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1 List of abbreviations 

Bioelectrical impedance      BI 

Chronic venous insufficiency     CVI 

Discomfort developer      DD 

Low back discomfort      LBD 

Low back pain       LBP 

Measurement        M 

Musculoskeletal disorders      MSD 

Non-discomfort developer      NoDD 

Non-pain developer       NPD 

Pain developer       PD 

Standard deviation       SD 

Surface electromyography      SEMG 

Transforming growth factor     TGF 

Tumor necrosis factor      TNF 

TNF (tumor necrosis factor) receptor associated factor TRAF 

Venous diseases       VD 

Waterplethysmography      WP 
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2 Structure of the thesis 

This doctoral thesis deals with the influence of prolonged standing on surrogate 

parameters for an increased risk of venous diseases and musculoskeletal disor-

ders as well as possible influences of age and gender.  

The dissertation is separated in three parts. The first part explains the theoretical 

background and the rationale of the thesis. Part two provides the three research 

papers, all of them are published in international peer-reviewed journals. The first 

publication deals with the reproducibility of used measuring methods. Papers two 

and three provide data on the influence of standing work on the above-mentioned 

surrogate parameters, including age and gender aspects. Prior to each scientific 

paper a brief summary and the scientific aims of the study are given.  

The last part of this work includes a comprehensive discussion of the results of 

the scientific program papers with regard to the found literature.  
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3 Background 

The first part of the dissertation provides the theoretical background and rationale 

of this thesis. It is structured in four chapters. The first chapter shows the preva-

lence of standing work in todayôs global economy. In the second chapter adverse 

health outcomes associated with prolonged standing work and possible patho-

physiological pathways are described. Further, recommendations for standing 

work of federal agencies and researchers are discussed in chapter three. The 

last part deals with measurement techniques and measures that can be used as 

surrogate parameters for the risk evaluation of the adverse health outcomes of 

standing work.  

3.1 Standing work  

Standing for prolonged periods of time is required in many of todayôs workplaces. 

In an Australian survey 62% of the study population (n=4500) reported that they 

usually were exposed to standing in one place while working (Safe Work Aus-

tralia, 2011). A study with a Canadian working population (n=9425) in Québec 

similarly showed that 58% of respondents reported usually standing at work (Tis-

sot et al., 2005). Similar numbers were shown in a German survey (Wittig et al., 

2013) and the fifth European working conditions survey (Parent-Thirion, A., G. 

Vermeylen, G. van Houten, M. Lyly-Yrjänäinen, I. Biletta and J. Cabrita., op. 

2012). Additionally, a study in Denmark objectively measured (using accelerom-

eters) standing, sitting and walking in blue collar workers and found that the av-

erage time spent in a static standing position was 2.2 (SD 1.3) hours with some 

occupational subgroups standing up to 3.7 (SD 0.7) hours per workday (Munch 

Nielsen et al., 2017). Occupations requiring static standing over significant peri-

ods of time are found across professions including the food, healthcare, retail, 

service and manufacturing industries and are widespread throughout industrial-

ized countries.  
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3.2 Adverse health outcomes associated with standing work 

Epidemiological studies show several risks when investigating people required to 

stand for prolonged periods of time during their work. Standing workers were 

shown to have an increased risk for venous diseases (Tabatabaeifar et al., 2015; 

Tüchsen et al., 2000; Tüchsen et al., 2005) and musculoskeletal disorders (Coe-

nen et al., 2016). Additionally, perinatal health complications such as preterm 

delivery are discussed to be associated with prolonged standing (Palmer et al., 

2013; van Beukering et al., 2014).  

In the following two chapters the prevalence, socioeconomic costs and possible 

pathophysiological pathways for VD and MSD as well as the association with 

standing are discussed.  

3.2.1 Venous diseases 

In the vein consult program epidemiological data on the prevalence of VD were 

investigated worldwide based on the CEAP classification (clinical, etiological, an-

atomic, pathophysiologic; from C0 to C6; (Eklöf et al., 2004)) in over 90,000 sub-

jects. The authors report a worldwide prevalence of 83.6% (including the less 

severe stages C1-C2), showing that VD are very common in the general popula-

tion (Rabe et al., 2012). The German Federal Statistical Office calculated the total 

costs for VD to be 2.17 billion ú in 2015 (Statistisches Bundesamt, 2018) which 

almost havenôt changed since 2005 (Rabe and Pannier, 2010).   

To date, the origin of a primary varicosis is still unclear. Whether a venous valve 

insufficiency is leading to an increase in venous hypertension or vice versa as 

the initial cause of a beginning varicosis is unresolved (Pfisterer et al., 2014). 

There are several factors contributing to the development of VD such as varicosis 

or chronic venous insufficiency (CVI). These risk factors include family history, 

obesity, previous pregnancy and reduced mobility at work (sitting or standing) 

(Carpentier et al., 2004; Lacroix et al., 2003; Robertson et al., 2013; Ismail et al., 

2016). Additionally, age is one of the main risk factors for the development of 

varicose veins and CVI, as exposure to biomechanical stress (explained in detail 

in the next paragraph) of the venous system might accumulate during lifetime, 

leading to diagnosis of VD in a higher age (Robertson et al., 2013; Carpentier et 
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al., 2004; Davies, 2019). However, the data on the effect of gender are not as 

conclusive. While some studies show no differences in the prevalence of VD be-

tween males and females (Robertson et al., 2013; Evans et al., 1999) or at least 

not for more severe stages of CVI (Rabe et al., 2012), more recent studies sug-

gest an increased risk of VD in women (Wrona et al., 2015; Davies, 2019). This 

association is debated to occur due to hormonal influences during previous preg-

nancy, as no gender differences in VD prevalence were shown for men and 

women with no previous pregnancy (Bromen et al., 2004; Ismail et al., 2016). 

There are two biomechanical risk factors in the progression and arguably the in-

itiation of a primary varicosis connected to static standing. During static standing, 

the physiological reaction of the venous system to the initial blood pooling due to 

orthostatic pressure, is stretching of the venous walls (Stick et al., 1985). If this 

situation is maintained over a prolonged period of time, a further increase in ve-

nous pressure (venous hypertension) leads to circumferential stress of the ve-

nous walls which is known to trigger pathophysiological remodelling processes 

(Segiet et al., 2015; Serralheiro et al., 2017; Mansilha and Sousa, 2018). Several 

studies showed that venous hypertension stimulates an endothelial activation 

and the expression of growth factors and adhesion molecules such as matrix 

metalloproteinases (Bergan, 2007; Woodside et al., 2003; Mannello et al., 2014; 

Yasim et al., 2008). These mechanisms lead to an inflammatory response which 

changes the extracellular matrix of the venous walls and reduces their elasticity 

(Takase et al., 2004; Woodside et al., 2003; Mannello et al., 2014; Saito et al., 

2001; Aravind et al., 2010; MacColl and Khalil, 2015). The possibility that these 

remodelling processes of the venous walls can be triggered only by inducing pro-

longed venous pressure was shown in a mouse model (Feldner et al., 2011). 

Feldner et al. also found an increase in matrix metalloproteinases in their histo-

logical analysis which can be seen in humans with existing varicose veins (Saito 

et al., 2001). 

The second biomechanical risk factor is connected to a decrease in haemody-

namics during static standing. Usually, blood flow produces shear stress between 

the intima (inner layer of the venous wall) and the circulating blood. This shear 

stress was shown to initiate the release of nitric oxide which has an anti-
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inflammatory effect by reacting with reactive oxygen species (Pfisterer et al., 

2014). Further, shear stress induces specific protein (TRAF-3) and transforming 

growth factor (TGF-beta1) production. TRAF-3 is inhibiting pro-inflammatory 

mechanisms whereas TGF-beta1 is further contributing to matrix accumulation in 

the venous walls (Urbich et al., 2001; O'Callaghan and Williams, 2000). Without 

this physiological shear stress, it is believed that inflammatory responses are fur-

ther contributing to venous wall remodelling including fibrosis, thickening of the 

venous wall and atrophy of elastic fibres which makes veins susceptible to vari-

cosis (Pfisterer et al., 2014; Mansilha and Sousa, 2018; Serralheiro et al., 2017). 

Both described biomechanical risk factors are prevalent in prolonged static stand-

ing and can be considered as a major contributing factor in the development of 

VD regarding the underlying evidence. 

3.2.2 Musculoskeletal complaints 

According to several German health insurances, musculoskeletal diseases were 

the second most frequent reason for incapacity to work with about 15 to 16.4 

cases per 100 insured persons in one year (Grobe et al., 2018; Marschall et al., 

2017). In Germany the total costs for all musculoskeletal diseases combined were 

the second highest after mental diseases in 2015 with 34.2 billion ú, and 4.5 bil-

lion ú for back pain alone according to the German Federal Statistical Office 

(Statistisches Bundesamt, 2018).  

Although being a major epidemic in the general population with a one year prev-

alence up to 65% (March et al., 2014; Walker, 2000) and a lifetime prevalence up 

to 84% (Balagué et al., 2012), people working in standing occupations are even 

more likely to suffer from low back pain/ low back discomfort (LBP/ LBD) (Coenen 

et al., 2016; da Costa and Vieira, 2010; McCulloch, 2002). Other occupational 

contributing factors associated with LBP are lifting, pushing, pulling, constraint 

postures and repetitive manual work (da Costa and Vieira, 2010; Griffith et al., 

2012; Lötters et al., 2003), besides psychosocial factors like high job demands 

and low social support (da Costa and Vieira, 2010; Lang et al., 2012). Further, 

epidemiological data suggests a higher risk of LBP among older adults (Wong et 

al., 2017; Dionne et al., 2006) who additionally show longer duration of sick leave 
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compared to a younger demographic (Leboeuf-Yde et al., 2011). Moreover, fe-

males tend to have a higher prevalence of acute and chronic back related pain 

compared to men (Palacios-Ceña et al., 2015; Stewart Williams et al., 2015; 

Wong et al., 2017).  

Several laboratory studies show that healthy, previously asymptomatic persons, 

develop acute transient LBP/ LBD in two-hour static standing periods at a rate 

between 32% and 70%. These persons are mostly described as pain or discom-

fort developers (PD/ DD) (Aghazadeh et al., 2015; Bussey et al., 2016; Nelson-

Wong et al., 2008; Nelson-Wong and Callaghan, 2010a; Gallagher et al., 2011).  

Several mechanisms for the association of LBP/ LBD and prolonged standing are 

discussed. Some studies suggest an influence of fatigue in the back musculature 

(Antle and Côté, 2013; Balasubramanian et al., 2009) or constraint static posture 

and a lack of variation in movement that could protect from fatigue (Balasubra-

manian et al., 2009; Gallagher et al., 2011; Gregory and Callaghan, 2008). Coe-

nen et al. summarized additional possible mechanisms for PD/ DD in their review 

paper. The authors categorized possible LBP/ LBD development mechanisms 

during standing with four different options, namely: muscle, postural, loading and 

blood flow (Coenen et al., 2017). Concerning the muscle category, an increase 

in co-contraction of the left and right gluteus medius and of the trunk muscles was 

found in the PD group, in comparison to the non-pain developer group (NPD) 

(Aghazadeh et al., 2015; Bussey et al., 2016; Nelson-Wong et al., 2008). No such 

relationships were found in other studies (Marshall et al., 2011; Aghazadeh et al., 

2015). Equally inconclusive are findings of increased trunk muscle activity (Han-

sen et al., 1998), reduced gluteus medius muscle strength and endurance (Mar-

shall et al., 2011) and smaller hip range of motion (Bussey et al., 2016) with op-

posite findings in other studies (muscle activity: (Gregory and Callaghan, 2008); 

strength and endurance: (Bussey et al., 2016) range of motion: (Raftry and Mar-

shall, 2012)). Further, some authors suggest an increase in body sway (Antle and 

Côté, 2013), lumbar flexion (Gregory and Callaghan, 2008; Gallagher and Calla-

ghan, 2016) and more spinal axial rotation (Gregory and Callaghan, 2008) during 

prolonged standing in PD, whereas two studies found no differences in body sway 

(Gallagher and Callaghan, 2015; Madeleine et al., 1998). Finally, it was 
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suggested that there might be some postural changes like a decrease in body 

weight shifting (Gallagher et al., 2011) and an increase in spinal loading during 

standing (Gregory and Callaghan, 2008). Concerning the aforementioned blood 

flow category, no study could be found that showed an association with LBP 

(Coenen et al., 2017). In summary, the mechanisms contributing to the develop-

ment of transient LBP/ LBD in healthy people during prolonged standing are un-

clear and seem to be multifactorial or individual.  

Another body region that is associated with detrimental effects after prolonged 

occupational standing, are the lower extremities. Especially, complaints of the 

feet and lower legs are often evident (McCulloch, 2002; Pensri et al., 2009; Chee 

et al., 2004; Graf, 2015). The underlying mechanisms that are discussed in the 

literature are partly similar to those of the lower back region. It was suggested 

that fatigue in the calf muscle may contribute to discomfort (Garcia et al., 2016; 

Garcia et al., 2015; Wiggermann and Keyserling, 2013; Halim et al., 2012; Mad-

eleine et al., 1998). It is also mentioned that an increase in lower leg volume 

through orthostatic pressure and the lack of muscle-venous pump function (Ches-

ter et al., 2002; Karimi et al., 2016; Garcia et al., 2018) is putting stress on passive 

structures, causing lower leg symptoms (Coenen et al., 2017; Friden et al., 1986).  

From a physiological perspective, both lower back and lower leg symptoms could 

arise due to a restricted freedom of movement combined with a continuous static, 

low-level muscle activity, using primarily type I muscle fibres. A resulting de-

crease in blood flow can lead to a metabolic overload with pain or discomfort 

symptoms. This process was previously shown to elicit fatigue in the upper ex-

tremities and is known as the óCinderella Hypothesisô (Hägg, 1991; Zennaro et 

al., 2003; Visser and van Dieën, 2006).  

3.2.3 Interventions against detrimental effects of standing work 

Previously investigated interventions include a variety of approaches. To coun-

teract musculoskeletal complaints of the lower extremities, studies tested differ-

ent flooring conditions (e.g. so called óanti-fatigueô mats) and shoe insoles. The 

systematic review of Speed et al. found moderate evidence for the reduction of 

subjective ratings of discomfort with slightly better outcomes for the shoe insoles 
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(Speed et al., 2018). Several studies showed that sloped surfaces can reduce 

lower back discomfort, probably through changes in hip and lumbar posture (Nel-

son-Wong and Callaghan, 2010b; Gallagher et al., 2013; Fewster et al., 2017; 

Gallagher and Callaghan, 2016). Seated breaks to reduce LBP were only effec-

tive in short term (Gallagher et al., 2014). If the óCinderella Hypothesisô is true for 

the development of complaints in the lower back and lower legs, bouts of in-

creased muscle activity could counteract the fatiguing process of continuous low-

level activation. Studies comparing stationary standing with walking bouts in be-

tween stationary standing showed positive effects on subjective ratings of dis-

comfort and lower leg and lower back fatigue of the dynamic working situation 

(Balasubramanian et al., 2008; Balasubramanian et al., 2009).  

A very common intervention to prevent lower leg swelling, are compression stock-

ings. They have shown to be effective, even with rather low exerted pressure 

(Partsch et al., 2004; Mosti and Partsch, 2013; Krijnen et al., 1997; Steinhilber et 

al., 2017) and a synergistic effect with continuous walking (Ema Quilici Belczak 

et al., 2012). Despite the positive effects, stockings are fighting with compliance 

and adherence problems mainly because of low comfort (Kankam et al., 2018; 

Allegra et al., 2014). Moreover, dynamic movement alone was shown to prevent 

lower leg swelling through activating the muscle-venous pump either through sta-

tionary leg movements like knee bending (Uda et al., 1997; Stick et al., 1989) or 

by continuous cycling (Stick et al., 1989).  

In both MSD and VD, increasing movement (e.g. by walking bouts) seems to be 

a promising approach to counteract pathophysiological mechanisms without a 

need for further aids (like compression stockings or floor mats etc.).  

3.2.3.1 Summary of Chapter 1.1 and 1.2 

Standing is required in plenty of todayôs workplaces across professions and in-

dustries. Prolonged static standing is associated with VD and MSD of the lower 

back and lower extremities, resulting in substantial socio-economic costs. Con-

tinuous circumferential stress of the venous wall (increased venous pressure) 

and decreased blood flow, resulting from static standing, facilitate pathophysio-

logical mechanisms which lead to pro-inflammatory responses. The result of 
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these mechanisms is venous wall remodelling with fibrosis, thickening of the ve-

nous walls and atrophy of elastic fibres, making veins susceptible to varicosis. 

The mechanisms behind LBP/ LBD and lower extremity complaints are not fully 

understood, yet. Most hypothesis assume that continuous static posture is play-

ing a major role. In this regard, the óCinderella Hypothesisô might be a reasonable 

explanation for fatigue of type I muscle fibres through prolonged low-level activa-

tion, leading to a metabolic overload and thus pain or discomfort. Promising in-

terventions to reduce discomfort are a soft underground (cushioned shoe in-

soles), sloped surfaces, seated breaks (only short term) and increased move-

ment. In order to reduce objective risks like e.g. oedema, compression stockings 

and activation of muscles and the muscle-venous pump by e.g. walking, seem to 

be effective. 
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3.3 Recommendations for standing work 

Federal agencies that take care of worker safety and health regard standing work 

as problematic and therefore give advice on workplace design. In Germany for 

example, the Commission for Occupational Safety and Safety Engineering of the 

Federal States (LASI) recommends a ratio for standing vs. sitting/ walking of 1:2 

or a distribution of 60% sitting, 30% standing and 10% walking during a regular 

working shift (Berger et al., 2009). Further, it is suggesting four different risk ar-

eas:  

¶ 1: up to 2.5 hours   Ą low standing load/ stress 

¶ 2: 2.5 ï 4 hours  Ą increased standing load/ stress 

¶ 3: 4 ï 5.5 hours   Ą significantly increased standing load/ stress 

¶ 4: more than 5.5 hours  Ą high standing load/ stress 

However, when looking at the citations given in the LASI guideline, only a refer-

ence to the Swiss National Accident Insurance Fund (SUVA) recommendation 

can be found, which also states that the 60% sitting, 30% standing and 10% walk-

ing distribution is optimal (Suva, 2014). Likewise, other federal institutions have 

made recommendations like job enrichment, job rotation and seated breaks 

(Dicke, 2008; DOSH, 2002; CCOHS, 2018). Unfortunately, neither of those insti-

tutions are providing any evidence or literature to back up their very specific 

claims. Their suggestions are therefore most probably based on expert opinion, 

at best. 

There are scientific approaches for recommendations of the design of standing 

work. Joy Ebben tried to give suggestions based on findings of mostly laboratory 

studies in a paper from 2003. Frequent and sufficient rest breaks in sitting or lying 

position, changes in posture, encouraging walking, proper footwear and footrests 

were recommendations resulting from a rather low number of studies (Ebben, 

2003). Halim and Omar developed a prolonged standing strain index based on a 

review of scientific and professional literature as well as expert opinions. This 

index defines Ò1 hour of static standing as safe, >1 hour of static standing as 

slightly unsafe, and >1 hour static standing combined with >4 hours total standing 

time per day as unsafe (Halim and Omar, 2012). Again, the basis for these 
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recommendations is quite unclear because no dose-response relationships were 

investigated in the systematic review. Finally, a very recent review of laboratory 

studies by Coenen et al. investigated the time when the threshold for clinically 

relevant (9 mm on a 100 mm visual analogue scale; (Kelly, 1998)) increases in 

low back pain intensity was reached. They found that after 42 min of continuous 

standing, a clinically relevant pain intensity was exceeded and thus standing time 

should not last over 40 min in order to prevent LBP from developing (Coenen et 

al., 2017). Because of limited data available, no such threshold was calculated 

for lower extremity pain.  

Based on the given evidence, it is difficult to give substantial advise for the design 

of standing work. Interpretations of the underlying pathophysiological mecha-

nisms seem to be the best approach available to date, without knowing the exact 

effects or dose-response relationships. 

3.3.1.1 Summary of chapter 1.3 

Recommendations and guidelines from federal work safety and health institutions 

are based on low evidence (expert rating at best). More scientific approaches 

recommend sufficient rest breaks, posture changes, encouraging walking, proper 

footwear and footrests, and define >1 h static standing combined with >4 h total 

standing time per day as unsafe, based on low to medium evidence from a small 

number of studies. Another review calculated that static standing over about 40 

min should be avoided to prevent LBP/ LBD development, based on laboratory 

studies. In order to give substantial advise for workplace design, more evidence 

is needed. 
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3.4 Measurement techniques and surrogate parameters 

In order to evaluate risks of developing VD and MSD, it is necessary to find valid 

and reliable surrogate parameters, because direct measurements of, for example 

VD progression in healthy people, would need years or decades of observation 

in an occupational setting. Regarding the described (see Chapter 1.2) pathophys-

iological mechanisms present in the development of VD, lower leg oedema 

seems to be a valid surrogate parameter to make assertions about venous wall 

stretching and reduced blood flow (Kanai et al., 1987; Tomei et al., 1999). The 

gold standard in lower leg volume measurement is still regarded to be waterple-

thysmography (WP) (Petersen et al., 1999; Henschke et al., 2006). It is based on 

the Archimedean principle of water displacement and has been used widely be-

fore (Belczak et al., 2009; Brijker et al., 2000; Rabe et al., 2010). The disad-

vantages of WP are that it is very time consuming and susceptible to errors like 

water splashing due to leg movement of subjects e.g. (Rabe et al., 2010). Good 

standardization of the procedure and subject placement is essential to ensure 

good reliability (Rabe et al., 2010; Petersen et al., 1999). A faster method of 

measuring lower leg oedema is bioelectrical impedance (BI). This technique uses 

a four electrode setup to measure changes in water distribution in human limbs 

indirectly (Kanai et al., 1983; Kanai et al., 1988; Kanai et al., 1987; Seo et al., 

1995; Seo et al., 2001). Two stimulation electrodes are used to apply a constant 

low intensity electrical current into the lower leg. Another two measuring elec-

trodes capture the resulting voltage in the stimulated area. If an orthostatic oe-

dema occurs, the impedance in the tissue decreases as well as the measured 

voltage (Kanai et al., 1983). BI only gives information in relative terms but can be 

measured within a couple of seconds and therefore shows the progression of an 

oedema. 

MSD can be measured subjectively via numeric rating scales which are very com-

mon in studies for occupational health. Usually subjects are asked to rate their 

level of discomfort or pain on a scale from 0= no pain/ discomfort to 10= highest 

imaginable pain/ discomfort (Wiggermann and Keyserling, 2013; Cham and Red-

fern, 2001). Alternatively, subjects are asked to draw a line on a 0 mm to 100 mm 
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visual analog scale with the same defined endpoints (Nelson-Wong and Calla-

ghan, 2010a; Marshall et al., 2011).  

Finally, muscle activity measurements with surface electromyography (SEMG) 

can be used to estimate whether continuous low-level activity is present during 

static standing in the muscles susceptible to discomfort and pain (Visser and van 

Dieën, 2006; Zennaro et al., 2003). Additionally, a gravimetrical position sensor 

can measure three dimensional movements of PD/ DD and NPD/ NoDD subjects 

in the lower back region, gaining information about movement patterns and pos-

sible mechanisms in the development of LBP/ LBD (Balasubramanian et al., 

2009; Gallagher et al., 2011; Gregory and Callaghan, 2008). This would allow to 

verify or dismiss the model of fatigue of type I muscle fibres and metabolic over-

load, being a possible explanation for the development of complaints in the lower 

leg and lower back region.  

3.5 Research questions 

This doctoral thesis deals with the following general research questions:  

- How does multiple hours of static standing effect surrogate parameters of 

venous diseases of the lower extremities in healthy individuals? 

- How does multiple hours of static standing effect surrogate parameters of 

musculoskeletal disorders of the lower back and lower extremities in 

healthy individuals? 

- Does low pace walking influence surrogate parameters of musculoskeletal 

disorders and venous diseases in healthy individuals? 

- Does age and gender have an influence on investigated parameters? 

In order to answer these general research questions a first study was conducted 

to investigate some of the used measurement techniques with the following re-

search question published in the first paper: 

- Is intra- and inter- rater reliability for the waterplethysmography and bioe-

lectrical impedance measurements sufficient to investigate possible 

changes in lower leg oedema during static standing? 
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Answering these research questions may increase the knowledge about preven-

tion measures for standing workplace design to reduce musculoskeletal and ve-

nous risk factors and to create a basis for further studies.  

All measurements were conducted after the approval of the ethics committee of 

the Faculty of Medicine of the University Hospital Tübingen (project number: 

591/2014BO1).
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4 Scientific program ï research paper 

The second chapter deals with the cumulative research of the three research 

papers. The first one refers to the used measurements and their reproducibility. 

In the second and third paper the influence of prolonged standing on used surro-

gate parameters is investigated. Table 1 shows a general overview of these pa-

pers and the authorôs contribution. All the research papers are consistent with the 

version accepted by the corresponding journal.  

Table 1: Research papers that are included into the scientific program 

 

 

Authors Year Status Journal Authorôs contribution 

Wall R, Lips O, 

Seibt R, Rie-

ger M A, Stein-

hilber B 

2017 Published 

Physiological 

Measurement 

(Impact Factor 

2017: 2.006) 

¶ Development of the study de-

sign (in cooperation with co-au-

thors) 

¶ Data acquisition and data analy-

sis 

¶ Preparation of the manuscript 

Wall R, Läubli 

T, Seibt R, 

Rieger M A, 

Steinhilber B 

2019 Published 

International 

Journal of Indus-

trial Ergonomics 

(Impact Factor 

2018: 1.571) 

¶ Development of the study de-

sign (in cooperation with co-au-

thors) 

¶ Data acquisition and data analy-

sis 

¶ Preparation of the manuscript 

Wall R, Garcia 

M, Läubli T, 

Seibt R, Martin 

B, Rieger M A, 

Steinhilber B 

2020 Published 

Ergonomics  
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4.1 Research paper 1: Reproducibility of lower leg waterplethys-

mography and bioelectrical impedance measurements 

Waterplethysmography is regarded as the gold standard of volumetry (Petersen 

et al., 1999; Henschke et al., 2006). A self-made device for WP measurement 

was built for the planned studies on prolonged standing. Furthermore, BI meas-

urement was conducted with a self-developed setup. In order to interpret results 

of upcoming studies, reproducibility must be assured for WP and BI. 

Therefore, the first study investigated intra- and inter-rater reliability of WP and 

BI measurements comparing the standard errors of measurement of two sepa-

rate investigators in a test-retest design.  

 

 

The aims of study 1, relevant to this dissertation were: 

¶ To investigate the inter-rater reliability of two separate raters, measuring 

waterplethysmography and bioelectrical impedance on the lower leg. 

¶ To investigate the intra-rater reliability for each rater, measuring waterple-

thysmography and bioelectrical impedance of the lower leg.  

 

Wall, R., Lips, O., Seibt, R., Rieger, M. and Steinhilber, B. (2017), ñIntra- and 

inter-rater reliability of lower leg waterplethysmography, bioelectrical impedance 

and muscle twitch force for the use in standing work evaluationò, Physiological 

Measurement, Vol. 38 No. 5, pp. 701-714. 
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