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Research context 

Physical inactivity is one of the most important health issues of today’s society (Blair, 2009). It is 

defined as the absence of moderate to vigorous physical activity and is often confused with 

sedentariness. Sedentary activities are those that do not use more than 1.0 – 1.5 Metabolic 

Equivalents (MET’s). A sedentary lifestyle is associated with lower health and therefore a lot of 

studies already did research  on sedentary lifestyle (Pate, O'Neill, & Lobelo, 2008).  

Recent study shows that when 30 min/day sedentary time was replaced by 30 minutes of light 

intensity physical activity, this was associated with better physical health and well-being (Buman et 

al., 2010). It is a proven fact that regular physical activity is associated with a lower risk of mortality 

and contributes to primary and secondary prevention of different chronical disorders (Warburton, 

Nicol, & Bredin, 2006).  

A sedentary lifestyle could have an effect on the endurance of the trunk flexors and extensors 

muscles. This can be explained, indirectly, by other consequences of sedentariness as for example 

obesity (Ervin, Fryar, Wang, Miller, & Ogden, 2014). Testing trunk muscle endurance would seem to 

be very important in the prediction, prevention and rehabilitation of low back pain (Arab, Salavati, 

Ebrahimi, & Ebrahim Mousavi, 2007). For this reason, research was done to the effects of 

sedentariness on different body parameters, with in this part a special emphasis on the muscle 

endurance of the trunk muscles.  

This thesis, under supervision of Prof. Dr. Frank Vandenabeele, is situated within the education 

revalidation sciences and physiotherapy. The study is part of a larger research to the effects of 

sedentariness, started up in 2017. This research is part of the musculoskeletal as well as the 

cardiorespiratory and internal subdomain of revalidation sciences and physiotherapy. 

The research was executed by two master students of revalidation sciences and physiotherapy. 

During this study, students of the first year of UHasselt were recruited to record the effects of their 

sedentary behavior on different body parameters. The recruitment and the research were executed 

independently by the two master students. 
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The research was held in the REVAL Rehabilitation Research Center of the Biomedical Research 

Institute of Hasselt University. The needed material was provided here. The blood sample was taken 

by a qualified nurse of the REVAL. The data-acquisition of the cardiorespiratory part was executed 

under supervision of Prof. Dr. Hansen and Drs. K. Verboven. The field tests for the musculoskeletal 

part of the research were executed independently by the students, together with the data 

processing of all research. The statistical analysis of the results was made under supervision of Prof. 

Dr. Hansen, while the interpretation and academic writing was done by the students under 

supervision of Prof. Dr. Frank Vandenabeele. 
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Abstract 

Background: A sedentary lifestyle is one the most important problems that health care has to deal 

with in the 21st century. This trend is mostly found among adults. It turns out that also students of 

higher education are susceptible to this lifestyle. 

Objectives: The goals of this study are (1) to determine the activity profile and sedentary time of 

the study population and (2) to determine the influence of these results on the endurance capacity 

of the trunk muscles, more concrete: the trunk flexors and extensors. 

Participants: Fifty male and female first bachelor students from the University Hasselt, Belgium.  

Measurements: Objective data about the participants activity profile was measured by 

accelerometry, physical parameters by DEXA-scan and trunk muscle endurance by two field-tests.  

Results: The most considerable findings of this study are the negative correlations of the trunk 

flexors and extensors muscle endurance with the fat mass upper limb (FMUL) (p<0.05). For the 

extensor muscles, there is a correlation with BMI and a negative correlation with the fat mass and 

fat mass index (p<0.05). FMUL and fat free mass upper limb (FFMUL) are important predictors for 

the endurance of extensor muscles. Together they have a predictable value of 20.5%. With the 

accelerometer data correlations were found for the flexor muscles. A negative correlation with the 

time of sedentariness and a positive correlation with the light intensity physical activity (LIPA) 

(p<0.05). LIPA-perc and MET’s/day have a predictable value of 23.3% for the flexor muscles. 

Conclusion: A sedentary lifestyle can lead to gaining weight, which causes a lower endurance of 

trunk extensor muscles. Upper limb fat was a significant predictor for the trunk extensor muscle 

endurance. We found a better trunk flexor muscle endurance with people that spend more LIPA per 

day, which could mean that the more (light) active people are, the better the trunk flexor muscle 

endurance. To confirm these effects, more research is needed.  
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1. Introduction 

Physical inactivity is one of the biggest risk factors of mortality (Mokdad, Marks, Stroup, & 

Gerberding, 2004) and has been identified as one of the most important public health problems of 

the 21st century (Blair, 2009). Physical inactivity has traditionally been considered as the absence 

of physical activity (PA) at moderate-to-vigorous intensity level (MVPA). Sedentary behaviour is 

defined as those activities that do not increase energy expenditure substantially above the resting 

level (i.e., 1.0–1.5 METs) and includes activities such as sleeping, lying down, doing (home)work on 

the computer, sitting while watching television, and standing still quietly (Ainsworth et al., 2011). 

Early adulthood has been identified as one of the periods with high risk for reduced time spent in 

MVPA (Telama et al., 2014) and increased time spent in sedentary behaviours (Matthews et al., 

2008). A possible explanation of the increased time spent in sedentary behaviour is the increased 

hours of school work and the obligation to attend classes, which are mostly in seated position (Kwan, 

Cairney, Faulkner, & Pullenayegum, 2012; Ortega et al., 2013).  

 

An active lifestyle is desirable in terms of future health. Previous studies found that regular PA is 

associated with a reduced risk of mortality and contributes to the primary and secondary prevention 

of several chronic diseases (Mokdad et al., 2004). Recent evidence suggests that replacing 30 

minutes/day of sedentary time with LIPA is associated with better physical health and overall well-

being (Buman et al., 2010). 

Since the adverse effects of sedentary behaviour are well known, several public health guidelines 

concerning PA among healthy adults have been published over the last years, they differ in the 

amount, intensity and frequency of PA. The most widely accepted and most recent recommendation 

recommended at least 150 minutes (min) of moderate aerobic PA/week or 75 min of vigorous 

aerobic PA/week, also allowing the combination of the two intensities, and in episodes of at least 

10 min (WHO, 2010). However, despite its benefits, a high percentage of adults do not meet the 

current recommendations for PA (Van Dyck et al., 2015). 
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Various methods of subjective and objective PA assessment tools have been developed. Subjective 

methods, such as diaries, questionnaires and surveys, are inexpensive tools. Nevertheless, these 

methods often depend on individual observation and subjective interpretation, which makes the 

assessment results inconsistent (Meijer, Westerterp, Verhoeven, Koper, & ten Hoor, 1991). On the 

other hand, objective techniques use wearable motion sensor for PA assessment (Yang & Hsu, 

2010). 

 

Despite the adverse effects of sedentary behaviour on the parameters mentioned above, it probably 

also effects the muscle. While sedentary behaviour probably can lead to obesity  (Bauman, 

Phongsavan, Schoeppe, & Owen, 2006),  Ervin, Fryar, Wang, Miller & Ogden (2014) found that obese 

and overweight children in the United States had greater absolute strength, but lower functional 

strength than normal weight children, with the latter being likely more relevant to the individual’s 

mobility and quality of life. Studies have identified that trunk muscle performance is important in 

preventing an occurrence or recurrence of a back injury. While people with recurrent low back pain 

had weaker muscles compared with healthy subjects, people with good isometric endurance of 

trunk extensor muscles appeared to be protected from low back pain problems (Biering-Sorensen, 

1984). 

Testing trunk muscle endurance would seem to be very important in the prediction, prevention and 

rehabilitation of low back pain (Malliou, Gioftsidou, Beneka, & Godolias, 2006). It has been reported 

that evaluation of the endurance of trunk extensor muscles has greater discriminative validity than 

evaluation of muscle strength for low back pain (Biering-Sorensen, 1984). Numerous studies have 

shown a significant decrease in trunk extensor muscle endurance in patients with low back pain 

(Hultman, Nordin, Saraste, & Ohlsen, 1993) but less attention has been given to the trunk flexor 

muscles. It has been reported that trunk flexor muscular endurance in patients with low back pain 

is less than that in the normal health population (Ito et al., 1996). 

Despite the enormous amount of studies that has been researched the effects of sedentariness on 

health and body, there is little known about the connection between sedentariness and the 

endurance capacity of the trunk muscles.  

The goals of this study are (1) to determine the activity profile and sedentary time of the study 

population and (2) to determine the influence of these results on the endurance capacity of the 

trunk muscles, more concrete: the trunk flexors and extensors. 
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2. Method 

This article covers a cross-sectional study concerning sedentariness. From this study, there were 

written different articles. This part covers the trunk muscle endurance in relation to physical activity. 

The measurements used in this part are mentioned in table 1. The study was approved by the 

Commission Medical Ethics of the Jessa Hospital (Hasselt). 

 

Table 1: Used measurements thesis   

  

Participants 

The recruitment went by a circular e-mail that was sent over the e-mail addresses of the University 

of Hasselt. It was sent to all first-year students of the university. Furthermore there was recruited 

by means of flyers, posters and social media. 

All participants are healthy students who started their academic career in 2016-2017 at the 

University of Hasselt. The first reason why these participants were chosen is because they are 

people who started an academic education after finishing high school. Another reason is that 

previous studies have shown that university students are susceptible to sedentariness because they 

do not get their daily amount of PA that is recommended (Arias-Palencia et al., 2015). 

To obtain a homogeneous group with different aspects from the first year students at the University 

of Hasselt, different courses were included in this study. 
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The inclusion criteria for this study were first of all that the participants were students who started 

their academic education in the year 2016-2017. For that matter, these students should be in the 

age category “young adults” of 18-24 years old (MESH-term). To perform the tests the participants 

had to be of good health and be capable of doing the tests themselves. 

Participants who first did another course or redid their first year for the second time were excluded 

from this study because they already adapted this specific lifestyle for one year or longer. 

Participants who were injured and were not able to finish the tests were excluded. If their 

accelerometer data did not meet the next condition, the participants were excluded: the participant 

wore the device minimally five days for ten hours, with one of these days being a weekend day. 

Participants were also excluded if they did not speak Dutch. 

Procedure 

The tests were executed in the Rehabilitation Research Centre (REVAL) in Diepenbeek. This is part 

of the research institute BIOMED (University of Hasselt). Participants were invited to take part in 

the study one time and had to present themselves sober. Variable tests were taken to get a clear 

image of the participants’ health.  

First the course of the study was explained after which the participants went through and signed 

the informed consent (appendix A).  

Measurements 

Blood sample 

The participants were sober after overnight fasting. The blood sample was taken by the local nurse 

and in sober condition of the participant. The nurse is an experienced person whereby the 

measurements are reliable and valid. These measurements are taken to determine their 

cardiovascular risk profile. The blood was analysed in the laboratory of the Jessa Hospital in Hasselt. 

Following parameters were analysed from the blood: total sober glucose (TSG), total sober insulin 

(TSI), total cholesterol (TC), low-density-lipoprotein (LDL), high-density-lipoprotein (HDL) and total 

triglyceride (TG) and C-reactive protein (CRP). 
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Dual Energy X-ray Absorptiometry (DEXA) scan 

Next a Dual Energy X-ray Absorptiometry (DEXA) scan (Hologic Series) (Picture 1) was taken. With 

this scan, the participant’s body composition can be discovered. The DEXA-scan was chosen to get 

a full body composition, but also because this scan is considered valid regarding measuring the 

visceral fat in comparison to a Computer Tomography (CT-scan) and a Magnetic Resonance Imaging 

(MRI) (Micklesfield, Goedecke, Punyanitya, Wilson, & Kelly, 2012). The X-radiation (X-ray) and costs 

are lower using a DEXA-scan than a CT-scan or MRI (Blake, Naeem, & Boutros, 2006). The machine 

was operated by an experienced local examiner. With this scan, it is possible to separate the body’s 

fat free mass from the fat mass. Besides the different body parts were looked at separately: the 

upper limbs, lower limbs and trunk. Following parameters were analysed: fat free mass (FFM), fat 

mass (FM), fat percentage (FatPerc), Fat Free Mass Index (FFMI (kg/ m²)), bone density (z-score) and 

fat free mass and fat mass from all limbs. 

 

 

 

 

Picture 1: DEXA-scan (Hologic Series) 

Waist measurement 

The waist was measured to determine how much visceral fat a participant has and compare it to the 

standard value. The recommended sex-specific cut-off points are 94 cm (men) and 80 cm (women) 

for increased risk at metabolic complications cut-off points were 102 cm (men) and 88 cm (women) 

(WHO cut-off points). The measurements were made with a Seca-tape measure (Seca) (picture 2) 

by two examiners in a standardised way. This method is considered reliable and valid for adults of 

eighteen years and older. Using this method it is important to minimize the number of examiners 

to preserve the validity and reliability (Geeta et al., 2009). The participant had to stand in front of 

the examiner with his/her feet together. The lower rib was palpated together with the crista iliaca. 

The midpoint of these two reference points was determined and that is where the measurement 

was made. The measurement was made under normal breathing. Two attempts were made from 

which the average was taken to minimize measuring mistakes.   
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Picture 2: Seca-tape measure (Seca) 

Standard breakfast  

To minimize the influence of nutrition a standard breakfast was offered to each participant. They 

got two sandwiches (Lidl house brand) with two portions of jam (25g De Ruijter Kleintjes extra jam) 

and orange juice (200 ml Wicky orange juice). 

Questionnaires  

During breakfast the participants received a bundle with forms and questionnaires. The first form 

they had to fill out was a general form (appendix B). This form included personal particulars like date 

of birth, sex, illness, hobbies and course.  

Due to the fact that they had to give maximal effort during the tests, there was chosen to do a 

Physical Activity Readiness Questionnaire (PAR-Q) (appendix C), to get an image of the participant 

during these tests. With this questionnaire, it was possible to estimate the participant’s reaction 

during the tests. According to the review of D.E.R. Warburton et al. (2011) the PAR-Q is an 

international standard for participation screening.  

The validated International Physical Activity Questionnaire (IPAQ) (appendix D) was taken. This 

questionnaire checks the participant’s activity of the last seven days. There was chosen to use the 

long version of the questionnaire, which has high test-retest reliability. The criteria validity of the 

long IPAQ version, in comparison to a accelerometer on average corresponded (Craig et al., 2003). 

Participant’s filled out this questionnaire themselves. Physical activity was questioned by means of 

four categories: activity at work, activity concerning transport, activity during housekeeping and 

activity during spare time and sports. Participants had to tick off which activities they performed, 

how long (hours and minutes) and the intensity of these activities. With the answers to these 

questions participants were measured a continuous variable by means of formulas: METs-minutes. 
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Afterwards the examiners could determine a categorical variable based on the activity level of the 

participant. Based on specific criteria participants were divided in different groups: low, moderate 

or high. 

Whilst explaining the questionnaires to the participants, the examiner asked for complaints in the 

area of the lumbar spine, cervical spine, shoulder and arm. For each complaint, a Numeric Pain 

Rating Scale (NPRS)(appendix E) was used. The NPRS is a scale from zero to ten, on which zero is “no 

pain” and ten is the “worst thinkable pain”. The use of a self-report pain measure can provide usable 

information for pain outcome and has high validity and reliability scores (Von Korff, Jensen, & Karoly, 

2000). 

For every pain area that the participant indicated, a specific questionnaire was filled out. For the 

lumbar spine the Roland Morris Disability Questionnaire (RMDQ) (Roland & Morris, 1983) (appendix 

F) was used. In this study, the Dutch version of this questionnaire was used that was made available 

by G.J. van de Heijden in 1991. This version showed good reliability (ICC=0.91) in the article of S. 

Brouwer et al. (2004), however, when using it in clinical situations, you should bear in mind the 

natural variation. It is a questionnaire that tries to form an image of the participant’s complaints on 

this day, using 24 predetermined sentences. There are two possible answers: “yes” or “no”. With 

these questions, a total score is determined. If the participant answered “yes” he got one point, if 

the participant answered “no” he got zero points. The higher the score, the more limited the 

participant was because of the complaints in the lumbar area. The highest possible score was 24, 

the lowest zero, which meant no limitations for the participant.  

A Neck Disability Index (NDI) (appendix G) was used when pain was indicated in the neck area. The 

NDI is the most used and validated questionnaire worldwide for self-rated disability by patients with 

neck pain (Vernon, 2008). The questionnaire had ten categories with six possible answers in each 

category. These answers are being scored from zero to five. Zero means no complaints and five the 

worst thinkable complaints. The scores of all ten categories are counted and form a rough outcome 

which can be maximally 50. To get a percentage to 100, the rough data should be multiplied by two. 

If participants indicated pain in their upper limb the Disabilities of Arm, Shoulder and Hand 

questionnaire (DASH-questionnaire) (appendix H) was used (Beaton et al., 2001). The Dutch version 

of the DASH is a reliable and valid instrument to assess disability and symptoms with Dutch patients 

for different unilateral upper limb conditions (Veehof, Sleegers, van Veldhoven, Schuurman, & van 

Meeteren, 2002). This questionnaire looks at the symptoms of the participants as well as the ability 
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to execute certain acts. There are 30 items that need scoring with each five possible answers, based 

on the condition of the past week. If the participant did not executed the activity in that week, 

he/she had to try and estimate the activity as good as possible. 

When the pain was located at shoulder’s height (and not at arm-hand) there was chosen for a 

Shoulder Pain And Disability Inventory (SPADI) (appendix I) (Roach, Budiman-Mak, Songsiridej, & 

Lertratanakul, 1991). The Dutch SPADI is a valid and reliable questionnaire for patients in primary 

care in assessing functional disability (Thoomes-de Graaf et al., 2015). This questionnaire measures 

the symptoms and functional limitations of the participant in the past week. It consists of thirteen 

items and is split up in two categories. One category is ‘pain’ and consists of five items, the other 

category is ‘activities’ and consists of eight items. Each item was scored by means of a Visual Analog 

Scale (VAS-scale). This VAS-scale was divided into eleven options from zero to ten. Zero is no 

complaints or limitations, ten are serious complaints and lots of pain. 

Every discussed questionnaire was valid and reliable for evaluating pain and limitations in specific 

areas (upper limb, shoulder, neck, low back) while executing daily activities. 

Measuring blood pressure 

Blood pressure and heartbeat of the participant were measured after breakfast. These were taken 

with Panasonic: Diagnostec EW-BU15 (picture 3). This specific apparatus of Panasonic was not yet 

validated, but other types (EW3106 and EW3109, Panasonic: Diagnostec) were and met the 

requirements of the European Society of Hypertension (Bonso, Dorigatti, & Palatini, 2010). First the 

participant had to lay down on the examination table and got the instructions to stay still for five 

minutes to get into rest. After five minutes, the device was placed on the participant’s right upper 

arm. The blood pressure was measured three times, from which an average was taken to minimize 

mistakes. The systolic and diastolic blood pressures were determined together with the heartbeat. 

 

 

 

Picture 3: Panasonic: Diagnostec EW-BU15 
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Muscular endurance tests 

Two field tests were held to establish the stamina of the trunk flexor and extensor muscles: the 

Isometric flexors endurance test and the Biering-Sorenson test that calculated the stamina of the 

extensor muscles. Before taking the test, participants had a five-minute warm-up on a home trainer 

at 40 Watt. A warm-up for the flexor and extensor muscles was also provided. Participants had to 

put their arms to the ground fifteen times, with stretched legs. After this they were asked to make 

ten big circles with the trunk, clockwise, and ten times anticlockwise. After the warm-up, the flexors 

endurance test was done first and then the Biering-Sorenson test. For each test, the participants got 

three attempts, with two minutes of rest in between. The final outcome of the tests was the average 

of three attempts.  

Flexor statistic endurance: based on the article of Moreland (1997) test 5 (picture 4). The participant 

had to lie on the examination table with bend knees (90°). The participant had to lift head and 

shoulders until the inferior scapula tip came off the table. This position had to be held as long as 

possible and was calculated in seconds with a stopwatch. The examiner could correct the 

participant’s position only one time.  

 

 

 

 

 

Picture 4: Flexor statistic endurance 
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Extensor statistic endurance: based on test 6 from Moreland’s article (1997) (picture 5). The 

participant had to lie with his/her stomach across the border of the examination table. The lower 

limbs were fastened with three belts at ankle height, proximal at the tibia and proximal at the femur. 

The iliac crest was the reference point in this position. It had to stay on the border of the table to 

execute the test. The participant’s arms were crossed in front of the chest and he/she got the 

instruction to hold the trunk in neutral position. The examiner could correct the participant only one 

time. Seconds were calculated by means of a stopwatch. 

 

 

 

 

Picture 5: Extensor statistic endurance 

Graded exercise test 

After completing the strength measurements, a graded exercise test was held. The test was 

executed on a bike (eBike Basic, General Electric GmbH, Bitz, Germany) (Picture 6).  

 

 

 

 

 

 

Picture 6: eBike 

Before the test, the participant’s data was put into a computer (name, first name, date of birth, 

weight and length). To monitor the heart continuously like described in the guidelines of F. Fletcher 

et al. (2001), a 12-lead ECG device (custo) was used. Next the participant had to put on a pulmonary 

mask of the Jaeger Oxycon apparatus (Erich Jaeger, GmbH, Germany) (picture 7).  
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Picture 7: Jaeger Oxycon apparatus 

Before putting on the mask, a pre-measurement and a print of the heart rhythm in rest were made. 

These were looked at by a qualified examiner, who had years of experience in conducting maximal 

effort tests, to find out if the participant had any heart conditions. If there were no problems, the 

test could go on. There were two different bike protocols for men and women. The female 

participants started with a resistance of 40 Watt, male participants of 50 Watt. Every minute the 

resistance rose, with 20 Watt for female participants and 25 Watt for male participants. On the 

eBike participants could see the number of revs per minute on a display. While the resistance 

gradually rose, participants had to try and stay as long as possible between 60-70 revs per minute 

(Fletcher et al., 2001). The test stopped when the participant could not keep up with this amount of 

revs per minute or when there were abnormalities on the ECG. The examiner decided when the test 

stopped, but it was also stopped when participants indicated he/she could not continue any longer. 

The examiner asked to hold legs still and stay seated on the bike. An ECG-print was made when the 

participant reached maximal effort. From this the maximal heartbeat was determined. Afterwards 

the participant had to hold his/her legs still for one minute, after which another ECG-print was taken 

to determine the heart rate recovery. To prevent venous pooling the participant had to ride the bike 

at low resistance for five more minutes,  

Afterwards the participant could come of the bike. The ECG-prints were checked for abnormalities 

during and after the test. Following parameters were taken: ventilatory threshold 1 (VT1) and 2 

(VT2), VO2max, respiratory exchange ratio (RER), peak heart rate (peakHR), heart rate recovery (HR 

recovery) and peak wattage (peakW).  
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Accelerometer  

The IPAQ often underestimates the sedentary behaviour because of the recall and reporting biases. 

Therefore an accelerometer (GT3Xplus) was used to measure the physical activity level of the 

participants in an objective way (Prince et al., 2008). 

The tri-axis ActiGraph GT3X+ (ActiGraph, Pensacola, Florida) (picture 8) accelerometer-based 

activity monitor offers an unique combination of both vector magnitude calculation, allowing 

measurement of physical activity intensity in three separate body surfaces, and inclinometer 

functionality, allowing the identification of the anatomical position (e.g., lying down, sitting, 

standing). It measures body acceleration as counts per minute. Using defined cutting points for 

accelerometer measurements it is possible to measure activity at different intensities e.g. light, 

moderate, vigorous intensity, as well as measure number of steps. They measure frequency, 

intensity and duration of free-living PA. The Acti-Graph accelerometer has been validated for the 

measurement of PA dimensions in different populations and as an accurate measurement of 

sedentary behaviour (Carr & Mahar, 2012; Yang & Hsu, 2010). The accelerometer was worn on the 

hip with the aid of an elastic band. According to Welk GJ. (2002) wearing the device at the hip was 

recommended because it provides the most accurate assessments of normal ambulation. The 

accelerometer was worn for seven consecutive days. ActiGraph data was considered valid if there 

were more than 600 minutes of monitoring per day and at least five days, one being Saturday or 

Sunday (Gretebeck & Montoye, 1992). 

 

 

 

Picture 8: ActiGraph GT3X+ 

The participants were instructed to:  

 Wear the accelerometer only by day. 

 Do not wear the accelerometer in contact-sports or sports where there is any chance of 

damaging the device. 

 Do not wear the accelerometer in water-related activities like showering and swimming. 
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After seven days, the participants were expected to bring back the accelerometers. The examiners 

analysed these accelerometers with the Actilife program (ActiGraph, Pensacola, Florida). This is a 

valid program to analyse the accelerometer data. 

After running Actilife the examiners got a file with the following outcome: wear-time, non-wear-

time, sedentary time, MVPA, LIPA, total kcal and total METs. 

These intensities of PA were determined by Freeson, Melanson & Sirard (1998).  The intensity was 

defined by counts per minute (cpm). The benchmarks for these intensities are: sedentary = <100 

cpm, light PA = 100–1951 cpm, moderate PA = 1952–5724, vigorous PA = 5725 and MVPA was 

calculated with the sum of moderate and vigorous PA.  

From this programme a document was made with different parameters: wear time, non-wear time, 

sedentary time, medium to high activity, low activity, burned kcal and METs. These data was 

analysed to become following parameters: total wear time (minutes), average wear time per day 

(minutes), total non-wear time (minutes), non-wear time per day (minutes), total sedentariness 

(minutes), average sedentariness per day (minutes), MVPA (minutes), MVPA per day (minutes), total 

LIPA (minutes), average LIPA per day (minutes), total kcal of activities (kcal), average kcal of activities 

(kcal), total METs (totMET’S)and average METs per day (MET’S/day) . 

Nutrition diary 

The nutrition diary was explained to the participant. There was agreed that participants would write 

down everything they eat, for three days of the week, one day being a weekend day. The nutrition 

diary had to be as complete as possible and was turned in together with the accelerometer. One 

examiner analyzed these and established following parameters: carbohydrates/week, fat/week and 

protein/week   

Statistics 

With version 24 of SPSS (SPSS Inc., IBM Corp, Armonk, NY) the obtained results were analyzed. The 

analysis consisted of four phases. First, descriptive statistics with a distinction between men and 

women was made. Second, to determine whether the tests should be parametric or non-parametric 

the normality was determined with the help of the Kolmogorov-Smirnov test. Third, correlations 

were determined, with emphasis on correlations with (average) trunk flexors and trunk extensors 

muscles. To examine which variables could give a prediction about these tests, the automatic linear 
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modeling was executed. The last phase was a regression with the variables that were found in the 

automatic linear modeling. 
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3. Results 

Descriptive 

In total 50 participants were examined. Only 40 of them were included in the study because of 

insufficient accelerometer data (n=7), one participant with hypercholesterolemia and two with 

missing data (figure 1).  

Figure 1: Flowchart 

 

Lots of parameters were checked within the scope of the coordinating study. This research puts 

emphasis on the measurements of the DEXA-scan, accelerometer and the trunk flexors and 

extensors muscle endurance.  

The study included fifteen male participants and twenty-five female participants. The average age 

was 18.9 years old with an average BMI of 21.51. The fat percentage of the men, an average of 

14.88%, was significantly lower than that of women, which had an average of 29.33%. The 

characteristics for the population are mentioned in table 2. Further descriptive analyse can be found 

in Appendix J. 

On average, the participants persevered the test for trunk flexors muscle endurance 79.07 seconds, 

while they persevered the test for the trunk extensors muscle endurance for about 110.90 seconds. 

In the flexor muscles, there was a small difference between men (87.06 sec.) and women (74.28 

sec.). However, this difference was not significant, while in the extensor muscles there was no 

difference at all. 
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The participants wore the accelerometer for 748.51 minutes on average, wearing it one week. Men 

significantly wore the device more than women. The results of the t-test comparing men and woman 

can be found in appendix K. 

On average the participants were sedentary for 518.99 minutes per day, which is 69% of their whole 

day (sleeping not included). The other 31% of their day they were active, of which 199.58 minutes 

of low intensity physical activity (27%) and 31.75 minutes of moderate to vigorous physical activity 

(4%). 

Table 2: Subject characteristics 

  

The normality of the variables was checked with the Kolmogorov-Smirnov test. From the analysis 

could be concluded that not all variables were equally divided, which means that parametric tests 

could not be executed. 
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Correlations 

Via the non-parametric Spearman’s RHO-test was checked which variables correlated with the 

outcome of the trunks flexors and extensors muscle tests.  

From the analysis could be concluded that for trunk extensors muscle endurance there was a 

correlation with BMI: the lower the BMI, the higher the score on the test. This negative correlation 

was also found for fat mass and the fat mass index: the lower the fat mass, the higher the scores on 

the trunk extensors muscle test. 

As well for the trunk extensors muscle endurance test as for the trunk flexors muscle endurance 

test a negative correlation was found for the FMUL. The sedentariness measured by the 

accelerometer per day correlated with the trunk flexors muscle endurance: the more time the 

person was sedentary, the less he/she scored on the test. As well as the average values of light 

physical activity per day, as the percentage of the LIPA correlated positive with the trunk flexors 

according to the Spearman RHO-test. 

Linear regression 

The statistics show that the LIPA-percentage and MET’s/day are both possible to predict scores of 

the test for abdominal muscles. Together they have a predictable value of 23.3%, of which the LIPA-

percentage is the most significant. The regression also shows that only the LIPA-percentage is 

significant in predicting the endurance capacity of the abdominal muscles (p=0.001), with an 

adjusted R-square of 0.263. 

The FMUL and FFMUL are the two variables that have shown to have a predictable value for the 

endurance capacity of the trunk extensors. Together they have a predictable value of 20.5%. The 

regression shows that this result was significant as well for the FMUL (p=0,001) as for the FFMUL 

(p=0.019), with an adjusted R-square value of 0.202. 
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4. Discussion 

A sedentary lifestyle is one the most important problems that health care has to deal with in the 

21st century. Even that important that smoking behavior, until recently known to be the highest risk 

factor of mortality, slowly fades to the background (Mokdad et al., 2004). This trend is mostly found 

among adults. It turns out that also students of higher education are susceptible to this lifestyle. 

The essence of this study is to find out the activity profile of first year bachelor students of Hasselt 

University and the possible negative effects of sedentariness on their health. More specific this part 

focuses on the endurance force of the trunk flexors and extensors. 

Findings show that there is a negative correlation with the FMUL for the trunk flexors and extensors 

muscles. For the extensor muscles, there is a correlation with BMI and a negative correlation with 

fat mass and the fat mass index. FMUL and FFMUL are the most important predictors for the 

endurance of trunk extensors. 

For the flexor muscles, correlations were found with the accelerometer data. There was a negative 

correlation with the sedentary time and a positive correlation with the LIPA. For the trunk flexors  

the most important predictors are the LIPA-percentage and MET’s/day. 

The entire population was, on average, sedentary for 518.9857min/day. This was higher for men 

(523.8847 min/day) than for women (516.0464 min/day). The article of Mattews et al., 2008 gives 

the average sedentariness of Americans: 462 min/day. In this article, the sedentariness for the age 

category 16 – 19 years old is given as well. This shows an average of 481.8min/day for the entire 

population, 464.6min/day for men and 487.8min/day for women. The study of Ortega et al., 2013 

shows that young people between the age of 18 and 21 spend 486.8 - 506.4min/day sedentary. 

There was no distinction between men and women. In the population used for this research the 

number of minutes spend sedentary was higher than in the compared studies. This difference is 

minimal and could be a result of the used population in the study of Mattews et al., 2008, in which 

participants were between the ages 16 and 19. 

The average MVPA/day of the study population was 31.7535 minutes. For men 34.2567 minutes 

MVPA/day and women 30.2516 minutes MVPA/day. In the article of Van Dyck et al., 2015 

participants were between 18 and 66 years old and the average was 35.5 minutes MVPA/day. In this 

article, a curvilinear connection was found between minutes MVPA/day and BMI and they declared 



24 
   

that 40 to 50 minutes MVPA/day could fight obesity. These results correspond clearly with the 

results found in this study.  

The results show that there is a correlation with BMI, FM, FMUL, FFMUL and results of the 

endurance strength of the trunk flexors and extensors muscles. This subject is rarely investigated in 

the present population. It is, however, investigated on other populations as in the article of Ervin et 

al., 2014 with children (3-15 years old), where there was a clear influence of BMI an BM on plank 

exercises for core muscles. This article concluded that children with higher BMI and BM have worse 

results on tests in which they have to use their own body weight. Demoulin et al., 2004 shows that 

until now, there is no univocal answer to the Sorenson test.  

The limitations of this study are first of all the use of field tests in measuring the endurance force of 

the trunk flexors and extensors muscles because this is not the golden standard. Biodex 

measurements, which are the golden standard, were not possible because of organizational 

reasons. Therefore, the most valid and reliable field tests were used and the chances on 

coincidences were reduced by taking the average of three tests. Participants indicated tiredness in 

the hip extensors with the Sorenson test, even after two minutes of rest. Thus, the participant used 

also other muscles than the trunk extensor muscles. Second, accelerometer data is lacking because 

the device could not be worn during activities in water or contact sports. Third, there is a selection 

bias: most of the participants were recruited from education concerning health. This can have an 

influence on the outcome of the study due to the fact that this group of university students mostly 

are most dedicated to their physical condition and health. Another bias is the social desirability bias, 

concerning the answers on questionnaires. The answer could be misleading because of people 

wanting to give socially accepted answers. Concerning the accelerometers, this can be shown in 

more movement than usual, because the participants were measured constantly. This could hardly 

by excluded. 

In further studies, it is recommended to use Biodex measurements to test the endurance force of 

trunk extensor and flexor muscles. Accelerometers that can register arm movements, water 

activities and contact sports could give a better image of the physical activity of the participants. It 

is also recommendable to start a follow-up study of the students of the first year until the end of 

their school career, to determine the effects on short and long term. 

It is possible to generalize to working population. Among the studied population was found that 

sedentariness has a negative correlation on the different health parameters. If this can be shown 
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for students, this is also applicable to the working population, assuming this population has less free 

time and more often have a sedentary occupation.  

Implications that arise from this study are stimulating a more active and healthy lifestyle to young 

people by organizing school competitions among different courses, establish school teams and 

advertise participation and organize group lessons to keep students active together. Furthermore, 

the university can oblige each student association to organize one sport related activity for the 

entire university. 
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5. Conclusion  

It seems that first year university students are indeed vulnerable to a sedentary lifestyle. Despite 

keeping up with recommendations of the WHO concerning physical activity, they spend most of 

their day sedentary. With the trunk extensor muscles we see that body weight, more specifically the 

upper limb, is a significant predictor. A sedentary lifestyle can lead to gaining weight, which causes 

a lower endurance of trunk extensor muscles. More investigation is needed to confirm this effect. 

We found better trunk flexor muscle endurance with people that spend more LIPA per day, which 

could mean that the more (light) active people are, the better the trunk flexor muscle endurance. 

To confirm this effect, more investigation is needed as well.  
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Appendix A: informed consent 



 
   

 



 
   

 



 
   

 



 
   

 

 



 
   

 



 
   

 



 
   

 

 



 
   

Appendix B: general form 

 

 

 

 

 

 

 



 
   

Appendix C: Physical Activity Readiness Questionnaire (PAR-Q) 
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Appendix D: International Physical Activity Questionnaire (IPAQ) 

INTERNATIONALE LICHAMELIJKE ACTIVITEITEN VRAGENLIJST 

 

LANGE VERSIE 

 

Wij zijn geïnteresseerd welke vorm(en) van lichamelijke activiteit mensen verrichten in hun 

dagelijkse leven. De vragen gaan over uw lichamelijke activiteit gedurende de afgelopen 7 

dagen. Beantwoordt u alstublieft alle vragen, ook al beschouwt u uzelf als niet lichamelijk actief.  

 

Zware lichamelijke activiteiten zijn activiteiten die veel lichamelijke inspanning kosten en voor een veel 

snellere ademhaling zorgen. 

Matig intensieve lichamelijke activiteit laat u iets sneller ademen dan normaal. 

DEEL 1: LICHAMELIJKE ACTIVITEIT TIJDENS HET WERK 

In dit deel moet u denken aan lichamelijke activiteiten die u deed gedurende de afgelopen 7 dagen tijdens 

uw werk. Dit kan zijn betaald werk, werk als zelfstandig ondernemer, tijdens studie, vrijwilligerswerk of ander 

onbetaald werk dat u buitenshuis heeft verricht. Lichamelijke activiteit in en om het huis, zoals huishoudelijk 

werk, tuinieren, of de zorg voor familie moet u hier buiten beschouwing laten. Hier wordt naar gevraagd in 

Deel 3.  

 

1a. Heeft u momenteel een baan of verricht u onbetaald werk buitenshuis? 

 ja 

 nee   ga naar Deel 2 over vervoer 

 

De volgende vragen gaan over alle lichamelijke activiteit die u in de afgelopen 7 dagen deed op 

het werk (betaald en onbetaald werk). Vervoer van en naar het werk wordt hier buiten 

beschouwing gelaten. Hier wordt in Deel 2 naar gevraagd. Denk alleen aan de activiteiten die u 

ten minste 10 minuten per keer heeft verricht. 

1b. Als u denkt aan de afgelopen 7 dagen, op hoeveel van deze dagen heeft u zware lichamelijke 

activiteiten verricht tijdens uw werk, zoals zware lasten tillen, spitten, zwaar constructie werk, de trap 

oplopen?  

 

_  dagen per week  

 

  geen zware lichamelijke activiteiten  ga naar vraag 1d 

 

1c. Op de dagen dat u zwaar lichamelijk actief was tijdens uw werk, hoeveel tijd heeft u daar dan gewoonlijk 

aan besteed? 

 

_  uren per dag 

_  minuten per dag 

 

  Weet niet / niet zeker 

 

1d. Als u denkt aan de afgelopen 7 dagen, op hoeveel van deze dagen heeft u matig intensieve 

lichamelijke activiteiten verricht tijdens uw werk, zoals het dragen van lichte lasten?  

 

_  dagen per week  

 

  geen matig intensieve lichamelijke activiteiten  ga naar vraag 1f 



 
   

1e. Op de dagen dat u matig intensief lichamelijk actief was tijdens uw werk, hoeveel tijd heeft u daar dan 

gewoonlijk aan besteed? 

 

_  uren per dag 

_  minuten per dag 

 

  Weet niet / niet zeker 

 

1f. Als u denkt aan de afgelopen 7 dagen, op hoeveel van deze dagen heeft u gewandeld tijdens uw 

werk? Laat hier het wandelen van en naar het werk buiten beschouwing. 

 

_  dagen per week  

 

  geen wandelen  ga naar Deel 2 over vervoer 

 

1g. Op de dagen dat u wandelde tijdens uw werk, hoeveel tijd heeft u daar dan gewoonlijk aan besteed? 

 

_  uren per dag 

_  minuten per dag 

 

  Weet niet / niet zeker 

 

DEEL 2:  LICHAMELIJKE ACTIVITEIT TIJDENS VERVOER  

Deze vragen gaan over lichamelijke activiteiten die u gedurende de afgelopen 7 dagen verrichtte 

om van de ene naar de andere plaats te komen, inclusief het gaan naar uw werk, de winkel, de film 

en dergelijke. Denk alleen aan de activiteiten die u ten minste 10 minuten per keer heeft verricht. 

 

2a. Als u denkt aan de afgelopen 7 dagen, op hoeveel van deze dagen heeft u gereisd met een 

motorvoertuig, zoals trein, bus, auto of tram? 

 

_  dagen per week  

 

  niet gereisd met motorvoertuig  ga naar vraag 2c 

 

2b. Op de dagen dat u reisde met een motorvoertuig, hoeveel tijd heeft u daar dan gewoonlijk aan 

besteed? 

 

_  uren per dag 

_  minuten per dag 

 

  Weet niet / niet zeker 

 

Denkt u bij de volgende vragen alleen aan het fietsen en wandelen voor het vervoer van en naar het werk, 

voor boodschappen of om van de ene naar de andere plaats te komen. 

 

2c. Als u denkt aan de afgelopen 7 dagen, op hoeveel van deze dagen heeft u ten minste 10 minuten per 

keer gefietst om van de ene naar de andere plaats te komen? 

 

_  dagen per week  

 

  geen fietsen  ga naar vraag 2e 



 
   

2d. Op de dagen dat u fietste om van de ene naar de andere plaats te komen, hoeveel tijd heeft u daar dan 

gewoonlijk aan besteed? 

 

_  uren per dag 

_  minuten per dag 

 

  Weet niet / niet zeker 

 

2e. Als u denkt aan de afgelopen 7 dagen, op hoeveel van deze dagen heeft u gewandeld om van de ene 

naar de andere plaats te komen? 

 

_  dagen per week  

 

  geen wandelen  ga naar Deel 3 over activiteiten in en rond het huis 

 

2f. Op de dagen dat u wandelde om van de ene naar de andere plaats te komen, hoeveel tijd heeft u daar 

dan gewoonlijk aan besteed? 

 

_  uren per dag 

_  minuten per dag 

 

  Weet niet / niet zeker 

 

DEEL 3:  LICHAMELIJKE ACTIVITEITEN IN EN ROND HET HUIS 

Dit deel gaat over lichamelijke activiteiten die u gedurende de afgelopen 7 dagen in en rond het huis 

verrichtte, zoals bijvoorbeeld het huishouden, tuinieren, onderhoudswerk of de zorg voor familie. Denkt u 

hierbij weer alleen aan de activiteiten die u ten minste 10 minuten per keer heeft verricht. 

 

3a. Als u denkt aan de afgelopen 7 dagen, op hoeveel van deze dagen heeft u zware werkzaamheden 

verricht in de tuin of rond het huis, zoals zware lasten tillen, houthakken, spitten en dergelijke? 

 

_  dagen per week  

 

  geen zware lichamelijke activiteiten  ga naar vraag 3c 

 

3b. Op de dagen dat u zwaar lichamelijk actief was in de tuin of rond het huis, hoeveel tijd heeft u daar dan 

gewoonlijk aan besteed? 

 

_  uren per dag 

_  minuten per dag 

 

 Weet niet / niet zeker 

 

3c Als u denkt aan de afgelopen 7 dagen, op hoeveel van deze dagen heeft u matig intensieve 

werkzaamheden verricht in de tuin of rond het huis, zoals het dragen van lichte lasten, harken, vegen, of 

ramen wassen? 

 

_  dagen per week  

 

  geen matig intensieve lichamelijke activiteiten  ga naar vraag 3e 

 

 



 
   

 

 

3d. Op de dagen dat u matig intensief lichamelijk actief was in de tuin of rond het huis, hoeveel tijd heeft u 

daar dan gewoonlijk aan besteed? 

 

_  uren per dag 

_  minuten per dag 

 

 Weet niet / niet zeker 

 

3e Als u denkt aan de afgelopen 7 dagen, op hoeveel van deze dagen heeft u matig intensieve 

werkzaamheden verricht binnenshuis, zoals het dragen van lichte lasten, de ramen wassen, stofzuigen, 

de vloer schrobben, of vegen? 

 

_  dagen per week  

 

  geen matig intensieve lichamelijke activiteiten  Ga naar Deel 4 over recreatie, sport en 

        vrijetijdsbesteding 

 

3f. Op de dagen dat u matig intensief lichamelijk actief was binnenshuis, hoeveel tijd heeft u daar dan 

gewoonlijk aan besteed? 

 

_  uren per dag 

_  minuten per dag 

 Weet niet / niet zeker 

 

DEEL 4:  LICHAMELIJKE ACTIVITEIT TIJDENS RECREATIE, SPORT EN 

VRIJETIJDSBESTEDING 

 

Dit deel gaat over alle lichamelijke activiteit die u verrichtte in de afgelopen 7 dagen tijdens 

recreatie, sport en vrijtijdsbesteding. Denkt u weer alleen aan die activiteiten die u ten minste 10 

minuten per keer heeft verricht. Rekent u hier activiteiten die u al eerder heeft genoemd alstublieft 

NIET mee. 

 

4a. Als u denkt aan de afgelopen 7 dagen, op hoeveel van deze dagen heeft u in uw vrije tijd minstens 10 

minuten achter elkaar gewandeld? Laat het wandelen wat u eerder genoemd heeft hier buiten 

beschouwing. 

 

_  dagen per week  

 

  geen wandelen  ga naar vraag 4c 

 

4b. Op de dagen dat u wandelde in uw vrije tijd, hoeveel tijd heeft u daar dan gewoonlijk aan besteed? 

 

_  uren per dag 

_  minuten per dag 

 

 Weet niet / niet zeker 

 



 
   

4c. Als u denkt aan de afgelopen 7 dagen, op hoeveel van deze dagen heeft u in uw vrije tijd zware 

lichamelijke activiteiten verricht, zoals aerobics, hardlopen, wielrennen, of zwemmen in een snel tempo?  

 

_  dagen per week  

 

  geen zware lichamelijke activiteiten  ga naar vraag 4e 

 

4d. Op de dagen dat u in uw vrije tijd zwaar lichamelijk actief was, hoeveel tijd heeft u daar dan gewoonlijk 

aan besteed? 

 

_  uren per dag 

_  minuten per dag 

 

 Weet niet / niet zeker 

 

4e. Als u denkt aan de afgelopen 7 dagen, op hoeveel van deze dagen heeft u in uw vrije tijd matig 

intensieve lichamelijke activiteiten verricht, zoals fietsen in een normaal tempo, zwemmen in een 

normaal tempo, dubbeltennis?  

 

_  dagen per week  

 

  geen zware lichamelijke activiteiten  ga naar Deel 5 over zitten 

 

4f. Op de dagen dat u in uw vrije tijd matig intensief lichamelijk actief was, hoeveel tijd heeft u daar dan 

gewoonlijk aan besteed? 

 

_  uren per dag 

_  minuten per dag 

 

 Weet niet / niet zeker 

 

DEEL 5:  ZITTEN 

 

Dit laatste deel gaat over de tijd die u op uw werk, thuis, tijdens opleiding, of in uw vrije tijd zittend heeft 

doorgebracht. Bij deze tijd mag zitten achter een bureau, tijd die zittend werd doorgebracht met vrienden, 

zittend lezen, studeren of tv kijken worden gerekend. Laat u de tijd die u heeft gezeten tijdens het reizen in 

een motorvoertuig, zoals u al eerder heeft aangegeven, hier buiten beschouwing. Denkt u weer aan de 

afgelopen 7 dagen. 

 

5a. Hoeveel tijd bracht u gewoonlijk zittend door gedurende een doordeweekse dag in de 

afgelopen 7 dagen? Bij deze tijd mag zitten achter een bureau, tijd die zittend wordt 

doorgebracht met vrienden, zittend lezen, studeren of tv kijken worden gerekend. 

 

_  uren per dag 

_  minuten per dag 

 

  Weet niet / niet zeker 

 



 
   

5b. Hoeveel tijd bracht u gewoonlijk zittend door gedurende een weekenddag in de afgelopen 7 

dagen? Bij deze tijd mag zitten achter een bureau, tijd die zittend wordt doorgebracht met 

vrienden, zittend lezen, studeren of tv kijken worden gerekend. 

 

_  uren per dag 

_  minuten per dag 

 

  Weet niet / niet zeker 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
   

Appendix E: Numeric Pain Rating Scale 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
   

Appendix F: Roland Morris Disability Questionaire  (RMDQ) 

 

 



 
   

Appendix G: Neck Disability Index 

 



 
   

 

 

 

 

 

 



 
   

Appendix H: Disabilities of the Arm, Shoulder and Hand questionnaire 

 



 
   

 

 

 

 

 



 
   

 

Appendix I: Shoulder Pain And Disability Index 



 
   

 

Appendix J: Descriptive Statistics 

 



 
   

 



 
   

 

 

 

 

 



 
   

Appendix K: comparising  menan between men and woman 



 
   

Appendix L: abbreviations 
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