning in an isokinetic dynamometer, e. g. in field in-
vestigations in occupational sciences, appropriate normalization 
positions must be identified and tested. 

4.2.1. Bland-Altman plots 
Additionally, in the Bland-Altman plots we can’t observe any sig-

nificant trend of development or reduction in LoAs, but rather contin-
uous unspecific variation in the range of 5–10% for GM and TA. For OE 
in the range up to 20%, even at the level of the 90% and 85%MVF 
plateaus. AvDiff values approach zero, but also show variation in the 
plus and minus range. We explain the ambiguous results of our Bland- 
Altman plots by a possible co-activation of the agonist-antagonist mus-
cle pair, which can increase while generating MVF, in subjects without 
specific experience in strength training (Amarantini and Bru, 2015). 
This leads to lower measured MVF values, which are not directly re-
flected in the sEMG values of the observed muscle. With rising number 
of familiarization days, MVF increases with constant MA, by the 
improvement of intermuscular coordination through familiarization, 
leading to less co-activation of the surrounding muscles (Young, 2006; 
Balshaw et al., 2019; Santos et al., 2021), so mainly affects the level of 
MVF achieved, but less so the maximum sEMG amplitude of the 
observed muscles. We can therefore assume familiarization to change 
the relation between MVF and MA, and thus also influence the results of 
the MVIC normalization. 

4.3. Limitation 

This study is accompanied by some limitations. Firstly, our partici-
pant population is heterogeneous, with variations in age, body height 
and body composition. These factors can impact the ability to perform 
an MVIC and contribute to intra-individual variability in force devel-
opment, potentially influencing our results. Considering the de-
mographic shift towards an older working population and the known 
decline in motor skill adaptation and strength capacity with age (Van 
Dijk et al., 2007), especially the factor age should be kept in mind and 
conclusions regarding a generalization of the results must be made with 
great caution. Secondly, the level of sports experience among partici-
pants is to consider (Salonikidis et al., 2021). Although we confirmed 
that none of the participants had prior strength training experience, it is 
possible that they had varying levels of general movement experience, 
which could influence the inter-individual results. Thirdly, despite our 
efforts to ensure comparable measurement conditions by conducting 
them at the same time of day, we cannot exclude the influence of 

extrinsic factors, such as increased physical activity or dietary habits 
prior to the measurements, as well as intrinsic factors like changing 
motivation over five consecutive days (Merletti and Muceli, 2019). 
Additionally, conducting measurements over five consecutive days 
places increased demands on the attachment of sEMG sensors, which 
was ensured in our study through a high level of measurement stan-
dardization. However, it is also crucial to allow sufficient time between 
test sessions to allow for skin regeneration. Otherwise, skin changes and 
irritations can potentially affect the sEMG signal. Fourthly, the trans-
ferability of our results beyond the abdominal and lower leg muscles is 
likely limited, although these muscle groups exhibit different connective 
tissue structures and fat content. As evidenced by the high 
inter-individual variability for the different muscle observed in our 
study, it needs further research to extrapolate these findings to other 
muscle groups, as various factors clearly influence the inter-individual 
MVIC capacity of different muscles. Moreover, the transferability of 
our results to MVICs performed under less standardized field conditions 
poses a challenge for result generalization, due to differing environ-
mental and measurement conditions, and should be considered in future 
studies conducted in workplace settings. 

6. Conclusion 

The results of this study highlight the importance of familiarization 
with the MVIC task to achieve a high level of standardization in MVIC 
normalization for a worker-specific sample. The findings demonstrate 
that with a one-day familiarization period, a range of 85% reproduction 
of absolute MVF and low percentage standard error of the mean (%SEM) 
in intra-day reliability of sEMG amplitude can be achieved. A two-day 
familiarization period can result in 90% reproducibility of absolute 
MVF, while maintaining comparable intra-day reliability of sEMG. 
Applying the knowledge of this study to MVIC normalization in occu-
pational studies can lead to more reliable sEMG values across different 
measurement days. It is crucial for investigators to determine the 
appropriate level of standardization necessary for their respective study, 
taking into account intra-individual factors and considering the 
normalized muscle groups that contribute to result variability. Further 
investigations should address this aspect and explore the optimal level of 
MVIC familiarization required for conducting MVICs in field in-
vestigations with less standardized conditions. 

Author statement 

We are pleased to revise our manuscript titled " Effect of familiar-
ization on the reproducibility of maximum isometric normalization 
contractions in a worker-specific sample " for consideration for publi-
cation in the International Journal of Industrial Ergonomics. The pri-
mary objective of our study was to investigate how familiarization can 
enhance the capability to reproduce maximal voluntary force (MVF) at 
high percentages (85% and 90%) and assess its impact on the reliability 
of muscle activity in lower leg (gastrocnemius medialis and tibialis 
anterior) and trunk muscles (obliquus externus abdominis) during 
MVICs within a worker-specific sample. Through our research, we aimed 
to shed light on the effectiveness of familiarization in achieving reliable 
and consistent measurements of muscle activity. Our findings indicate 
that one or two familiarization sessions enable a high degree of force 
reproduction, encompassing a range of 85% of the absolute MVF, along 
with a low percentage of standard error of the mean (%SEM) in intra-day 
reliability of the sEMG amplitude. It is important to note that the reli-
ability of sEMG varied among subjects and individual muscles, partic-
ularly in the case of trunk muscles. Nonetheless, these results emphasize 
the significance of familiarization sessions when utilizing MVIC 
normalization for a worker-specific sample. The relevance of our study 
extends to the industry, especially in evaluating the effectiveness of 
physical assistance systems, such as industrial exoskeletons, in miti-
gating muscle fatigue during occupational activities or comparing 
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workloads. The standardization of MVIC normalization through mean-
ingful sEMG studies conducted in a work environment becomes crucial 
to ensure reliable and valid assessments. We believe that our study 
contributes to the existing body of knowledge by addressing an impor-
tant aspect of sEMG analysis in the context of occupational science. The 
findings have implications for improving the accuracy and reliability of 
muscle activity assessments, particularly in the field of workplace er-
gonomics and the development of effective interventions for reducing 
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