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What is “already known” in this topic: 
 Ergonomists know that prolonged laptop use leads to 
discomfort due to their fixed design. Various interventions like 
height adjustments and external keyboards have been explored, 
but they often have limitations. 
 
What this article adds: 
 This study introduces a novel, adjustable laptop stand to 
address these ergonomic risks. A controlled experiment showed 
that the stand significantly reduced discomfort and improved 
typing accuracy, enhancing user comfort and productivity. This 
study offers a promising solution that addresses the limitations 
of existing interventions. 
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Abstract 
    Background: Laptops are ubiquitous tools in today's society; however, their prolonged use often leads to discomfort and 
musculoskeletal disorders due to their nonergonomic design. This study aimed to evaluate the effectiveness of an innovative adjustable 
laptop stand in enhancing comfort and productivity during typing tasks. 
   Methods: A 2-phase experimental design was employed. Phase 1 involved the development of a novel laptop stand considering 
ergonomic principles and expert recommendations. In Phase 2, a total of 25 office workers—13 men and 12 women—participated in 3 
randomized sessions of a 2-hour typing task. They used the newly designed stand, adjusted their laptop height using conventional 
methods, or completed the task without any height adjustment (control). The Local Subjective Discomfort Questionnaire (LPD), the 
Rapid Upper Limb Assessment (RULA), and speed and error rates were used to measure postural risk, subjective discomfort, and 
typing performance, respectively, during each session. SPSS Version 26 (IBM) was used for the analysis, and P ˂ 0.05 was considered 
statistically significant.  
   Results: The RULA scores were significantly lower with the newly designed stand compared with the other conditions. When using 
the stand, perceived discomfort in specific regions significantly decreased (P < 0.05). Moreover, the number of typing errors 
significantly reduced with the stand (P < 0.05), while no significant difference was observed in typing speed (P = 0.371). 
   Conclusion: The novel adjustable laptop stand significantly reduced discomfort and improved typing accuracy during typing tasks, 
suggesting its potential to enhance user comfort and productivity. However, further longitudinal studies are needed to assess the long-
term effects of this intervention. 
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Introduction 
Personal computers play a crucial role in today's profes-

sional world (1). The demand for access to information 
technology continues to increase, and laptops offer several 

advantages over desktop computers. Laptops are gaining 
rapid popularity in numerous areas, including office work 
and educational institutions (2). The benefits of laptops 
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are that they are portable, affordable, lightweight, have 
wireless access, and are less cumbersome, allowing users 
to work flexibly and conveniently from anywhere at any 
time (3). 

The prolonged use of desktop computers has resulted in 
complaints of pain, numbness, tingling, and other discom-
forts in the neck, shoulders, and arms, leading to loss of 
productivity, sick leave, and even potential disability (4). 
On the other hand, while laptops are more convenient to 
carry because of their lightweight, laptop owners have 
also been found to be predisposed to back, neck, and 
shoulder problems. One study showed that laptop users 
report pain in several body parts more frequently than 
desktop users (5). One of the main factors contributing to 
these problems is the inherent portability of laptops. Users 
often assume awkward postures when using laptops. 
These postures include lying on the floor, using desks not 
ergonomically designed for laptop use, or placing the lap-
top directly on the lap. Such poor posture and repetitive 
movement are often the source causes of the pains report-
ed by laptop users (6).  

Laptop work conditions differ from those of a tradition-
al visual display terminal. Generally, laptops are not uti-
lized in an office environment with adjustable furniture, 
and the adjustability of the various laptop components is 
limited. For example, the screen and keyboard cannot be 
detached and adjusted independently, as is recommended 
for traditional visual display terminal work, except screen 
inclination (7, 8). The inherent restrictions in adjustability 
and design characteristics of laptops, in addition to the 
fixed nature of typical laptop workstations, are important 
factors that can negatively impact performance, comfort, 
and working postures (8). In addition, the fixed configura-
tion of a laptop, with the keyboard and monitor attached 
and lacking independent adjustability, may force users to 
compromise between comfortable hand/wrist positions 
and optimal head/neck postures. This may lead to pos-
tures, increasing the risk of discomfort and injury (9). 
Therefore, when it comes to laptops, it is crucial to con-
sider issues such as comfort, adjustability, and perfor-
mance to prevent potential ergonomic and occupational 
health problems (10). 

Several studies have highlighted the ergonomic disad-
vantages associated with laptops—including trouble main-
taining a neutral posture, increased neck flexion, improper 
ergonomic use, physical discomfort or strain, and limita-
tions on adaptability because of their unique design (11-
15). A study by Saito et al (1997) found that the neck 
muscle load—measured by electromyography values—
was significantly higher using a laptop compared with a 
desktop computer. Moreover, laptop users tended to ex-
hibit greater forward head inclination, limited head 
movement, and a shorter viewing distance, subsequently 
increasing the visual and musculoskeletal workload com-
pared with desktop computers (16). Considering the sever-
ity of the issue, a wide range of equipment, such as laptop 
stands, are on the market to help users work more ergo-
nomically. However, in practice, these products are fre-
quently underutilized (17). 

Previous studies, such as the one by Amick et al have 

shown positive results from ergonomic training methods; 
one study found that training alone did not lead to a reduc-
tion in musculoskeletal disorders (MSDs) symptoms 
among the participants. The researchers suggested that the 
knowledge gained through training would not be effective 
unless participants were also provided with appropriate 
equipment (18). Asundi et al (2012) compared postural 
changes using a simple inclined stand under the laptop and 
a commercially available riser with an external mouse and 
a keyboard. Their study showed that using a keyboard, 
riser, and a separate mouse reduced neck flexion (19). 
Another study showed that with some further improve-
ments in the design, the automated laptop stand could im-
prove and maintain the height of the top visible line of the 
laptop screen correctly at 15° below eye level. It can be 
used by people who prefer working on laptops for long 
hours (20). In parallel to the advancement in laptops' 
physical and technical features, there is also a number of 
products aimed at reducing MSDs in laptop users. How-
ever, limited evidence supports the efficacy of these so-
called “ergonomically designed” products in preventing 
injuries. Therefore, many laptop users need an ergonomic 
laptop stand in their workstation while using laptops. Giv-
en the importance of ergonomic interventions to enhance 
work quality, this study aimed to design and evaluate an 
adjustable laptop stand for laptop users. It was hypothe-
sized that the new prototyped adjustable laptop stand 
would improve users’ working posture, comfort, and per-
formance. 

 
Methods 
This experimental and interventional study was con-

ducted in 2 distinct phases. The first phase focused on the 
design of an innovative adjustable laptop stand. This de-
sign process considered ergonomic postural risks and ex-
pert opinions to ensure the creation of a product that could 
effectively mitigate the discomfort associated with pro-
longed laptop use. The second phase involved the ergo-
nomic assessment of the newly designed laptop stand. A 
diverse group of office workers took part in various typing 
exercises designed to test the stand under various condi-
tions, enabling a thorough assessment of the stand's ef-
fects on comfort, productivity, and posture. The following 
sections provide a detailed overview of the methods used 
in each phase. 

 
First Phase: Designing of the Laptop Stand  
During this phase, the design requirements for an ergo-

nomic stand were determined using a researcher's check-
list and ergonomic workstation requirement; the design of 
an ergonomic laptop stand was processed as following 
steps:  

 
Identifying Design Requirements 
The design specifications for the adjustable laptop stand 

were carefully considered, involving a series of steps to 
ensure the final product would meet the needs of its users 
effectively. Initially, the need for specific design require-
ments was recognized through a comprehensive review of 
existing literature, user feedback, and expert opinions. 



 
H. Ghadimi, et al. 

 

 
 

http://mjiri.iums.ac.ir 
Med J Islam Repub Iran. 2023 (20 Dec); 37:139. 
 

3 

This process highlighted the common issues laptop users 
face and the potential ergonomic solutions that could ad-
dress these problems. To formalize these requirements, a 
team of experts, including ergonomics specialists and a 
statistician, developed a checklist. This checklist was a 
tool to systematically capture and prioritize the design 
requirements. The questions on the checklist were then 
subjected to a rigorous validation process. This involved 
assessing their formal and content validity using the Con-
tent Validity Ratio (CVR) and the Content Validity Index 
(CVI), evaluated by a panel of 10 experts. According to 
the Lawshe table, considering the number of experts (N = 
10), items with a CVR score ˃0.8 and a CVI score ˃0.62 
were deemed reliable and included in the final checklist 
(21).  

As a result, out of the initial 11 proposed items—cost 
consideration, height adjustment precision, strength and 
load capacity, warranty and after-sales service, portability 
and space efficiency, move confidently, placement of the 
cooling fan, coloring and appearance, weight and han-
dling, material and additional uses—only 5 items were 
selected based on stringent criteria. After consensus 
among the expert panel, a selection was made and author-
ized for inclusion in the final design requirements. The 
finalized items included cost consideration, height adjust-
ment precision, strength and load capacity, portability and 
space efficiency, and weight and handling.  

 
Design Specifications   
1. The ANSI/HFES 100-2007 standard was followed in 

the design of the stand, taking into account pertinent crite-
ria for the neck angle, monitor distance, and work surface 
height. This ensures that the stand meets all ergonomic 
requirements for laptop users. 

2. The dimensions of the stand were considered in ac-
cordance with the dimensions of a 14-inch laptop. 

3. The weightbearing capacity of the stand was designed 
to handle the heaviest laptop available in the market, tak-
ing into account the increasing range of users. 

4. The locking mechanism was chosen based on 2 fac-
tors—high weightbearing capacity and easy use. 

 
Prototyping  
The initial step in the prototyping process involved cre-

ating a 3-dimensional (3D) model of the laptop stand. This 
was accomplished using SolidWorks software Version 
2019, allowing for a detailed and accurate design repre-
sentation. The fabrication of the device commenced fol-
lowing the 3D modeling. This process involved selecting 
suitable materials for the stand, considering durability, 
weight, and cost. The chosen materials were then shaped 
and assembled according to the specifications of the 3D 
model. During the fabrication process, attention was paid 
to the adjustable features of the stand, ensuring they were 
functional and user-friendly. The prototype was then test-
ed for stability and ease of adjustment. Once the prototype 
was deemed satisfactory, it was ready for the next study 
phase. For the sample prototype, materials—including 
aluminum metal and 3-layer fiber—were selected. The 
fiber was chosen for its lightweight yet strong properties, 

necessary to support the weight of a laptop. The locking 
mechanism or joint for fixing the stand at the desired 
height underwent extensive examination and testing. It 
was crucial for the mechanism to support appropriate 
weight and offer ease of use for the user. After evaluating 
various options, a friction-locking mechanism was chosen 
for this design, addressing the issues encountered during 
the prototype phase. Two sheets of 3-layer fiberboard, 
measuring 32 × 24 × 0.6–cm (corresponding to the length 
and width dimensions of a 14-inch laptop), were cut to 
serve as the upper and lower plates of the stand. A 2 × 2 
aluminum profile (square box) with a thickness of 1.5 mm 
and a length of 19 cm was used as the connecting arm 
between the 2 plates. The end of the aluminum arm was 
covered by two riveted L-shaped connectors affixed to 
each plate. The aluminum arm was attached to the L-
shaped connectors using a bolt, nut, and latch mechanism. 
By pressing the latch and creating friction between the 
arm and L-shaped connectors, the arm can be secured in a 
desired position (with rotation of the nut). The level of 
frictional power generated can be adjusted. 

Finally, based on the identified defects in the manufac-
tured samples, adjustments were made to the material used 
for sample production. Instead of the 3-layer fiber, 6-mm 
flexiglass (talaq) was chosen for its lightweight and 
strength properties. This material was selected to accom-
modate the weight of the laptop. To maintain the strength 
of the talaq plates, aluminum strips with a stud cross-
section were added along the edges. Considering that us-
ers may adjust the upper plate of the stand to different 
angles, a movable and rotating tab was installed on the 
front edge of the top screen. This tab allows the laptop to 
be secured by rotating it 90° if needed, preventing it from 
sliding downwards. In addition, the upper panel features 2 
cooling fans, and their power cable is connected to the 
laptop via a universal serial bus connection. Figure 1 
shows the prototype of a laptop stand while a laptop is 
fixed on it. 

 
Second Phase: Ergonomic Assessment of the Laptop 

Stand 
In the second phase of the study, which focused on in-

tervention, the effectiveness of the stand designed for an 
office workstation was evaluated. For this evaluation, 25 
office workers from Saveh University of Medical Sciences 
were selected using the available sampling method, with 
careful consideration given to the study's entry conditions. 
Among the participants, 13 were men and 12 were wom-
en.  

A    B  
Figure 1. (A) The prototype of laptop stands. (B) The laptop proto-
type stands while a laptop is fixed on it. 
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Participants in the assessment completed a 2-hour lap-
top typing activity under 3 different random settings: 

1. Using the built-in stand. 
2. Employing conventional height adjustment methods, 

such as using a book to adjust the laptop's height and mak-
ing manual adjustments. 

3. Operating in a control mode without any external 
stand or adjustments, the participants used the laptop in 
the traditional table, and typing was done using an exter-
nal keyboard. 

After completing the typing task, several variables were 
evaluated to assess the impact of the stand. The variables 
included participants' perceived discomfort (22), upper 
limb posture (evaluated using the RULA) (23), and per-
formance metrics, such as the number of typed words and 
the occurrence of typing errors. 

 
Participants 
The study's inclusion and exclusion criteria were exam-

ined, along with the demographic characteristics of the 
participants, including age, height, weight, education, 
work experience, and significant pain in the back and 
neck, as assessed through the completion of the Nordic 
questionnaire (24). The inclusion criteria were a history of 
laptop use for ˃1 year and 2 hours per day and having an 
average typing speed (The average typing speed is 
around 40 words per minute in Persian). All participants 
had normal or corrected-to-normal vision. The exclusion 
criteria were a history of neck pain, neurological symp-
toms, and neck and/or upper limbs surgery. Participants' 
net typing speed of 30 to 40 words per minute was meas-
ured in a standard 3-minute typing test. In this section, 
after gathering the participants' demographic information 
and reviewing the study procedures, they were assured 
that their pictures or videos would not be published in any 
way. It was emphasized that if pictures were to be used, 
participants' faces would be removed or completely cov-
ered. 

At this stage, the participant determined the order in 
which each of the 3 interventions would be performed. 
This randomization process aimed to prevent participant 
fatigue from influencing the results. 

 
Tasks  
During this stage, each participant received training on 

workstation adjustment principles, including the proper 
adjustment of chairs, tables, footstools, and other compo-
nents, based on their anthropometric dimensions. This 
training was provided in 3 stages, following the standard 
reference for seat adjustment outlined in ANSI/HFES 
2007-100. 

 
Protocol  
This study took into account the significance of user 

training for properly adjusting and utilizing the stand in 
addition to improving the stand's physical attributes com-
pared with those that already existed. To facilitate this, a 
self-learning training method was provided to users. Par-
ticipants were instructed on adjusting the stand themselves 
using the first method. Moreover, a second method was 

introduced as an option for correcting potential errors 
from the first method. 

By leveraging trigonometric relationships and the alpha 
tangent rule, a formula has been devised to help users de-
termine the optimal height for their laptop stand, ensuring 
that their neck and waist angles are in an ergonomically 
favorable position. A right-angled triangle is formed when 
seated at a desk and viewing the laptop monitor, allowing 
the angles to be customized based on the user's eye level, 
the monitor screen, and the table surface. As such, the 
alpha tangent angle, which represents the user's eye angle, 
is affected by changes to the height of the stand and the 
position of the monitor. Thus, this formula aims to estab-
lish the link between the user's eye angle relative to the 
horizon and the laptop monitor's height from the table 
surface. 

Subsequently, a supplementary methodology was de-
veloped to address the potential limitations of the initial 
approach. This involved creating a specialized device ca-
pable of projecting a visible light ray parallel to the hori-
zon, similar to a laser device. This setup allows the user to 
align their eye level with the horizon by only perceiving 
the radiated light when placed parallel to it. 

 
Study Design  
During this stage, the participant engages in a typing 

task using a laptop for 2 hours across 3 distinct modes: 
1. Utilizing an ergonomic laptop stand. 
2. Employing conventional height adjustment methods 

(eg, books or manual adjustments). 
3. A randomly assigned control mode. The interventions 

are defined as follows: 
- Control intervention (no stand used): The participant 

positions the laptop directly on the table and types using 
an external keyboard. 

- Conventional intervention (using makeshift height ad-
justment): The participant utilizes available objects to 
modify the laptop's height. In this scenario, the participant 
has full autonomy to adjust the height as desired without 
examiner intervention. 

 
 RULA 
Throughout each 25-minute intervention, the partici-

pant's workstation and posture were documented through 
photos taken at 5-minute intervals while typing. Following 
this, an assessment of 5 postures captured using the 
RULA method was conducted, with the highest scored 
posture (indicating poor ergonomics) serving as the point 
of reference for evaluation. The RULA, which had been 
developed as an observational method for investigating 
improper postures, was used in this study. First, observa-
tions were recorded as numerical scores, and then these 
scores were converted to the final scores through the 
RULA-specific matrix scoring system, with higher scores 
representing improper postures. The classification of 
scores was as follows: Level 1: a score of 1 or 2, indicat-
ing that the posture is acceptable if not maintained for a 
long period. Level 2: A score of 3 or 4, indicating that 
further investigation is needed and changes may be re-
quired. Level 3: a score of 5 or 6, indicating that the inves-
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tigation is needed and changes are required soon. The de-
cision to employ the RULA method stemmed from its 
suitability for evaluating seated and largely static work 
postures, mainly focusing on the activity's impact on the 
upper limbs. 

 
Evaluation of Perceived Discomfort 
After each 25-minute intervention, participants were 

given a 10-minute rest period. During this time, their dis-
comfort levels were measured in 6 areas of the body using 
the Local Perceived Discomfort method. A visual ana-
logue scale, consisting of a 10 cm horizontal line with 
descriptive statements at each end, was used to assess per-
ceived discomfort (22). Participants rated their discomfort 
from 0 (no discomfort) to 10 (maximum discomfort) in 
areas such as the neck, lower back, wrist, shoulder, hand, 
and knee. Additional rest time was provided if needed to 
reduce fatigue and ensure mental relaxation before the 
next intervention. 

 
Assessing the Amount of Typographical Errors 
Text excerpts from the fundamental health and work-

related resource, the self-care book for minor ailments, 
were assigned for typing by the participants, as they were 
selected from the Faculty of Medical Sciences workforce. 
To minimize eye strain, pages with accompanying images 
were specifically selected. The chosen pages were con-
sistent for all participants. Once the sequence for imple-
menting the interventions above was randomly estab-
lished, each participant typed the specified text using an 
external keyboard for 25 minutes within each intervention 
mode. 

In this section, the text typed by the participants is ana-
lyzed using the Word Counr function of Microsoft Word 
2013 software. The number of words typed and the errors 
made by the participant are counted and recorded. The 
participant must type according to the specified text and 
must not correct their typographical errors in any way. 

Before commencing the study test, each participant is 

allocated at least 5 minutes to familiarize themselves with 
the new keyboard, reviewing the placement of buttons and 
letters on the new keyboard. 

 
Statistical Analysis 
The data analysis was conducted using SPSS Version 22 

software (IBM). After each intervention, the normality of 
the acquired data was assessed using the Shapiro-Wilk 
test. Subsequently, a repeated measure analysis of vari-
ance (ANOVA) was employed to compare the impact of 
each intervention among the groups. The significance lev-
el for all statistical assessments was set at α = 0.05. 

 
Results 
A total of 25 office workers participated in this study. 

The mean (standard deviation) of the demographic varia-
bles among participants were 30.88 (±4.53) years for age, 
73.36 (±13.19) kg for weight, 172.72 (± 6.82) for height, 
and 24.53 (±3.78) kg/m2 for the body mass index. 

Table 1 displays the RULA scores and related action 
levels. When the participants performed the typing task 
using the newly designed stand, the action level was cal-
culated as 1, indicating that “the posture is acceptable if 
not maintained for a long period.” Moreover, the action 
level was calculated as 2, which meant “further investiga-
tion is needed and changes may be required. On the other 
hand, without using the laptop desk, the action level was 
calculated as 3, which implied “investigation and change 
are required soon.”  

Regarding the results of perceived discomfort for all 
participants, the repeated measure ANOVA showed a sta-
tistically significant difference between the perceived dis-
comfort in the neck, lower back, shoulder, hands, and 
wrist regions. However, the results were not significant 
for the knee region (P = 0.051). Table 2 shows the results 
regarding perceived discomfort for 3 interventions. 

The results regarding performance are presented in Ta-
ble 3. On average, the participants typed 534, 514, and 
513 words in the study conditions of the newly designed 

 
Table 1. Results of Posture Evaluation for Each Side of the Body During the Typing Tasks 

Action Level Final Score Score D Score C Score B Score A Body Side Variable 
1 2 2 2 2 2 Right Newly designed stand 
1 2 2 2 2 2 Left 
2 3 3 3 2 2 Right Conventional stand 
2 3 3 3 2 2 Left 
3 5 6 3 5 2 Right Without stand 
3 5 6 3 5 2 Left 

 
Table 2. Mean (SD) and Repeated Measure ANOVA Results for Perceived Discomfort in 6 Areas in 3 Interventions (N = 25) 

 P Value New Designed Stand  Conventional Stand  Without Stand Variable 
 <0.001 2.72 (1.88)  4.08 (1.87)  4.92 (2.14) Neck 
 <0.001 2.64 (1.60)  3.96 (1.84)  4.56 (2.18) Lower back 
 <0.001 2.32 (1.55)  3.44 (1.85)  3.88 (2.26) Shoulder 
 <0.051 2.32 (1.65)  3.08 (1.53)  3.64 (1.75) Wrist 
 <0.051 2.04 (1.54)  2.8 (1.61)  3.16 (1.70) Hand 
 <0.051 1.4 (1.00)  1.48 (0.96)  1.84 (1.34) Knee 

 
Table 3. Mean (SD) and Repeated Measure ANOVA on Typing Task in 3 Interventions (N = 25) 

P Value Without Stand Conventional Stand Newly Designed Stand Variable 
<0.05 3 (4.45) 4 (4.26) 3 (3.70) Typing error percentage 
0.371 513 (110.58) 514 (123.84) 534 (138.10) Typed words 
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stand, conventional stand, and without the stand, respec-
tively. In addition, the typing error percentage was signifi-
cantly higher when participants did not use the newly de-
signed stand (P < 0.05). 

 
Discussion 
The main aim of this study was to design and manufac-

ture a laptop stand for laptop users and to characterize its 
ergonomic advantages during a typing task. During the 
first phase of the study, an expert panel identified essential 
design specifications, and the laptop stand was prototyped 
accordingly. The subsequent phase sought to evaluate the 
stand's ergonomics during a simulated typing task. The 
data analysis indicated that the newly designed stand 
could improve body posture, reduce discomfort, and min-
imize typing errors. 

The results of the RULA approach showed that an ac-
tion level of 3 (meaning that "investigation and change are 
required soon") was necessary when the stand was not 
used. Across various body regions, it was observed that 
the wrist maintained an inappropriate bending angle of up 
to 15° without using the stand, posing a risk factor for 
wrist MSDs like carpal tunnel syndrome (25, 26). Fur-
thermore, positioning a laptop on the desk without a stand 
led to increased neck bending away from the neutral posi-
tion, potentially resulting in higher scores in the RULA 
technique (27). These findings are consistent with the lit-
erature, which suggests that improved workstation designs 
have diminished risk factors associated with MSDs (28). 
According to Shokrolahi et al, the ergonomically designed 
laptop desk, with its capacity to adjust the height, width, 
and keyboard slope, exhibits the highest adaptability to the 
body's anthropometric dimensions across various modes 
of laptop use. Furthermore, it has been demonstrated that 
an ergonomic laptop desk is effective in enhancing users' 
posture during laptop usage (29). Therefore, addressing 
laptop users' posture by customizing their workstations is 
considered an ergonomic intervention that mitigates risk 
factors for MSDs (30). 

In addition to improving participants’ posture, using the 
newly designed stand was also associated with reduced 
discomfort in the upper extremities for the participants. 
This difference was statistically significant for the regions 
of the neck, lower back, shoulder, wrist, and hands. As 
posture improved toward a more neutral position, comfort 
levels increased. This is because, in a neutral posture, 
muscles are subjected to less strain, resulting in reduced 
perceived exertion. The experience of physical discomfort 
during laptop work has been suggested to signify underly-
ing ergonomic issues in the workstations (31). Conse-
quently, it is expected that employing a laptop stand 
would be associated with a lower prevalence of musculo-
skeletal discomfort in the upper extremities among partic-
ipants (32). In this study, based on RULA scores, the pos-
tures of the neck, shoulders, and wrists were improved by 
using the newly designed stand, leading to increased com-
fort in these regions for the participants. In addition, by 
providing the necessary height for the user when working 
with a laptop, the newly designed stand has significantly 
reduced the strains in the 6 regions, especially in the neck 

and lower back areas. In a similar study, Mohanraj et al 
found that the laptop stand was suitable for real applica-
tions using results obtained from the RULA. It was identi-
fied that the usage of the laptop stand reduced the stress 
and fatigue on the human body caused during work. 
Therefore, the proposed design of the product could be 
used comfortably for long hours (33). These results are 
also consistent with the findings of Price et al, who indi-
cated an increase in neck discomfort due to incorrect 
height and angle adjustment of the laptop (34). 

As per the findings of Table 3, when using the newly 
designed stand, participants demonstrated a notable im-
provement in typing accuracy; however, there was no sta-
tistically significant variance between the 3 interventions 
for typing speed (total written words). A plausible expla-
nation for this outcome is that the improved posture and 
reduction in discomfort may have contributed to the de-
crease in typing errors. It is also important to note that 
participants were instructed to perform typing at their own 
pace and with accuracy, which might be why typing speed 
remained unchanged in this study. This finding is con-
sistent with a previous study that reported the laptop hold-
er improved typing accuracy of the participants although 
typing speed remained unaffected (35). 

The first limitation of this study revolves around the re-
liance on self-reported symptom questionnaires and ob-
servational risk assessment tools, which may introduce 
inaccuracies and reduce reliability. Therefore, it is advisa-
ble to conduct further studies that assess outcome varia-
bles more objectively, such as through electromyography 
and electrogoniometry for musculoskeletal risk evalua-
tion. These methods could yield valuable insights to estab-
lish more robust evidence and complement the present 
results. The second limitation lies in the study's assess-
ment of the laptop stand using only one type of task. Con-
ducting additional tasks, such as internet browsing, may 
reveal different outcomes. The third limitation pertains to 
the relatively small sample group of office workers in-
volved in the study. Consequently, caution should be ex-
ercised when generalizing these findings to other popula-
tion groups. Future studies may need to consider using 
larger sample sizes and diverse occupational groups to 
ensure the validation and generalizability of the findings. 

 
 Conclusion 
The study results revealed that utilizing the newly de-

signed stand for office workers could be highly effective 
in enhancing upper body posture and diminishing locally 
perceived discomfort in determined regions. Moreover, 
the newly designed stand improved typing accuracy 
among the participants, while typing speed remained unaf-
fected. These findings contribute to the expanding body of 
literature on the impact of suitable working arrangements 
on the health and performance of laptop users. 
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