
R E S E A R C H Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

Rahimian et al. BMC Public Health         (2024) 24:2573 
https://doi.org/10.1186/s12889-024-20051-5

BMC Public Health

*Correspondence:
Sakineh Varmazyar
svarmazyar@qums.ac.ir
1Department of Occupational Health Engineering, Student Research 
Committee, Faculty of Health, Qazvin University of Medical Sciences, 
Qazvin, Iran

2Department of Occupational Health Engineering, Faculty of Health, 
Social Determinants Health Research Center and Research Institute for 
Prevention of Non-Communicable Diseases, Qazvin University of Medical 
Sciences, Qazvin, Iran

Abstract
Background  Students are among the groups that use smartphones for long periods throughout the day and night. 
Therefore, this study aimed to examine the relationship between smartphone characteristics and the prevalence of 
hand discomfort among university students.

Methods  This study included 204 university students, selected based on their willingness to participate and inclusion 
criteria. Participants reported hand pain and discomfort by completing the Cornell Hand Discomfort Questionnaire 
(CHDQ). Personal information was collected through a demographic questionnaire. Smartphone characteristics were 
obtained from the Internet based on the smartphone model self-reported by students.

Results  According to the Cornell questionnaire, 59.3% of students reported experiencing discomfort in their right 
hand, while 38.2% reported discomfort in their left hand due to smartphone use. Furthermore, 36.3% of students 
reported experiencing pain in two or more regions on their right hand, while 20.1% reported pain in two or more 
areas on their left hand. More than half of the students in the right hand (53.5%) and more than one-third (33.3%) in 
the left hand obtained pain scores of more than 1.5. The chi-square test indicated a statistically significant relationship 
between the weight of the smartphone and the prevalence of discomfort in the right hand (χ2 = 4.80, p = 0.03). 
Furthermore, a statistically significant relationship was found between the discomfort or pain scores experienced in 
both hands and the number of painful areas in those hands (right hand: χ2 = 219.04, p = 0.00; left hand: χ2 = 213.13, 
p = 0.00).

Conclusions  Smartphone use can cause discomfort and pain in the hands of university students. The physical 
characteristics of the smartphone, such as its weight, play a significant role in contributing to right-hand-related 
pain among students. It is important to consider ergonomic factors in smartphone design and usage to reduce 
musculoskeletal problems among users, especially students.
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Introduction
In today’s world, the rapid advancement of technology 
has led to an increase in the use of smart devices, espe-
cially smartphones [1]. Many students use smartphones 
for various purposes such as making calls, sending text 
messages, checking emails, taking photos and videos, 
chatting on social networks, watching movies, listening 
to music, searching the Internet, answering calls, and 
reading university pamphlets [2]. The constant use of 
smartphones and holding them in their hands can cause 
college students’ hands to bear the weight of the device.

With the increasing prevalence and duration of 
smartphone use, the risk of developing musculoskel-
etal discomfort in various body parts, such as the neck, 
shoulders, back, and especially the wrists and fingers, is 
rising. A study conducted at a university in Hong Kong 
surveyed 503 students using a self-reported question-
naire to assess musculoskeletal consequences related to 
exposure to electronic devices. The results showed that 
251 students (49.9%) reported experiencing discomfort in 
their upper limbs, shoulders, and neck. Among these stu-
dents, 155 (61.8%) attributed their discomfort to smart-
phone usage [1].

In another study conducted in Pakistan among 692 stu-
dents and university staff, it was found that 438 individu-
als (63.3%) experienced pain and discomfort in their wrist 
area [3]. The results of studies indicate that in addition 
to the duration of smartphone use, the specifications and 
dimensions of the phone (length, width, thickness, and 
edge curvature) are significant factors. If these factors 
do not match and lack ergonomic design, they can lead 
to musculoskeletal pain in the wrists and fingers [4]. In 
a study conducted in South Korea, researchers examined 
the length and width of smartphones in human hands. 
The results showed that individuals using smartphones 
with a width of 90 millimeters experienced 12.3% more 
discomfort and muscle strain compared to those using 
smartphones with a width of 60 millimeters [5].

In their study, Sahan et al. concluded that younger 
adults addicted to smartphones reported higher disabil-
ity scores in the neck region and lower function in their 
hands [6]. Also, Walankar et al. reported a high preva-
lence of pain among smartphone users in areas such as 
the neck, thumb, and lower back. University students 
reported 44.05% of musculoskeletal pain [7].

Considering the adverse effects of smartphones on 
physical health [8], especially on the hands that are heav-
ily engaged, it seems essential to raise awareness about 
the issues related to hand discomfort. Subsequently, pro-
viding necessary solutions related to fit, and design of the 
smartphone can help prevent, reduce, or eliminate these 
problems.

Studying the associations between smartphone char-
acteristics and the prevalence of hand discomfort helps 

enhance understanding of factors related to hand dis-
comfort in the university student population. By gain-
ing insights into how smartphone characteristics may 
contribute to reducing hand issues, this research can 
inform the development of ergonomic design guidelines 
and interventions to promote the health and well-being 
of college students who extensively use smartphones. 
Therefore, this study aimed to examine the relationship 
between smartphone characteristics and the prevalence 
of hand discomfort among university students.

The study aims to identify the specific smartphone 
specifications that have a greater impact on the preva-
lence of musculoskeletal pain and discomfort in the 
hands, fingers, and wrists. Therefore, users should pri-
oritize these specifications when choosing a smartphone. 
In addition, what changes should smartphone manufac-
turers implement in the design and production of their 
devices to improve user-friendliness and compete suc-
cessfully in the global market?

Methods
Samples and the inclusion criteria
The university’s ethics review board approved the study 
protocol under the code IR.QUMS.REC. 1402.051 and 
assigned it the contract number 402,000,000. Using the 
census method, 221 students out of the university’s total 
student population of approximately 2200 people partici-
pated in the study. They were randomly selected based 
on their willingness to cooperate. Of the 221 college stu-
dents willing to participate, 17 were found to be ineligible 
based on the inclusion criteria. Therefore, a total of 204 
subjects took part in the study.

The study’s inclusion criteria were as follows: partici-
pants had to provide all required information when com-
pleting the questionnaire, use a smartphone for at least 
two hours daily [9], not have any congenital skeletal-mus-
cular abnormalities in the hands [10], no history of hand 
surgery [9], no history of wrist joint fracture [3], absence 
of trauma, or injuries to the wrist in the past six months 
[11], no carpal tunnel syndrome [3], absence of inflam-
matory arthritis [3, 12], and work for less than 2 h per day 
on a computer.

Students who completed the consent form were 
selected to participate in the study. Subsequently, a 
demographic questionnaire was administered to collect 
information on age, weight, height, marital status, educa-
tion level, smartphone model, and inclusion criteria.

Smartphone characteristics, Cornell Hand Discomfort 
questionnaires (CHDQ), and statistical analysis
The smartphone characteristics such as length/height 
(centimeters), width (centimeters), thickness/depth (mil-
limeters), screen size (centimeters), and weight (grams) 
were determined from the literature (Fig.  1) [2]. These 
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measurements were based on the smartphone models 
students recorded in the questionnaire.

The Cornell Hand Discomfort Questionnaire (CHDQ) 
assesses the frequency of discomfort in the fingers, 
palms, and wrists of both the right and left hands. This 
validated and reliable questionnaire [13, 14] was obtained 
with permission from the Human Factors and Ergo-
nomics Laboratory at Cornell University, and has been 
widely used in previous research [15, 16]. In addition, a 
Farsi version of this questionnaire for both hands is avail-
able on the Cornell University Ergonomics website. The 
CHDQ divides each hand into six areas for assessment 
(Fig. 2) [14] and employs a scoring system where the fre-
quency of discomfort is rated on a scale ranging from 

“never” (score of 0) to “several times every day” (score of 
10) [11, 16].

The data analysis used the Chi-square test to examine 
the relationship between categorized smartphone char-
acteristics and the prevalence of discomfort in each hand 
(pain-free versus experiencing pain). The cut-off points 
for smartphone characteristics were determined based 
on the variables mean. Additionally, the Chi-square test 
was used to evaluate the association between scores of 
aches, discomfort, or pain (≤ 1.5, 1.6–14, and ≥ 15) in the 
hands and the number of reported pain areas (none, one 
area, two areas, or more) [16].

Results
The study results showed that 97.1% of the students were 
single. The participants had a mean age of 21.3 years with 
a standard deviation of 2.04 years. On average smart-
phones used by students weigh approximately 186  g. 
78.9% of the students were studying at the Bachelor’s 
level, while 21.1% used both hands while working with 
their smartphones. Additional information can be found 
in Table 1.

Figure  3 shows that 59.3% of students reported expe-
riencing pain in their right hand, while 38.2% of partici-
pants experienced discomfort in their left hand.

The Cornell questionnaire total score results show that 
46.6% of participants reported the minimum score (indi-
cating the lowest pain level) in their right hand. In com-
parison, 66.7% of students reported the minimum score 
in their left hand (Fig. 4). In other words, the remaining 
students reported higher scores indicating discomfort in 
their hands.

The results also showed that 36.3% of students experi-
enced pain and discomfort in two or more areas of their 
right hand, while 20.1% reported pain in two or more 
areas of their left hand (Fig. 5).

Based on the chi-square test, it was determined that 
the weight of the smartphone is one of the influential 
factors causing right-hand pain. Moreover, a statistically 

Fig. 2  Right-and left-hand map diagram according to the Cornell questionnaire

 

Fig. 1  The dimension of smartphones determined in the study based on 
different models
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significant relationship was discovered between the 
scores for each hand and the number of reported pain 
areas (Table 2).

Discussion
This research examined important information about 
the relationship between smartphone characteristics 
and the prevalence of hand discomfort among university 
students.

Due to smartphone usage, at least one-third (29.4%) 
of students reported experiencing pain in both hands. 
Specifically, more than half (59.3%) reported pain in the 
right hand while more than one-third (38.2%) recorded 
discomfort in the left hand (Fig.  3). These findings sug-
gest that prolonged smartphone use can result in nota-
ble musculoskeletal issues, particularly in the dominant 
hand used for smartphone interaction. The relatively 
higher rates of pain reported in the right hand may be 
due to greater strain or overuse than the non-dominant 
left hand. This could be a result of more frequent and 
intensive use of the right hand for activities like typing, 
contacting, screen movement, searching, etc. Contrary to 
the current study, Mustafaoglu et al.‘s study results indi-
cated that 68.7% of participants reported wrist/hand pain 
due to smartphone addiction [11]. The discrepancy in 
findings may be attributed to variations in the study pop-
ulation and the use of different questionnaires. In addi-
tion, the study conducted by Mustafaoglu et al. included 
participants from a wider age range and implemented 
various criteria for entry and exit. These factors may 
have influenced the discrepancies noted in the reported 
findings. In the study by Amjad et al., 63.3% of students 
reported experiencing discomfort in their wrist area [3]. 
Yixin et al. reported a 21.7% frequency of hand pain in 
the wrist region among smartphone users [17]. The 
variation in results between the current study and previ-
ous studies could be attributed to the different types of 
smartphones and their specifications.

Other factors that influence the differences between 
the results of the present study and those of other stud-
ies [18, 19] include variations and limitations in the 
analysis of the duration of daily smartphone use, differ-
ent postures used, the number of years the smartphone 
has been used, the number of phones used, the range of 
work activities carried out by individuals, the number of 
fingers used while operating the smartphone, the type of 
smartphone usage, marital status, education level, con-
sidering the control group in the study, gender, smoking 

Table 1  Descriptive statistics of quantitative and qualitative 
information for participating students (n = 204) and 
characteristics of the used smartphones
Quantitative information Qualitative information
Variable Mean ± SD Variable Category Frequen-

cy
Per-
cent 
(%)

Age (years) 21.3 ± 2.04 Marital 
status

Single 198 97.1
Height 
(cm)

171.15 ± 9.60 Married 6 2.9

Weight (kg) 67.16 ± 13.77 Gender Male 82 59.8
Smart-
phone 
length 
(cm)

15.82 ± 0.71 Female 122 40.2

Smart-
phone 
width (cm)

7.44 ± 0.53 Education 
level

Bachelor’s 161 78.9

Smart-
phone 
thickness 
(mm)

8.25 ± 0.59 Master’s 5 2.5

Smart-
phone 
screen size 
(cm)

16.11 ± 1.03 Doctoral 38 18.6

Smart-
phone 
weight (gr)

185.95 ± 17.70 Hand-used 
for smart-
phone

Right 
hand

140 68.6

- - Left hand 21 10.3
- - Both 

hands
43 21.1

Fig. 3  The percentage of pain prevalence in the right hand, left hand and both hands (n = 204)
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status, and more. Future studies can explore all these 
aspects and examine their correlation with the preva-
lence of hand pain.

The results of the CHDQ showed that over half of the 
students (53.5%) reported pain scores above 1.5 in their 
right hand, indicating a moderate to high level of dis-
comfort or pain. Furthermore, one-third of the students 
(33.3%) reported ache scores above 1.5 in their left hand 
(Fig.  4). A score above 1.5 indicates that the students 
experienced discomfort, aches, or pain in their hands 3–4 
times in the last week, once daily, or multiple times each 
day. This highlights the significant impact of smartphone 
usage on the physical well-being of students. Amjad et al. 

reported that 22% of individuals experienced wrist pain 
and disability at a moderate to severe level [3]. The dis-
crepancy in these results could be attributed to the use of 
different methods and variation in reporting discomfort 
in the specific area of ​​the hand.

The data also revealed that 36.3% of students experi-
enced pain and discomfort in two or more areas of their 
right hand, while 20.1% reported aches in two or more 
regions in their left hand (Fig. 5). This suggests that pro-
longed smartphone usage can result in more widespread 
musculoskeletal problems, potentially affecting various 
hand regions, including the fingers, palm, and wrist.

Fig. 5  The prevalence of pain based on the number of different pain areas in the right and left hands (n = 204)

 

Fig. 4  The percentage of the total Cornel questionnaire score classified in the right and left hands (n = 204)
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In this study, no significant association was found 
between the prevalence of hand pain and smartphone 
dimensions. Similarly, research conducted by Amjad 
et al. in 2020 also found that wrist pain was not signifi-
cantly related to mobile phone screen size [3]. In contrast 
to the study by Lee et al., which concluded that changing 
the width of the smartphone from 90 to 60 millimeters 
resulted in 12.3% of young individuals experiencing more 
discomfort and muscle strain [5]. In addition, Walankar 
et al. showed in a logistic regression analysis that the 
size of a smartphone plays a significant role in predicting 
musculoskeletal pain [7].

The study found a statistically significant relationship 
between the weight of a smartphone and the preva-
lence of discomfort in the right hand. This indicates that 
the physical characteristics of a smartphone, especially 
weights of 185.95 g and higher (which account for 51% of 
university students) may potentially contribute to hand-
related problems among smartphone users. In line with 
the present study, Choi et al.‘s research found that some 
smartphone models weighed 180 g or more [2]. Based on 
the results of the current study, it is essential to priori-
tize ergonomic smartphone design, with a specific focus 
on weight, to address these issues. In their article, Choi et 
al. emphasized that the placement of hard keys on smart-
phones should be ergonomically designed to enhance 
hand performance [20]. Intolo et al., in their research, 
recommend smartphone app usage to reduce musculo-
skeletal pain in different body regions including the hand 
[21].

Conclusion
Smartphone usage among college students often leads 
to hand pain, especially in the hand that is used more 
frequently typically the right hand. Scores reported on 
the Cornel questionnaire showed a statistically signifi-
cant relationship with pain in two or more areas of both 
hands. Among the smartphone characteristics examined, 
it was found that weight significantly contributes to dis-
comfort in the right hand. Therefore, users especially stu-
dents who frequently use smartphones, should be careful 
when selecting their devices, especially when considering 
the weight. These findings highlight the importance of 
addressing ergonomic challenges linked to smartphone 
use, particularly among university students who heavily 
rely on these devices for academic and personal activities.

Limitation and suggestion
One limitation of the current study was the failure to 
examine the number of finger movements, especially 
those of the thumb when using smartphones. Since 
repetitive movements are an important risk factor in the 
development of musculoskeletal problems, it is recom-
mended that future studies investigate this risk factor and 

its impact. In addition, future studies could examine the 
relationship between the dominant hand used by partici-
pants and the prevalence of pain more precisely through 
statistical analysis.

Given the rates of hand pain reported by at least one-
third of student participants, there is a clear need for 
additional research into potential contributing fac-
tors. These factors may include prolonged static pos-
tures, repetitive movements, and inadequate ergonomic 
support.

Implementing ergonomic interventions in the future, 
training on healthy hand and wrist habits, and promot-
ing awareness of musculoskeletal problems may help 
decrease this issue among the college student population.
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