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Abstract 

The increasing level of computerization in design and engineering work has led to 

development of software such as Digital Human Modeling (DHM) Tools. These 

tools are used to simulate and visualize human work as well as evaluating 

ergonomic conditions. The ergonomic assessment methods based on observations, 

such as OWAS and RULA, are used for characterizing static load and are usually 

integrated in DHM tools. Researchers now aims at developing assessment 

methods of dynamic work where even time-dependent variables are taken into 

account. The purpose of this thesis is to develop a concept for quantification of 

wrist movements in flexion and extension, based on three exposure variables; 

angular position, angular velocity and repetitiveness. The concept is intended to 

form the basis for further development of a comprehensive assessment method for 

wrist movements, adapted for use in DHM tools. Such an approach is necessary 

because of the large amount of work-related cumulative disorders, reported from 

industry.  

 

The method approach contained a literature review, an establishment of concept 

content, a collection of motion data using goniometry and computer 

programming, in order to illustrate the function of the concept. The result 

proposed a quantification concept for wrist movements in flexion and extension, 

concerning angular position exposure, angular velocity level exposure and 

repetitiveness. The concept is based on a combination of modified and established 

evaluation methods, including suggestions for how to identify fundamental cycles, 

in order to determine repetitiveness. The presented concept provides a basis for 

further development of a comprehensive assessment method and highlights 

deficiencies in the lack of existing definitions concerning exposure threshold 

values. 
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Sammanfattning 

Den ökande datoriseringen av konstruktion och produktionsplanering har lett till 

utveckling av mjukvaror såsom Digital Human Modeling (DHM)-verktyg. Dessa 

används för att simulera och visualisera människors arbete samt utvärdera 

ergonomiska förhållanden. De metoder som används för detta bygger på 

observation av statiska positioner, exempelvis OWAS och RULA, vilka i de flesta 

fall finns implementerade i DHM-verktygen. Forskare strävar nu efter att utveckla 

ergonomiska bedömningsmetoder av dynamiskt arbete där även tidsberoende 

variabler beaktas. Syftet med detta examensarbete är att utveckla ett koncept för 

kvantifiering av handledsrörelser i flexion och extension, med avseende på 

handledsposition, vinkelhastighet och repetitivitet. Konceptet ska ligga till grund 

för vidare utveckling mot en komplett bedömningsmetod av handledsrörelser, 

anpassade för användning i DHM-verktyg. En sådan är nödvändig på grund av 

den stora mängd arbetsrelaterade belastningsskor som rapporteras från industrin. 

 

Genomförandet bestod av litteraturstudier, beslut om konceptinnehåll, insamling 

av rörelsedata för handleden med hjälp av en electrogoniometer samt 

programmering för att illustrera kvantifieringskonceptet i siffror samt för att 

förenkla implementering i DHM-verktyg. Resultatet visar ett 

kvantifieringskoncept för handledsrörelser i flexion/extension med avseende på de 

ovan givna exponeringsvariablerna, samt ett förslag på hur identifikation av 

fundamentala cykler kan ske. Detta för att ge en uppfattning om graden av 

repetitivitet. Det presenterade konceptet i denna rapport ger en grund för fortsatt 

utveckling mot en heltäckande bedömningsmetod, samt belyser svårigheter i 

definitioner av exponeringsgränsvärden. 

 

 

 

NYCKELORD: Bedömning av handledsrörelse, arbetsplatssäkerhet, 

obekvämlighet  
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1 Introduction 

Since the last decades has led to enlarged computerisation of design and 

engineering work, software as Digital Human Modeling (DHM) tools have been 

developed to simulate and visualize human work and for evaluating ergonomic 

conditions (Berlin and Kajaks 2011). These tools can be used for posture and 

motion predictions, which in early process stages in the design of products and 

production systems enable prediction and evaluation of ergonomic conditions 

(Chaffin 2001). 

 

In general, posture is evaluated by using ergonomics evaluation methods as 

RULA (McAtamney and Corlett 1993), OWAS (Karhu et al. 1977) and 3DSSPP 

(Chaffin 1997), which are typically integrated in the DHM tools. Furthermore, 

industrial companies sometimes customize the DHM tools being used by 

integrating their own company specific ergonomics methods, such as BUMS 

(Svensson and Sandström 1995). This renders a rough estimation of the 

ergonomic conditions of the work sequence. Consequently, researchers call for 

more dynamic evaluation methods were also time-dependent aspects as 

repetitiveness, duration and velocity of the work are taken into consideration 

(Wells et al. 2007). 

1.1 Project owner 

This thesis is part of the research project IMMA (Intelligently Moving Manikins), 

carried out by Chalmers University of Technology and University of Skövde in 

cooperation with a number of industrial partners in the automotive industry, where 

Scania CV AB and AB Volvo have prominent roles. The objective of IMMA is to 

develop a new DHM software with a path planner tool that finds a collision free 

and biomechanically acceptable way for the part and the human who is 

assembling the part, seen as a system. Furthermore, the overall aim is to develop a 

user-friendly, non expert, individual and vendor independent path planner tool 

that consider human diversity and reduces time for simulations and analyses.  

1.2 Problem description 

When ergonomic evaluation methods are implemented in DHM tools, most of 

them derive information about the postures from the manikin and execute an 

ergonomics evaluation, not considering the time-factor. This means that a static 

evaluation is carried out, often representing so called “worst case scenarios” with 

no consideration of the dynamics of the work (Svensson et al. 2010). However, 

time-sensitive aspects such as frequency, angular velocity, fractions of time in 

extreme positions and recovery time are exposure variables that are of importance 

in the ergonomics assessment, as these are shown as risk factors for arising 

musculoskeletal disorders (MSD) (Wells et al. 2007). In order to achieve a more 

comprehensive ergonomics evaluation it is necessary to be able to predict these 

time dependent variables, also in early stages of the design process typically being 
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carried out supported by computer aided tools. This thesis presents a 

quantification concept of wrist movements in flexion and extension, which 

constitute a basis for a comprehensive assessment method for dynamic work of 

the wrist. 

1.3 Objective 

The objective of this thesis is to develop an ergonomic quantification concept for 

wrist movements in flexion and extension, concerning angular position exposure, 

angular velocity level exposure and repetitiveness, based on literature outcomes 

and suitable for DHM manikin motion data, which corresponds to motion data 

from an electrogoniometer measurement. 
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2 Theoretical framework 

2.1 Digital Human Modeling 

A DHM-software is a useful tool to predict ergonomic short-comings and 

production efficiency in manual assembly or other manual tasks. The software 

normally contains a number of ergonomic analyze applications, more or less used 

depending on the tasks at hand. Figure 2.1 shows a manikin in a typical DHM 

environment (i.e. manual assembly in automotive industry) where static 

ergonomic analyses are carried out. The areas in which DHM are used are 

differing, but the main branches are product design, workplace design and 

production planning. DHM includes both visible characteristics of a manikin, such 

as skin and body dimensions and also functional characteristics like vision, reach 

zones, prediction for discomfort, anthropometry and skeleton system. (Chang et 

al. 2007).   

 

 

 

Before the era of DHM, time-consuming manual methods were used for 

evaluating potential risks of developing musculoskeletal disorders in the 

workplace. These ergonomic evaluation methods (e.g. RULA, OWAS, NIOSH) 

has today been implemented in most DHM software in order to shorten 

production time and save money due to a lower frequency of sick leaves (Chang 

et al. 2007).  

2.2 Wrist disorders 

Since the introduction of Lean Production in the 1990s, companies strive for 

minimal time losses and to avoid non-value tasks. This may have resulted in 

standardization of work tasks and less job rotation, which may be contributive to a 

high risk for disorders caused by repetitive work. Many names have been 

introduced to categories disorders in upper extremity caused by repetitive work. 

Figure 2.1 A DHM manikin performs an assembly 

task in automotive manual assembly (Lämkull et al. 

2009) 
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Terms such as cumulative trauma disorders, repetitive strain injury, repetitive 

motion injuries and occupational overuse syndrome are dominant, but will not be 

considered specifically in this report. The term “wrist disorders” will be used as 

an umbrella term further on. 
 
Wrist pain is a sign of inflammation in tendons and/or in the tendon capsules and 

the precise diagnosis varies depending on involved structures. Manual workers in 

various industries have a high prevalence (30-45%) of undefined hand pain 

(Thomsen et al. 2007). Early studies show that development of wrist disorders is 

caused by mechanical load as the dominant factor (Kurppa et al. 1991). Newer 

models show a more complex situation where the load is seen as a product of 

several factors, i.e. percentage of rest periods in a work cycle, force in 

movements, number of movements and critical positions of the wrist (Thomsen et 

al. 2007, Tanaka et al. 1993, Carey et al. 2002). The difficulties in getting a 

precise picture of the load and exposure applied on the wrist are mostly due to 

variation in work tasks and weight of handled materials during a longer work 

period. Furthermore, personal factors have to be considered.  

 

The automobile industry ranked as number one among all industries in year 2004 

concerning prevalence of non-fatal injuries. To meet this fact, methods have been 

developed for evaluating and thereby avoiding the risk of musculoskeletal 

disorders, which includes wrist disorders (Chang et al. 2007).  

2.2.1 Causes of wrist disorders 

(Before further reading, note the description in Figure 2.2.) Intensification of work 

through increased production rates and efficiency based on new technology seems 

to affect the content of jobs and the presence of wrist disorders. This has been 

suggested for a long time. Reports from the industry indicate that the prevalence 

of wrist disorders increases in line with the frequency of movements. Work 

intensification gives consequences in increased number of monotonous 

movements. This is naturally required in order to execute a manual task, either if 

it contains for example operating a machine or inserting screws in holes (Coury et 

al. 2000) 

 

Work-related disorders tend to be originated from multiple causes, but 

repetitiveness and force is evident to influence the triggers for these injuries 

Figure 2.2 Terminology description concerning wrist movement and 

position. 
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(NIOSH 1997). Repetitiveness can be defined in various ways, and unfortunately, 

no consensus has been reached in definition of what a repetitive movement is.  
 

The aspect of definition is important, because how a movement is defined may 

lead to different evaluation results in the end. Repetitiveness is a risk factor for 

development of wrist disorders, but in one study (Malchaire et al., 1996), the 

author couldn‟t find repetitiveness as an independent sign of disorder prevalence. 

However, this was the case for force and angular position of the wrist. The result 

may have been influenced by the way to define repetitiveness; “as the number of 

angular transitions (per minute) of the wrist from a „neutral‟ position to an 

„extreme‟ position (more than 50% of the maximum angle in deviation or more 

than 60% in flexion-extension)” (Malchaire et al., 1996, p. 178). 

 

Carey et al. (2002) claims that discomfort is the early stage of prolonged pain and 

impairment. Evaluation of this factor has successfully been carried out in order to 

measure stress in a work task. A desirable outcome is to remove ergonomic 

problems before they accrue, which makes a discomfort-based comparative model 

for combinations of joint positions important. 
 

Lin et al. (1997) developed guidelines for what is to be seen as wrist discomfort 

over a period of 1 hour. They included effort and frequency and wrist flexion 

only. Simplicity in the guidelines was enabled through exclusion of extension and 

ulnar/radial deviation. As a complement, Carey et al. (1999) developed equations 

to relate the quantity and time of ulnar deviation to discomfort for repetitive 

motions. The author states that more research are required in the topic of 

combined effects on comfort concerning force, critical wrist posture and 

repetitiveness, in order to gain consensus. 

 

As a continuation of their previous study, Carey et al. (2000) used their result to 

examine wrist discomfort for repetitive efforts at 16 postures. Force- and 

deviation were defined in relation to the capability of the test persons. As a factor 

for development of discomfort, the contribution and combination of force, 

repetitiveness and wrist posture could in that way be identified. Knowledge of this 

kind may enable reduction of user discomfort and wrist disorders in design of 

work-stations and products. It is important that this can be done in the design 

stage, using virtual environments (i.e. digital human modeling). 
 

Carey et al. (2002) used a standardized discomfort level (SDL) to evaluate 

discomfort relative to maximum strength and range of motion, in terms of posture, 

pace and efforts. A high SDL indicated high discomfort. Their result showed that 

the highest SDL was acquired at extreme flexion with high force and high pace. 

The most interesting point tough, was that the SDL-scores was higher for all wrist 

positions in high-force low-pace than low-force high pace combination, which 

indicates force to be an important parameter in discomfort analysis. 
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2.2.2 Carpal tunnel syndrome 

Symptoms in hand and wrist are signs prevalent in persons executing repetitive 

manual work (Kurppa et al. 1991, Silverstein et al. 1986) as well as in car 

assembly workers. Carpal tunnel syndrome (CTS) has been debated as an 

occupational disorder, however, this disorder is represented in a large part of those 

with pain syndromes in the wrist, but the prevalence in CTS differs between 

countries, probably because of lacking consensus concerning definitions (Hagberg 

et.al. 1992). Flexion and extension in repetition are set to be the trigger-factor in 

CTS. That is due to an increased pressure (compared to neutral position) inside 

the carpal tunnel in mentioned movements (Schoenmarklin et al., 1994) 
 

In Hagberg et al. (1992), CTS is argued to be related with occupation in 50-90 % 

of the studies he went through. Sports in some specific form (weight-lifting, 

motor-cross riding, and swimming) also seem to be a contributive factor as well as 

age and rheumatic diseases. According to Zetterberg et al. (1999), gender may 

also be a contributive factor of having CTS. He found that women seem to be 

more sensitive than men in getting wrist disorders in assembly work. 

2.3 Assessment methods 

Ergonomics evaluation methods such as RULA (McAtamney and Corlett 1993), 

OCRA (Occhipinti 1998) and QEC (David et al. 2008) are based on physical 

observations and have been scientifically developed and validated. From these 

methods, action categories can be created by risk parameters such as posture, 

duration, frequencies and external force. A traffic light system (red, yellow and 

green) is typically used to categorize the actions and to facilitate the assessment of 

the working conditions according to following classification: obviously 

hazardous, may be hazardous or imply negligible risk (Lämkull et al. 2008). 

These methods, however, are poor in terms of sensitivity since they are based on 

assessments carried out by an observer, assessing one or a few data points each 

minute.  

2.3.1 Exposure Variation Analysis 

The EVA-method (Exposure Variation Analysis) developed by Mathiassen and 

Winkel (1991), was developed to illustrate exposure data as a function of time. 

The method is based on the assumption that variations in workload imply a 

change in muscle activation, which in turn allows time for muscle rest. The work 

exposure could be expressed through a three-dimensional diagram consisting of a 

continuous exposure variable, e.g. the amplitude, which is divided into a number 

of classes (degrees of amplitude), and a second dimension, e.g. duration, which is 

divided into subgroups (number of seconds, minutes). Hereby, the data exposure 

during the work period can be described as the cumulative relative time within a 

given amplitude class. Since all values are expressed as a percentage of the total 

work time, the diagram in itself says nothing about the duration of each exposure 
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class. The method does not require any particular equipment for the data 

collection and is not developed to solely analyze the wrist.  

2.4 Exposure guidelines 

This section reveals that there are a large number of different risk variables used 

in the context of measuring and assessing wrist exposure. However, used 

variables were primarily chosen on the basis of the objective of this thesis. 

Furthermore, even an amount of different threshold values were found, which 

were used for the quantification concept.  

2.4.1 Position exposure 

While considering wrist positions, a number of different expressions related to 

this parameter could be distinguished. For example, a position was deemed as 

neutral in flexion/extension 0° to 20° in combination with deviation 0° to 10°. 

Extreme positions in flexion/extension were those >60° (Kazmierzcak et al. 2005). 

 

Wrist positions according to RULA are evaluated by a score system where 0° 

flexion and deviation is scored 1 (and considered as a neutral position), 

flexion/extension >0-15° is scored 2 (considered semi-extreme) and 

flexion/extension >15° is given a 3 (considered extreme). A static position >60s 

and repetitive work >4 times/min is scored by 1 extra point (the latter considered 

repetitive) (McAtamney and Corlett 1993). 

 

 

 

2.4.2 Velocity level exposure 

Kazmierzcak et al. (2005) defined angular velocity >90°/s in flexion/extension as 

high. Low velocities were defined as velocities <5°/s in flexion/extension. A low 

velocity in both flexion/extension and deviation combined with duration >3s was 

equated with a static position. Also the parameter rest was stated, defined as a 

neutral position (i.e. flexion/extension <20° and deviations <10°) in combination 

with velocity <5°/s in both flexion/extension and deviation. (Kazmierzcak et al. 

2005).  

 

Hansson et al. (2009) consider Low-risk groups as workers with a median velocity 

of 11°/s or a mean velocity of 29°/s (Marras and Shoenmarklin 1993). High-risk 

Table 2.1:Summary of position level classification according to two dirrerent sources. The 

numbers presented conserns flexion/extension unless otherwise stated. 
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groups were those workers with a median velocity of 23°/s (Hansson et al. 2009) 

or a mean velocity of 42°/s (Marras and Shoenmarklin 1993). Hansson‟s study is 

based on velocity and EMG (electromyography) measurements of the wrist in 

flexion/extension and prevalence studies of wrist and elbow disorders in 686 test 

subjects. 

 

 

2.4.3 Methods for determination of repetitiveness 

The term repetitiveness is used in different contexts to describe a repetitive aspect. 

For example, Kazmierzcak et al. (2005) use the term repetitiveness to explain the 

amount of recovery periods per minute, i.e. sequences >3s in neutral position. The 

term also corresponds to the number of cycle times per time unit (Mathiassen and 

Winkel 1991). Silverstein et al. (1986) use the term in relation to cycle-times to 

deem a work either high repetitive or low repetitive (see below). 

 

 “Cycle times” is an expression often used in combination with methods 

measuring repetitive work. The term cycle refers to a series of movements 

performed repeatedly and the time they will last. The fundamental cycle is a 

subgroup that describes a repeated sequence within the cycle. Sometimes also sub 

cycles are identified, which constitutes of a series of movements performed 

repeatedly being part of a cycle (Radwin and Lin 1993, Silverstein et al 1986, 

Hansson et al. 1996). In order to distinguish when a cycle begins or ends the work 

can be observed and the time point marked with an event (Silverstein et al. 1986) 

or by the use of an effect spectrum with a frequency resolution small enough to 

react on variations in the sub cycles (Radwin and Lin 1993). 

 

A regularly referenced study, when cyclic work is questioned, is a study by 

Silverstein et al (1986). This study describes high repetitive works defined as 

works with a cycle time of less than 30s or where more than 50% of the cycle 

time refers to the work of the fundamental cycle. Low-repetitive work is defined 

as a work with a cycle time below 30s and less than 50% of cycle time involving 

the same type of fundamental cycle. Work cycles in Silverstein et al. (1986) were 

observed and identified by slow playback of the work recorded on a video system. 

A simultaneous measurement with EMG of the forearm flexors revealed that high 

forces and high repetitiveness was correlated with wrist disorders. 

Table 2.2 Summary of velocity level classification for two different sources.The numbers 

presented conserns flexion/extension unless otherwise stated. 
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Radwin and Lin (1993) describe repetitive work with the help from a traditional 

frequency analysis where different sinusoidal frequency components are identified 

and presented in a power spectrum. The number of frequency peaks depends on 

the complexity of the work. This method is based on a cyclic work, where the 

repetitive movements must be broken down to individual components and then be 

considered periodic. For this method to be used, it is required that the signal is 

stationary and clear, i.e. that the power spectra not will change during the 

procedure. This method assumes that the exposure variable, usually the wrist 

angle, can be divided into different frequency components, which in turn gives a 

good picture of the dominating frequencies. 

 

Hanson et al. (1996) illustrate a repetitive work by using a power spectrum 

analysis. Calculations and the use of a mean value, such as mean power 

frequency, are intended to describe the repetitive work. A power spectrum 

describes both flexion/extension and deviation and is calculated of unfiltered 

angular data. Then, the root mean square (RMS) and mean power frequency 

(MPF) are calculated and used to evaluate the amount and influence of high 

frequency power. At each sample of recorded data, amplitude and corresponding 

angular velocity are derived and enables calculation. The authors claim that even 

though MPF generates a more generalized measure than the use of cycle-times, it 

is a more relevant concept to evaluate a repetitive task as it enables measuring of 

more complex movements, i.e. varieties of frequencies. However, MPF does not 

describes to what extent a movement is cyclic or not, i.e. the correlation between 

the time-aspect and the amplitude is not taken into consideration.    

 

Kazmierczak et al. (2005), on the other hand, uses variations in posture as a way 

to express if a work is hazardous or not. Proportion of rest, extreme positions and 

rate of angular velocity are variables that are considered as risk factors. In this 

study, the parameter frequency is defined and related to the numbers of intervals 

per minute of periods (>3 s) in a neutral position. Moreover, frequency is used as 

a way to reflect the opportunity for recovery, expressed by the time aspect and the 

extent of distribution. With this, Kazmierczak et al. (2005) assume that time for 

muscle rest could be stated. Percentage distribution of the different exposure 

parameters formed the basis for the evaluation of the work. 

 

Schoenmarklin et al. (1994) use a data collection method based on potentiometer 

wrist recordings for evaluating the repetitiveness. Through this method, which is 

based on acceleration data, any duration of time can be measured without concern 

to the number of work cycles. The method is based on critical parameters such as 

time and peak acceleration. From these, variables such as wrist angle position, 

angular velocity and acceleration can be identified. Detections and recordings of 

peak acceleration data can identify every single motion. A criterion for a peak 

value to be registered must be set, which in this study corresponded to a motion 

velocity that either increased or decreased by at least 50°/s
2
. Evaluation was 

completed through the number and distributions of work cycles within each 10-
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second period, which in turn were time-weighted in order to illustrate the 

percentage of time distributed in each phase. The cycle-time was identified from a 

motion capture video recording and percentage of time as well as values such as 

mean, max and min, were all used to evaluate if a work was considered hazardous 

or not.  
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3 Method 

This section describes the approach which led to a quantification concept, 

presented in the Result section. The work was conducted in four stages (also 

illustrated in Figure 3.1):  

1) Literature review mainly aimed at finding scientific exposure guidelines for 

wrist movements.  

2) Establishment of the content of a quantification concept, based on findings in 

the literature review (i.e. make decisions of what to show in the concept).  

3) Collection of motion data through an electrogoniometer measurement.  

4) Creation of a calculation program in Microsoft Excel that quantifies the motion 

data according to decisions in stage number 2. 

 

Stage number 3 was done in order to visualize the completed concept using 

authentic motion data, similar to the motion data extracted from a DHM manikin. 

 

3.1 Literature review 

A literature review was done in order to achieve appropriate information 

regarding relevant quantitative evaluation and assessment methods as well as 

current threshold limit values regarding risk exposure of the wrist. The literature 

in this study has primary been collected via databases as Pubmed, Google Scholar 

and ScienceDirect. Key terms such as wrist, repetitive, frequency, velocity, 

amplitude, ergonomic, musculoskeletal and evaluation was combined and used. 

3.2 Establishment of quantification content 

A selection from the literature review was done to sort out appropriate assessment 

methods and exposure threshold values for use. Validated exposure threshold 

values were used as far as possible and in some cases slight modification was 

made in order to enable quantified results. Reasoning was carried out to decide 

how time exposure could be illustrated for the non time-sensitive variables, which 

led to the use of Exposure Variation Analysis (EVA), provided by Mathiassen and 

Winkel (1991), in combination with exposure threshold values (4 Results, Table 

4.2-4.5). In addition to the models in EVA-format, the results of Hansson (2009) 

(3.4 Exposure Guidelines) led to a model where percentile distribution of angular 

wrist positions and angular velocity are presented. 

Figure 3.1 Illustration of the main stages descibing the method approach. 
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3.3.1 Modifications in exposure limit values  

For RULA‟s limits to be useful for the identification of a neutral position, a 

modification of the neutral threshold to an extended area of 0 to 1 degrees in both 

extension and flexion was made. Also, the neutral position, according to the 

concept given in Kazmierczak et al. (2005), was provided with an additional 

modified neutral position where the deviation is not taken into account. This was 

to streamline the movement of flexion/extension.  

 

An additional exposure level was added to Kazmierczak‟s (2005) position 

exposure levels. The original levels neutral (0-20°) and extreme (>60°) were 

added a self-defined Semi-extreme (20-60°) interval in both flexion and extension. 

 

To be able to quantify all the velocities in a work sequence, an additional risk 

velocity level was added in Hansson‟s (2009) model. The original levels (Table 

2.2) Low risk (<11°/s) and High risk (>23°/s) were supplemented by a self-defined 

Medium risk (11-23°/s). Similarly, the original velocity levels by 

Kazmierczak et al. (2005) (Table 2.2) were expanded. Low (<5°) and High 

(>90°/s) were supplemented by a self defined Medium (5-90°/s), in order to 

include all the velocities. 

3.3 Electrogoniometer measurement 

In order to obtain real motion data for illustration of the result of this thesis, an 

electrogoniometer measurement was performed in a kinematic laboratory. A 

biaxial flexible goniometer (Biometrics Ltd., Cwmfelinfach, Gwent, UK) were 

used. Flexion/extension and deviation angles were recorded with a sampling rate 

of 20 Hz using a data logger (DL1001, Biometrics Ltd., Cwmfelinfach, Gwent, 

UK). One task, 100 seconds in duration, was recorded; cleaning a floor using 

mop. This was preceded by attachment (Figure 3.2) and calibration of the 

equipment according to general principles (Hansson 1996, p. 26). The test subject 

was a healthy 26 year old male, 180 cm tall and 75 kg in weight. Only one test 

Figure 3.2 An electrogoniometer attached to right wrist, measuring 

time and angles in sample frequency 20Hz. 
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subject was used, due to the objective of this thesis (i.e. the recorded data were 

used only for illustration of the developed quantification concept). Before further 

calculations in Microsoft Excel (3.4 Programming), all sampled data was filtered 

through a phase-nondesctructive moving average filter of 5 samples. 

3.4 Programming 

To generate a quantified result in tabular form, calculations and programming of 

the motion data was conducted in Microsoft Excel. The program also identifies 

fundamental cycles, which represents the basis for repetitiveness determination. 

The only demand for the program to work is that the recorded data is sampled in 

20Hz. This requirement may be modified in a simple manner. The programming 

simplifies the conversion into another programming language (i.e. implementation 

into IMMA) and automatically generates the tables (3 Results) as new motion data 

is inserted.  
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4 Results 

This section presents six quantification models (Table 4.2-4.7) that all together 

should be seen as the result of this thesis; one proposed quantification concept for 

wrist movements in flexion and extension, concerning angular position exposure, 

angular velocity level exposure and repetitiveness. The concept is based on a 

combination of modified and established evaluation methods, including 

suggestions for how to identify fundamental cycles, in order to determine 

repetitiveness. Note that the presented concept does not determine however the 

analyzed work is hazardous or not, as it fully cannot be scientifically proved. 

Table 4.2-4.7 and figure 4.1 in this section are generated through the program 

created in Microsoft Excel (3.4 Programming). Table 4.1 illustrates an overview 

of the scientific sources used in each quantification model. 

4.1 Position exposure 

Table 4.2 displays a quantification model where RULA exposure limits for 

flexion/extension were combined with the variable duration of EVA (Mathiassen 

and Winkel 1991) in order to include the time factor. A slight modification was 

made in RULA‟s definition of neutral position, which originally advocates 0º. 

Table 4.2 The percentage of total time spent in a particular posture interval (row), and in 

uninterrupted sequences of a specified duration (column).Position intervals are according to 

RULA exposure limit values, shown in EVA disposition. 

Table 4.1 An overwiev of the scientific sources used in the quantification concept models. 
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This precise value is never achieved in real life, why the neutral position in Table 

4.2 is defined as 0-1º in flexion or extension. 
 

Table 4.3 displays a quantification model where exposure limit values for 

flexion/extension from Kazmierczak et al. (2005) were combined with the 

variable duration of EVA (Mathiassen and Winkel 1991) in order to include the 

time factor. The limits of neutral position were modified so that deviation is not 

taken into account. Moreover, an extra position level (semi-extreme) was added. 

 

4.2 Velocity level exposure  

Table 4.4 displays a quantification model based on angular velocity level 

exposure limit values in flexion/extension from Kazmierczak et al. (2005). As in 

previous models, EVA stands for the disposition (i.e. Specifies the percentage of 

total work time spent in specific velocity levels and duration sequences). An 

additional level was added (medium) in order to cover all velocities. 

  

Table 4.3 The percentage of total time spent in a particular posture interval (row), and in 

uninterrupted sequences of a specified duration (column).Posture intervals are according to 

Kazmierczak et al. (2005) exposure limit values, shown in EVA disposition.  
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The principle of Table 4.5 is similar to the previous. The difference is that the 

velocity levels are illustrated through a risk rating (2.4.2 Velocity level exposure) 

by Hansson et al. (2009). 

  
 

 

 

 

 

 

 

  

Table 4.4 The percentage of total time spent in a particular velocity level (row), and in 

uninterrupted sequences of a specified duration (column). Velocity levels according to 

Kazmierczak et al. (2005), shown in EVA disposition. "Secuence duration" denotes 

coherent periods of time. Low (<5°/s), Medium (5-90°/s), High (>90°/s). Static 

position is defined as coherent periods >3s and <5°.Rest is defined as fractions of 

time in neutral position with velocity <5°/s. 

Table 4.5 The percentage of total time spent in a particular velocity level (row), and in 

uninterrupted sequences of a specified duration (column). Velocity levels according to 

Hansson et al. (2009), shown in EVA disposition. "Sequence duration" denotes 

coherent periods of time. Low risk (<11°/s), Medium risk (11-23°/s) and High risk 

(>23°/s).Static is defined as coherent periods >0,5s and velocity <1°/s. 
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4.3 Percentile distribution exposure   

The model presented below is meant to be used as a quantification of an entire 

work sequence.  It provides a percentile distrubution in wrist position and angular 

velocity, to be compared  with exposure limits in previous models. As an 

example: When comparing the 50th percentile outcome of this specific work 

(cleaning a floor using mop, 3.3 Goniometer measurement) with the exposure 

limits in chapter 4.1-4.2, you may obtain indications of extreme position exposure 

according to RULA and semi-extreme according to Kazmierczak et al. (2005).  
 

 

 

 

 

4.4 Fundamental cycles and repetitiveness 

To assess repetitiveness, a suggestion of how to identify fundamental cycles is 

displayed in Figure 4.1. Each black dot represents the start of a new fundamental 

cycle (i.e. the start of a movement). The program in Microsoft Excel identifies the 

start of each movement when the sampled data meets following criteria: 

 The angular velocity to cross the limit of 5º/s, i.e. from a lower to a higher 

velocity. 

 The velocity to remain above 5º/s in at least 0.5s (in this case 10 samples, 

due to the sample frequency 20 Hz, see 3.3 Goniometer measurement) 

after crossing the limit. 

 

The program summarizes the number of detected movements throughout the work 

sequence and displays the frequency in number per minute (Table 4.7). The 

frequency ratio may then be compared with the definitions by RULA to assess the 

degree of repetitiveness. Note that Figure 4.1 only displays a short sequence of the 

recorded work.  

  

Table 4.6 Percentile distribution of position and 

absolute velocity in the entire work sequence. 

Negative values denote flexion. 
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Table 4.7 Number of identified fundamental cycles/movements and 

the frequency of movemts during the entire work sequence. 

 

Figure 4.1 Visualized flexion/extension movement (blue kurve) and the start of each fundamental cycle (black 

dots). Positive values in angular position (y-label) denote extension.The first 16 seconds (out of totally 100s) 

are shown as an example. 
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5 Discussion 

This thesis proposes a concept for quantification of wrist movements, which 

contributes to a first leap in the development of a comprehensive assessment 

method for DHM use. The result highlights the exposure of position, velocity and 

repetitiveness. In this section, deficiencies in specific parts of the result are 

discussed in order to highlight areas for further development. 

5.1 Literature review 

The literature review discovered a number of recurring and various concepts that 

were related to the time-aspect. Most frequent variables that were found 

concerned repetitiveness and angular positions, but also velocity and rest was 

represented. However, all of them have in common that they in different ways 

express the exposure over time, i.e. variation, how much and how often the 

exposure occurs (Mathiassen 2006). The literature study, in accordance with a 

recent review by Berlin and Kajaks (2011), shows that several of the time-related 

terms as variables, used in scientific research, lack a uniform definition. For 

example, repetitiveness is a commonly used expression in the field of ergonomics 

assessment, but how much and how often a movement must be repeated being 

called repetitive is not clearly stated. When it comes to time-related terminology, 

there seems to be no standard glossary. Micro-recovery, extreme positions, and 

high velocity are examples of different terms that were mentioned in the literature 

study. In addition it seems to be no golden quantitative thresholds for each 

exposure value. Kazmierczak et al. (2005) defines for example maximal 

flexion/extension i.e. extreme position, as a position more than 60°, while RULA 

uses >15° in order to express the maximum value. This means that concepts 

examined by different researchers have been studied with a variety of orientations. 

Hence, it is difficult to compare different methods. With this in mind, one may 

wonder if the current thresholds, as for example related to angular position, are of 

sufficient subdivision so that a large amount of quantitative information 

effectively can be discriminated and evaluated later on. 

 

Kazmierczak et al. (2005) uses the term frequency to describe the extent and 

number of micro-recovery periods. This was done to describe the percentage 

distribution of recovery during the work period, since a work at low speed in 

neutral position was equated with muscle rest. This assumption was partly 

confirmed by Hansson et al. (2009) who simultaneously with wrist movement 

recordings measured the electromyography (EMG) in the arm flexors. Findings 

from this study also confirmed a high correlation between repetitive work and 

velocity. In addition, EMG measuring showed that high angular velocity was 

correlated with high muscular activity, especially when the task was force 

demanding. The study also revealed that a work task performed with low angular 

velocity (< 1°/s) generally was related to muscle rest. However, this may not be 

the case while considering constrained postures as for example in computer work. 

Hansson et al. (2009) reports that office workers with a computer-based work 
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involving computer mouse, shows very low values of muscular rest connected 

with low velocity work. In the study, the measured velocity during the mouse 

based computer work was lower than during breaks (< 5°/s). This could cause 

misleading conclusions as the low velocity aspects could be mistaken as a non-

hazardous task. By this conclusion, ergonomics assessments based on few 

parameters as velocity and angular distributions are not sufficient to assess risk 

exposure for the wrist. 

5.2 A push for progress 

Since this work was conducted in the context of IMMA, the aim is to implement 

the generated concept into that DHM tool, likely preceded of further development. 

Eventually, to be able to fully assess wrist movements of a DHM manikin, it is 

desirable to use validated assessment methods. However, the need of validity may 

not be absolutely crucial because of the current allowance of company-specific 

assessment methods (e.g. Saab Automobile uses BUMS). With this in mind, how 

may the presented concept still be used for provisional assessment of a work 

sequence, despite the fact that the concept in its present form are not intended for 

it? A few points, one for each of the objected exposure classes (i.e. position, 

velocity and repetitiveness), that may trigger further discussion and emphasize the 

areas where research is necessary are presented below. 

 

 Position is probably the most difficult exposure class to assess in a 

movement as it is not related to time in its pure form. In order to include 

time, positions were built into a EVA table in the presented concept (e.g. 

Table 4.2). This provides a result that indicates the percentage of total 

working time spent in predefined angular ranges in consecutive periods of 

time. An adequate assessment of this quantification is difficult to perform. 

However, RULA recommend neutral positions, which is a logical 

recommendation for static positions. On the other hand, movements 

should be evaluated in the context of dynamics, which means that a long 

period of time in neutral position (static) is not necessarily beneficial. 

Mathiassen et al. (2004) points out that short sequences of extreme 

positions are likely to be beneficial from the risk of wrist disorder point of 

view.  This argument advocates a more complex assessment approach 

based on Table 4.2 and 4.3, as high percentages in the row for neutral 

position is not entirely favorable. 

 

 50
th

 percentile velocity of the entire work sequence (Table 4.6) can be 

compared against the velocity risk levels in Table 4.5. Hansson (2009) 

found the 50
th

 percentile velocity in high-risk groups (23°/s) and low risk 

groups (11°/s) studying 686 test subjects, which may allow this 

comparison to be made. The illustrated case in this report corresponds to a 

50
th

 percentile velocity of 41°/s, deemed as high risk. However, an 

important variable for complete assessment is missing; load. The effect of 

load is influenced by human diversity (e.g. strength, range of motion) and 
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cannot be determined solely from the weight of the handled part in an 

assembly situation. This fact generates difficulties for assessment in DHM 

tools. On the contrary, DHM-tools are used to generate an evaluation 

result that is indicating a risk rather than establishing a risk.      

 

 Figure 4.1 and table 4.7 shows a proposed method for identification of 

fundamental cycles/movement and the frequency of those, respectively. 

The frequency table can be used to provide an indication of frequency 

level, when compared to available definitions. Considering the illustrated 

case, the work sequence is repetitive according to RULA (>4 rep/min). 

However, this way of assessment is strongly doubtful as the identification 

of each movement is based on proprietary mathematical formulas in 

Microsoft Excel. In addition, there is no scientific consensus concerning 

definition of repetitive work. 

5.3 Conclusion 

In accordance with the objective of this thesis, the result presents combinations of 

different measurement models considering angular position exposure, angular 

velocity level exposure and repetitiveness, all together seen as a quantification 

concept. This illustrates that a variety of time-based, quantifiable methods can be 

combined and used for a wide ergonomics quantification of exposure. For such 

quantifications to be effective, additional variables of load definitions and 

exposure limit values must be defined, as well as each variable should include 

more exposure classes than today‟s methods do. Moreover, this thesis presents a 

quantification concept, which is intended to serve as a basis for development of a 

comprehensive assessment method for DHM environment use.  
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