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A B S T R A C T   

The static posture associated with continuous tablet use can lead to musculoskeletal disorders of 
the neck and upper extremities as well as respiratory function disorders. We hypothesized that 0- 
degree tablet placement (flat on a table) would affect ergonomic risks and respiratory function. 
Eighteen undergraduate students were divided into two groups (n = 9 per group). In the first 
group, the tablet was placed at a 0-degree angle, whereas in the second group, it was placed at a 
40- to 55-degree angle on a student learning chair. The tablet was used continuously for 2 h for 
writing and internet use. Rapid upper-limb assessment (RULA), craniovertebral angle, and res
piratory function were assessed. There was no significant difference in respiratory function, 
including forced expiratory volume in 1 s (FEV1), forced vital capacity (FVC), and FEV1/FVC, 
between the groups (p = 0.09) or within groups. However, there was a statistically significant 
between-group difference in RULA (p = 0.001), with the 0-degree group having a greater ergo
nomic risk. There were also significant within-group differences between pre- and posttest. The 
CV angle differed significantly between groups (p = 0.03), whereby the 0-degree group had poor 
posture, as well as within the 0-degree group (p = 0.039), though not within the 40- to 55-degree 
group (p = 0.067). Undergraduate students who place their tablets at a 0-degree angle face 
increased ergonomic risks and higher potential for developing musculoskeletal disorders and poor 
posture. Thus, elevating the tablet and instituting rest intervals may prevent or decrease the 
ergonomic risks among tablet users.   

1. Introduction 

The number of people using tablets is increasing worldwide [1] and the use of tablets has been reported to be associated with 
musculoskeletal discomfort [2]. The internet can be accessed anywhere and from various types of equipment, especially tablets, with 
studies reporting an increased number of tablet owners every year [3,4]. More than 360 million tablets were sold in 2016, compared to 
60 million in 2011. The average age of users ranges from 14 to 18 years in the USA (87%), with 92% in the USA and 95% in Australia of 
users aged 18–34 years [3]. The average time spent using a tablet each day is 3–3.35 h for various activities, such as internet use. 
Previous studies have reported that the use of desktop and laptop computers can cause sleep disturbances that affect the user’s mental 
stress [5], attention-deficit disorder, headache [6], and musculoskeletal disorders - especially neck and shoulder pain [3]. Moreover, 
smartphones, and telecommunication signals can result in sleep disturbances, depression, headache, and thumb pain from typing on a 
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screen [7]. Tablet use in children has been reported to result in muscle discomfort and poor posture after only 2 h of use [8–10]. One 
study reported that neck pain and shoulder pain were present in 33.1% of 3600 secondary school–level students in Shanghai, China, 
which was hypothesized to be resultant of tablet and smartphone use [10]. Prolonged tablet use causes a reduction in movement, and 
static posture leads to musculoskeletal disorders at the neck and upper extremities [11,12]. Increased trunk flexion, rounded shoulders, 
and shoulder elevation have been reported as being associated with tablet-use posture as compared with desktop computer use [13]. A 
prior study employed lateral view imaging to evaluate posture during tablet use. The researchers drew a line on the images between the 
acromion process and the seventh cervical spine to measure the angle between the horizontal line. A normal angle is 52◦, indicating 
mean normal neck posture [14]. In individuals with a smartphone addiction, the craniovertebral (CV) angle is reduced, as indicated on 
the images by marking the tragus of the participant’s ear and the seventh cervical vertebrae. A line is then drawn to connect the two 
points; the angle of this line - with the horizontal line is then assessed. A reduction in this angle indicates a forward head angle [15]. A 
reduction in shoulder angle, i.e., the angle between the horizontal line and seventh spinous process link to the acromion process of the 
scapular which means the shoulders have moved forward, resulting in rounded shoulders [16]. In another study, a rounded shoulder 
posture in seated male workers was measured via the acromial distance from a wall during a standing lean against a wall (intraclass 
correlation coefficient = 0.94) [17]. A distance from the acromion to the wall of >2.6 cm indicated a rounded shoulder posture. 

Because tablets provide paperless use and make it easy to access the free internet service of universities, undergraduate students 
comprise one of the main groups of tablet users. There has also been an increase in their use for online learning activities, such as work 
assignments, downloading worksheets, meetings, conferences, and examinations. Each tablet use session can last from 3 to 4 h. 
Research has reported that more than 50% of university students who use electronic devices have a musculoskeletal disorder [18]. 

Many researchers have reported that tablet placement positioning has an effect on poor posture [9,10]. Using a tablet lying flat on a 
table results in a head flexion of 100◦ and neck flexion of 50◦ which represents poor posture [4]. Indeed, an appropriate posture in 
using a tablet is head flexion not more than 100◦ and neck flexion not more than 50◦. With an increase in shoulder elevation and 
shoulder flexion [10], the neck extensor works harder to hold the neck upright, which increases stress on the joint capsule of the 
cervical spine and tissue around the neck [19]. The tablet-holding position preference of the user [20], holding a tablet with one hand 
or two hands can also increase neck and shoulder muscle activity [3]. Thus, tablet placement affects the user’s posture and ultimately 
leads to ergonomic risk and Ergonomic risk can lead to pain and to poor posture. To date, only a few studies have examined the 
disadvantages caused by the tablet tilt position used and its association with musculoskeletal disorders and decreased respiratory 
function. A previous study reporting smartphone group use showed decreased forced vital capacity (FVC) and forced expiratory 
volume in 1 s (FEV1) when compared with a control group [21]. 

As mentioned above, poor posture caused by tablet use may result in increased ergonomic risks as assessed by RULA (Kelly et al., 
0 2009), increased forwarded head posture assessed by decreased craniovertebral angle, and decreased respiratory function reported 
via FVC, FEV1 and FEV1/FVC. This parameter results in airflow limitation with an obstructive pattern. Thus, this study aimed to 
evaluate the effect of different tablet tilt positions on ergonomic risks and respiratory function. 

2. Materials and methods 

2.1. Study design 

This study was conducted by incorporating a randomized controlled trial. Following recruitment, participants were divided into 2 
groups aimed at different tablet placement angles (0◦ or lying flat on a table group and 40–55◦ group) to carry out an identical writing 
task of copying journal papers. The 2 groups were then compared to assess the effects of tablet angle used. CV angle, RULA and 
respiratory function were assessed pre- and posttest. This study received ethical approval from the Research and Innovation 
Administration Division, Burapha University (No. HS004/2564; 2021). Restricted research conducted in accordance with ethical 
approve procedure. All approved changes in procedure were reported to the ethical committee. On research completion, the researcher 
reported to the Research and Innovation Administration Division, Burapha University. Clinical registry number: ISRCTN16053224. 

2.2. Sample size 

We estimated the sample size based on a pilot study on the effect of tablet tilt positioning on ergonomic risks. Participants per
formed the same writing task using an electronic pencil to transcribe words or rewrite a health sciences review article onto a blank 
paper application which was printed out onto paper and laid by the right side of the tablet continuously for 2 h in the same envi
ronment consisting of an identical temperature, light level, and chair attribute. The main parameter was the rapid upper-limb 
assessment (RULA) tool as applied to upper limb use amid the writing task. A power calculation was conducted based on a critical 
α value of 0.05 and a 1 − β of 0.9. To achieve a power level of 80%, in addition to accounting for a 20% dropout rate, we calculated that 
18 participants were required, who were divided into two groups of 9. 

2.3. Participants 

Inclusion criteria were undergraduate students aged 18–25 years who used a tablet for more than 2 h per day 6 month prior to the 
study. Exclusion criteria were a history of neck or upper-extremity surgery in the previous year; disorder or malalignment of the 
cervical spine or upper extremity; neck and upper-extremity pain, as measured by a visual analog scale score of greater than 3/10; 
chronic musculoskeletal disorder such as rheumatoid arthritis, osteoarthritis, or fibromyalgia; nervous or musculoskeletal system 
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disorder affecting sensory input; visual problems unable to be fixed with glasses; dizziness resulting in poor balance; and sedative drug 
uptake or alcohol consumption 48 h before. Following recruitment, participants passing the inclusion criteria gave their written 
informed consent as approved by the Research and Innovation Administration Division, Burapha University. 

2.4. Procedures 

A total of 18 undergraduate student participants were divided into two groups of 9. Group 1 positioned their tablets at a tilt of 
0◦ (lying flat on a table), and group 2 used a tablet tilt position of 40–55◦. Participants performed the same writing task using an 
electronic pencil to transcribe words or rewrite a health sciences review article onto a blank paper application which was printed out 
onto paper and laid by the right side of the tablet continuously for 2 h in the same environment consisting of an identical temperature, 
light level, and chair attribute. Data on the RULA were assessed by two professional physical therapists. They observed and agreed to 
sum up RULA score in a cross-sectional analysis on pretest and posttest (2 h after writing task). During data collection the assessors did 
not notify participants that they were observed and assessed throughout 2 h of the study. Respiratory function and CV angle were 
assessed prior to and subsequent to the study. In addition, fatigue symptom was also assessed after the study. We employed a standard 
student chair that cannot adjustable and tablet with a tilting tool. Respiratory function was measured via spirometer (CareFusion 
MicroLab), with a CV angle assessment tool for evaluation. Testing was conducted at a physical therapy laboratory room in the af
ternoon at Burapha university, Thailand. 

2.5. Statistical analysis 

We analyzed baseline characteristics, including age, weight, height, body mass index, tablet use per day, hand preference, res
piratory function, and CV angle, per mean ± SD, using independent-sample t for between-group comparisons and paired-sample t-test 
for within-group comparisons. RULA was represented as the median between groups via the Mann-Whitney U test and the Wilcoxon 
signed-rank test were used for between-group and within-group comparisons, respectively. A p value < 0.05 was considered statistical 
significance. 

3. Results 

3.1. Baseline characteristics of participants 

Table 1 shows the baseline characteristics of the study participants. Study participants consisted of 8 women (88.89%) and 1 man 
(11.11%) in both groups. The table reports participant weight, height, body mass index. All subjects reported right-handed dominance 
(100%). 

Participants’ average age was 20.8 ± 0.7 years, body weight 56.9 ± 11.1 kg, height 161 ± 3.6 cm, and body mass index 21.9 ± 3.7 
kg/m2 in group 1 (0-degree tablet placement) and 20.6 ± 0.88 years, body weight 52.7 ± 5.85 kg, height 161 ± 3.56 cm, and body 
mass index 20.3 ± 2.37 kg/m2 in group 2 (45- to 55-degree tablet placement). 

3.2. Effects of tablet tilt positioning on ergonomic risks 

Table 2 reports the RULA score based on tablet-tilt positioning. The median score of RULA was 7 in group 1 (0-degree tablet 
placement) and 6 in group 2 (45- to 55-degree tablet placement). The CV angle of group 1 was 50.77 ± 4.52◦ pretest and 47.77 ± 3.59◦

posttest. In group 2, CV angle was 47.11 ± 4.72◦ pretest and 46.11 ± 4.4◦ posttest. We discovered a statistically significant difference 
between groups (p = 0.001) and within the 0-degree group (p = 0.039). Figs. 1 and 2 show the RULA score and CV angle change, 
respectively. 

3.3. Effects of tablet tilt positioning on respiratory function 

Table 2 demonstrates the effects of tablet-tilt positioning on respiratory function, including forced expiratory volume in 1 s (FEV1), 
forced vital capacity (FVC), and FEV1/FVC. There was no significant difference in the change in FEV1 between the 0-degree group and 
the 45- to 55-degree (p = 0.09) or within groups (p = 0.65 and p = 0.716, respectively). The FEV1 of the 0-degree group was 2.95 ±

Table 1 
Baseline characteristics of the study participants.  

Parameter Group 1 (0-degree tablet placement) Group 2 (45- to 55-degree tablet placement) 

Gender Female 8, Male 1 Female 8, Male 1 
Age (years) 20.8 ± 0.7 20.6 ± 0.88 
Weight (kg) 56.9 ± 11.1 52.7 ± 5.85 
Height (cm) 161 ± 3.6 161.2 ± 3.56 
Body mass index (kg/m2) 21.9 ± 3.7 20.3 ± 2.37 
Hand preference All right-handed All right-handed  

P.T. Vannajak and K. Vannajak                                                                                                                                                                                    



Heliyon 9 (2023) e15654

4

0.34 L in the pretest and 2.97 ± 0.33 L in the posttest, whereas in the 45- to 55-degree group, it was 2.75 ± 0.39 L in pretest and 2.73 ±
0.41 L in posttest (Fig. 3). 

There was no significant differentiation in FVC between the 0-degree group and 45- to 55-degree group (p = 0.088) or within 
groups (p = 0.354 and p = 0.984, respectively). The FVC of the 0-degree group was 3.3 ± 0.48 L in the pretest and 3.28 ± 0.46 L in the 
posttest, whereas in the 45- to 55-degree group, it was 3.04 ± 0.57 L in the pretest and 3.04 ± 0.53 L in the posttest. 

There was no significant change in FEV1/FVC between the 0-degree group and the 45- to 55-degree group (p = 0.504) or within 
groups (p = 0.066 and p = 0.339, respectively). The FVC of the 0-degree group was 89.55 ± 6.3 L in the pretest and 91.22 ± 4.79 L in 
posttest, and in the 45- to 55-degree group, 91.22 ± 5.44 L in the pretest and 90.22 ± 3.52 L in the posttest. 

Table 2 
Parameters change in the study.  

Parameter Score Score change (pre–post difference) 

Group 1: 0-degree tablet position Group 2: 45- to 55-degree tablet position 

Pretest Post Pretest Post 

RULA 6 7 4 6 1 2 
Between group 0.001* 
Within group 0.039* 0.01* 
CV angle (degree) 50.77 ± 4.52 47.77 ± 3.59 47.11 ± 4.72 46.11 ± 4.4 3 1 
Between group 0.003* 
Within group 0.039* 0.067 
FEV1 (L) 2.95 ± 0.34 2.97 ± 0.33 2.75 ± 0.39 2.73 ± 0.41 − 0.02 − 0.02 
Between group 0.09 
Within group 0.65 0.716 
FVC (L) 3.3 ± 0.48 3.28 ± 0.46 3.04 ± 0.57 3.04 ± 0.53 − 0.02 0 
Between group 0.088 
Within group 0.354 0.984 
FEV1/FVC (%) 89.55 ± 6.3 91.22 ± 4.79 91.22 ± 5.44 90.22 ± 3.52 1.67 − 1.00 
Between group 0.504 
Within group 0.066 0.339 

*Statistically significant difference, p < 0.05. 

Fig. 1. RULA change graph. *Statistical difference, p < 0.05.  

Fig. 2. CV angle change graph. *Statistical difference, p < 0.05.  
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4. Discussion 

We conducted a randomized controlled trial to investigate the effect of tablet tilt placement while writing (copy writing a health 
sciences reviewer article) on ergonomic and respiratory function. The RULA can be employed to measure ergonomic risk in tablet 
users. The results revealed that undergraduate students using a tablet for 2 h had a high ergonomic risk of ergonomic dysfunction 
which promotes muscle fatigue and poor posture. 

Fatigue can be occurred after the continuous use of a tablet for 2 h and it may cause change in posture. From the starting position, 
both evaluated groups had a low–medium risk from their tablet-use posture. Subsequent to using the tablet continuously for 2 h, both 
groups had a high ergonomic risk dysfunction. Tablet position is a factor in the RULA change because placing the tablet at a 0-degree 
angle causes more flexion in the neck and trunk. The use of a tablet for long periods increases muscle fatigue and leads to a more 
slumping posture as well as an increased RULA score, which indicates a worsening posture and high ergonomic risk leading to 
musculoskeletal pain. This result was similar to that reported by Binboga and Korhan [11]. In addition, Xie [12] reported that pro
longed tablet use causes reduced movement, and a static posture leads to musculoskeletal disorders of the neck and upper extremities 
[11,12]. Furthermore, prolonged tablet use can decrease craniovertebral angle and thus lead to forwarded head posture. 

Prolonged sitting leads to a slouching posture. Straker et al. [13] reported that tablet-use posture consisted of greater trunk flexion, 
rounded shoulders, and increased shoulder elevation when compared with the posture associated with desktop computer use. 
Although both groups in this study exhibited risk, the starting position of 45–55◦ was associated with a low risk if the time spent 
utilising the tablet was decreased or interrupted by a change in position. Although there was still a low risk of ergonomic dysfunction, it 
did not progress to the high-risk category. According to the report of Chiang and Liu [2], head and neck flexion angles were signif
icantly increased (i.e., more erect) when the tablet was positioned at a high tilt angle (such as 60◦). Employing a placement with a 
higher tilt angle may help users to decrease their neck flexion position, leading to a more erect neck and trunk position and hence, an 
ergonomic posture [2]. The data from this study suggested that head and neck posture can be improved by adjusting a tablet to a higher 
tilt angle. 

CV angle in both groups at 0◦ tablet placing angle decreased by 3◦, which resulted in more neck flexion and a slouching posture. 
Clearly, the reason for this change was the increase in neck flexion due to the need for eye-tracking to achieve a better viewpoint when 
the tablet was lying flat on the student’s desk. When compared with a tablet placed at a 45- to 55-degree angle, there was no sta
tistically significant difference within groups, as the user did not need to achieve too much neck flexion as the tablet was elevated 
above the student’s desk chair. Analysis of sum score in the RULA was similarly correlated with CV angle, in which prolonged tablet use 
resulted in increased slumping posture and more neck flexion. According to Ruivo et al. [16], the reduction in shoulder angle indicates 
that the shoulders moved forward, resulting in rounded shoulders. The slumping posture assumed by long duration tablet use in 
undergraduate students leads to musculoskeletal disorders [18]. The position of the tablet has a direct effect on the user’s point of view; 
thus, a higher tilt angle actually changes the point-of-view angle [2]. An increase in the tilt angle results in greater neck extension yet 
no change in CV angle. As reported in this study, there was no statistically significant difference in 45- to 55-degree placement, though 
we did find a significant difference in the 0-degree angle position. Higher tilt placement helps users to decrease their neck flexion 
position, leading to a more erect, improved neck and trunk position in addition to an ergonomic posture [2]. The data from this study 
suggest that head and neck posture can be improved by adjusting the tablet tilt angle through the use of a tablet case, which allows the 
user to adjust the tablet to the appropriate angle. 

There was no change in respiratory function in the groups, either between or within groups. Poor posture after 2 h of continuous 
tablet use did not affect respiratory function or the respiratory muscle. Placing the tablet on the student chair exerted no effort on the 
shoulder or forearm and hand muscles, thus reducing the workload of the neck and shoulders. Muscle fatigue was less than that of 
smartphone use, in which the phone is lifted by hand from a table. The results of this study were not in accordance with that of Kang 
et al. [21], who reported that holding a smartphone with both hands in the sitting posture placed a high load on the neck and upper 
extremities that could affect the respiratory muscles [21]. The strengths of this study are that it was conducted in undergraduate 
students who account for the most studying duration as well as the paperless trend. Moreover, they are the future of the nation. If we 
discover the cause of poor posture leading to increased ergonomics risk and harm to health, then we can protect and mobilise better 
health in addition to no chronic pain during physical development. Although this study was conducted in healthy participants, tablet 

Fig. 3. Respiratory function change graph. *Statistical difference, p < 0.05.  
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use was shown to affect poor posture and increased ergonomic risk. 
The limitations of this study were that it comprised of a low amount of participants as well as a lack of long duration tablet uti

lization assessment. Inclusion criteria were healthy persons with no deformity or pain at the cervical spine, in addition to no neck or 
upper-extremity pain. This study assessed the immediate effects so there tended not to be any change in respiratory function. The 
future study suggests that increase number of participants and increased time of tablet used according to the real used such as study 
schedule from 8 or 9 a.m. − 12 p.m. mean 3–4 h in real. Lon term follow up such as 6 h after prolong tablet used was suggested. 

5. Conclusion 

Tablet tilt positioning has an effect on poor posture. We detected an ergonomic risk in both groups of this study, with a high-risk 
RULA score found in the 0-degree tablet position. There was a statistically significant between-group difference in change in forwarded 
head posture, though the 45- to 55-degree placement position did not alter the forwarded head posture. This means that a higher tilt 
helped to prevent the forwarded head posture or prevent more neck flexion. Respiratory function did not change in either group, likely 
because the tablet was placed on the chair, which did not increase the load on respiratory function. 
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