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Purpose: Exoskeletons are robotic wearables that have the potential to positively support 

employees during physical working operations. However, the technology is rather young, 

and long-term studies that could positively influence exoskeletons with respect to health, 

productivity, and ROI (and thereby support investment in it) are lacking. Accordingly, 

logistics companies are cautious about investing in exoskeletons. This paper identifies the 

research gaps that should be addressed in further research to change this situation. 

Methodology: Based on an extensive literature review following the systematic approach 

of vom Brocke et al. (2009), this paper surveys current research regarding the impact of 

exoskeletons in intralogistics with respect to productivity and health. 

Findings: Since exoskeletons in industrial contexts have been used mainly in pilot trials so 

far, few findings from long-term studies are available. Accordingly, the sustainable positive 

influence of exoskeletons on productivity and health cannot be empirically proved.  

Originality: This paper identifies research gaps for a novel technology that could transform 

a sector which is characterized by a high proportion of manual labor, a high age average, 

a shortage of skilled workers, and beside increasing complexity. 
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1 Introduction 

“Exoskeletons are wearable robotic systems that integrate human intelligence and robot 

power” (Chen 2016, p.1). Two goals are relevant to considering the implementation of 

industrial exoskeletons in operational logistics processes: Improvement of productivity 

and optimization of ergonomics (Dahmen et al. 2018a). Because logistics processes are 

still affected by a large amount of physical work, rising requirements, cost and 

performance pressure, and a lack of labor, strategies to reduce back-pain issues affected 

by repetitive lifting and moving of goods are needed to cover rising needs and 

requirements in this industrial sector. Exoskeletons have the potential to reduce back 

pain and support workers in lifting and moving processes (Constantinescu et al. 2016 I), 

especially in areas where layouts and working conditions cannot be easily changed 

(Ippolito et al. 2020). Exoskeletons can enhance strength, endurance and capacity and 

can thereby help to cover volatile peaks of demand, (reached especially during the 

Corona crisis). They can help to reduce repetitive strain occupational injuries, and their 

financial consequences (Bogue 2018, Burton 2020, Xie et al. 2014). 

44 million Europeans suffer from musculoskeletal disorders (MSDs), 25% suffer from back 

injuries, and 23% of sick days in Germany are related to back injuries, caused by physical 

work. This leads to 10 billion euros of gross loss and 4% of gross national product 

annually (Bogue 2018, Burton 2020, Constantinescu et al. 2019, Koopman et al. 2020). 

Thus, exoskeletons exhibit huge economic potential both for countries and for 

companies. 

Though exoskeletons have the image of being highly valuable for logistics and 

manufacturing optimization, statistical evidence and long-term studies that prove their 

effect on productivity and health and thereby support investment decisions are missing. 

So far, no reasons for this fact have been given, though the potential of exoskeletons to 

optimize productivity and ergonomics is stated in many articles. 

By using a systematic literature review focused on empirical data and future research, 

this paper aims to discover why there is no holistic empirical evidence regarding the 

impact of exoskeletons in logistics. 
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2 Research Methodology and Literature Search Process 

To determine why there is no holistic empirical evidence about the impact of 

exoskeletons in logistics despite many relevant articles in the literature, a systematic 

review of exoskeleton literature was conducted to follow out the thought that new 

knowledge is created by the combination of existing knowledge (Vom Brocke et al. 2019). 

The goal of this review was to compile scientific insights and empirical data based on 

structured testing and field research, thereby to identify further areas for investigation. 

For the literature review for this paper, the theory of vom Brocke et al., based on Baker, 

and Durach et al. was chosen as an approved methodological framework, thereby 

facilitating a structured scientific overview of existing findings. While vom Brocke et al. 

follow a general approach, which fits rather well with exoskeleton technology, Durach et 

al. bring the industrial aspect of Supply Chain Management in (Baker 2000, Brocke et al. 

2019, Durach et al. 2017). This combination provided a good fit for our research focus. 

Based on the mentioned combined frameworks, the literature review used for this paper 

followed six process steps (Figure 1): 1) Definition of the research question; 2) definition 

of the research scope; 3) research conceptualization and definition of keywords; 4) 

literature search (database search based on keyword search); 5) literature analysis, 

evaluation and synthesis; and 6) research results and further agenda.  

 

Figure 1: Literature-review process applied in this paper 

In the following, the literature search process for this paper is described. 

The research question defines the focus of the scientific work and the research scope 

(Phase 1): Why is there no clear statement in the literature regarding the effect of 

exoskeletons on productivity and ergonomics in logistics? 
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Figure 2: Taxonomy of literature reviews (following Cooper 1988, p. 109) 

Based on the research question, a taxonomy matrix was created (Figure 2) to define the 

scope (Phase 2) of the literature analysis (Cooper 1988). Research outcomes were used, 

to understand why there is no clear statement in the literature regarding the effect of 

exoskeletons on productivity and ergonomics in logistics yet. An integrational approach 

was chosen to determine whether data exists already. This section summarizes the 

available data from a neutral perspective to shape future research investigation based 

on the current status quo. Focus groups for this paper include specialized scholars and 

practitioners from logistics, productions, and process disciplines. To initiate further 

research, an exhaustive and selective literature research procedure was chosen.

Figure 3: Keyword search concept 
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A catalogue of keywords was created and combined (Pateli and Giaglis 2004) to 

conceptualize the study (Phase 3, Figure 3). Synonyms were included, and the current 

state of research between the logistics and manufacturing literature was compared, as 

exoskeleton use was found to be mainly related to manufacturing. Further investigation 

was set to productivity and ergonomics content and empirical data. The first aim was to 

find out, if literature reviews already exist regarding exoskeletons, logistics, and impact 

on productivity and ergonomics by systematically screening reputable online data bases. 

The outcomes were documented in a concept matrix as a starting point for future 

research. Only English papers, preferably peer-reviewed ones, were considered; papers 

related to rehabilitation or the military were excluded. 

Figure 4: Paper extraction of the literature search 

A total of 411 publications were identified in 13 databases (Phase 4). Title and abstract 

evaluations based on relevance, accuracy, and purpose were applied; whereby 85 

articles were selected for a full paper analysis. After forward and backward analysis, 70 

papers were included in this systematic literature review (Figure 5). 
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3 Literature Analysis and Synthesis

According to Cooper’s taxonomy, the focus of this paper is set to identify missing 

research gaps (Phase 5). The findings were synthesized and documented in a concept 

matrix, thereby providing information regarding the content coverage, methodologies, 

and empirical data of the included articles to lay foundation for further scientific research 

into the application of exoskeletons in logistics and their influence on productivity and 

employee health. 

Various synonyms for keywords were evaluated. Exoskeleton is the most common noun, 

found in the literature. Powered suit, exosuit and muscle suit created hits, while words like 

exoframe, hard suit or power(ed) armor did not yield much data. Therefore, the main 

keyword for the analysis became exoskeleton. More than 22,000 hits were found in all 

databases by searching only for exoskeleton. Many sources were found which are 

connected to the military and the rehabilitation of the elderly and invalids.  

Taking the database of Emerald and combining exoskeleton with manufacturing terms 

such as production, assembly or manufacturing yielded 345 hits (10.05.2021), while the 

result for the combination with logistics or intra-logistics provided only 21 articles. This 

phenomenon suggests that a limited number of papers of exoskeletons in logistics exist 

compared to manufacturing. This finding can be retraced in other databases as well, as 

the results were familiar. Selected papers covered general information about 

exoskeletons (de Looze 2016), procedure models for implementing exoskeletons in 

logistics (Feldmann et al 2020) workplace designs to use exoskeletons (Dahmen et al. 

2018a), and exoskeletons for age management (Grah 2020). In most papers, the 

potentials of exoskeletons are mentioned, but rather few papers provide specific data 

(Table 5). 
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Table 5: Concept Matrix 
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4 Research Results

This chapter presents the results of the research analysis. Productivity and ergonomic 

impacts are considered separately. We begin with a general overview of the image 

exoskeletons have in most analyzed articles. 

Image of exoskeletons in literature 

In all the papers that were analyzed, exoskeletons are considered as a way to improve 

worker performance as measured in terms of productivity, quality, and efficiency in 

logistics at least in sub-processes, and depending on the device and user attributes 

(Constantinescu 2019, Butler 2016, Dahmen and Constantinescu 2020). Precision 

increase is valued as an aspect of performance and workplace increase (e.g. of air-freight 

forwarders or ship builders), though cycle times might increase (Dahmen and 

Constantinescu 2020, Constantinescu et al. 2019, Diefenbach et al. 2021, Feldmann et al. 

2020, Kawale and Sreekumur 2018). Enhancement of strength and an increase of motion 

intension are supposed and therewith, an achievement of higher performance (e.g. to 

carry and lift heavy loads and reduce risks for injuries; Chen 2016, Cimini 2020, Kuhlmann 

and Klumpp 2017). Scientists even see the potential that exoskeletons could replace 

loading technologies like forklifts (Brown et al. 2003, Burton 2020).  

It is expected that exoskeletons can reduce injuries and fatigue, especially for tasks 

related to extended standing, heavy lifting, moving, carrying, pushing, pulling, 

assembling, repetition, constant bending, and un-ergonomic body postures when the 

required level of vigilance needs to be high and constant (Braces et al. 2019, Bogue 2018, 

Burton 2020, Constantinescu 2019, de Vries et al. 2019, Edirisinghe 2019). Exoskeletons 

are seen as a technology that may be used to support the Logistics 4.0 operator in the 

future (Di Pascale et al. 2021, Kaasinen et al. 2020; Karre et. al. 2017, Romero et al. 2016, 

Schmidtler et al. 2015, Winkelhaus and Grosse 2020). Exoskeletons also show potential 

for use in the biological transformation of hybrid manufacturing (Dimitropoulos et al. 

2020, Miehe et al. 2020). 
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However, there are also negative assumptions: Productivity decrease due to limitations 

of movements and motions are expected (Dahmen and Constantinescu 2020). 

Effectiveness may vary, while decision makers have to consider the benefits compared 

to the costs of exoskeletons (Toxiri et al. 2019).  

The positive impact of exoskeletons regarding ergonomics and health is attested in 

literature (Constantinescu et al. 2016 I). Exoskeletons are thought to have the potential 

to reduce workload; to support the upper body and hips during heavy-load handling; to 

prevent muscle pain, stress, and injuries; and to reduce costs and sick days due to 

musculoskeletal disorders (MSD; Bogue 2018, Braces et al. 2019, Brown, et al. 2003, 

Cochran 2020, Chu et al. 2014, Constantinescu et al. 2016 I, Khakurel et al. 2018).  

Also, the social component is relevant: Exoskeletons can support the reintegration of 

disabled workers and can enable elderly people to extend their longevity and retain the 

capability to fulfill their tasks. Employers benefit in terms of resilience and cost 

reduction, flexibility regarding shortages at the job market, and by avoiding investments 

in automation technology (Dahmen and Constantinescu 2020, Staub and Anderson 

2019). 

In the future, exoskeletons may collect data on heart rate, stress responses and fatigue 

and thereby keep workers healthy and productive (Khakurel et al. 2018, Maltseva 2020). 

Thus, most of the literature expects exoskeletons to impact productivity and ergonomic 

optimization, but it does not prove that this will happen. Most papers do not provide 

empirical data (compare Figure 5) and build on each other by referring to a limited 

number of test scenarios which state that it “might be” that exoskeletons will influence 

ergonomics or that it is “foreseen” that researchers will measure the impact of 

exoskeletons with simulations (Karvouniari et al. 2018, p.3 & 6). However, the impact of 

ergonomics still “has to be critically proven for all situations”, as Dahmen et al. wrote in 

2018 (a, p. 3).  

Therefore, the authors analyzed and systemized existing empirical data in the literature 

regarding productivity and ergonomics in industrial processes. 
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Data-based findings regarding the productivity of exoskeletons in the literature 

Compared to the number of papers reviewed, the number of papers that deliver data is 

small (19:70 = 27, 1%, Figure 5).  

Baltrusch et al. tested a passive trunk exoskeleton in general tasks which are not directly 

related to logistics. The exoskeleton affected performance both positively and 

negatively. A decrease of performance occurred in seven out of 10 tasks. Still, the 

potential for use in static, repetitive bending tasks was described (Baltrusch et al. 2018). 

Efficiency was found to increase in lifting, but to decrease in walking (Baltrusch et al. 

2019). 

Butler executed a field test in a welding company. He expected that the welders would 

feel less fatigue and would increase productivity. In a test scenario, he demonstrated an 

improvement in productivity of 27-86% due to the better blood supply in the muscles of 

the workers. The workers worked more efficiently, more accurately and longer, and 

muscle pain was reduced (Butler 2016). He found that exoskeletons can prevent fatigue 

by slowing muscle activities, which can reduce the risk of injuries during work (Butler 

2016). 

Ford tested passive exoskeletons in 2015-2016 and reported an up to 83% reduction in 

injuries on assembly lines (Bances et al. 2019), Iowa State University analyzed fatigue 

reduction in shoulders and biceps (Bances et al. 2019, Burton 2020). 

Range of motions (e.g. arm ranges) can be increased by exoskeletons and liftable weight 

can be increased up to 50-70% (Brown et al. 2003, Butler 2016).  

De Looze et al. conducted a review of 40 papers and 26 industrial exoskeletons in 2015, 

analyzing potential impacts on wearers (De Looze et al. 2015). Thirteen exoskeletons 

were evaluated regarding the effect on physical loading, holding, lifting, and bending. 

Reductions in muscle activities between 10% and 70% were evaluated (De Looze et al. 

2015). For active exoskeletons, muscle-activity reduction between 20% and 70% 

(dynamic lifting, holding above head) was documented (De Looze et al. 2015). 

Studies with arm exoskeletons showed a reduction of muscle activity in arms and 

shoulders (42 to 62%) and an extension of working endurance in realistic work activities 

(de Vries et al. 2019). Overhead manufacturing tasks were also evaluated (de Vries et al. 
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2019). Reduction of physical load was measured to compare ability with and without 

exoskeletons. Mixed findings and mixed results were documented in the studies (de Vries 

et al. 2019). 

In another example, muscle-activity reduction of between 32% and 64% were 

demonstrated for the bending, turning, and squatting tasks of logisticians in a bank 

(Geregei et al. 2020). Searching for documents with an exoskeleton was faster than 

without, thereby showing a connection between relaxed muscles and concentration due 

to less fatigue and less muscle activity (Geregei et al. 2020).  

Reduction of muscle activity and the enhancement of weight handled during an upper-

arm and upper-head task were registered in manufacturing. Muscle activities were 

reduced with the exoskeleton working with and without load (Hyun et al. 2019). 

Koopman et al. evaluated a passive back exoskeleton. They measured a reduction of 

compression of 21% while bending and of 14% while lifting (Koopman et al. 2020). 

Lee and Cha did a statistical analysis of walking tasks with and without loads and 

exoskeleton, taking lap time as measurement of effectiveness (Lee and Cha 2021). They 

demonstrated that the exoskeleton reduced fatigue of workers while carrying loads. At 

the same time, the lap times increased, using an exoskeleton compared to walking 

without one. This means a decrease in productivity (Lee and Cha 2021). 

Li et al. analyzed a logistics operator who lifted 20 kg loads with motion-capture 

software, sensors, and a dynamometer treadmill. The oxygen level was reduced by 9.45% 

(Li et al. 2021).  

Poliero at al. tested exoskeletons in lifting, carrying, re-placing, and walking with 1.2 to 

16.2 kg loads, with and without exoskeletons. Lifting activities were supported well, but 

a negative impact for activities like carrying was found. Lumbar muscle-activity reduction 

up to 12% was measured, but no clear evidence for exoskeleton efficiency was found 

(Poliero et al. 2020). 

Schröter et al. 2020 analyzed the influence of support systems on human cognitive 

function in construction. The exoskeleton reduced fatigue, improved concentration, and 

lowered concentration errors (Schröter et al. 2020). 
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Spada et al. tested exoskeletons in static and repeated manual tasks. A 30% performance 

increase due to decreased fatigue was observed. Stamina in holding was increased. Time 

reduction was reported in 2/3 of the cases and time extension in 1/3, but the task was 

fulfilled by three times more volunteers with an exoskeleton than without (Spada et al. 

2017).  

Toxiri et al. compared the effects of exoskeletons while moving weights between two 

positions. In all cases, muscle activity with an exoskeleton was less than muscle activity 

without one. The active one especially showed efficiency (Toxiri et al. 2018). 

An analysis of lifting tasks based on muscle activity was conducted by Yong et al. They 

demonstrated a reduction of muscle activities by 24% to 39% (Yong et al. 2019). 

Only one example for exoskeletons in logistics was found. Picking, lifting, and carrying of 

parcels from pallets in a warehouse was evaluated with acceleration sensors, motion 

recording and electromyographic measurements (EMG). Moderate relief effects of 5% to 

10%, no difference in efficiency while lifting, and a decrease of productivity for walking 

were identified (Winter et al. 2019). 

Data-based findings regarding the ergonomics of exoskeletons in the literature 

Compared to studies focusing on productivity of exoskeletons, there are even fewer 

empirical studies available regarding the ergonomics of industrial exoskeletons.  

Many papers describe prototype testing of exoskeletons. Roveda et al. (2020) presented 

a design methodology for an active exoskeleton aiming to support the lower back by 

redistributing the spinal load and thereby relieving the operator (Roveda et al. 2020). 

Rogge et al. present the Stuttgart Exo-jacket and describe how functions could be 

designed and the impact of the exoskeleton can be analyzed. However, they mention that 

there are no standardized test procedures for exoskeletons (Rogge et al. 2017). Designing 

an exoskeleton is seen as difficult, as criteria include weight, performance, and comfort 

(Lanotte et al. 2020). Descriptions of the Robo-Mate project were summarized by 

O'Sullivan et al. (2015), and a qualitative study and interviews with farmers were 

conducted in 2020 (Omoniyi et al.2020). Schnieders and Stone (2017), and Stadler and 

Scherly (2017) summarized designs and exoskeleton types (Schnieders and Stone 2017). 
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Fox et al. (2019) describe the potential positive and negative effects of exoskeletons: e.g. 

reduction of forces, mechatronic support, reduction of strain, and transfer of loads. 

However, they do not provide concrete, quantified data (Fox et al. 2019). Furthermore, 

the impact of exoskeleton use depends both on the individual worker’s health, body, and 

muscle conditions and on load characteristics like shape, weight, volume, and workplace 

(Fox et al. 2019).  

Due to a lack of conversion methods to identify ergonomic impact, most available 

ergonomic investigation is based on virtual simulations (Constantinescu et al. 2019, 

Dahmen and Constantinescu 2020, Dahmen et al. 2018b). A computer analysis for lifting 

examined a reduction of muscle activity of 58% with an active exoskeleton. In addition, 

tests with finger exoskeletons proved the extension of movements of injured fingers 

(Ippolito et al. 2020). 

Koopman et al. evaluated compression forces, muscle activity and kinematics, 

emphasizing that the exoskeleton might reduce the risk of low back pain during static 

bending and lifting activities (Koopman et al. 2020). The compression force was reduced 

by 13% to 21% for static bending and by an average of 14% for lifting, thus indicating a 

reduction of strain (Koopman et al. 2020).  

Heart-rate measurements for ship-builder analysis demonstrated a much lower heart 

rate working above the head with an exoskeleton than without (Moyon et al. 2018). 

Sylla et al. evaluated the ergonomics of an exoskeleton used to hit a target two meters 

above ground with a screw gun. They used reflection markers, floor scales, and motion-

capture technologies. The exoskeleton reduced the mechanical energy up to 16.72% and 

decreased the process cycle time, which means a productivity increase. 
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5 Discussion

As demonstrated, only a limited amount of data is provided by the literature (Figure 5) to 

cover the influence of exoskeletons for operational logistics processes. Most articles that 

provide data regarding exoskeletons in an industrial context take pilot trials as a basis. 

Long-term studies are missing, and real-life data is rare, as most data is created in 

laboratories or by computer simulation. Accordingly, the sustainable positive influence 

of exoskeletons on productivity and health cannot yet be proved empirically. Therefore, 

two research questions are formulated for future investigation based on the findings of 

this systematic literature analysis:  

RQ 1: Do exoskeletons increase productivity in logistics operations?  

RQ 2: Do exoskeletons positively affect the health/ergonomics of workers in logistics? 

To answer these questions, the following research gaps and potential further 

investigation must be considered: 

No clear statements regarding the effects of exoskeletons 

In the literature, you can find risk-management strategies, implementation procedures, 

decision guidelines, and other useful information regarding industrial exoskeletons; but 

no clear statement of the effects of exoskeletons exist at present. Most authors attribute 

to exoskeletons a high potential to support operational challenges like productivity, 

efficiency, ergonomics, safety, and integration of the elderly, but most papers do not 

provide appropriate data. It stands to reason that exoskeletons can improve 

productivity, but it is not clear to which extent. 

Understanding the advantages of exoskeletons is partly given, disadvantages of 

exoskeletons or shifts of stain to other regions of the body are not analyzed yet. 

Need of long-term studies 

Most data provided by the literature covers trials and short-term test results. Long-term 

studies of the use of exoskeletons in industry have not yet been published (Dahmen et al. 

2018a, Feldmann et al. 2020, Fox et al. 2019, Winter et al. 2019). Studies with appropriate 

numbers of participants, continuous screening, and long periods of use are needed to 
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validate the effects of exoskeletons in practice and their potential to reduce work-related 

musculoskeletal diseases and sick days (Dahmen and Constantinescu 2020, Daub 2017, 

de Vries et al. 2019, Geregei et al. 2020). 

Deeper investigation in logistics processes and tasks 

In the current literature, only single-handling tasks, like static holding or dynamic lifting 

were evaluated. The trials were conducted mainly in laboratories, not in authentic 

environments that truly cover the challenges of logistics processes. Long term studies 

have not yet been conducted in factories or logistics facilities under real working 

conditions (Lee and Cha 2021, Poliero et al. 2020).  

The complexity of logistics operations with experienced logisticians like changing 

packaging sizes and weights, picking, packing, forklift driving and changing tasks within 

one work shift have not been covered: The high diversity of tasks and features of 

exoskeletons makes it difficult to create a general estimate of whether and how 

exoskeletons support productivity increase (Dahmen et al. 2018a). 

Standardized productivity-measurement methods for exoskeletons  

To analyze the positive or negative efficiency of exoskeletons in logistics, a concrete 

scientific assessment methodology based on data is needed (Dahmen and 

Constantinescu 2020). Suitable methodologies for calculating the operational impact of 

exoskeletons based on key performance indicators (KPI) are needed (Dahmen et al. 

2018a, Dahmen et al. 2018b). Methods-time measurement (MTM; or an analysis according 

to Verband für Arbeitsgestaltung, Betriebsorganisation und Unternehmensentwicklung 

(REFA)) is an option for the evaluation of these KPIs (Lee and Cha 2021). Optimization of 

time, cost and quality can be used to evaluate the return on investment potential of 

exoskeletons (Dahmen et al. 2018a, Dahmen and Constantinescu 2020).  

Standardized ergonomics-measurement methods for exoskeletons  

Data regarding effects on ergonomics is rare. Loads that are reduced at one body part 

might be increased at another (Fox et al. 2019), and counter activating due to external 

forces is possible (De Looze et al. 2015). Lifting and carrying of loads, static working 

postures, and repetitive work require a uniform scheme to examine the impact of 

exoskeletons (Daub 2017).  
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Limited variety of measurement technologies – new technologies needed 

The main analysis methods used to evaluate ergonomics are the measurement of muscle 

activity and heart rate. Alternatively, computer simulation is used. New technologies that 

evaluate the impact of exoskeletons are needed. Virtual simulation might be useful, but 

concrete data is still missing. One option to collect data could be the transformation of 

exoskeletons to smart wearables, connected to the Internet of Things (IOT). This could 

create feasible real-time data and the option to document productivity increase and cost 

savings by data analytics and machine learning (Constantinescu et al. 2016 II). 

Exoskeletons need sensors to analyze the impact on the human body depending on the 

individual attributes of the wearer (Braces et al. 2019, Lee and Cha 2021). A continuous 

improvement in performance, ergonomics, risk of disorders and stress levels might be 

possible in future (Braces et al. 2019, Hoffmann et al. 2020, Ippolito et al. 2020, Sahashi 

et al. 2018, Sgarbossa et al. 2020). 

Economic evaluation of exoskeletons 

Also, the economic impact of exoskeleton effects needs to be addressed. Monetary and 

non-monetary methodologies, like static (cost comparison, return on investment, pay-

off method) and dynamic (net present value, internal rate of return, equivalent annual 

cost) methodologies can be applied to document the effects in productivity and 

ergonomics (Todorovic et al. 2018). Key performance indicators, like cycle time, 

throughput, overall equipment effectiveness, or reduced overtime, can provide a basis 

for the evaluation of product and process quality (Baszenski 2012, Bokranz and Landau 

2012, REFA 1997, Todorovic et al. 2018). For ergonomics, the reduction of sick days and 

the motivation of the employees are mentioned most (Todorovic et al. 2018). Evaluation 

could be applied in three phases: as-is situation, optimized situation with exoskeleton 

use, and comparison of both situations over a certain time (Todorovic et al. 2018). 
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6 Conclusion

The objective of this paper is to identify research gaps that should be addressed in further 

research to demonstrate the influence of exoskeletons on productivity and ergonomics 

of workers in logistics operations. This academic examination and additional empirical 

evidence will support the investment in exoskeletons to counter operational peaks, labor 

shortage, and high rates of sick days in future. A systematic literature review was 

conducted to analyze the current status quo in the literature. 

To this point, there had been no literature review which systematically covered 

exoskeleton impact on productivity and ergonomics in logistics. This paper closes this 

gap. 

Based on the findings from the literature, detailed information regarding the 

investigation processes was created and summarized in a concept matrix, thus providing 

an overview of exoskeleton articles, involved industries, effects and empirical data. 

Most papers emphasize an effect of exoskeletons on productivity and ergonomics which 

would economically support an investment, but most papers do not provide data. The 

data that is presented, is based mainly on temporary tests and trials with few selected 

tasks that do not cover the whole range of logistics processes. Long-term studies, 

particularly ones regarding the impact of ergonomics, are lacking. There is currently no 

clear procedure for tackling productivity and ergonomic benefits. Furthermore, the use 

of sensors and computer calculation has not yet seen development.  

Based on these findings, two research questions were formulated to pursue the study of 

this processually and socially important topic: RQ 1: Do exoskeletons increase productivity 

in logistics operations? RQ 2: Do exoskeletons positively affect the health/ergonomics of 

workers in logistics? Further research is needed to create relevant data. Deeper 

investigation of logistics processes and mid- and long-term studies regarding 

productivity and ergonomics are needed to prove the positive influence of exoskeletons. 

Extension of applied technologies, such as sensors or simulations, could support further 

research. In particular, the development of smart exoskeletons as part of the Internet of 
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Things could transform a sector currently characterized by a high proportion of manual 

labor, high age average, a shortage of skilled workers, and increasing complexity. 

Negative impacts have not yet been studied. Long-term evaluations and additional 

measurement technologies are needed to evaluate the influence of exoskeletons on the 

health of their wearers. 

Limitations are given. Literature reviews cannot be complete and always represent a 

snapshot of time. More research results might become available or may be published 

soon. 



Exoskeletons: Productivity and Ergonomics in Logistics 

References 

Baker, M. J., 2000. Writing a Literature Review. Marketing Review, 1 (2), 219-247. 

Baltrusch, S., Houdijk, H., van Dieën, J., van Bennekom, C., 2018. The effect of a passive 
trunk exoskeleton on functional performance in healthy individuals. Applied 
Ergonomics 2018, 72, 94-106. 

Baltrusch, S., van Dieën, J., Bruijn, S., Koopman, A., van Bennekom, C., Houdijk, H., 2019. 
The effect of a passive trunk exoskeleton on metabolic costs during lifting and 
walking. Ergonomics (2019), 62(7), 903-916. 

Bances, E., Schneider, U., Siegert, J., Bauernhansl, T., 2019. Exoskeletons Towards 
Industrie 4.0: Benefits and Challenges of the IoT Communication Architecture. 
International Conference on Industry 4.0 and Smart Manufacturing (ISM 2019). 

Baszenski, N., 2012. Methodensammlung zur Unternehmensprozessoptimierung. 
Wirtschaftsverl. Bachem, Köln. 

Bogue, R., 2018. Exoskeletons - a review of industrial applications. Industrial Robot, 45(5), 
pp. 585-590. 

Bokranz, R., Landau, K., 2012. Handbuch Industrial Engineering: 
Produktivitätsmanagement mit MTM, 2nd ed. Schäffer-Poeschel, Stuttgart. 

Brown, M., Tsagarakis N., Caldwell, D.G., 2003. Exoskeletons for human force 
augmentation. Industrial Robot: An International Journal, Volume 30, Number 
6, pp. 592–602. 

Burton, S. D., 2020: Responsible use of exoskeletons and exosuits: Ensuring domestic 
security in a European context. Paladyn, Journal of Behavioral Robotics 2020; 
11: 370–378. 

Butler, T. R., 2016. Exoskeleton Technology: Making Workers Safer and More Productive. 
Professional Safety, 61(09), pp. 32-36. 

Campbell Collaboration, 2016. Methodological expectations of Campbell Collaboration 
intervention reviews: Reporting standards. Retrieved January 6, 2021, from 



 Kaupe et al. (2021) 553 

 

https://www.campbellcollaboration.org/library/campbell-methods-reporting-
standards.html. 

Carter, C. R., Meschnig, G., & Kaufmann, L., 2015. Moving to the next level: Why our 
discipline needs more multilevel theorization. Journal of Supply Chain 
Management, 51(4), 94–102. 

Chen, B., Ma, H., Qin, L-Y, Gao, F., Chan, K-M., Law, S-W., Qin, L., Liao, W-H., 2015. Recent 
developments and challenges of lower extremity exoskeletons. Journal of 
Orthopaedic Translation (2016) 5, 26 - 37. 

Chen, L., Olhager, J., & Tang, O., 2014. Manufacturing facility location and sustainability: 
A literature review and research agenda. International Journal of Production 
Economics, 149, 154–163. 

Chu, G., Hong, J., Jeong, D.-H., Kim, D., Kim, S., Jeong, S. and Choo, J., 2014. The 
experiments of wearable robot for carrying heavy-weight objects of shipbuilding 
works. Automation Science and Engineering (CASE), 2014 IEEE International 
Conference, pp. 978-983. 

Cimini, C., Lagorio, A., Romero, D., Cavalieri, S., Stahre, J., 2020. Smart Logistics and The 
Logistics Operator 4.0. IFAC PapersOnLine 53-2 (2020) 10615–10620. 

Cochran D.S., Rauch, E. 2020. Sustainable Enterprise Design 4.0: Addressing Industry 4.0 
Technologies from the Perspective of Sustainability. Procedia Manufacturing 51 
(2020) 1237–1244. 

Constantinescu, C., Popescu, D., Muresan, P.-C., Simon, G.-M., 2016 II. JackEx: the new 
digital manufacturing resource for optimization of Exoskeleton-based factory 
environments. Procedia CIRP 50 (2016) 508 – 511. 

Constantinescu, C., Popescu, D., Muresan, P.-C., Stana, S.-I., 2016 I. Exoskeleton-centered 
process optimization in advanced factory environments. Procedia CIRP 41 
(2016) 740 – 745. 

Constantinescu, C., Rus, R., Rusu, C.-A., Popescu, D., 2019. Digital Twins of Exoskeleton-
Centered Workplaces: Challenges and Development Methodology. Procedia 
Manufacturing 39 (2019) 58–65. 



Exoskeletons: Productivity and Ergonomics in Logistics 

 

Cooper, H. M., 1988. Organizing knowledge syntheses: A taxonomy of literature reviews. 
Knowledge in Society, 1, 104-126. 

Dahmen, C. and Constantinescu, C., 2020. Methodology of Employing Exoskeleton 
Technology in Manufacturing by Considering Time-Related and Ergonomics 
Influences. Applied Sciences 2020, 10, 1591. 

Dahmen, C., Hölzel, C., Wöllecke, F., Constantinescu, C., 2018a. Approach of Optimized 
Planning Process for Exoskeleton Centered Workplace Design. Procedia CIRP 72 
(2018) 1277–1282. 

Dahmen, C., Wöllecke, F., Constantinescu, C., 2018b. Challenges and possible solutions 
for enhancing the workplaces of the future by integrating smart and adaptive 
exoskeletons. Procedia CIRP 67 (2018) 268 – 273. 

Daub, U., 2017. Evaluation aspects of potential influences on human beings by wearing 
exoskeletal systems. M. Bargende, H.-C. Reuss, J. Wiedemann (Hrsg.), 17. 
Internationales Stuttgarter Symposium, Proceedings, p. 493 – 506. 

De Looze, M. P., Bosch, T., Krause, F., Stadler, K. S., O’Sullivan, L. W., 2015. Exoskeletons 
for industrial application and their potential effects on physical work load. 
Ergonomics, 2015. 

de Vries A., de Looze, M., 2019. The effect of arm support exoskeletons in realistic work 
activities: A review study. J Ergonomics9:255. doi: 10.35248/2165-7556.19.9.255. 

Denyer, D., & Tranfield, D., 2006. Using qualitative research synthesis to build an 
actionable knowledge base. Management Decision, 44(2), 213–227. 

Di Pasquale, V., De Simone, V., Salvatore, M., Riemma, S., 2021. Smart operators: How 
Industry 4.0 is affecting the worker’s performance in manufacturing contexts. 

Procedia Computer Science 180 (2021) 958–967. 

Diefenbach, H., Erlemann, N., Lunin, A., Grosse E. H., Schocke, K.-O., Glock, C.-H., 2021. 
An analysis of processes and economic as well as ergonomic improvement 
potentials at air freight forwarders. Interdisciplinary conference on Production, 
Logistics and traffic, Darmstadt, 17.-18. March 2021. 



 Kaupe et al. (2021) 555 

 

Dimitropoulos, N., Michalos, G., Makris, S., 2020. An outlook on future hybrid assembly 
systems - the Sherlock approach. Procedia CIRP 97 (2020) 4 41–4 46. 

Durach, C. F., Kembro, J. & Wieland, A., 2017. A new paradigm for systematic literature 
reviews in supply chain management. Journal of Supply Chain Management, 
Vol. 53, Issue 4. 

Edirisinghe, R., 2019. Digital skin of the construction site - Smart sensor technologies 
towards the future smart construction site. Engineering, Construction and 
Architectural Management Vol. 26 No. 2, 2019 pp. 184-223. 

Feldmann, C., Kaupe, V., Lucas, M. 2020. A Procedural Model for Exoskeleton 
Implementation in Intralogistics. Data science and innovation in supply chain 
management, Wolfgang Kersten, Thorsten Blecker and Christian M. Ringle 
(Eds.). 

Fox, S., Aranko, O., Heilala, J., Vahala, P., 2019. Exoskeletons – Comprehensive, 
comparative and critical analyses of their potential to improve manufacturing 
performance. Journal of Manufacturing Technology Management. 

Garegei, A.M., Shitova, E.S., Malakhova, I.S., Shuporin, E.S., Bondaruk, E.V., Efimov, A.R., 
Takh, V.Kh, 2020. UP-TO-DATE TECHNIQUES FOR EXAMINING SAFETY AND 
PHYSIOLOGICAL EFFICIENCY OF INDUSTRIAL EXOSKELETONS. Health Risk 
Analysis. 2020. no. 3. 

Garfield, E., 1987. Reviewing Review Literature. Part 1. Definitions and Uses of Reviews. 
Essays of an Information Scientist, 10, 113-116. 

Gopura, R. A. R. C. and Kiguchi, K., 2009. Mechanical Designs of Active Upper-Limb 
Exoskeleton Robots - State-of-the-Art and Design Difficulties. 2009 IEEE 11th 
International Conference on Rehabilitation Robotics Kyoto International 
Conference Center, Japan, June 23-26, 2009. 

Grazi, L., Chen, B., Lanotte, F., Vitiello, N., and Crea, S. (2019). Towards methodology and 
metrics for assessing lumbar exoskeletons in industrial applications. Workshop 
on Metrology for Industry 4.0 and IoT (MetroInd4. 0&IoT), 400–404. 



Exoskeletons: Productivity and Ergonomics in Logistics 

 

Hoffmann, N., Ersoysal, S., and Weidner, R., 2020. Towards Embedded Force Sensors in 
Exoskeletons for Evaluating Interaction Forces in Interfaces. Annals of Scientific 
Society for Assembly, Handling and Industrial Robotics, p. 69-79. 

Hyun, DJ, Bae, K., Kim, K., Nam, S. and Lee, D., 2019. A light-weight passive upper arm 
assistive exoskeleton based on multi-linkage spring-energy dissipation 
mechanism for overhead tasks. Robotics and Autonomous Systems, 122, pp. 1-
9. 

Ippolito, D., Constantinescu, C., Rusu, C. A., 2020. Enhancement of human-centered 
workplace design and optimization with Exoskeleton technology. Procedia CIRP 
91 (2020) 243–248. 

Jo, I, Park, Y., Lee, J., Bae, J., 2019. A portable and spring-guided hand exoskeleton for 
exercising flexion/extension of the fingers. Mechanism and Machine Theory 135 
(2019) 176–191. 

Jones, K., 2010. The practice of quantitative methods. in: B. Somekh & C. Lewin (Ed.), 
Research methods in the social sciences. London, Sage Publications Ltd. 

Kaasinen, E., Schmalfuß, F., Öztürk, C., Aromaa, S., Boubekeur, M., Heilala, J., Heikkilä, 
P., Kuula, T., Liinasuo, M., Mach, S., Mehta, R., Petäjä, E., Walter, T., 2020. 
Empowering and engaging industrial workers with Operator 4.0 solutions. 
Computers & Industrial Engineering 139 (2020) 105678. 

Karre, H., Hammer, M., Kleindienst, M., Ramsauer, C., 2017. Transition towards an 
Industry 4.0 state of the LeanLab at Graz University of Technology. Procedia 
Manufacturing 9 (2017) 206 – 213. 

Karvouniari, A., Michalos, G., Dimitropoulos, N., Makris, S., 2018. An approach for 
exoskeleton integration in manufacturing lines using Virtual Reality techniques. 
Procedia CIRP 78 (2018) 103–108. 

Kawale, S. S., Sreekumar, M., 2018. Design of a Wearable Lower Body Exoskeleton 
Mechanism for Shipbuilding Industry. Procedia Computer Science 133 (2018) 
1021–1028. 



 Kaupe et al. (2021) 557 

 

Khakurel, J., Melkas, H., Porras, J., 2018. Tapping into the wearable device revolution in 
the work environment: a systematic review. Information Technology & People 
Vol. 31 No. 3, 2018 pp. 791-818. 

Kuhlmann, A. S., Klumpp, M., 2017. Digitalization of Logistics Processes and the Human 
Perspective. Digitalization in Maritime and Sustainable Logistics Carlos Jahn, 
Wolfgang Kersten and Christian M. Ringle (Eds.) ISBN 9783745043327, October 
2017. 

Lanotte, F., Baldoni, A., Filippo, Scalamogna, A., Mansi, N, Grazi, L., Chen, B., Crea, S., 
Vitiello, N., 2020. Design and characterization of a multi-joint underactuated 
low-back exoskeleton for lifting tasks. 2020 8th IEEE International Conference on 
Biomedical Robotics and Biomechatronics (BioRob) New York, USA. Nov 29 - Dec 
1, 2020. 

Lee, G., Cha, D., 2021. Statistical Analysis of the Effectiveness of Wearable Robot. 
Electronics 2021, 10, 1006. https://doi.org/10.3390/electronics10091006. 

Li, X., Li, W., Li, Q., 2021. Method, Design, and Evaluation of an Exoskeleton for Lifting a 
Load In Situ. Applied Bionics and Biomechanics Volume 2021. 

Liu, Y., Li, X., Lai, J., Zhu, A., Zhang, X., Zheng, Z., Zhu, H., Shi, Y., Wang, L., Chen, Z. The 
Effects of a Passive Exoskeleton on Human Thermal Responses in Temperate 
and Cold Environments. Int. J. Environ. Res. Public Health 2021, 18, 3889. 

Maltseva, K., 2020. Wearables in the workplace: The brave new world of employee 
engagement. Business Horizons (2020) 63, 493e505. 

Manten, A. A. 1973. Scientific literature review. Scholarly Publishing, 5, 75-89. 

Mentzer, J. T., DeWitt, W., Keebler, J. S., Min, S., Nix, N. W., Smith, C. D., & Zacharia, Z. G., 
2001. Defining supply chain management. Journal of Business Logistics, 22(2), 
1–25. 

Miehe, R., Bauernhansla, T., Beckettb, M., Brecherc, C., Demmerc, A., Drosseld, W.-G., 
Elferte, P., Fulla, J., Hellmichd, A., Hinxlagee, J., Horbelta, J. Jutzf, G, Kriegb, S., 
Maufroya, C., Noackd, M., Sauera, A., Schließmannb, U., Scholzc, P., Schwarza, 
O., ten Hompele, M., Wryczae, P., Wolperdingerb, M., 2020. The biological 
transformation of industrial manufacturing – Technologies, status and scenarios 



Exoskeletons: Productivity and Ergonomics in Logistics 

 

for a sustainable future of the German manufacturing industry. Journal of 
Manufacturing Systems 54 (2020) 50–61. 

Moyon, A., Poirson, E., Petiot, J.-F., 2018. Experimental study of the physical impact of a 
passive exoskeleton on manual sanding operations. Procedia CIRP 70 (2018) 
284–289. 

Mulrow, C. D., 1987. The medical review article: State of the science. Annals of Internal 
Medicine, 106(3), 485–488. 

O’Sullivan, L. O., Nugent, R., van der Vorm, J., 2015. Standards for the safety of 
exoskeletons used by industrial workers performing manual handling activities: 
A contribution from the Robo-Mate project to their future development. 
Procedia Manufacturing 3 (2015) 1418 – 1425. 

Omoniyi, A., Trask, C., Milosavljevic, S., Thamsuwan, O. 2020. Farmers’ perceptions of 
exoskeleton use on farms: Finding the right tool for the work(er). International 
Journal of Industrial Ergonomics 80 (2020). 

Pateli, A. G. and Giaglis, G. M., 2004. A research framework for analysing eBusiness 
models. European Journal of Information Systems, 13 (4), 302-314. 

Pervan, G. P., 1998. A review of research in group support systems: leaders, approaches 
and directions. Decision Support Systems, 23 (2), 149-159. 

Poliero, T., Lazzaroni, M., Toxiri, S., Di Natali, C., Caldwell, D. G., Ortiz, J., 2020. 
Applicability of an Active Back-Support Exoskeleton to Carrying Activities. 
Robot. AI, 09 December 2020. 

REFA, 1997. Datenermittlung: Methodenlehre der Betriebsorganisation. Carl Hanser. 

Rogge, T., Daub, U., Ebrahimi, A., 2017. Status demonstration of the interdisciplinary 
development regarding the upper limb exoskeleton ‟Stuttgart Exo-Jacket”, M. 
Bargende, H.-C. Reuss, J. Wiedemann (Hrsg.), 17. Internationales Stuttgarter 
Symposium, Proceedings, p. 479 – 491. 

Romero, D., Stahre, J., Wuest, T., Noran, O., Bernus, P., Fast-Berglund, Å, Gorecky, D., 
2016. TOWARDS AN OPERATOR 4.0 TYPOLOGY: A HUMAN-CENTRIC PERSPECTIVE 



 Kaupe et al. (2021) 559 

 

ON THE FOURTH INDUSTRIAL REVOLUTION TECHNOLOGIES. CIE46 Proceedings, 
29-31 October 2016, Tianjin / China. 

Roveda, L., Savani, L., Arlati, S., Dinon, T., Legnani, G., Tosatti, L. M., 2020. Design 
methodology of an active back-support exoskeleton with adaptable backbone-
based kinematics. International Journal of Industrial Ergonomics 79 (2020). 

Rowley, J. and Slack, F., 2004. Conducting a literature review. Management Research 
News, 27 (6), 31-39. 

Sahashi, K., Murai, S., and Takahashi, Y., 2018. Power Assist Control Based on Learning 
Database of Joint Angle of Powered Exoskeleton Suitable for Wearer’s Posture. 

12th International Conference, UAHCI 2018 Held as Part of HCI International 
2018, Las Vegas, NV, USA, July 15–20, 2018, Proceedings, Part II., p. 340 – 346. 

Salipante, P., Notz, W. and Bigelow, J., 1982. A Matrix Approach to Literature Reviews. 
Research in Organizational Behavior, 4, 321-348. 

Schmidler, J., Knott, V., Hölzel, C., Bengler, K., 2015. Human Centered Assistance 
Applications for the working environment of the future. Occupational 
Ergonomics 12, p. 83-95. 

Schnieders, T. M., Stone, R. T., 2017. Current Work in the Human-Machine Interface for 
Ergonomic Intervention with Exoskeletons. International Journal of Robotics 
Applications and Technologies (IJRAT) 5, no. 1 (2017): 1-19. 

Schröter, F., Kähler, S., Yao, Z., Jacobsen, T., Weidner, R., 2020. Cognitive Effects of 
Physical Support Systems: A Study of Resulting Effects for Tasks at and above 
Head Level Using Exoskeletons. Annals of Scientific Society for Assembly, 
Handling and Industrial Robotics, p. 149-160. 

Sgarbossa, F., Grosse, E. H., Neumann, W. P., Battini, D., Glock, C. H., 2020. Human factors 
in production and logistics systems of the future. Annual Reviews in Control 49 
(2020) 295–305. 

Spada, S., Ghibaudo, L., Gilotta, S., Gastaldi, L., Cavatorta, M. P., 2017. Investigation into 
applicability of a passive upper-limb exoskeleton in automotive industry. 
Procedia Manufacturing 11, p. 1255-1262. 



Exoskeletons: Productivity and Ergonomics in Logistics 

 

Stadler, K. S. and Scherly, D., 2017. Exoskeletons in Industry - Designs and their Potential. 
8th International Symposium on Automatic Control (AUTSYM 2017), Wismar, 
Germany, 21-22 September 201. 

Staub, J. and Anderson, N., 2019. The resilient factory - These five technologies will 
combat workforce gaps in manufacturing. Supply Chain Management Review • 

November 2 0 1 9, p. 48 – 49. 

Sylla, N., Bonnet, V., Colledani, F., Fraisse, P., 2014. Ergonomic contribution of ABLE 
exoskeleton in automotive industry. International Journal of Industrial 
Ergonomics 44 (2014) 475 - 481. 

Theurel, J., Desbrosses, K., 2019. Occupational Exoskeletons: Overview of Their Benefits 
and Limitations in Preventing Work-Related Musculoskeletal Disorders. IISE 
Transactions on Occupational Ergonomics and Human Factors, Taylor & Francis, 
2019, Occupational Exoskeletons, 7 (3-4), pp.264-280. 

Todorovic, O., Constantinescu, C. and Popescu, D., 2018. Foundations for economic 
evaluation of exoskeletons. Acta Technica Napocensis, Series: Applied 
Mathematics, Mechanics, and Engineering, 61(special), pp. 221-230. 

Torraco, R. J., 2005. Writing integrative literature reviews: Guidelines and examples. 
Human Resource Development Review, 4 (3), 356-367. 

Toxiri, S., Koopman, A. S., Lazzaroni, M., Ortiz, J., Power, V., de Looze, M.P., O'Sullivan, L. 
and Caldwell, D. G., 2018. Rationale, Implementation and Evaluation of Assistive 
Strategies for an Active Back-Support Exoskeleton. Front. Robot. AI 5:53. 

Toxiri, S., Näf, M. B., Lazzaroni, M., Fernández, J., Sposito, M., Poliero, T., Monica, L., 
Anastasi, S., Caldwell, D. G. & Ortiz, J., 2019. Back-Support Exoskeletons for 
Occupational Use: An Overview of Technological Advances and Trends. IISE 
Transactions on Occupational Ergonomics and Human Factors, 7:3-4, 237-249. 

Tranfield, D., Denyer, D., & Smart, P., 2003. Towards a methodology for developing 
evidence-informed management knowledge by means of systematic review. 
British Journal of Management, 14(3), 207–222. 



 Kaupe et al. (2021) 561 

 

van der Vorm, J., Nugent, R., O’Sullivan, L., 2015. Safety and risk management in 

designing for the lifecycle of an exoskeleton: A novel process developed in the 
Robo-Mate project. Procedia Manufacturing 3 (2015) 1410 – 1417.  

Vom Brocke, J., Simons, A., Niehaves, B., Niehaves, B., Reimer, K., Plattfaut, R. and Cleven, 
A., 2009. Reconstructing the giant: on the importance of rigor in documenting 
the literature search process. ECIS 2009 Proceedings. 
http://aisel.aisnet.org/ecis2009/161. 

Webster, J. and Watson, R. T., 2002. Analyzing the Past to Prepare for the Future: Writing 
a Literature Review. MIS Quarterly, 26 (2), xiii-xxiii. 

Winkelhaus, S., Grosse, E., H., 2020. Logistics 4.0: a systematic review towards a new 
logistics system. International Journal of Production Research, 58:1, 18-43. 

Winter, G., Felten, C., Hedtmann, J., 2019. Testing of Exoskeletons in the Context of 
Logistics - Application and Limits of Use. Springer Nature Switzerland AG 2019, 
C. Stephanidis (Ed.): HCII 2019, CCIS 1033, pp. 265–270. 

Woodward, A. M., 1972. Review literature: characteristics, sources and output in 1972. 
Aslib Proceedings, 26 (9), 367-376. 

Xie, H., Weilin, L., Li, X., Li, X., 2014. The Proceeding of the Research on Human 
Exoskeleton. International Conference on Logistics Engineering, Management 
and Computer Science (LEMCS 2014). 

Yong, X., Yan, Z., Wang, C., Wang, C., Li, N., Wu, X., 2019. Ergonomic Mechanical Design 
and Assessment of a Waist Assist Exoskeleton for Reducing Lumbar Loads During 
Lifting Task. Micromachines 2019, 10, 463. 

Zorn, T. and Campbell, N., 2006. Improving the Writing of Literature Reviews Through a 
Literature Integration Exercise. Business Communication Quarterly, 69 (2), 172-
183. 

 




