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Abstract
An experimental study with two scenarios S1 and S2 was conducted, in which the standing and walking proportions as
well as movement dynamics were varied. Eleven participants have taken part in the study for 2.5h each (cycle time: 90s).
By means of surface electromyography, the static and dynamic components of muscle strain as well as the muscle fatigue
were recorded and compared with the results of water plethysmography and a structured subjective rating survey. The
results of the EMG study showed significantly higher dynamic components of the EA at S2 compared to S1, while the
static components for the same activities did not show any significant difference, as expected. S1 and S2 always led to
an increase in volume of the lower leg. Standing with less walking (S1) resulted in a significantly higher increase than
standing with a higher proportion of walking and stronger dynamic movements (S2). In scenario S2, compared to scenario
S1, the participants reported weaker subjective complaints which were also reported later in time. The results on muscular
fatigue indicated only partially significant differences between S1 and S2. The results make clear that the dynamics of
movement are a decisive criterion for assessing standing activities.
Practical Relevance: To relieve strain during standing work, “real” walking movement must be integrated into the workflow.
It could be shown that only a small step to the side or a few “shuffling” steps are not sufficient. In contrast, it is compatible
with human physiological characteristics to make correct steps and dynamically activate the leg muscles.
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Experimentelle Studie zum Stehen und Gehen bei der Arbeit – Was ist kompatibelmit
physiologischen Eigengesetzlichkeiten undmenschlichen Bedürfnissen?

Zusammenfassung
In einer experimentellen Studie mit zwei Szenarien S1 und S2 wurden die Steh- und Gehanteile sowie die Bewegungs-
dynamik variiert. Elf Probanden nahmen an der Studie von jeweils 2,5h Versuchszeit teil (Zykluszeit: 90s). Mit Hilfe
der Oberflächen-Elektromyographie wurden statische und dynamische Komponenten der Muskelbeanspruchung und die
Muskelermüdung erfasst und mit Ergebnissen der Wasserplethysmographie sowie einer strukturierten Befragung vergli-
chen. Im Ergebnis der EMG-Untersuchungen zeigten sich signifikant höhere dynamische Komponenten der EA bei S2
gegenüber S1, während die statischen Anteile bei gleichen Tätigkeiten erwartungsgemäß keine signifikanten Unterschiede
aufwiesen. Die Szenarien führten stets zu einer Volumenzunahme, und Stehen mit weniger Gehanteil (S1) zu einer sig-
nifikant stärkeren Zunahme als Stehen mit höherem Gehanteil und größerer dynamischer Bewegung (S2). Die Probanden
gaben in Szenario S2 erst im späteren Zeitverlauf subjektive Beschwerden an, die zudem schwächer als in Szenario S1
waren. Die Ergebnisse zur muskulären Ermüdung zeigten nur teilweise signifikante Unterschiede zwischen S1 und S2. Die
Ergebnisse verdeutlichen in Summe, dass die Dynamik der Bewegung ein ausschlaggebendes Kriterium zur Beurteilung
bei Stehtätigkeiten ist.
Praktische Relevanz: Zur Entlastung bei Steharbeit müssen „reale“ Gehbewegungen in den Arbeitsablauf integriert wer-
den. Es konnte gezeigt werden, dass nur ein kleiner Schritt zur Seite oder wenige „schlurfende“ Schritte hierbei nicht
ausreichend sind. Kompatibel zu den menschlichen Eigenschaften ist es demgegenüber, richtige Schritte zu machen und
die Beinmuskulatur dynamisch zu aktivieren.

Schlüsselwörter Wasserplethysmographie · Oberflächen-Elektromyographie · Subjektive Beschwerden ·
Statische/dynamische Muskelbeanspruchung

1 Current recommendations for work in
a standing body posture

Occupational standing work is still widespread in industry.
Employment surveys reveal that about each second em-
ployee in Germany spends the majority of his working
hours in a standing position (Lück et al. 2019). It quite
often results in damage to their health presenting as mus-
culoskeletal complaints and venous disorders (Halim and
Omar 2011; Halim et al. 2012; Waters and Dick 2014).

Ergonomic work organization should be compatible
with human characteristics and needs (Strasser 2021). That
means the adaptable technical components (in this case the
organization of standing and walking periods) should take
into account the human organism and the physiological
background of work activities in a standing posture. The
LV 50, a German instruction for action of the Committee
for Occupational Safety and Safety Technology, offers rec-
ommendations for the ergonomic design of standing work
(Berger et al. 2009). Berger et al. (2009, p. 14) define
continuous standing work as “work in an upright position
without the option of moving more than approximately
20cm to the side, to the front or behind or without the
ability to relieve strain temporarily by walking or sitting”.
It classifies continuous standing work into different risk
levels and recommends a certain ratio of “sitting to stand-
ing to walking”. For example, the standard provides a ratio

of “60:30:1” for risk level 1 with a low standing load (up
to 2.5h per working day).

When talking about static standing, in the same breath, it
is often added that static standing leads to muscular fatigue
(Carayon 2006; MacLeod 2012; Parker and Imbus 1992).
The LV 50 defines that “as with all static postures, the du-
ration of staying still without any relief is the criterion that
results in discomfort and/or health impacts”, i.e. muscular
fatigue (Berger et al. 2009, p. 14). However, what kind of
relief is meant here? What kind of movement is compatible
with physiological needs? The authors will address these
questions in more detail in the discussion section.

The topic of static standing versus walking has been in-
creasingly addressed in recent years (cp. Balasubramanian
et al. 2009; Garcia et al. 2016; Wall et al. 2020). The study,
presented in the following, evaluates the influence of dy-
namic movement on the occurrence of complaints during
static standing and discusses the results.

2 Methods of an experimental study

A preliminary study (cp. Rücker et al. 2020) has already
shown that, among other things, the repetition rate (timing
of the work) and the type of dynamics (type of walking)
have a strong influence on the physical and subjective strain.
Different standing/walking parts and cycle times were con-
sidered in this study during an experimentation time of
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45min. Based on these results, two scenarios have been
selected for the experiment and the experimentation times
were extended to 2.5h. In accordance with the preliminary
study, the methodology focuses on the lower extremities
(lower legs) using surface electromyography, water plethys-
mography and a structured questionnaire on the localization
and intensity of subjective complaints.

2.1 Surface electromyography for the assessment
of static and dynamic muscle strain

In surface electromyography (using a Noraxon EMG sys-
tem), the muscle activity is logged by electrodes which are
applied to the skin surface. The electromyographic activity
(EA) was continuously recorded during the experimental
procedure for three muscles of the lower leg (gastrocnemius
lateralis/medialis and tibialis anterior). It was subsequently
normalized to a so-called maximum voluntary contraction
(MVC), per specific muscle. This data is used to consider
and analyze static and dynamic muscle strain (Kluth et al.
2014; Strasser et al. 1989; Strasser 1996).

Fig. 1 illustrates static and dynamic muscle activities.
The mean minima represent the muscle activity in the re-
laxation phase, while the mean maxima represent the con-
traction phase. The difference between mean maxima and
mean minima is due to movement and is thus defined as
the dynamic component of muscle strain. The mean min-
ima represent the static muscle strain (Strasser 1996).

The study presented here had a strict timing of standing
and walking parts within a cycle time of 90s. Thus, it is
possible to define each section with pure standing or pure
walking during the whole experimental time of 2.5h. The
first and last five cycles were excluded due to, among others,
reduced acclimatization effects (=90 cycles were analyzed).
Fig. 2 illustrates the test setup (left side) and the analysis
of the cycles (right side) with regard to the average static
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Fig. 2 Electromyogram of the clocked standing and walking components with the representation of the mean value formation
Abb. 2 Elektromyogramm der getakteten Steh- und Gehphasen mit der Darstellung der Mittelwertbildung
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Fig. 1 Determination of the static and dynamic components of the EA
(cp. Strasser 1996)
Abb. 1 Bestimmung der statischen und dynamischen Komponenten
der EA (vgl. Strasser 1996)

standing and dynamic walking portions, exemplary for one
muscle.

2.2 Water plethysmography

The so-called muscle pump is responsible for the removal
of blood and tissue fluid from the lower leg towards the
heart (Kirsch et al. 2011; Nüllen and Noppeney 2010). Its
function is limited during static activities (sitting, contin-
uous standing), which is noticeable in a swelling of the
lower legs and can lead to permanent pathological vein
changes (Beebe-Dimmer et al. 2005; Berger et al. 2009;
Wrona et al. 2015). Water plethysmography (WP) can be
described as the current gold standard for measuring volume
changes of the leg (Hartmann and Huch 2005; Kamusella
and Schmauder 2019; Kauder et al. 2011; Rabe et al. 2010).
It is based on the Archimedean principle of water displace-
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ment. Fig. 3 shows the specially developed measurement
setup of the study.

The participant has to immerse the right lower leg into
the measuring apparatus while standing. A mark on the bot-
tom of the measurement setup and a holder for the thigh
ensure an exact posture of the leg during repeated measure-
ments. The displaced water is collected via the large over-
flow and weighed directly in ml. Wave movements during
immersion are eliminated by a plexiglass pane positioned
in front of the overflow. The water temperature during the
measurements is always between 28.5 and 30.0°C. Due to
the large overflow, a measurement time of 1.5min is suffi-
cient and comparatively short (cp. Wall et al. 2017). Two
measurements could be taken immediately before and two
measurements immediately after the experimental proce-
dure.

2.3 Structured questionnaire for the assessment
of intensity and localization of subjective
complaints

In addition to objective criteria, subjective discomfort
was also considered. To determine subjective complaints,
a structured questionnaire for the assessment of the intensity
and localization of subjective complaints was used, with
a numerical scale of 0–10 (0= no complaints; 5=moderate
complaints; 10=maximum complaints) (cp. Lips 2017).
The following areas were queried: upper back, lower back,
hips, thighs, knees, lower legs, and feet. In addition, par-
ticipants evaluated physical discomfort and the urge to sit
down or to move. The questioning began with the start
of the experimentation time and was repeated at intervals
of 15min (a total of eleven surveys per participant and
scenario).

Fig. 3 Measurement setup for
water plethysmography in the
laboratory
Abb. 3 Messaufbau der Wasser-
plethysmographie im Labor

2.4 Analysis of muscle fatigue

It is often asserted that muscle fatigue is the main prob-
lem of static standing (Berger et al. 2009; Opfermann et al.
2008), therefore, it was also considered in this study. A pos-
sible approach to analyze muscle fatigue is provided in
Luttmann et al. (1996). In this case, the temporal graphs of
the EA amplitude and the median/center frequency (MF)
are considered in parallel (Kluth et al. 2013). Physiologi-
cally, an increasing force and a decreasing frequency are
typical for fatigue. The so-called Joint Analysis of Spec-
trum and Amplitude method (JASA) of Luttmann et al.
(1996; 2000) uses simultaneously the graphs of the am-
plitude and frequency spectrum of the EMG, and defines
four state ranges (fatigue, recovery, force increase, force
decrease). The results from the regression lines of the am-
plitude and frequency spectrum are embedded in a four-
quadrant coordinate system (cp. Fig. 4). As discussed, fa-
tigue therefore occurs with an increasing amplitude of the
EA and a simultaneous drop in the median/center frequency
(Luttmann et al. 1996; Rücker et al. 2018). Luttmann et al.
(1996) evaluated this representation according to the num-
ber of value pairs in their respective quadrants.

In the first step, the value pairs of the regression lines
over the whole testing time per participant were analyzed
and plotted in the JASA coordinate system.

In two and a half hours, both fatigue and recovery can
occur over time in standing and walking activities and pre-
dominant components of fatigue or recovery might even
vary over time. In order to be able to look at time plots,
regression lines were then created in units of five cycles
each. As the cycles include static and dynamic sections,
moving averages were used. So, for each second the re-
gression lines of the following five cycles (=450s) have
been analyzed with regard to fatigue or recovery.

temporal 
change in EA

recovery
force 

increase

force 
decrease fatigue

−

−

+

+

temporal 
change in MF

Fig. 4 Schematic representation of the Joint Analysis of Spectrum and
Amplitude method (JASA) (Luttmann et al. 2000)
Abb. 4 Schematische Darstellung der Joint Analysis of Spectrum and
Amplitude Methode (JASA) (Luttmann et al. 2000)
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A cumulative value is formed by adding “1” in case of
fatigue and subtracting “1” in case of recovery. In other
words, it is defined that “+1” represents a phase of 450s
that is predominantly in the fatigue sector of the JASA
quadrants (cp. Fig. 4 with increasing amplitude and de-
creasing frequency). A corresponding phase of relaxation
is represented by a value of “–1”.

In the last step, the results of each muscle were cumu-
lated to one value as a complete package for the lower leg.
The data was first analyzed by viewing the graphs and then
in pairs using the mean values of the accumulated data.

3 Study design and research hypotheses

3.1 Study design

The study consisted of two test days of 2.5h each with two
scenarios in random order. A cycle time of 90s with varying
standing and walking portions (scenarios S1 and S2) were
chosen. The 90s represent typical conditions in industry
where people operate machines in a work cycle. The partic-
ipant group (MVage= 44.1 years; SDage= ±13.3 years) com-
prised five women and six men. During the standing com-
ponents of the experiment, the participants pursued self-
selected PC tasks. The test setup and the portions of stand-
ing and walking of both scenarios are shown in Fig. 5. The
test day proceeded as follows: the participants arrived at the
laboratory, were instructed and then seated for five minutes
while the EMG electrodes were placed on the left lower leg.
Subsequently they were doing specific exercises to measure
the maximum voluntary contraction for each muscle. The
participants then walked during five minutes on the tread-
mill to get familiar with the apparatus and to practice getting
up and down from the treadmill. The lower leg volume was
measured at least twice via water plethysmography. Finally,
the test time started with continuous recording of the EMG

Fig. 5 Study design with the
paths of both scenarios (S1/S2)
between two workplaces
(WP1/WP2) and a treadmill
(TM) and the temporal timing
of the standing/walking com-
ponents in proportion and in
seconds

Abb. 5 Studiendesign mit den
Gehwegen beider Szenarien
(S1/S2) zwischen zwei Ar-
beitsplätzen (WP1/WP2) und
einem Laufband (TM) sowie der
zeitlichen Abfolge der Steh-/
Gehphasen im Verhältnis und in
Sekunden

WP2

1.5 m 1.5 m

Scenario

S1 S2

Standing : walking 
ratio 30 : 1 70 : 30

Standing : walking 
in seconds 87s : 3s 63s : 27s

WP1

TM

WP1

and the assessment of subjective complaints. At the end
of the test time, the water plethysmography was repeated
twice.

Fig. 5 specifies scenario one (S1) on the left and scenario
two (S2) on the right side in detail. In S1 the participants
had to stand for 87s and then walk for 3s. In S2 they first
stood for 63s and then walked for 27s. The compliance
with the clock of 90s was controlled and ensured by a pro-
grammed timer and a supervisor.

In scenario S1 with a low portion of walking of three
seconds, the participant switched between WP1 and WP2
(cp. Fig. 5). Similar situations can occur e.g. at pre-assem-
bly workstations, where the worker only takes a few steps
to the side during the progression of their work. To stan-
dardize the walking speed during scenario S2 with a portion
of walking of 27s, a treadmill (TM) was used. The partici-
pant switched between WP1 and the treadmill. The selected
speed of 3.2km/h corresponds to a step frequency of about
one step per second and is in line with the step frequency
of the workplace change in S1. An average speed of three
to five km/h can be regarded as typical (BAuA 2019). Sce-
nario S2 could serve as an example for activities in logistics
or on assembly lines with “real” walking motions and rec-
ognizable step sequences.

3.2 Research hypotheses

From the results of a preliminary study (cp. Rücker et al.
2020) with varying cycle times and parts of standing/
walking, the following hypotheses are examined in the
study:

H1: Statistically significant differences in movement pat-
terns (static/dynamic) can be determined with EMG mea-
surements.
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Fig. 6 Representation of the
mean values of the static and
dynamic components for three
muscles (gastrocnemius medi-
alis/lateralis and tibialis anterior)
for S1 (left) and S2 (right) for
ten participants
Abb. 6 Darstellung der Mit-
telwerte der statischen und
dynamischen Phasen für drei
Muskeln (Gastrocnemius me-
dialis/lateralis, Tibialis anterior)
für S1 (links) und S2 (rechts) für
zehn Probanden
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H2: Static standing with components of little movement
leads to earlier and higher subjective complaints than static
standing with more movement components.

H3: Higher static standing proportions lead to a swelling
of the lower legs. This swelling is more pronounced with
static standing with components of little movement than
static standing with more movement components.

H4: Static standing with components of little movement
leads to more muscle fatigue than static standing with more
movement components.

4 Results of the study

4.1 Static anddynamic components ofmuscle strain

The evaluation is based on ten separate data sets, since the
EMG recording of one muscle failed for one participant
during the test. Fig. 6 shows the mean values of the static
standing components and dynamic walking components of
the EA (% of MVC) for S1 (left) and S2 (right) of the
three examined muscles (gastrocnemius medialis/lateralis
and tibialis anterior). The data refers to 90 cycles of the
total experimental time (=100 cycles).

The static task involves the same situation for the partic-
ipant. As expected, the EA values of the static components
for S2 do not differ significantly from S1 (e.g. gastrocne-
mius medialis z= –0.764, p= 0.223, n= 10). However, all
three muscles examined for scenario S2 compared to S1
show a significantly higher EA value of dynamic movement
(e.g. gastrocnemius medialis z= –1.68, p= 0.047, r= 0.53,
cp. Fig. 6). The increased values rage from approx. 35%
(gastrocnemius medialis) to 52% (gastrocnemius lateralis),
respectively.

Scenario S1                                   Scenario S2

Vo
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e 
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)

1 

2 

3 

4 

Fig. 7 Results of the water plethysmography with volume changes of
scenarios S1 and S2 (n= 11)
Abb. 7 Ergebnisse der Wasserplethysmographie mit den Volumenver-
änderungen der Szenarien S1 und S2 (n= 11)

4.2 Volume increases of the lower leg

Volume increases always occur in the before/after compar-
ison for both S1 and S2. The results are plotted in Fig. 7.
On average in S1 with little movement, the volume in-
creased by 3.19% (~140.0ml) and in S2 with more move-
ment by 1.15% (~41.5ml). Statistically, they differ signifi-
cantly from each other (z= –2.934, p= 0.002, r= 0.88).

4.3 Intensity and localization of subjective
complaints

Significant differences between S1 and S2 are illustrated
in Fig. 8. While stress on the back and feet tended to cre-
ate similar strain, the “urge to move” and the “strain on
the lower leg” differed significantly (z= –2.81, p= 0.003,
n= 11, d= 0.85; z= –2.94, p= 0.002, n= 11, d= 0.89). Addi-

K



Z. Arb. Wiss. (2022) 76:333–343 339

0
10
20
30
40
50
60
70

0 15 30 45 60 75 90 105 120 135 150

)011.xa
m(

snoitne
m

etulosbA

time (min)

Strain on the lower leg

S1 S2

0
10
20
30
40
50
60
70

0 15 30 45 60 75 90 105 120 135 150

Ab
so

lu
te

 m
en

tio
ns

 (m
ax

. 1
10

)

time (min)

Urge to move

S1 S2

Fig. 8 Absolute motions of the characteristics “strain on the lower leg” and “urge to move” over time (n= 11)
Abb. 8 Absolute Nennungen der Merkmale „Beanspruchung des Unterschenkels“ und „Bewegungsdrang“ über die Versuchszeit (n= 11)

tionally, these two characteristics occurred significantly ear-
lier over time at S1 than at S2. For the characteristic “urge
to move”, it was already significant after 30min (z= –2.06,
p= 0.020, n= 11, d= 0.62) and for the “strain on the lower
leg” after 60min (z= –2.68, p= 0.004, n= 11, d= 0.81). At
the end of the experiment, the characteristic “urge to move”
reached an average value of 6.36 for S1 and 0.73 for S2, and
the characteristic “strain on the lower leg” reached a value
of 5.73 for S1 and 2.91 for S2. All participants rated the
“strain on the lower leg” for S1 at least as a “medium load”,
36% of them rated it as “moderate strong to strong”. The
“urge to move” was classified for S1 with at least “medium
load” by the end of the test time. For this characteristic as
much as 55% rated with “moderate strong to strong”.

4.4 Muscle fatigue

The results of the Joint Analysis of Spectrum and Ampli-
tude of Luttmann et al. (1996) were first collected from the
regression lines over the entire experimental period, exclud-
ing the first and last five cycles (cp. Fig. 9).

For all three muscles, the value pairs of the fatigue quad-
rant decreased from S1 to S2 (i.e. S1: 5, S2: 2), while the
value pairs of the recovery quadrant increased from S1 to
S2 (i.e. S1: 3, S2: 6). According to Luttmann et al. (1996),
initially the graphs of EA and MF amplitude after 2.5h
were compared. Due to the different walking proportions
in both scenarios S1 and S2, there is the assumption that
fatigue can build up and also decrease again within the test
time.

In order to examine temporal effects during the test, the
observation was carried out — as described — in steps of
five cycles using moving averages. Fig. 10 illustrates an ex-
ample of the temporal lines of the cumulated values of the
muscle gastrocnemius medialis of one participant. For each
second of the experimentation time, the regression lines
over the following five cycles were analyzed with occur-

ring fatigue “+1” or recovery “–1” in cumulation, excluding
the first and last five cycles. Fig. 10 shows that within the
2.5h (90 cycles), as a cumulative representation, compo-
nents of predominant fatigue are represented by a positive
slope. In contrast, a predominant recovery is represented as
a decreasing or negative curve. Indeed, a variation of com-
ponents predominantly in the fatigue and in the relaxation
area of the JASA quadrants can be seen in both scenarios.

Comparatively, for the gastrocnemius medialis, eight out
of ten participants had on average higher accumulated val-
ues in S1 than in S2. For the gastrocnemius lateralis, the
ratio was seven out of ten and for the tibialis anterior it
was nine out of ten. In addition, all three muscles were
examined simultaneously. Fig. 11 shows the curves of the
cumulated values for all three muscles of each participant
for the scenarios S1 (left) and S2 (right). The thick black
curve illustrates the average of the ten participants. The
graphical representations of the individual muscles show
similar progressions.

Here, for nine out of ten participants, S1 had compar-
atively higher accumulated values than S2 regarding the
combination of all three muscles.

Table 1 Statistical results of the mean values of the cumulated data
(fatigue “+1”, recovery “–1”) for each muscle and all three muscles in
cumulation (Wilcoxon)
Tab. 1 Statistische Ergebnisse der Mittelwerte der kumulierten Daten
(Ermüdung „+1“, Erholung „–1“) für jeden Muskel und alle drei
Muskeln kumuliert (Wilkoxon)

Muscle Pair Z p (two-sided)

Gastrocnemius med S2–S1 –2.293a 0.022c

Gastrocnemius lat S2–S1 –1.784a 0.074

Tibialis anterior S2–S1 –2.599a 0.009c

Three muscles (cum) S2–S1 –2.599a 0.009c

abased on positive ranks
bbased on negative ranks
cindicates significant values α=0.05
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Fig. 9 Results of the JASA method (Luttmann et al. 1996) for S1 and S2, three muscles each for an experimental period of 2.5h (90 cycles), n= 10
Abb. 9 Ergebnisse der JASA-Methode (Luttmann et al. 1996) für S1 und S2 für drei Muskeln über eine Versuchsdauer von 2,5h (90 Zyklen),
n= 10

Fig. 10 Temporal lines of the
cumulated values of the mus-
cle gastrocnemius medialis,
exemplary for one participant
(cumulated values over time:
fatigue “+1” and recovery “–1”)
Abb. 10 Zeitlicher Verlauf der
kumulierten Werte für den Mus-
kel Gastrocnemius medialis,
beispielhaft für einen Probanden
(kumulierte Werte über die Zeit:
Ermüdung „+1“ und Erholung
„–1“)
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In order to check whether the curve of S1 shows on
average more fatigue components than the curve of S2,
the mean values of the cumulative lines of the individual
muscles and all three muscles in cumulation were examined
statistically (cp. Table 1). There are significant differences
for the gastrocnemius medialis, the tibialis anterior and the
combined view of all three muscles.

5 Discussion

Although the two scenarios (S1/S2) of the investigation
were based on realistic conditions, they are deliberately
borderline. The strict timing of the test time (cycles of 90s)
allowed the desired standardization in the laboratory envi-
ronment. The combined view on the examined parameters
(cp. summary in Fig. 12) shows consistent and significant
results.

The results of the static and dynamic components make
clear that EMG measurements can be used to determine sta-
tistically significant differences in movement patterns (H1),

K



Z. Arb. Wiss. (2022) 76:333–343 341

-2500

-1500

-500

500

1500

2500

3500
1

24
8

49
5

74
2

98
9

12
36

14
83

17
30

19
77

22
24

24
71

27
18

29
65

32
12

34
59

37
06

39
53

42
00

44
47

46
94

49
41

51
88

54
35

56
82

59
29

61
76

64
23

66
70

69
17

71
64

74
11

seulav
detalu

m u
C

time (s)

Scenario S1

Participant 1-10
Mean value of ten participants

-2500

-1500

-500

500

1500

2500

3500

1
24

8
49

5
74

2
98

9
12

36
14

83
17

30
19

77
22

24
24

71
27

18
29

65
32

12
34

59
37

06
39

53
42

00
44

47
46

94
49

41
51

88
54

35
56

82
59

29
61

76
64

23
66

70
69

17
71

64
74

11

C
um

ul
at

ed
 v

al
ue

s

time (s)

Scenario S2

Participant 1-10
Mean value of ten participants

Fig. 11 Temporal lines of the cumulated values of the ten participants for all three muscles and as an averaged value over all participants (thick
black line) for S1 (left) and S2 (right)
Abb. 11 Zeitliche Verläufe der kumulieren Werte der zehn Probanden für alle drei Muskeln und als gemittelter Wert über alle Probanden (dicke
schwarze Linie) für S1 (links) und S2 (rechts)

Fig. 12 Summary of the results
of the present study
Abb. 12 Zusammenfassung der
Ergebnisse der vorliegenden
Studie

Results of the study

• First representation of the microstructure 
of the movement of the lower leg muscles 
(static/dynamic): Dynamics S1 < S2

• Survey on strain: Subjective complaints S1 > S2
• Improved water plethysmography: Volume change S1 > S2
• EA amplitude/MF spectrum: Muscle fatigue S1 ≠ S2

because for all three muscles examined, the dynamic com-
ponents of the EMG for S2 are significantly (35 to 52%)
higher than for S1. The structured survey provides signifi-
cantly higher complaints for scenario S1 compared to S2.
Thus, for the characteristics “strain on the lower leg” and
“urge to move” for S1 compared to S2, subjective com-
plaints occur significantly higher during the duration of the
experiment and significantly earlier (H2), respectively. The
water plethysmography always showed an increase in vol-
ume in the course of the test time, which is significantly
more pronounced in S1 with less movement than in S2 with
more movement (H3). The results of the water plethysmog-
raphy are consistent with similar studies (Lips 2017; Wall
et al. 2020). E.g. Wall et al. (2020) showed an increase
in the volume of the lower leg of 3.60% for pure static
standing and 0.03% for pure walking, each over a time of
275min (interrupted by two breaks). A direct comparison
of the static and dynamic parts of the EA is not possible
due to different test designs.

The results of the data on muscular fatigue show partially
significant differences between the scenarios S1 and S2. In
this study, in order to take the temporal aspect into account,
a different method was deliberately chosen. However, these
results should be treated with caution. As Fig. 11 illus-
trates, the curves of all ten participants have a wide range.
A comparison of the curves S1 and S2 of individual partic-
ipants partly shows that both curves are in the recovering
range (below 0) or even have opposing effects. To what
extent fatigue really occurs in S1 cannot be answered with

certainty, as for individual participants it may occur and
for others not. It must be mentioned that the test design has
reached its limits. It cannot be ruled out that the participants
take countermeasures against fatigue, e.g. in the form of ar-
bitrary or not actively perceived small movements of the
muscles (stretching knees, more powerful steps in scenario
S1 between the two workstations, muscle relaxation and
tension). Due to the test design (using water plethysmogra-
phy), only the EA of the left leg was measured. Lastly, it
should be mentioned that averaging over time plus averag-
ing over the muscles can mask effects, so that the authors
would like to specify a derivation in the result of only ten-
dentially higher fatigue in S1 compared to S2 (H4).

A comparison of similar studies showed the following
results using different approaches. Garcia et al. (2016) eval-
uated static standing on a hard floor or antifatigue mat, or
walking on a treadmill with an experimentation time of
275min interrupted with two breaks (110min standing or
walking, 35min seating break, 110min standing or walking,
10min seating break, 55min standing or walking). They
found no evident alterations in muscle twitch force (used
as an indicator for fatigue) during the first 110min of static
standing or walking on a treadmill. Wall et al. (2020) in-
vestigated static standing or walking on a treadmill with
the same test procedure as Garcia et al. (2016). They re-
ported meager changes in twitch amplitude and duration
after 110min of standing work. Balasubramanian et al.
(2009), on the other hand, detected a faster rate of fatigue
of the lower extremity muscles during a stationary standing
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posture (one workplace) compared with a dynamic posture
(six workplaces) after one hour working on a mechanical
assembling task.

In summary, measuring fatigue and comparing it to the
present results is difficult. Unfortunately, in the studies
mentioned above, the type of dynamic movement is not
presented in a sufficiently comparable manner. Activities
that must be performed predominantly while standing and
which include only little movement may lead to fatigue. In
summary, walking activities lead to less or no fatigue in the
experimental designs. However, it remains unclear — in the
literature mentioned — which parts of the walking have an
effect on recovery. As a result, it might not be surprising
that in the author’s experimental design with standing and
walking in combination, which was based on real activities
in industry, the difference in fatigue was only detectable ten-
dentially. Since the other results of the study consistently
show that scenario S2 causes significantly lower complaints
compared to S1 (WP and survey, cp. Fig. 12), the question
arises whether the previous approaches are insufficient or
whether muscle fatigue does not play the essential role for
strain as assumed before.

A comparison of the results of the present study with
the specifications of the LV 50 (Berger et al. 2009) leads to
the question as to whether the standing parts of the present
study can be defined as standing stress within the meaning
of this definition at all. The LV 50 defines that “stand-
ing with the possibility of moving freely is not defined
as work in a continuous standing position” (Berger et al.
2009, p. 14). However, in both cases (S1 and S2) walking
portions (of at least 1.5m) occurred within the 90s cycles.
How a company practitioner grades the definition of the
LV 50 in this situation is not very predictable. In addition,
the LV 50 only defines time units, which can also be mis-
leading (60:30:1). This, too, can lead to misinterpretations.
Thus, in industrial practice, the impression could arise that
short walking portions (often only “shuffling” movements),
as they occur in scenario S1, are already seen as a relief
and no complaints are to be expected.

The LV 50 also defines that “as with all static pos-
tures, the duration of staying still without any relief is the
criterion that results in discomfort and/or health impacts”
(Berger et al. 2009, p. 14). Physiological aspects of long-
lasting standing (missing muscle pump) are described in the
LV 50 in a comprehensible way, i.e. a restricted metabolic
exchange of tissue cells, inter alia, as a consequence of
the reduced blood flow to the muscles due to static mus-
cle strain (oxygen supply and disposal of waste products)
(Berger et al. 2009; DGUV 2013). However, unfortunately,
this can no longer be found in the specifications in which
only time shares are stored. Other recommendations also
only rely on the length of standing as a decisive factor, i.e.
the risk assessment with the key indicator method (BAuA

2019) considers standing in the context of constrained pos-
tures with a classification of the duration of static standing.

The present study suggests that the structure of move-
ment has a significant influence on the physical comfort of
the participants. So, the duration is not the only criterion to
evaluate strain in continuous standing situations. As a result,
the scaling of the static and dynamic areas allows an as-
sessment of the situation based on the movement structure.
Dynamic components prove to be very effective in reducing
loads. As a practical result, it becomes clear that workplaces
with standing work and only an occasional step to the side
are not compatible to the physiological characteristics of
the human body, and can therefore not be recommended.
The type of walking (“real” walking vs. “shuffling gait”) is
a decisive factor. The specifications should therefore be at
least more focused on the dynamics, i.e. the type of move-
ment. From the results of the present study, the company
practitioner is recommended not to misconstrue a step to
the side as “real” walking parts. Finally, it can be summa-
rized that actual walking is compatible with physiological
characteristics and human needs!
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