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Is neck and shoulder posture, muscle activity and discomfort 1 

influenced by tablet inclination in young adults with and 2 

without neck pain? 3 

 4 

Abstract 5 

This study aimed to investigate the effect of tablet inclination on neck and shoulder posture, muscle 6 

activity, and discomfort in young adults with and without neck pain during a prolonged writing 7 

task. Participants performed a continuous writing task on a tablet for 40 minutes under two 8 

conditions, tablet lying flat and with a 30o inclination. The results showed that young adults with 9 

neck pain demonstrated higher neck-shoulder muscle activity and discomfort whilst maintaining a 10 

similar neck-shoulder posture than those without neck pain. The 30o inclination improved neck-11 

shoulder posture and reduced neck discomfort but induced greater shoulder muscle activity. After 12 

20 minutes, the flat tablet led to increased neck muscle activity in the neck pain group and 13 

increased neck discomfort in the group without neck pain. In conclusion, young adults should be 14 

recommended to use a 30o inclination and writing on a flat tablet for longer than 20 minutes should 15 

be discouraged.  16 

Key words: Neck pain; Tablet Tilt; Writing 17 

 18 

Introduction 19 

Neck and shoulder pain can contribute to disability in the long term [1] there are prevalent 20 

musculoskeletal disorders which have been linked to mobile device use, which include tablets [2-21 
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4]. During tablet use, individuals have been shown to adopt a more awkward posture than when 22 

using computers or laptops, which has been linked to increased likelihood of having neck-shoulder 23 

problems [5]. Across the life course, young adulthood may be considered as a critical period for 24 

developing or coping with musculoskeletal disorders [6].  25 

Altered motor control in the cervical muscles has been reported with the presence of neck 26 

pain [7-9]; however, the specific changes in cervical muscle activation vary among individuals [8]. 27 

Individuals with neck pain typically have impaired neck proprioception causing changes in neck 28 

biomechanics and discomfort [9]. Moreover, individuals with neck pain showed different 29 

biomechanics and muscle activity compared with healthy individuals including greater neck 30 

flexion [10] and increases in Cervical Erector Spinae [CES] and Upper Trapezius [UT] muscle 31 

activity [11, 12].  32 

 Extended duration of use of mobile devices could lead to muscle fatigue [13] and posture 33 

adjustment [14] as well as increases in level of discomfort [15], with the use of mobile devices 34 

when seated for 30-45 minutes showing greater levels of discomfort [16]. It has also been reported 35 

that young adults who use mobile devices continuously for more than 30 minutes on a regular basis 36 

tend to develop musculoskeletal disorders [17].  37 

Tablet inclination has been shown to raise the viewing angle and reduce neck flexion 38 

respectively; nevertheless, more shoulder flexion and shoulder discomfort have been reported [18-39 

20]. Postural changes influenced by tablet inclination have been shown to affect neck and shoulder 40 

muscle activity [21, 22], but despite such findings being reported in the literature there is a lack of 41 

understanding of neck and shoulder biomechanics between young adults with and without neck 42 

pain during prolonged tablet writing and the association with discomfort.  43 
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To the best of the authors’ knowledge, differences in biomechanics, muscle activity and 44 

discomfort have not been explored between young adults with and without neck pain when using 45 

a tablet at different inclinations with prolonged writing. Such information would be useful to 46 

provide clearer evidence based ergonomic recommendations, in particular to those individuals that 47 

have neck pain. Therefore, this study aimed to determine neck and shoulder posture, muscle 48 

activity, and levels of discomfort between young adults with and without neck pain during a 40-49 

minute writing task with the tablet lying flat and with a 30o inclination. We hypothesized that there 50 

would be significant differences in the measures of neck and shoulder posture, muscle activity and 51 

discomfort between young adults with and without neck pain and significant changes with tablet 52 

inclination. Such information may help to give useful information to update and inform ergonomic 53 

recommendations.  54 

 55 

Methods 56 

Participants 57 

This cross-sectional study aimed to compare neck and shoulder posture, muscle activity 58 

and discomfort between young adults with and without neck pain during tablet writing tasks at 0o 59 

and 30o inclinations across four 10-minute time intervals. G Power software was used to calculate 60 

the sample size with the level of confidence and power set as 0.05 and 80% respectively. The effect 61 

size was calculated based on Xie et al. [12] who reported a mean ± standard deviation of 62 

normalized UT muscle activity in young adults with neck-shoulder pain of 10.13 ± 7.95 and 5.14 63 

± 4.0 in those without neck-shoulder pain, which yielded a sample size required of 27 participants 64 

in each group. The inclusion criteria were aged between 18-25 years, right-handed dominant, 65 
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having at least a year of experience of tablet use, normal or correctable vision with glasses, and 66 

currently using a tablet for at least 2 hours/day. The exclusion criteria were any prior injuries to 67 

the neck and/or upper extremities in the 12 months prior to the study, any systematic diseases, 68 

neurological problems, cardiovascular diseases, hypersensitivity to alcohol, or not able to 69 

communicate in Thai. The recruitment period for this study started from November 15, 2021 to 70 

June 30, 2022. 71 

All participants who met the criteria completed two questionnaires: a modified version of 72 

the Nordic Musculoskeletal Questionnaire [23], and the Neck Disability Index (NDI) [24]. 73 

Participants were allocated to the neck pain group if they had neck pain relating to mobile device 74 

use that occurred during the 7-day period preceding the study; furthermore, they also had to report 75 

at least 8/100 score on the NDI [12], otherwise, they were allocated into the no neck pain group. 76 

Before enrolling in the study, all participants gave written informed consent. This study was 77 

approved by the Mahidol University Central Institutional Review Board (MU-CIRB 78 

2021/204.2604). 79 

Procedures 80 

A workstation was customized to fit with each individual’s anthropometry. The chair 81 

height was set so that their thighs were parallel to the ground and their feet were flat on the floor 82 

[25]; in addition, the table height was set to 5 cm above their resting-elbow level [26], and a tablet 83 

(iPad Pro 2020 with 2nd-generation Apple Pencil, Apple Inc., USA) was positioned 10 cm away 84 

from and parallel to the table edge [26].  85 

To measure neck and shoulder flexion-extension, Inertial Measurement Units (IMU) 86 

sensors were attached to the middle of the forehead and on the middle of the upper arm on the right 87 

side respectively. To measure muscle amplitude, the Surface Electromyography (SEMG) sensors 88 



6 
 

were applied according to the European recommendations for SEMG (27) with the sensor for CES 89 

positioned 2 cm lateral to the spinous process of the 4th cervical vertebra, UT positioned at the 90 

midpoint between the acromion process and the spinous process of the 7th cervical vertebra, and 91 

Anterior Deltoid (AD) positioned 2 cm away from the anterior edge of the muscle and 3 cm below 92 

the anterior rim of the acromion process. To measure discomfort, participants rated neck and 93 

shoulder pain on a Visual Analogue Scale (VAS), and a polar heart rate sensor was placed below 94 

the chest muscles to record Heart Rate Variability (HRV).  95 

The baseline IMU and SEMG data were recorded before each writing condition with the 96 

participants sitting on the adjusted chair with a straight alignment of their neck and arms at their 97 

sides for a minute. For discomfort baseline, neck and shoulder VAS were rated before writing and 98 

HRV baseline was collected with the participant sitting comfortably on the chair using the backrest 99 

for 5 minutes. 100 

Participants performed continuous tablet writing tasks under both conditions (0o and 30o 101 

inclinations), Fig 1, for 40 minutes under each condition which has previously been used by 102 

Rungkitlertsakul et al. [28]. Before each writing condition, participants were asked to stand and 103 

stretch their bodies for 5 minutes to provide a washout period between conditions [29]. During 104 

each 10-minute interval, linear acceleration and muscle activity were recorded for a minute at the 105 

initial, middle, and end points. Average values from these three points were taken to represent the 106 

data for that interval. The VAS and HRV data were recorded at the end and the last 5 minutes of 107 

each interval respectively.    108 

Fig 1. Writing on a tablet with 0° (left) and 30° (right) inclinations 109 

 110 

 111 
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Data analysis 112 

Neck and shoulder flexion/extension were calculated from acceleration respecting to X, Y, 113 

and Z axes (ax, ay, and az) which were filtered using a 0.2 second moving average. The formula for 114 

neck flexion/extension was “angle= tan-1(az / ay)” while that for shoulder flexion/extension was 115 

“angle = tan-1(ax / ay)”. Positive and negative values denoted flexion and extension respectively.  116 

Raw EMG signals, with a 1200Hz sampling frequency and a 20 – 450 Hz bandpass filter, 117 

were processed by correcting for the DC offset, rectifying, and low pass filtering with a 2nd order 118 

Butterworth filter with a 20 Hz cutoff frequency using the EMGworks® Analysis Software (Delsys 119 

Inc., USA). The average data under each condition was normalized to the maximum observed 120 

signal for each muscle in all conditions over the four time points.  121 

For HRV data, the medium artefact correction with 5% acceptance threshold and 500-122 

lamba smoothness priors by the Kubios HRV Standard software (Kubios Oy, Finland) were 123 

performed. Then, the spectrum estimation was applied to find the Ratio of low frequency and high 124 

frequency (LF/HF). High and low LF/HF indicated high and low discomfort respectively. 125 

Statistical analysis 126 

All statistical analyses were performed using SPSS version 22 (IBM, USA). The Shapiro-127 

Wilk test found that the data were non-normally distributed. Accordingly, Mann Whitney U, 128 

Wilcoxon signed-rank and Friedman tests were used to investigate differences between groups, 129 

tablet inclinations and time intervals respectively, and the median and interquartile range (IQR) 130 

were used for descriptive statistics. If a significant difference between time intervals was found, 131 

pairwise comparisons were conducted using Wilcoxon Signed Rank tests. The significant level 132 

was set at α = 0.05. 133 

 134 
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Results 135 

Fifty-four right-hand dominant participants were recruited. No significant differences 136 

between groups were seen in the demographic data with the exception of the NDI score, Table 1.  137 

Data for neck and shoulder posture, muscle activity, and discomfort at baseline between groups 138 

and tablet inclinations are presented in Table 2. Mann-Whitney U tests revealed significant 139 

differences between groups at baseline of both neck VAS at 0o inclination (P<0.01) and 30o 140 

inclination (P=0.001), non-dominant shoulder VAS at 0o inclination and 30o inclination (P=0.020), 141 

and HRV at 0o inclination (P=0.008). 142 

Neck and shoulder posture, muscle activity, and discomfort during the tablet writing were 143 

tested between groups using the Mann-Whitney U tests and between tablet inclinations using 144 

Wilcoxon Signed Rank tests, Table 3. Between groups, the neck pain group had notably greater 145 

amplitudes of both CES at 0o (P<0.001) and 30o (P<0.01), both UT at 0o (P<0.01) and 30o (P<0.05) 146 

and dominant AD at 0o and 30o (P<0.001). In addition, greater discomfort was seen in the neck 147 

pain group for both neck and shoulder VAS at 0o and 30o (P<0.001) and HRV at 0o and 30o 148 

(P<0.05) compared to the no neck pain group. However, neck and shoulder posture were not 149 

significantly different between groups in either the 0o or 30o tablet inclinations. When compared 150 

to the 0o tablet inclination, the 30o inclination influenced both neck pain and no neck pain groups 151 

similarly with significant decreases in neck flexion (Neck pain: P=0.019, No neck pain: P<0.001), 152 

shoulder extension (Neck pain and No neck pain: P<0.001) and both neck VAS (Neck pain: 153 

P<0.01, No neck pain: P<0.001) but with significantly greater dominant UT amplitude (Neck pain 154 

and No neck pain: P<0.001). In the neck pain group, the 30° tablet inclination significantly 155 

increased dominant AD amplitude (P = 0.010) and decreased non-dominant CES amplitude (P = 156 

0.010) compared to the 0° inclination. Although the medians of non-dominant UT amplitude and 157 
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dominant shoulder VAS were similar between inclinations, the interquartile range (IQR) for non-158 

dominant UT amplitude was significantly greater at the 30° inclination (P = 0.033), indicating 159 

increased variability. In contrast, the IQR for dominant shoulder VAS was significantly smaller (P 160 

= 0.005), reflecting reduced variability. 161 

Table 4 shows the data over 40 minutes of tablet writing. In the neck pain group, the 162 

Friedman tests showed a significant main effect at the 0o tablet inclination for neck flexion 163 

(P<0.001), both CES (P<0.01), dominant UT (P=0.018), and both neck VAS (P<0.01). Post Hoc 164 

Wilcoxon signed rank test showed neck flexion being significantly decreased from the 1st, 2nd, and 165 

3rd to 4th intervals (P<0.001). There were significant decreases from the 1st to 4th interval in non-166 

dominant CES (P=0.009), dominant UT (P=0.016), and both neck VAS (P<0.01). Dominant CES 167 

significantly increased from the 1st to 3rd (P=0.011) and 2nd to 3rd intervals (P=0.008). A significant 168 

main effect at the 30o tablet inclination was seen in the non-dominant CES (P=0.001) and dominant 169 

neck VAS (P=0.003). Pairwise comparisons with adjusted p-values showed, non-dominant CES 170 

significantly increased from the 1st to 3rd (P=0.013), 1st to 4th (P=0.004), and 2nd to 4th (P=0.037) 171 

intervals whereas dominant neck VAS significantly increased from the 1st to 3rd intervals 172 

(P=0.037). In the group without neck pain, significant main effects at 0o tablet inclination were 173 

seen in the dominant AD (P=0.006) and both neck VAS (P<0.001). Post Hoc Wilcoxon signed rank 174 

test showed significant increases in dominant AD from the 2nd to 3rd (P=0.022) and 2nd to 4th 175 

(P=0.043) intervals. Non-dominant neck VAS significantly increased from the 1st to 3rd (P=0.043) 176 

and 1st to 4th (P=0.037) while dominant neck VAS significantly increased from the 1st to 4th interval 177 

(P=0.011). At the 30o tablet inclination, there was a significant main effect only in HRV (P=0.017) 178 

with the pairwise comparison with adjusted p-values demonstrating a significant increase from the 179 

1st to 4th interval (P=0.027). 180 



10 
 

Table 1. Demographic data 181 

 
Neck pain 

(n=27) 

No neck pain 

(n=27) P-value 

 Median (IQR) 

Age (years) 20.00 (1.00) 20.00 (2.00) 0.274 

Weight (kg.) 50.00 (12.00) 54.00 (10.00) 0.341 

Height (cm.) 161.00 (8.00) 161.00 (8.00) 0.298 

BMI (kg. /m2) 19.51 (3.29) 20.45 (2.45) 0.139 

Neck Disability Index (points) 14.00 (8.00) 0.00 <0.001* 

Tablet usage experience (years) 2.00 (1.50) 3.00 (2.00) 0.136 

Regular tablet writing (hours/day) 3.00 (4.00) 3.50 (4.00) 0.938 

Regular tablet writing 

(minutes/session) 
30.00 (40.00) 60.00 (37.50) 0.214 

 N  

Male: Female 8:19 1:26  

Regular exercise    

- Never 3 2  

- 1-3 times/month 15 12  

- 1-3 times/week 9 11  

- More than 1-3 times/week 0 2  

A tablet inclination used regularly 

during the writing 
   

- 0o 6 9  

- 20o -35o 17 17  

- 36o -50o 3 0  

- 51o -65o 1 1  

A tablet screen position during writing    

- Parallel to the edge of a table 15 11  

- Rotated to a writing hand 12 16  

IQR = Interquartile range and * P <0.05 (Significant difference for Mann Whitney U test between 182 

groups) 183 
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Table 2. Baseline Comparisons in neck and shoulder posture, muscle activity, and discomfort 184 

between groups and tablet inclinations 185 
 

Groups Median (IQR) P-value between 

tablet inclinations 
 

Tablet inclinations 
 

0o 30o 

Neck F (+)/ E (-) (o) Neck pain (n=27) -10.260 (8.720) -10.860 (8.973) 0.341 

No neck pain (n=27) -5.685 (7.373) -6.150 (5.930) 0.078 

P-value between groups 0.109 0.072  

Shoulder F (+)/ E (-) (o) Neck pain (n=27) -1.300 (6.260) -0.015 (5.563) 0.568 

No neck pain (n=27) -0.475 (6.150) -1.060 (5.860) 0.471 

P-value between groups 0.511 0.993  

Non-dominant (Lt.)  

Av. CES amplitude (Normalized) 

Neck pain (n=27) 0.080 (0.070) 0.080 (0.053) 0.416 

No neck pain (n=27) 0.080 (0.040) 0.080 (0.040) 0.475 

P-value between groups 0.664 0.586  

Dominant (Rt.)  

Av. CES amplitude (Normalized) 

Neck pain (n=27) 0.070 (0.040) 0.060 (0.033) 0.757 

No neck pain (n=27) 0.060 (0.050) 0.060 (0.040) 0.678 

P-value between groups 0.242 0.424  

Non-dominant (Lt.)  

Av. UT amplitude (Normalized) 

Neck pain (n=27) 0.030 (0.030) 0.040 (0.033) 0.143 

No neck pain (n=27) 0.010 (0.040) 0.010 (0.030) 0.884 

P-value between groups 0.156 0.139  

Dominant (Rt.)  

Av. UT amplitude (Normalized) 

Neck pain (n=27) 0.020 (0.020) 0.020 (0.020) 0.130 

No neck pain (n=27) 0.020 (0.010) 0.020 (0.010) 0.235 

P-value between groups 0.346 0.060  

Dominant (Rt.)   

Av. AD amplitude (Normalized) 

Neck pain (n=27) 0.020 (0.040) 0.030 (0.023) 0.167 

No neck pain (n=27) 0.020 (0.020) 0.020 (0.030) 0.584 

P-value between groups 0.669 0.129  

Non-dominant (Lt.)  

neck VAS 

Neck pain (n=27) 0.000 (1.215) 0.000 (0.620) 0.059 

No neck pain (n=27) 0.000 0.000 1.000 

P-value between groups <0.001* 0.001*  

Dominant (Rt.)   

neck VAS 

Neck pain (n=27) 0.000 (0.688) 0.000 (1.170) 0.515 

No neck pain (n=27) 0.000 0.000 1.000 

P-value between groups 0.002* 0.001*  

Non-dominant (Lt.)  

shoulder VAS 

Neck pain (n=27) 0.000 (0.000) 0.000 (0.000) 0.917 

No neck pain (n=27) 0.000 0.000 1.000 

P-value between groups 0.020* 0.020*  

Dominant (Rt.)  Neck pain (n=27) 0.000 (0.000) 0.000 (0.000) 0.715 
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Groups Median (IQR) P-value between 

tablet inclinations 
 

Tablet inclinations 
 

0o 30o 

shoulder VAS No neck pain (n=27) 0.000 0.000 1.000 

P-value between groups 0.078 0.078  

HRV (LF/HF) Neck pain (n=27) 1.440 (1.815) 1.390 (2.085) 0.530 

No neck pain (n=27) 0.650 (0.480) 0.855 (1.135) 0.062 

P-value between groups 0.008* 0.094  

IQR = Interquartile range, Av.= Average, F/E = Flexion/Extension, EMG = Electromyography, CES = Cervical 186 
Erector Spinae, UT = Upper Trapezius, AD = Anterior Deltoid, VAS = Visual Analogue Scale, HRV = Heart Rate 187 
Variability, LF/HF = Ratio of low frequency and high frequency, and * P <0.05 (Significant difference for Mann 188 
Whitney U test between groups and Wilcoxon signed-rank test between tablet inclination189 
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Table 3. Comparisons of average neck and shoulder posture, muscle activity and discomfort 190 

between groups and tablet inclinations 191 
 

Groups Median (IQR) P-value between 

tablet inclinations 
 

Tablet inclinations 
 

0o 30o 

Neck F (+)/ E (-) (o) Neck pain (n=27) 31.34 (18.90) 29.54 (18.91) 0.019* 

No neck pain (n=27) 34.58 (11.34) 31.39 (11.08) <0.001* 

P-value between groups 0.066 0.571 
 

Shoulder F (+)/ E (-) (o) Neck pain (n=27) -13.86 (18.83) -8.18 (22.51) <0.001* 

No neck pain (n=27) -13.39 (15.31) -8.50 (8.43) <0.001* 

P-value between groups 0.191 0.769 
 

Non-dominant (Lt.)  

Av. CES amplitude (Normalized) 

Neck pain (n=27) 0.231 (0.074) 0.224 (0.078) 0.010* 

No neck pain (n=27) 0.184 (0.135) 0.197 (0.130) 0.663 

P-value between groups <0.001* 0.008* 
 

Dominant (Rt.)  

Av. CES amplitude (Normalized) 

Neck pain (n=27) 0.200 (0.106) 0.201 (0.099) 0.396 

No neck pain (n=27) 0.148 (0.079) 0.153 (0.091) 0.147 

P-value between groups <0.001* <0.001* 
 

Non-dominant (Lt.)  

Av. UT amplitude (Normalized) 

Neck pain (n=27) 0.051 (0.049) 0.051 (0.065) 0.033* 

No neck pain (n=27) 0.044 (0.045) 0.046 (0.041) 0.067 

P-value between groups 0.003* 0.020* 
 

Dominant (Rt.)  

Av. UT amplitude (Normalized) 

Neck pain (n=27) 0.083 (0.054) 0.093 (0.065) <0.001* 

No neck pain (n=27) 0.063 (0.036) 0.073 (0.039) <0.001* 

P-value between groups <0.001* <0.001* 
 

Dominant (Rt.)   

Av. AD amplitude (Normalized) 

Neck pain (n=27) 0.043 (0.039) 0.049 (0.036) 0.010* 

No neck pain (n=27) 0.035 (0.022) 0.035 (0.025) 0.837 

P-value between groups <0.001* <0.001* 
 

Non-dominant (Lt.)  

neck VAS 

Neck pain (n=27) 1.88 (3.07) 1.23 (2.49) 0.003* 

No neck pain (n=27) 0.00 (1.84) 0.00 (0.79) <0.001* 

P-value between groups <0.001* <0.001* 
 

Dominant (Rt.)   

neck VAS 

Neck pain (n=27) 1.93 (3.35) 0.76 (2.77) <0.001* 

No neck pain (n=27) 0.00 (1.73) 0.00 (0.65) <0.001* 

P-value between groups <0.001* <0.001* 
 

Non-dominant (Lt.)  

shoulder VAS 

Neck pain (n=27) 0.00 (2.06) 0.00 (1.45) 0.053 

No neck pain (n=27) 0.00 (0.00) 0.00 (0.00) 0.367 

P-value between groups <0.001* <0.001* 
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Groups Median (IQR) P-value between 

tablet inclinations 
 

Tablet inclinations 
 

0o 30o 

Dominant (Rt.)   

shoulder VAS 

Neck pain (n=27) 0.00 (1.81)  0.00 (0.90) 0.005* 

No neck pain (n=27) 0.00 (0.00) 0.00 (0.00) 0.943 

P-value between groups <0.001* <0.001* 
 

HRV (LF/HF) Neck pain (n=27) 1.45 (1.82) 1.54 (1.82) 0.355 

No neck pain (n=27) 1.16 (1.02) 1.26 (1.11) 0.187 

P-value between groups 0.014* 0.039* 
 

IQR = Interquartile range, Av.= Average, F/E = Flexion/Extension, EMG = Electromyography, CES = Cervical 192 
Erector Spinae, UT = Upper Trapezius, AD = Anterior Deltoid, VAS = Visual Analogue Scale, HRV = Heart Rate 193 
Variability, LF/HF = Ratio of low frequency and high frequency, and * P <0.05 (Significant difference for Mann 194 
Whitney U test between groups and Wilcoxon signed-rank test between tablet inclination 195 



15 
 
Table 4 Significant changes over 40 minutes in neck and shoulder posture, muscle activity, and discomfort between groups and tablet inclinations 196 

 197 

IQR = Interquartile range, Av.= Average, F/E = Flexion/Extension, EMG = Electromyography, CES = Cervical Erector Spinae, UT = Upper Trapezius, AD = Anterior Deltoid, VAS 198 
= Visual Analogue Scale, HRV = Heart Rate Variability, LF/HF = Ratio of low frequency and high frequency, * P <0.05 (Significant difference for Friedman’s test), and Adjusted P-199 
value for pairwise comparisons (Bonferroni correction)200 

Group Tablet 
inclinations 

Outcome Median (IQR) P-value 
(Friedman's test) 

Adjusted P-value 
(significant Pairwise 

comparisons) 
1st interval 2nd interval 3rd interval 4th interval 

Neck 
pain 

(n=27) 

0 Neck F (+)/E (-) (o) 32.78 (20.25) 35.75 (20.67) 34.05 (19.51) 24.95 (14.70) <0.001*  1st - 4th <0.001* 
2nd- 4th <0.001* 
3rd - 4th <0.001* 

Non-dominant (Lt.)  

Av. CES amplitude (Normalized) 

0.214 (0.071) 0.231 (0.074) 0.232 (0.076) 0.232 (0.087) 0.005* 1st - 4th = 0.009* 

Dominant (Rt.)  
Av. CES amplitude (Normalized) 

0.194 (0.091) 0.193 (0.106) 0.208 (0.111) 0.202 (0.116) 0.001* 1st - 3rd = 0.011* 
2nd - 3rd = 0.008* 

Dominant (Rt.)  
Av. UT amplitude (Normalized) 

0.080 (0.043) 0.078 (0.052) 0.087 (0.054) 0.087 (0.052) 0.018* 1st - 4th = 0.016* 

Non-dominant (Lt.) Neck VAS 0.960 (2.230) 1.830 (2.860) 2.380 (2.860) 2.520 (2.990) <0.001* 1st - 4th = 0.002* 

Dominant (Rt.) Neck VAS 1.090 (2.740) 1.830 (3.600) 2.010 (3.800) 2.360 (3.180) 0.002* 1st - 4th = 0.005* 

30 Non-dominant (Lt.)  

Av. CES amplitude (Normalized) 

0.216 (0.074) 0.223 (0.088) 0.227 (0.091) 0.229 (0.075) 0.001* 1st - 3rd = 0.013* 
1st - 4th = 0.004* 
2nd - 4th = 0.037* 

Dominant (Rt.) Neck VAS 0.000 (1.760) 0.840 (2.580) 1.220 (3.370) 1.360 (3.470) 0.003* 1st - 3rd = 0.037* 

No 
neck 
pain 

(n=27) 

0 Dominant (Rt.)  
Av. AD amplitude (Normalized) 

0.033 (0.024) 0.038 (0.024) 0.035 (0.026) 0.033 (0.028) 0.006* 2nd - 3rd = 0.022* 
2nd - 4th = 0.043* 

Non-dominant (Lt.) Neck VAS 0.000 (1.410) 0.000 (1.190) 0.920 (2.020) 0.540 (2.330) <0.001* 1st - 3rd = 0.043*  
1st - 4th = 0.037* 

Dominant (Rt.) neck VAS 0.000 (1.200) 0.000 (1.620) 0.000 (1.850) 0.420 (2.190) <0.001* 1st - 4th = 0.011* 

30 HRV (LF/HF) 0.984 (1.155) 1.116 (1.132) 1.172 (1.458) 1.483 (1.222) 0.017* 1st - 4th = 0.027* 
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Discussion 201 

According to baseline comparisons, young adults with neck pain had relatively more 202 

discomfort, including both neck VAS, non-dominant shoulder VAS and HRV, than those without 203 

neck pain. During the tablet writing, the neck pain group demonstrated greater neck-shoulder 204 

muscle activity in both CES, both UT, and dominant AD, and discomfort including neck-shoulder 205 

VAS and HRV than the group without neck pain. However, neck-shoulder posture did not 206 

significantly differ between groups. Increased neck-shoulder muscle activity in the neck pain 207 

group was consistent with previous studies [11, 12, 30]. Xie et al. reported that young adults with 208 

neck-shoulder pain had higher levels of CES and UT muscle activity than those without neck-209 

shoulder pain during texting on a smartphone [12]; similarly, Leonard et al. found comparatively 210 

more UT amplitude during writing in young adults with neck pain than those without neck pain 211 

[11]. Altered motor control is a potential explanation for the increased muscle activity observed in 212 

individuals with neck pain. When muscles are injured and painful, the central nervous system may 213 

change muscle recruitment to reduce the use of the painful muscle but still exhibits a similar motor 214 

output [8, 9, 31]. Additionally, in individuals with neck pain, deep cervical muscle function is 215 

typically impaired; therefore, there was increased activation of superficial layers of muscles to 216 

maintain cervical stability [32]. Similarly to neck-shoulder VAS, LF/HF was higher in the neck 217 

pain group as compared to the group without neck pain. Hence, LF/HF could possibly be used to 218 

differentiate discomfort between those with and without neck pain. This is also supported by a 219 

previous systematic review which reported that HRV can be helpful to evaluate pain [33].  220 

Although neck and shoulder posture were not significantly different between groups, the 221 

group with neck pain had slightly less neck flexion than the group without neck pain. However, 222 

this finding is in contrast to previous studies in terms of neck posture [10, 34]. When compared to 223 
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individuals without neck pain, Szeto et al. and Kim reported relatively more neck flexion during 224 

10-15 minutes of computer work [34] and during 5 minutes of smart phone use [10] respectively. 225 

A possible reason for this inconsistency was the different usage duration. Duration in the current 226 

study lasted 40 minutes whereas Szeto et al. and Kim recorded neck posture for no more than 15 227 

minutes. With extended duration, participants with neck pain might have difficulties enduring load 228 

and pain over such a long duration; therefore, they might adjust their neck to be in a more neutral 229 

position to alleviate excessive stress on the neck. Consequently, instead of increased neck flexion 230 

as compared to the group without neck pain, the neck pain group had less neck flexion in this 231 

study. According to previous studies, shoulder flexion and extension between young adults with 232 

and without neck pain during tablet writing were not compared. Accordingly, this would show that 233 

young adults with and without neck pain had a similar shoulder posture during writing. Overall 234 

comparisons between groups demonstrated similar postures but with greater CES, UT and 235 

dominant AD amplitudes. This possibly implied that young adults with neck pain generated more 236 

neck and shoulder muscle activity to maintain a similar neck-shoulder posture than those without 237 

neck pain. Increased neck and shoulder VAS in the neck pain group were also associated with 238 

more LF/HF as compared to the group without neck pain.  239 

Both groups exhibited less neck flexion, shoulder extension, and neck VAS when using 240 

the tablet at a 30° inclination compared to the flat tablet. However, dominant UT muscle activity 241 

was higher at the 30° inclined tablet than at the flat tablet in both groups. Decreased neck flexion 242 

with increased inclination in this finding supported previous studies [18-20]. Despite decreased 243 

neck flexion by inclining a tablet to 30o, both groups still exhibited greater neck flexion, 20o [35]. 244 

However, shoulder extension decreased with the inclined tablet whereas Young et al. found 245 

increased shoulder flexion with increased tablet inclinations [22]. This contrast in findings might 246 
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result from the restriction of using a backrest in the current study which was permitted in the study 247 

by Young et al. Due to restriction of using a backrest, participants tended to lean forward which 248 

would reduce the distance between their body and the tablet. Hence, participants in this study 249 

extended their shoulders rather than flexing. Decreases in neck VAS and increases in dominant 250 

UT muscle activity when inclining the tablet in both groups did not support the study of Chui et 251 

al. They reported no change of neck-shoulder VAS among various tablet inclinations [21]. The 252 

different findings were possibly caused by insufficient duration in the previous study (15 minutes) 253 

to induce discomfort. Chui et al. also found UT muscle activity decreased with increased tablet 254 

inclinations [21]. This contrast in findings might be due to differences in table height which could 255 

vary the screen height between studies. UT activation could increase due to either low or high 256 

screen height. Because of a higher working surface, individuals possibly elevated their shoulder 257 

which would require greater UT activation [36]. Also, more UT muscle activity was possibly 258 

induced by a low screen height because it assisted holding the head during prolonged deep neck 259 

flexion [37]. Our findings also revealed that a tablet with 30o inclination reduced non-dominant 260 

CES muscle activity and dominant shoulder VAS but induced greater non-dominant UT and 261 

dominant AD muscle activity. Therefore, it could be implied that a tablet with a 30o inclination is 262 

beneficial to reduce biomechanical load on the neck leading to less discomfort. Nevertheless, it 263 

induced greater UT and AD muscle activity particularly in the neck pain group. Moreover, LF/HF 264 

did not differ between tablet inclinations in both groups, which did not correspond to previous 265 

studies [38, 39]. Le and Marras [38] reported significantly higher LF/HF during standing compared 266 

to sitting, whereas our study involved only seated conditions. Weston et al. [39] discovered that 267 

the chair (reclined and regular chairs) and the device (computer and tablet use) had a significant 268 

impact on LF/HF, with the least LF/HF shown in the reclined chair during tablet use. However, in 269 
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our study, both conditions used the same workstation setup, including chair and table. A sitting 270 

position and a fixed workstation may result in slight differences in posture across conditions in our 271 

study, which would not create enough differences in physiological discomfort to alter HRV 272 

between tablet inclinations. 273 

When considering changes over 40 minutes for the neck pain group with the 0o tablet 274 

inclination, the dominant CES increased between 20 to 30 minutes. This was followed by increases 275 

in non- dominant CES, dominant UT, and both neck VAS with a reduction in neck flexion from 276 

30 to 40 minutes. At the 30o tablet inclination, the neck pain group also showed increases in non-277 

dominant CES and dominant neck VAS after 20 minutes. In terms of CES and neck flexion, our 278 

findings did not correspond with Szeto et al., as we found changes in CES muscle activity and 279 

neck flexion only in the neck pain group, with Szeto et al. reporting that young adults without neck 280 

pain showed decreases in neck flexion but increased CES over 30 minutes of tablet use [14]. This 281 

was possibly due to different usage configurations. In the study of Szeto et al., participants were 282 

instructed to hold a tablet with both hands whereas participants in the current study placed a tablet 283 

on the table. Although neck VAS at the 0o tablet inclination in both groups tended to increase after 284 

20 or 30 minutes, HRV showed a significant increase from 10 to 40 minutes only in the group 285 

without neck pain. This was consistent with the study of Le and Marras [38], who reported a 286 

minimally increasing trend of the LF/HF while sitting and typing on a computer for an hour. 287 

Therefore, HRV can be a sensitive measure for detecting changes in discomfort over extended 288 

duration in young adults without neck pain.    289 

 This study offered a comprehensive investigation in terms of both biomechanics and 290 

physiological variables and controlled confounding factors such as the tablet size, task instruction 291 

and temperature. However, there were still some limitations. Although this study considered the 292 
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effect of tablet writing on the neck and shoulder, it did not consider other spinal regions such as 293 

the thoracic and lumbar regions which could influence cervical biomechanics [40]. The majority 294 

of neck pain participants recruited in this study only had mild neck disability (NDI=5-14 points). 295 

The inclusion of young adults with moderate to severe neck disability should also be considered 296 

in future studies as different levels of neck disability may yield different findings. Future studies 297 

should consider the biomechanics of the whole spine to determine if the tablet inclination 298 

contributes a benefit or drawback to other spinal regions.  299 

Conclusion 300 

The findings of this study would suggest that, when compared to a 0o tablet inclination, a 301 

30o inclination should be recommended to improve neck-shoulder posture and discomfort for 302 

young adults with and without neck pain; although, this may induce more shoulder muscle activity. 303 

In addition, the duration for tablet writing should not exceed 20 minutes to avoid increased CES 304 

activation and neck discomfort. 305 

 306 

Acknowledgement  307 

We would like to thank all participants for their participation. This study was supported 308 

by the Faculty of Physical Therapy, Mahidol University, Thailand. 309 

 310 

References 311 

1. Murray CJ, Atkinson C, Bhalla K, Birbeck G, Burstein R, Chou D, et al. The state of US 312 

health, 1990-2010: burden of diseases, injuries, and risk factors. JAMA. 2013;310(6):591-313 

608. https://doi.org/10.1001/jama.2013.13805  PMID: 23842577 314 



21 
 

2. Lee S-P, Hsu Y-T, Bair B, Toberman M, Chien L-C. Gender and posture are significant risk 315 

factors to musculoskeletal symptoms during touchscreen tablet computer use. J Phys Ther 316 

Sci. 2018;30(6):855-61. https://doi.org/10.1589/jpts.30.855 PMID: 29950780 317 

3. Woo EHC, White P, Lai CWK. Musculoskeletal impact of the use of various types of 318 

electronic devices on university students in Hong Kong: An evaluation by means of self-319 

reported questionnaire. Man Ther. 2016;26:47-53. 320 

https://doi.org/10.1016/j.math.2016.07.004 PMID: 27479091 321 

4. Xie Y, Szeto G, Dai J. Prevalence and risk factors associated with musculoskeletal 322 

complaints among users of mobile handheld devices: A systematic review. Appl Ergon. 323 

2017;59:132-42. https://doi.org/10.1016/j.apergo.2016.08.020 PMID: 27890121 324 

5. Yu Z, James C, Edwards S, Snodgrass SJ. Differences in posture kinematics between using 325 

a tablet, a laptop, and a desktop computer in sitting and in standing. Work. 2018;61(2):257-326 

66. https://doi.org/10.3233/WOR-182796 PMID: 30373975 327 

6. Jahre H, Grotle M, Smedbråten K, Dunn KM, Øiestad BE. Risk factors for non-specific neck 328 

pain in young adults. A systematic review. BMC Musculoskelet Disord. 2020;21(1):366. 329 

https://doi.org/10.1186/s12891-020-03379-y PMID: 32517732 330 

7. Falla D, Farina D. Neuromuscular adaptation in experimental and clinical neck pain. J 331 

Electromyogr Kinesiol. 2008;18(2):255-61. https://doi.org/10.1016/j.jelekin.2006.11.001 332 

8. Gizzi L, Muceli S, Petzke F, Falla D. Experimental Muscle Pain Impairs the Synergistic 333 

Modular Control of Neck Muscles. PLoS One. 2015;10(9):e0137844. 334 

https://doi.org/10.1371/journal.pone.0137844 335 



22 
 

9. Qu N, Tian H, De Martino E, Zhang B. Neck Pain: Do We Know Enough About the 336 

Sensorimotor Control System? Front Comput Neurosci. 2022;16:946514. 337 

https://doi.org/10.3389/fncom.2022.946514 PMID: 35910451 338 

10. Kim MS. Influence of neck pain on cervical movement in the sagittal plane during 339 

smartphone use. J Phys Ther Sci. 2015;27(1):15-7. https://doi.org/10.1589/jpts.27.15 PMID: 340 

25642027 341 

11. Leonard JH, Kok KS, Ayiesha R, Das S, Roslizawati N, Vikram M, et al. Prolonged writing 342 

task: comparison of electromyographic analysis of upper trapezius muscle in subjects with 343 

or without neck pain. Clin Ter. 2010;161(1):29-33. PMID: 20393675 344 

12. Xie Y, Szeto GP, Dai J, Madeleine P. A comparison of muscle activity in using touchscreen 345 

smartphone among young people with and without chronic neck-shoulder pain. Ergonomics. 346 

2016;59(1):61-72. https://doi.org/10.1080/00140139.2015.1056237 PMID: 26218600 347 

13. De Luca CJ. Myoelectrical manifestations of localized muscular fatigue in humans. Crit Rev 348 

Biomed Eng. 1984;11(4):251-79. PMID: 6391814 349 

14. Szeto G, Madeleine P, Kwok KC-L, Choi JY-Y, Ip JH-T, Cheung N-S, et al., editors. 350 

Biomechanics of the cervical region during use of a tablet computer. Proceedings of the 20th 351 

Congress of the International Ergonomics Association (IEA 2018); 2019. 352 

https://doi.org/10.1007/978-3-319-96077-7_43 353 

15. Dennerlein JT. The state of ergonomics for mobile computing technology. Work. 354 

2015;52:269-77. https://doi.org/10.3233/WOR-152159 PMID: 26444934 355 

16. Le P, Rose J, Knapik G, Marras WS. Objective classification of vehicle seat discomfort. 356 

Ergonomics. 2014;57(4):536-44. https://doi.org/10.1080/00140139.2014.887787 PMID: 357 

24606493 358 



23 
 

17. Thorburn E, Pope R, Wang S. Musculoskeletal symptoms among adult smartphone and 359 

tablet device users: a retrospective study. Arch Physiother. 2021;11(1):1. 360 

https://doi.org/10.1186/s40945-020-00096-6 PMID: 33422154 361 

18. Albin TJ, McLoone HE. The effect of tablet tilt angle on users' preferences, postures, and 362 

performance. Work. 2014;47:207-11. https://doi.org/10.3233/WOR-131670 PMID: 363 

24004729 364 

19. Chiang H-y, Liu C-H. Exploration of the associations of touch-screen tablet computer usage 365 

and musculoskeletal discomfort. Work. 2016;53:917-25. https://doi.org/10.3233/WOR-366 

162274 PMID: 26967038 367 

20. Young JG, Trudeau M, Odell D, Marinelli K, Dennerlein JT. Touch-screen tablet user 368 

configurations and case-supported tilt affect head and neck flexion angles. Work. 369 

2012;41:81-91. https://doi.org/10.3233/WOR-2012-1337 PMID: 22246308 370 

21. Chiu H-P, Tu C-N, Wu S-K, Chien-Hsiou L. Muscle activity and comfort perception on 371 

neck, shoulder, and forearm while using a tablet computer at various tilt angles. Int J Hum 372 

Comput. 2015;31(11):769-76. https://doi.org/10.1080/10447318.2015.1064639 373 

22. Young JG, Trudeau MB, Odell D, Marinelli K, Dennerlein JT. Wrist and shoulder posture 374 

and muscle activity during touch-screen tablet use: Effects of usage configuration, tablet 375 

type, and interacting hand. Work. 2013;45:59-71. https://doi.org/10.3233/WOR-131604 376 

PMID: 23531566 377 

23. Kuorinka I, Jonsson B, Kilbom A, Vinterberg H, Biering-Sørensen F, Andersson G, et al. 378 

Standardised Nordic questionnaires for the analysis of musculoskeletal symptoms. Appl 379 

Ergon. 1987;18(3):233-7. https://doi.org/10.1016/0003-6870(87)90010-x PMID: 15676628 380 



24 
 

24. Luksanapruksa P, Wathana-apisit T, Wanasinthop S, Sanpakit S, Chavasiri C. Reliability 381 

and validity study of a Thai version of the Neck Disability Index in patients with neck pain. 382 

J Med Assoc Thai. PMID: 22994028 383 

25. Won EJ, Johnson PW, Punnett L, Dennerlein JT. Upper extremity biomechanics in computer 384 

tasks differ by gender. J Electromyogr Kinesiol. 2009;19(3):428-36. 385 

https://doi.org/10.1016/j.jelekin.2007.11.012 PMID: 18207419 386 

26. Yadegaripour M, Hadadnezhad M, Abbasi A, Eftekhari F, Samani A. The effect of adjusting 387 

screen height and keyboard placement on neck and back discomfort, posture, and muscle 388 

activities during laptop work. Int J Hum Comput. 2021;37(5):459-69. 389 

https://doi.org/10.1080/10447318.2020.1825204 390 

27. Hermens HJ, Freriks B, Disselhorst-Klug C, Rau G. Development of recommendations for 391 

SEMG sensors and sensor placement procedures. J Electromyogr Kinesiol. 2000;10(5):361-392 

74. https://doi.org/10.1016/s1050-6411(00)00027-4 PMID: 11018445 393 

28. Rungkitlertsakul S, Bhuanantanondh P, Buchholz B. The effect of tablet tilt angles and time 394 

on posture, muscle activity, and discomfort at the neck and shoulder in healthy young adults. 395 

PLoS One. 2023;18(3):e0283521. https://doi.org/10.1371/journal.pone.0283521 PMID: 396 

36952497 397 

29. Ding Y, Cao Y, Duffy VG, Zhang X. It is Time to Have Rest: How do Break Types Affect 398 

Muscular Activity and Perceived Discomfort During Prolonged Sitting Work. SH@W. 399 

2020;11(2):207-14. https://doi.org/10.1016/j.shaw.2020.03.008 400 

30. Namwongsa S, Puntumetakul R, Neubert MS, Boucaut R. Effect of neck flexion angles on 401 

neck muscle activity among smartphone users with and without neck pain. Ergonomics. 402 

2019;62(12):1524-33. https://doi.org/10.1080/00140139.2019.1661525 PMID: 31451087 403 



25 
 

31. Sjøgaard G, Søgaard K. Muscle activity pattern dependent pain development and alleviation. 404 

J Electromyogr Kinesiol. 2014;24(6):789-94. https://doi.org/10.1016/j.jelekin.2014.08.005 405 

PMID: 25245251 406 

32. Cheng CH, Cheng HY, Chen CP, Lin KH, Liu WY, Wang SF, et al. Altered Co-contraction 407 

of Cervical Muscles in Young Adults with Chronic Neck Pain during Voluntary Neck 408 

Motions. J Phys Ther Sci. 2014;26(4):587-90. https://doi.org/10.1589/jpts.26.587 PMID: 409 

24764639 410 

33. Koenig J, Jarczok MN, Ellis RJ, Hillecke TK, Thayer JF. Heart rate variability and 411 

experimentally induced pain in healthy adults: A systematic review. Eur J Pain. 412 

2014;18(3):301-14. https://doi.org/10.1002/j.1532-2149.2013.00379.x PMID: 23922336 413 

34. Szeto GP, Straker L, Raine S. A field comparison of neck and shoulder postures in 414 

symptomatic and asymptomatic office workers. Appl Ergon. 2002;33(1):75-84. 415 

https://doi.org/10.1016/s0003-6870(01)00043-6 PMID: 11831210 416 

35. Norasi H, Tetteh E, Sarker P, Mirka GA, Hallbeck MS. Exploring the relationship between 417 

neck flexion and neck problems in occupational populations: a systematic review of the 418 

literature. Ergonomics. 2021:1-17. https://doi.org/10.1080/00140139.2021.1976847 PMID: 419 

34477048 420 

36. Gonçalves JS, Moriguchi CS, Takekawa KS, Sato TO. Effects of work surface and task 421 

difficulty on neck-shoulder posture and trapezius activity during a simulated mouse task. Int 422 

J Occup Saf Ergon. 2019;25(1):86-90.  https://doi.org/10.1080/10803548.2018.1438960 423 

PMID: 29424654 424 



26 
 

37. Goostrey S, Treleaven J, Johnston V. Evaluation of document location during computer use 425 

in terms of neck muscle activity and neck movement. Appl Ergon. 2014;45(3):767-72. 426 

https://doi.org/10.1016/j.apergo.2013.10.007 PMID: 24182889 427 

38. Le P, Marras WS. Evaluating the low back biomechanics of three different office 428 

workstations: Seated, standing, and perching. Appl Ergon. 2016;56:170-8. 429 

https://doi.org/10.1016/j.apergo.2016.04.001 PMID: 27184325 430 

39. Weston E, Le P, Marras WS. A biomechanical and physiological study of office seat and 431 

tablet device interaction. Appl Ergon. 2017;62:83-93. 432 

https://doi.org/10.1016/j.apergo.2017.02.013 PMID: 28411742 433 

40. Yim J, Park J, Lohman E, Do K. Comparison of cervical muscle activity and spinal 434 

curvatures in the sitting position with 3 different sloping seats. Medicine (Baltimore). 435 

2020;99(28):e21178. https://doi.org/10.1097/MD.0000000000021178 PMID: 32664159 436 

 437 

 438 


