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Abstract

:

A large and increasing number of the work force in the population spend their work hours at the keyboard. There is evidence that repetitive high levels of static work, or extreme working postures involving the neck–shoulder muscles are an increased risk for chronic neck–shoulder pain. The aim of this study was to investigate the effect of dynamic computer working (DCW), using a mobile application to the desk surface, on pain characteristics and biomarkers in office workers. We included 10 female subjects. All subjects answered questionnaires about general health, pain intensity and characteristics. The pressure pain threshold (PPT), neck range and motion, neck and shoulder strength were measured. Microdialysis was conducted in trapezius muscle. Measurements were performed before and 4 weeks after DCW. Multivariate analysis, orthogonal partial least square discriminate analysis (OPLS-DA) and univariate analysis paired test, Wilcoxon, was performed. There was significant improvement in reported neck pain, quality of life, and psychological distress after 4 weeks DCW. The PPT and strength in neck and shoulder were significantly increased after DCW. A significant OPLS-DA model showed clear separation between the samples collected before and after 4 weeks DCW. In conclusion, these results show that keyboard work at a movable desk application might decrease the risk of repetitive strain injuries in the neck and shoulder muscles.
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1. Introduction


Exposure to repetitive work and awkward working positions are known risk factors for neck and neck–shoulder musculoskeletal disorders (MSD) that is common in several professions including office workers using computers [1,2]. Repetitive work includes activities that involve continuous arm or hand movements which affect the neck–shoulder musculatures and generate load on the trapezius muscles [3,4,5].



The prevalence of reported neck and shoulder pain is 10–20% and affects women in a higher manner [6,7]. A large and increasing number of the work force in the population spend their work hours at the keyboard. This work situation implies, if static, a restricted position of the hands over the keyboard and narrow the hand movements in relation to the other parts of the upper extremity and stabilizing areas in neck and back muscles [8]. This, in turn, implies a non-physiological stress in the most easily excitable muscle fibers [9] in the common work situation. More severely, it has been reported that a significant fraction of the work force develops pain symptoms in the neck region, shoulders, and arms which may hamper effectivity and lead to sick leave [10].



This work-related problem has led to increasing interest in attempts to understand the biochemical background behind the pain signaling with focus on identification of specific molecular patterns during an induced pain situation [11,12]. There have been several studies investigating the structure and biochemistry of the myalgic trapezius muscle (TM) and increased type I muscle fibers were found [13,14]. Patients with a high pain score had not only the lowest capillary to fiber area ratio for type I fibers but also the proportion of cytochrome c oxidase negative fibers was higher in patients with more evolved TM [13]. This together with the low capillary to fiber areas indicates an energy crisis within the muscle and might affect the oxygen delivery to the muscle cells. Furthermore, it has been reported that impairment of metabolites in the working muscle is associated with painful trapezius muscles [13,15]. There have also been reports of mitochondrial disturbances known as moth eaten and ragged red fibers [16]. Microdialysis is a commonly used sampling method for in vivo studies which has been used to investigate the molecular alterations in the trapezius muscle. Increased concentrations of pyruvate, lactate, serotonin, and glutamate which is a strong indication of alterations in energy metabolism have been reported in several studies using microdialysis [17,18,19].



The invention of an office table at which the keyboard is situated on a slowly moving part of the desk (DynaDesk), gives the opportunity to study to what extent a mobile work situation will influence both the experience of as well as the biochemical variation in a dynamic work situation. The present study encounters self-reported assessment and physiological tests as well as microdialysis sampling of intramuscular biochemical markers, compared in individuals working in both the static and dynamic work situation.




2. Materials and Methods


2.1. Subjects


A total of 10 women who worked 60% (minimum 4.8 h per day for a full-time worker) of their work time at a computer were recruited via local advertisement in neighboring workplaces. The demographic data is presented in Table 1.




2.2. Ethics


The study was granted ethical clearance by Linköping University Ethics Committee (Dnr: 2019-03482). All participants gave their written informed consent, and the study was performed in accordance with the Helsinki Declaration.




2.3. Procedure


At the first visit, the participants underwent a clinical examination including pain sensitivity testing and physical tests. In immediate connection to the first visit, the subjects answered a health questionnaire covering demographic data as well as pain aspects, psychological characteristics, and health aspects. These questionnaires have been used in studies investigating chronic pain in our previously published works. The subjects were instructed to not perform strenuous exercise two days before, and not to take any pain killer medication to decrease any effects on the biomarkers and potential complication due to the microdialysis catheter insertion on the muscle. Microdialysis of the trapezius muscles was performed at the second visit a few days later. The participants were instructed how to use DynaDesk (WorkMotions, Stockholm, Sweden) and each test person was assigned a DynaDesk at their ordinary working place without change of light or chair. Microdialysis of the trapezius muscles during static computer work (SCW) was performed at the second visit a few days later. After 4 weeks of dynamic computer working (DCW) in their ordinary office work situation, the subjects answered the questionnaires and all tests, pain sensitivity, physical test and microdialysis were repeated. The subjects were allowed to perform their daily activity or exercise as usual and were asked to not change any activities during these 4 weeks.




2.4. The Dynamic Desk DynaDesk


DynaDesk has a rectangular moving tray on which the keyboard and mouse are placed as shown in Figure 1a. The tray moves continuously in a slow dynamic pattern–downwards, forwards, slightly tilting, and then back again to the starting point, see Figure 1b. The continuous movement is soft, and the flow rate can be adjusted individually. In the standard version which has been used in this study, the moving DynaDesk keyboard tray is centered along the side of the desk and designed as a rectangular cut-out in the work surface. The keyboard tray is approximately 75 cm wide and 35 cm deep. On each side of the DynaDesk tray is the ordinary fixed work surface of the desk. In addition to the perpetual movement of the keyboard tray along a forward and downward slope, it was observed by surface electromyographical analyses that forward tilting of the tray was necessary to neutralize an observed increased muscular activity in the extensor carpi muscles when the tray remained horizontal during the work process. DynaDesk is patented [20].




2.5. Questionnaires


All subjects answered a brief questionnaire including information about age (years), aspects of pain (intensity and duration), psychological distress, and health aspects.



The pain intensity in neck, shoulder, arm, head, feet, and hand during recent 7 days was reported using a Numeric Rating Scale (NRS) from 0 (= no pain) to 10 (= worst possible pain) [21,22].



The Hospital Anxiety and Depression Scale (HADS) was used for measuring the psychological distress. The subscales HADS-depression and HADS-anxiety have seven items, scoring range between 0 and 21, in which a lower score indicates a lower possibility of anxiety or depression. HADS is frequently used in clinical practice and research and has good psychometric characteristics [23,24].



The Quality-of-Life Scale (QOLS) is a 16-item instrument that measures quality of life which includes material and physical well-being, relationships with other people, social, community and civic activities, personal development, and fulfillment. The QOLS is scored by adding up the score on each item to yield a total score for the instrument. Scores can range from 16 to 112 [25].




2.6. Pressure Pain Thresholds


A handheld manual electronic pressure algometer (Somedic, Hörby, Sweden) was used to assess pressure pain thresholds (PPT) [26]. Pressure was measured in kilopascal (kPa). The participants were instructed about the procedure before the actual testing. The pressure was applied at a rate of 30 kPa/s, with a 1-cm diameter probe. All participants were instructed to press a button when they felt the first sensation of pain, not merely pressure. The maximum pressure was set at 600 kPa, at which point the application of pressure ceased. The test sites were located at three points along the upper part of the trapezius muscle, bilaterally, and at three points over the belly of the Tibialis anterior muscle, bilaterally. The Tibialis anterior muscle was used as control muscle.




2.7. Physical Function Tests


2.7.1. Strength


Maximal isometric neck strength was measured with a handheld dynamometer [27,28,29]. The force was measured in Newton. Neck extension was assessed with the body lying in a prone position on an examining table with legs straight and arms alongside the body [30]. The head was hold in a maximal extension without contact with the examining table. The instruction to the subject was to hold the head still (–“hold still-don’t let me push your head!”) when the examiner (tester) gradually put an increasing pressure on the back of the head until the head position (the force) was impossible to maintain. The procedure was repeated three times.



Neck flexion was assessed with the body lying on the examining table in a supine position with straight legs and arms alongside the body [31]. The head was hold in a flexed position without contact with the examining table. The chin was kept as close as possible to the chest. The instruction to the subject was to hold the head still (–“Hold still, don´t let me push your head!”) when the tester applied gradually increasing pressure on the forehead until the position or force could no longer be maintained. The procedure was repeated three times.



Dynamic strength in the shoulders was assessed [31] in a standing position by counting the number of repetitions holding a pair of 3 kg dumbbells. There were two different movements performed, shoulder abduction with straight arms and upright row. The instruction was to perform as many repetitions as possible. The test was interrupted when the participants failed to do the exercise correctly due to fatigue or pain.




2.7.2. Neck Range of Motion


Active mobility in the neck was evaluated in a sitting position with arms alongside the body, and the trunk and head hold in a straight or upright position. Active range of motion was measured in the sagittal, frontal, and transvers planes. The cervical mobility instrument that was used in this study is a validated and reliable tool [32], consists of a helmet with two gravity goniometers [33], two spirit levels, and a compass to evaluate flexion, extension, lateral flexion, and rotation of the neck. The participants were instructed to keep the thorax in the same position and only move the cervical part of the spine [31]. There was no encouragement from the tester during the procedure.





2.8. Microdialysis


Microdialysis (MD) sampling devise allows investigation of local biochemical changes in the trapezius muscle interstitial compartment before dilution in the vascular compartment and systemic. It consists of a thin semi permeable catheter, mimicking a blood vessel, which is inserted in the tissue. The catheter is infused with physiological saline (the perfusate) by a mechanical pump and by diffusion, down a concentration gradient, and collects the substances that pass through the catheter membrane [34,35,36].



The subjects were instructed not to perform strenuous exercise two days before the study, not to drink any beverages with caffeine and not to smoke on the day of the study. In addition, they were asked not to take paracetamol-medication two days before and NSAID (Non-Steroid Anti-Inflammatory Drug) -medication one week before the MD sessions.



Before the insertion of the catheter, ultrasound measurement was performed on the dominant trapezius muscle to determine the distance between the skin and the muscle and the width of the muscle to guide the insertion of the catheter. Using the SENIAM (surface electromyography for a non-invasive assessment of muscles) landmarks [37], the midpoint of the line between the spine of 7th cervical vertebra and the acromion was defined as the midpoint of the descending trapezius. The skin and subcutaneous tissue at the catheter entrance was anesthetized with a local injection (0.5 mL) of lidocaine (Xylocain® 20 mg/mL, AstraZeneca, Södertälje, Sweden) without adrenaline. Care was taken not to anesthetize the underlying muscle. Commercially available MD catheter (CMA 71, CMA Microdialysis AB, Solna, Sweden)–cut-off point of 100 kDa, membrane 30-mm length, 0.5-mm diameter–was inserted parallel to the muscle fibers into the trapezius muscle. The catheter was inserted in the middle third of the upper part of the trapezius muscle in lateral to medial direction. The catheter was perfused with a high-precision syringe pump (CMA 107; CMA/Microdialysis AB, Solna, Sweden) at a rate of 5 μL/min with the Perfusion Fluid T1 (P000034, Microdialysis AB, Solna, Sweden).



Immediately after the insertion of catheters, participants rested comfortably in an armchair for 120 min (i.e., the trauma period) to allow the tissue to recover from possible changes in the interstitial environment induced. The response to implantation of a microdialysis catheter can broadly be classified as; trauma caused by guide needle or catheter insertion [38]. Groth et al. [39] have suggested that an equilibration period of 90–120 min is required after catheter insertion in human skin. The trauma period of 120 min has been used in microdialysis experiment in trapezius muscle in human [40]. After the trauma period, participants continued to rest for 20 min, the baseline period (denoted 140 min) [19,40]. The baseline period was followed by a 40-min period of computer working. The work assignment consisted of writing a standardized text during the 40 min. The experiment ended with a recovery period of 40 min during which participants rested in the armchair, a schematic illustration of the time periods is shown in Figure 2.



During the MD session, subjects rated the pain intensity in trapezius muscle in right and left side, every 20 min using NRS. Samples were obtained every 20 min during the in total 220 min long MD test period and the samples were kept on ice throughout the MD experiment. The samples were then stored as aliquots in −86 °C until analysis. Vials with visible sign of hemolysis were discarded.




2.9. Biochemical Analysis


The dialysate samples from baseline, work period, and recovery were thawed, centrifuged, and analyzed for the concentrations of pyruvate, lactate, glutamate, glycerol, and glucose with ISCUSflex Analyzer (CMA Microdialysis AB, standard range, Solna, Sweden). The detection intervals are as follows: 0.1–12 mmol/L for lactate; 10–1500 µmol/L for pyruvate; 1.0–150 µmol/L for glutamate; 0.1–25 mmol/L for glucose; and 10–1500 mmol/L for glycerol.



For measuring the concentration of inflammatory proteins, a commercially available 71-panel of cytokines/chemokines (No. K15081K-1) from MesoScale Discovery (Meso Scale Diagnostics, Rockville, MD, USA) was used according to the manufacturer’s instructions.




2.10. Statistics


For analysis of demographic data, the median value (min-max) was calculated. Wilcoxon paired test was used to compare results before and after the intervention. These statistics were performed using the statistical package IBM SPSS Statistics (version 24.0; IBM Corporation, Route 100 Somers, New York, NY, USA). A probability of <0.05 (two-tailed) was accepted as the criteria for significance. To investigate the multivariate correlation and between membership of groups and quantified proteins and metabolites orthogonal partial least square discriminant analysis (OPLS-DA) was used (SIMCA-P+ version 13.0, UMETRICS, Umeå, Sweden). Before this analysis, principal component analysis (PCA) was used to check for multivariate outliers. The procedure to compute multivariate correlation models has been described earlier [41] and is in accordance with [42].





3. Results


The demographic data is presented in Table 1. Data from one subject was excluded from the analysis due to defect of the DynaDesk. The moveable part of the desk was unstable, and the subject decided to not use the movable function of the desk. The dialysate samples from each 20-min sampling were analyzed for the metabolites (pyruvate, lactate, glucose, glycerol, and glutamate). In total 198 samples at static computer work (SCW) and DCW were analyzed. For protein analysis pooled samples from different timepoints were used due to low recovery of proteins. The samples from each subject were pooled individually as: timepoint 0–100 (trauma), 120–140 (baseline), 160–180 (working), and 200–220 (recovery) (Figure 2). In total 72 samples were analyzed.



3.1. Self-Reported Markers


There was significant reduction (p < 0.05) in pain in the neck after 4-weeks DCW (Figure 3). As illustrated in Figure 3, subjects reported significantly lower HADS after 4-weeks DCW. The quality-of-life scale was significantly higher after 4-weeks DCW compared to before DCW (Figure 3).




3.2. Physiological Markers


There was significant improvement (p < 0.05) for neck and shoulder strength (Figure 4A,B) after DCW. The pain sensitivity was significantly decreased in the dominant trapezius, the same trend was observed for the left side but did not reached statistical significance (Figure 4C).




3.3. Biological Markers


Data for the metabolites were analyzed by multivariate data analysis (MVDA). A significant OPLS-DA model (CV-ANOVA = 0.044, R2 = 0.81, Q2 = 0.52) could separate the samples before and after 4-weeks of DCW. The score plot and loading plot are shown in Figure 5. In Supplementary Table S1 the important variables that contribute to the separation between the samples are presented. The concentrations of metabolites at trauma period (0–100 min) seems to be more associated with samples collected at SCW and data from the working period and recovery (160–220 min) were more associated to samples at DCW. An overview of the metabolite concentrations over time is presented in Figure 6. A decreased level of pyruvate and glycerol was detected after 4-weeks DCW. The decreased concentrations for pyruvate at baseline and work period and glycerol at work and recovery period were statistically significant (p < 0.05).



The levels of 56 of the cytokines/chemokines were detectable and included in the statistical analysis. A significant OPLS-DA (CV-ANOVA = 0.011, R2 = 0.31, Q2 = 0.24) model could separate the samples from different time points; trauma, baseline, work, and recovery (Figure 7). The separation was based on 31 contributing proteins with VIP (variable of importance) > 1 and p(corr) > 0.3 that are listed in Supplementary Table S2.



All biological data including the self-reported and physiological markers were subjected to MVDA and a significant OPLS-DA model (CV ANOVA = 0.003, R2 = 0.87, Q2 = 0.69) was achieved (Figure 8). The important variables (VIP > 1 and p(corr) > 0.3) that contribute to the separation is listed in Supplementary Table S3.





4. Discussion


This study aims to investigate if dynamic computer working (DCW), as conducted with the DynaDesk application, can reduce work-related musculoskeletal disorders (MSD) of the neck and shoulder compared to a static computer work (SCW). The major findings in this intervention study are:




	
Significant decreased self-assessments of neck pain, psychological distress, and increased quality of life were found after 4-weeks of DCW.



	
Significant increased pressure pain threshold and neck and shoulder strength were found after 4-weeks of DCW.



	
Decreased levels of pyruvate, glycerol, and inflammatory proteins were found during DCW.








While the etiologic mechanisms behind chronic neck and shoulder pain are poorly understood [12,17,40], there is increasing evidence that psychosocial factors related to the job and work environment play a role in the development of MSD [43]. In this study we found significantly decreased psychological distress and improved quality of life in parallel with less self-assessed pain in the neck when the test persons performed computer work using the dynamic desk. The pain sensitivity in the trapezius muscle and the strength in neck and shoulder were also significantly improved. These findings support the importance of psychosocial factors in chronic pain. There is evidence that repetitive high levels of static work, prolonged static loads, or extreme working postures involving the neck–shoulder muscles increase the risk for development of chronic neck–shoulder pain [44]. The trapezius muscle is often involved in neck–shoulder pain, but it’s pain pathophysiology is not fully elucidated, and several hypotheses have been suggested [12]. Microdialysis studies have previously been used to investigate biochemical alterations in trapezius muscle in patients with chronic muscle pain [45,46]. In patients with chronic trapezius myalgia, this approach has shown that the metabolic responses to brief exercise are abnormal [18]. When compared to healthy controls, patients with chronic neck pain [47] and myofascial trigger points [48] have been shown to have higher interstitial concentrations of several substances. Thus, increased level of pyruvate has previously been reported in patients with trapezius myalgia and patients with fibromyalgia compared to healthy controls [35,49,50]. The subjects included in the present study have not been diagnosed as patient with chronic pain. In accordance with previous findings, the present subjects without chronic pain have been identified with higher concentration of metabolites during SCW compared to DCW. This may indicate that SCW can give rise to disturbed muscle energy metabolism without development or signs of chronic pain. The reason behind the development of chronic pain or not despite disturbed electrolyte metabolism in individual subjects is not known but the present findings indicate a risk situation during static computer work. Decreased levels of pyruvate and glycerol was observed after 4-weeks DCW. Pyruvate is the key product of the glycolysis that produce glucose and glycogen and it can be reduced to lactate. There is evidence that under aerobic conditions lactate is produced and transported to the mitochondria to be converted to pyruvate resulting in ATP (adenosine triphosphate) production [51,52]. The observed decreased levels of pyruvate after DCW might indicate an increased energy production in the muscle and, hypothetically, less cell injury. Glycerol has been reported as a marker for cell injuries [53] as produced by hydrolysis of triglycerides of muscle cells [54]. Increased levels of muscle glycerol has been shown in patients with trapezius myalgia [46]. We have found decreased levels of glycerol after DCW compared to the static work situation. It has previously been reported that the increased levels of pyruvate might be a result of an ongoing inflammation that prevents the metabolism of pyruvate to produce energy [55]. Interestingly, we found decreased levels of several inflammatory proteins after DCW. This indicates that a decreased inflammatory environment in the muscle possibly results in less injured muscle tissue and augmented production of sufficient energy for the contracting muscle fibers. The automated movement with the hands following the movable keyboard may also, hypothetically, change the region in the muscle where the most excitable muscle fibers are activated. Alternating the contraction pattern in muscles of the upper limb, albeit very small, may hypothetically also influence the microcirculation.



There are several limitations in this study. The present study was performed on female subjects recruited in the neighboring workplaces and the findings can therefore not be generalized to all keyboard workers. Neither can the results indicate any age group with augmented propensity for developing computer work induced pain in the neck–shoulder muscles. Another limitation was the relatively low number of included subjects. Microdialysis sampling is an invasive and time-consuming technique which limit the recruiting of subjects. Future studies including larger cohort containing a group diagnosed with chronic neck–shoulder pain and a group without any diagnosis of chronic pain are highly recommended. The lack of control for daily activities and exercise during the 4 weeks of the investigation is another limitation of this study. It remains to be analyzed if the observed physical and biochemical findings are general findings during dynamic computer work and if an alleviation as observed can be expected in a lager range of computer workers. Future studies are warranted to elucidate these questions.




5. Conclusions


The biochemical analyses indicated individual substances of importance for the difference between static and dynamic work and their respective variation in concentration during the MD period. Furthermore, temporal analysis of the significant substances as observed, may give an increased understanding of possible interaction pattern during low-intensive static muscle load. It remains also to study whether DCW will alleviate pain in patients with MSD. Taken together, the present pilot findings give evidence that the ergonomic desk decrease the risk of repetitive strain injuries in the neck–shoulder muscles.








Supplementary Materials


The following are available online at https://www.mdpi.com/1660-4601/18/4/1493/s1, Table S1: Multivariate statistics for metabolite concentrations in microdialysis samples before and after 4-weeks dynamic computer working (DCW) using DynaDesk. Table S2: Multivariate statistics for cytokines/chemokines concentrations in microdialysis samples during static computer working (SCW) and after 4-weeks dynamics computer working (DCW) using DynaDesk, Table S3: Important variables for separation between samples collected at static computer working (SCW) and 4-weeks after dynamic computer working (DCW).





Author Contributions


Conceptualization, B.G. and S.S.; methodology, B.G., K.W., S.S., U.W.-O.; software, B.G.; validation, B.G., S.S., K.W.; formal analysis, B.G.; investigation, B.G., K.W., S.S., U.W.-O.; resources, B.G.; data curation, B.G.; writing—original draft preparation, B.G.; writing—review and editing, B.G., S.S., K.W., and U.W.-O. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by Vinnova, grant number 2017-04091 and Region Ostergotland.




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki and approved by the Institutional Review Board (or Ethics Committee) of Linköping University (Ethics Committee Dnr: 2019-03482).




Informed Consent Statement


Informed and written consent were obtained from all subjects involved in the study.




Data Availability Statement


The data are available on request from the corresponding author.




Acknowledgments


We thank all participants in this study and a special thanks to the staff at the pain and rehabilitation department (SMUS, Region Ostergotland, Linkoping) for their kind assistance.




Conflicts of Interest


Author BG has received research grants from Company WorkMotions. The grant was used to cover the cost for the materials and biochemical analysis. Author SS is the inventor of patent DynaDesk. The company had no role in the design of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to publish the results in pre review journals.




References


	



Eltayeb, S.; Staal, J.B.; Kennes, J.; Lamberts, P.H.; de Bie, R.A. Prevalence of complaints of arm, neck and shoulder among computer office workers and psychometric evaluation of a risk factor questionnaire. BMC Musculoskelet. Disord. 2007, 8, 68. [Google Scholar] [CrossRef]

	



Ranasinghe, P.; Perera, Y.S.; Lamabadusuriya, D.A.; Kulatunga, S.; Jayawardana, N.; Rajapakse, S.; Katulanda, P. Work related complaints of neck, shoulder and arm among computer office workers: A cross-sectional evaluation of prevalence and risk factors in a developing country. Environ. Health 2011, 10, 1–9. [Google Scholar] [CrossRef]

	



Jonsson, B.G.; Persson, J.; Kilbom, Å. Disorders of the cervicobrachial region among female workers in the electronics industry: A two-year follow up. Int. J. Ind. Ergon. 1988, 3, 1–12. [Google Scholar] [CrossRef]

	



Kilbom, Å.; Persson, J.; Jonsson, B.G. Disorders of the cervicobrachial region among female workers in the electronics industry. Int. J. Ind. Ergon. 1986, 1, 37–47. [Google Scholar] [CrossRef]

	



Ohlsson, K.; Attewell, R.G.; Pålsson, B.; Karlsson, B.; Balogh, I.; Johnsson, B.; Ahlm, A.; Skerfving, S. Repetitive industrial work and neck and upper limb disorders in females. Am. J. Ind. Med. 1995, 27, 731–747. [Google Scholar] [CrossRef] [PubMed]

	



Fejer, R.; Kyvik, K.O.; Hartvigsen, J. The prevalence of neck pain in the world population: A systematic critical review of the literature. Eur. Spine J. 2006, 15, 834–848. [Google Scholar] [CrossRef]

	



Lidgren, L. Preface: Neck Pain and the Decade of the Bone and Joint 2000–2010. Eur. Spine J. 2008, 17, 1–2. [Google Scholar] [CrossRef]

	



Ortiz-Hernández, L.; Tamez-González, S.; Martínez-Alcántara, S.; Méndez-Ramírez, I. Computer use increases the risk of musculoskeletal disorders among newspaper office workers. Arch. Med. Res. 2003, 34, 331–342. [Google Scholar] [CrossRef]

	



Hägg, G.M. Human muscle fibre abnormalities related to occupational load. Eur. J. Appl. Physiol. 2000, 83, 159–165. [Google Scholar] [CrossRef] [PubMed]

	



Wahlström, J. Ergonomics, musculoskeletal disorders and computer work. Occup. Med. 2005, 55, 168–176. [Google Scholar] [CrossRef] [PubMed]

	



Visser, B.; van Dieën, J.H. Pathophysiology of upper extremity muscle disorders. J. Electromyogr. Kinesiol. 2006, 16, 1–16. [Google Scholar] [CrossRef]

	



Larsson, B.; Søgaard, K.; Rosendal, L. Work related neck–shoulder pain: A review on magnitude, risk factors, biochemical characteristics, clinical picture and preventive interventions. Best Pract. Res. Clin. Rheumatol. 2007, 21, 447–463. [Google Scholar] [CrossRef]

	



Kadi, F.; Waling, K.; Ahlgren, C.; Sundelin, G.; Holmner, S.; Butler-Browne, G.S.; Thornell, L.E. Pathological mechanisms implicated in localized female trapezius myalgia. Pain 1998, 78, 191–196. [Google Scholar] [CrossRef]

	



Andersen, L.L.; Suetta, C.; Andersen, J.L.; Kjaer, M.; Sjøgaard, G. Increased proportion of megafibers in chronically painful muscles. Pain 2008, 139, 588–593. [Google Scholar] [CrossRef] [PubMed]

	



Kadi, F.; Hägg, G.; Håkansson, R.; Holmner, S.; Butler-Browne, G.S.; Thornell, L.E. Structural changes in male trapezius muscle with work-related myalgia. Acta Neuropathol. 1998, 95, 352–360. [Google Scholar] [CrossRef] [PubMed]

	



Larsson, B.; Björk, J.; Henriksson, K.G.; Gerdle, B.; Lindman, R. The prevalences of cytochrome c oxidase negative and superpositive fibres and ragged-red fibres in the trapezius muscle of female cleaners with and without myalgia and of female healthy controls. PAIN® 2000, 84, 379–387. [Google Scholar] [CrossRef]

	



Gerdle, B.; Larsson, B. Potential Muscle Biomarkers of Chronic Myalgia in Humans—A Systematic Review of Microdialysis Studies. In Biomarker; Tapan Kumar, K., Ed.; InTechOpen: London, UK, 2012; pp. 102–132. [Google Scholar] [CrossRef]

	



Rosendal, L.; Blangsted, A.K.; Kristiansen, J.; Søgaard, K.; Langberg, H.; Sjøgaard, G.; Kjær, M. Interstitial muscle lactate, pyruvate and potassium dynamics in the trapezius muscle during repetitive low-force arm movements, measured with microdialysis. Acta Physiol. Scand. 2004, 182, 379–388. [Google Scholar] [CrossRef] [PubMed]

	



Sjøgaard, G.; Rosendal, L.; Kristiansen, J.; Blangsted, A.K.; Skotte, J.; Larsson, B.; Gerdle, B.; Saltin, B.; Søgaard, K. Muscle oxygenation and glycolysis in females with trapezius myalgia during stress and repetitive work using microdialysis and NIRS. Eur. J. Appl. Physiol. 2010, 108, 657–669. [Google Scholar] [CrossRef] [PubMed]

	



Dynatab, A.B. Ergonomic Workstation. SE 529 025 C2; EP 1933666B1; US 10758040, 10 April 2007. [Google Scholar]

	



Boonstra, A.M.; Stewart, R.E.; Köke, A.J.; Oosterwijk, R.F.; Swaan, J.L.; Schreurs, K.M.; Schiphorst Preuper, H.R. Cut-Off Points for Mild, Moderate, and Severe Pain on the Numeric Rating Scale for Pain in Patients with Chronic Musculoskeletal Pain: Variability and Influence of Sex and Catastrophizing. Front. Psychol. 2016, 7, 1466. [Google Scholar] [CrossRef] [PubMed]

	



Farrar, J.T.; Young, J.P., Jr.; LaMoreaux, L.; Werth, J.L.; Poole, M.R. Clinical importance of changes in chronic pain intensity measured on an 11-point numerical pain rating scale. Pain 2001, 94, 149–158. [Google Scholar] [CrossRef]

	



Bjelland, I.; Dahl, A.A.; Haug, T.T.; Neckelmann, D. The validity of the Hospital Anxiety and Depression Scale. An updated literature review. J. Psychosom. Res. 2002, 52, 69–77. [Google Scholar] [CrossRef]

	



Zigmond, A.S.; Snaith, R.P. The Hospital Anxiety and Depression Scale. Acta Psychiatr. Scand. 1983, 67, 361–370. [Google Scholar] [CrossRef]

	



Burckhardt, C.S.; Archenholtz, B.; Bjelle, A. Measuring the Quality of Life of Women with Rheumatoid Arthritis or Systemic Lupus Erythematosus: A Swedish Version of the Quality of Life Scale (QOLS). Scand. J. Rheumatol. 1992, 21, 190–195. [Google Scholar] [CrossRef]

	



Sjörs, A.; Larsson, B.; Persson, A.L.; Gerdle, B. An increased response to experimental muscle pain is related to psychological status in women with chronic non-traumatic neck-shoulder pain. BMC Musculoskelet. Disord. 2011, 12, 230. [Google Scholar] [CrossRef] [PubMed]

	



Kwoh, C.K.; Petrick, M.A.; Munin, M.C. Inter-rater reliability for function and strength measurements in the acute care hospital after elective hip and knee arthroplasty. Arthritis Rheum. 1997, 10, 128–134. [Google Scholar] [CrossRef] [PubMed]

	



Krause, D.A.; Hansen, K.A.; Hastreiter, M.J.; Kuhn, T.N.; Peichel, M.L.; Hollman, J.H. A Comparison of Various Cervical Muscle Strength Testing Methods Using a Handheld Dynamometer. Sports Health 2019, 11, 59–63. [Google Scholar] [CrossRef]

	



Versteegh, T.; Beaudet, D.; Greenbaum, M.; Hellyer, L.; Tritton, A.; Walton, D. Evaluating the reliability of a novel neck-strength assessment protocol for healthy adults using self-generated resistance with a hand-held dynamometer. Physiother. Can. 2015, 67, 58–64. [Google Scholar] [CrossRef]

	



Peolsson, A.; Almkvist, C.; Dahlberg, C.; Lindqvist, S.; Pettersson, S. Age- and sex-specific reference values of a test of neck muscle endurance. J. Manip. Physiol. Ther. 2007, 30, 171–177. [Google Scholar] [CrossRef]

	



Karlsson, L.; Takala, E.P.; Gerdle, B.; Larsson, B. Evaluation of pain and function after two home exercise programs in a clinical trial on women with chronic neck pain—With special emphasises on completers and responders. BMC Musculoskelet. Disord. 2014, 15, 6. [Google Scholar] [CrossRef] [PubMed]

	



Fletcher, J.P.; Bandy, W.D. Intrarater reliability of CROM measurement of cervical spine active range of motion in persons with and without neck pain. J. Orthop. Sports Phys. Ther. 2008, 38, 640–645. [Google Scholar] [CrossRef] [PubMed]

	



Peolsson, A.; Hedlund, R.; Öberg, B.; Ertzgaard, S. Intra- and inter-tester reliability and range of motion of the neck. Physiother. Can. 2000, 52, 233–242. [Google Scholar]

	



Afinowi, R.; Tisdall, M.; Keir, G.; Smith, M.; Kitchen, N.; Petzold, A. Improving the recovery of S100B protein in cerebral microdialysis: Implications for multimodal monitoring in neurocritical care. J. Neurosci. Methods 2009, 181, 95–99. [Google Scholar] [CrossRef] [PubMed]

	



Gerdle, B.; Söderberg, K.; Salvador Puigvert, L.; Rosendal, L.; Larsson, B. Increased interstitial concentrations of pyruvate and lactate in the trapezius muscle of patients with fibromyalgia: A microdialysis study. J. Rehabil. Med. 2010, 42, 679–687. [Google Scholar] [CrossRef] [PubMed]

	



Hillered, L.; Vespa, P.M.; Hovda, D.A. Translational neurochemical research in acute human brain injury: The current status and potential future for cerebral microdialysis. J. Neurotrauma 2005, 22, 3–41. [Google Scholar] [CrossRef] [PubMed]

	



Hermens, H.J. The State of the Art on Sensors and Sensor Placement Procedures for Surface Electromyography: A Proposal for Sensor Placement Procedures; Deliverable of the SENIAM Project; Roessingh Research and Development: Enschede, The Netherlands, 1997. [Google Scholar]

	



Anderson, C.; Andersson, T.; Wårdell, K. Changes in skin circulation after insertion of a microdialysis probe visualized by laser Doppler perfusion imaging. J. Investig. Dermatol. 1994, 102, 807–811. [Google Scholar] [CrossRef] [PubMed]

	



Groth, L.; Serup, J. Cutaneous microdialysis in man: Effects of needle insertion trauma and anaesthesia on skin perfusion, erythema and skin thickness. Acta Derm. Venereol. 1998, 78, 5–9. [Google Scholar] [CrossRef]

	



Gerdle, B.; Ghafouri, B.; Ernberg, M.; Larsson, B. Chronic musculoskeletal pain: Review of mechanisms and biochemical biomarkers as assessed by the microdialysis technique. J. Pain Res. 2014, 7, 313–326. [Google Scholar] [CrossRef]

	



Olausson, P.; Gerdle, B.; Ghafouri, N.; Sjöström, D.; Blixt, E.; Ghafouri, B. Protein alterations in women with chronic widespread pain—An explorative proteomic study of the trapezius muscle. Sci. Rep. 2015, 5, 11894. [Google Scholar] [CrossRef]

	



Wheelock, Å.M.; Wheelock, C.E. Trials and tribulations of omics data analysis: Assessing quality of SIMCA-based multivariate models using examples from pulmonary medicine. Mol. Biosyst. 2013, 9, 2589–2596. [Google Scholar] [CrossRef]

	



Vargas-Prada, S.; Coggon, D. Psychological and psychosocial determinants of musculoskeletal pain and associated disability. Best Pract. Res. Clin. Rheumatol. 2015, 29, 374–390. [Google Scholar] [CrossRef]

	



Staal, J.B.; de Bie, R.A.; Hendriks, E.J. Aetiology and management of work-related upper extremity disorders. Best Pract. Res. Clin. Rheumatol. 2007, 21, 123–133. [Google Scholar] [CrossRef] [PubMed]

	



Olausson, P.; Gerdle, B.; Ghafouri, N.; Larsson, B.; Ghafouri, B. Identification of proteins from interstitium of trapezius muscle in women with chronic myalgia using microdialysis in combination with proteomics. PLoS ONE 2012, 7, e52560. [Google Scholar] [CrossRef]

	



Hadrévi, J.; Ghafouri, B.; Sjörs, A.; Antti, H.; Larsson, B.; Crenshaw, A.G.; Gerdle, B.; Hellström, F. Comparative metabolomics of muscle interstitium fluid in human trapezius myalgia: An in vivo microdialysis study. Eur. J. Appl. Physiol. 2013, 113, 2977–2989. [Google Scholar] [CrossRef]

	



Karlsson, L.; Gerdle, B.; Ghafouri, B.; Bäckryd, E.; Olausson, P.; Ghafouri, N.; Larsson, B. Intramuscular pain modulatory substances before and after exercise in women with chronic neck pain. Eur. J. Pain 2015, 19, 1075–1085. [Google Scholar] [CrossRef]

	



Shah, J.P.; Gilliams, E.A. Uncovering the biochemical milieu of myofascial trigger points using in vivo microdialysis: An application of muscle pain concepts to myofascial pain syndrome. J. Bodyw. Mov. Ther. 2008, 12, 371–384. [Google Scholar] [CrossRef] [PubMed]

	



Gerdle, B.; Ernberg, M.; Mannerkorpi, K.; Larsson, B.; Kosek, E.; Christidis, N.; Ghafouri, B. Increased Interstitial Concentrations of Glutamate and Pyruvate in Vastus Lateralis of Women with Fibromyalgia Syndrome Are Normalized after an Exercise Intervention—A Case-Control Study. PLoS ONE 2016, 11, e0162010. [Google Scholar] [CrossRef]

	



Larsson, B.; Rosendal, L.; Kristiansen, J.; Sjøgaard, G.; Søgaard, K.; Ghafouri, B.; Abdiu, A.; Kjaer, M.; Gerdle, B. Responses of algesic and metabolic substances to 8 h of repetitive manual work in myalgic human trapezius muscle. Pain 2008, 140. [Google Scholar] [CrossRef] [PubMed]

	



Stojan, G.; Christopher-Stine, L. Metabolic, drug-induced, and other noninflammatory myopathies. In Rheumatology, 6th ed.; Hochberg, M.C., Silman, A.J., Smolen, J.S., Weinblatt, M.E., Weisman, M.H., Eds.; Elsevier: Amsterdam, The Netherlands, 2015; pp. 1255–1263. [Google Scholar] [CrossRef]

	



Brooks, G.A. The Science and Translation of Lactate Shuttle Theory. Cell Metab. 2018, 27, 757–785. [Google Scholar] [CrossRef] [PubMed]

	



Hillered, L.; Valtysson, J.; Enblad, P.; Persson, L. Interstitial glycerol as a marker for membrane phospholipid degradation in the acutely injured human brain. J. Neurol. Neurosurg. Psychiatry 1998, 64, 486–491. [Google Scholar] [CrossRef]

	



Sjöstrand, M.; Gudbjörnsdottir, S.; Holmäng, A.; Strindberg, L.; Ekberg, K.; Lönnroth, P. Measurements of interstitial muscle glycerol in normal and insulin-resistant subjects. J. Clin. Endocrinol. Metab. 2002, 87, 2206–2211. [Google Scholar] [CrossRef]

	



Munnich, A.; Rustin, P.; Rötig, A.; Chretien, D.; Bonnefont, J.P.; Nuttin, C.; Cormier, V.; Vassault, A.; Parvy, P.; Bardet, J.; et al. Clinical aspects of mitochondrial disorders. J. Inherit. Metab. Dis. 1992, 15, 448–455. [Google Scholar] [CrossRef] [PubMed]








[image: Ijerph 18 01493 g001 550] 





Figure 1. (a). An illustration of the dynamic desk DynaDesk. (b). Schematic pattern which demonstrates the three movements as executed by DynaDesk: Forward-backward, down-up and forward tilting. 
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Figure 2. Timeline of microdialysis sampling. The time 0–120 min refer to tissue trauma, 120–140 min refer to baseline, 140–180 min is the working period and 180–220 is called the recovery period. 
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Figure 3. Statistical analysis of self-reported markers. Numeric rate scales in the neck (NRS-neck), hospital anxiety and depression scale (HADS), and quality of life scale (QOLS) for all subjects are presented in the figure. * indicates statistical significance (p < 0.05) differences between before dynamic computer working (DCW) (blue) and after 4-weeks DCW (green) using DynaDesk. The median of the data is marked in the figure. 
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Figure 4. Statistical analysis of physiological markers Neck strength (A), shoulder strength (B) and pain pressure threshold (PPT) (C) for all subjects are shown. * indicates statistical significance (p < 0.05) differences between before dynamic computer working (DCW) (blue dots) and after 4-weeks DCW (green dots) using DynaDesk. R refers to right side trapezius muscle and L refers to left side trapezius muscle. The median of the data is marked in the figure. 
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Figure 5. Multivariate data analysis of the metabolite. (a) represents the score plot of the orthogonal partial least square discriminant analysis (OPLS-DA) showing a clear separation between samples from before (green circles) dynamic computer working (DCW) and after (blue circles) 4-weeks DCW using DynaDesk. (b) illustrates the loading plot for the OPLS-DA model showing the substances (Gly = glycerol, Glt = glutamate, Pyr = pyruvate, Lac = lactate, Gluc = glucose) that are important for the separation between the groups. The substances are listed in Supplementary Table S1. 
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Figure 6. An overview of the metabolite concentrations over time (a) Glucose concentrations; (b) Lactate concentrations; (c) Pyruvate concentrations; (d) Glycerol concentrations; (e) Glutamate concentrations. The concentrations of the metabolites at baseline (140 min), working period (160–180 min) and recovery period (200–220 min) are shown as mean value and the bars represent standard deviation. * indicates a statistical significant (p < 0.05) differences between samples before dynamic computer working (DCW) and after 4 -weeks DCW. 
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Figure 7. Score plot of the orthogonal partial least square discriminant analysis (OPLS-DA) model for cytokines and chemokines showing separation between the samples from trauma (green circles), baseline (blue circles), work (red circles) and recovery (yellow circles) periods. 
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Figure 8. Score plot of the orthogonal partial least square discriminant analysis (OPLS-DA) model (a) and loading plot (b) for all data. The score plot shows a clear separation between samples dynamic computer working (DCW) (green circle) and after 4-weeks DCW (blue circle). The loading plot represents the substances that contribute to the separation between the groups. The important variables with variable of importance (VIP) > 1 are marked green. Red marked variables have a VIP < 1 and is regarded as non-significant analytes. 






Figure 8. Score plot of the orthogonal partial least square discriminant analysis (OPLS-DA) model (a) and loading plot (b) for all data. The score plot shows a clear separation between samples dynamic computer working (DCW) (green circle) and after 4-weeks DCW (blue circle). The loading plot represents the substances that contribute to the separation between the groups. The important variables with variable of importance (VIP) > 1 are marked green. Red marked variables have a VIP < 1 and is regarded as non-significant analytes.



[image: Ijerph 18 01493 g008]







[image: Table] 





Table 1. Background data.
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	Subjects (%)

n = 9
	Median (Min-Max)





	Age
	
	54 (29–73)



	Length (cm)
	
	167 (153–178)



	Weight (Kg)
	
	69 (50–84)



	BMI
	
	24 (21–31)



	Education
	
	



	High school
	2 (22)
	



	University
	7 (78)
	



	Profession
	
	



	PhD student
	1 (11)
	



	Research nurse
	1 (11)
	



	Lecturer
	2 (22)
	



	Administrator
	2 (22)
	



	Statistician
	3 (33)
	



	Pain
	
	



	Duration (years)
	32 (11), 15 (11), 14 (22),

10 (11), 9 (11), 4 (11)
	



	Continuously
	2 (22)
	



	Periodical
	5 (55)
	



	Medication
	3 (33)
	



	Smoking
	
	



	Non-smoker
	6 (66)
	



	Former smoker
	3 (33)
	







BMI: Body Mass Index.
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