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In contemporary times, the use of smartphones has become an essential requirement 
for daily life in the digital era. The prevalent consequences of smartphone usage 
include the development of poor posture and behaviors. This study aimed to assess 
the risk of musculoskeletal disorders (MSD) among smartphone users, focusing on 
adolescents aged 12 to 19 years. A sample of 82 students (79.3% female and 20.7% 
male, with an average age of 15.7 ± 2 years and a normal BMI of 76.8%) in the West 
Lombok district of the West Nusa Tenggara Province in Indonesia was measured. 
Data collection through simple random sampling involved distributing 
questionnaires to participants and requesting them to provide responses based on 
their personal experiences. The present study employs a chi-square analysis to 
examine the association between smartphone usage, posture behavior, and the 
highest values of MSD complaints. The findings indicate that the neck (46.3%) and 
back (45.1%) were the body regions with the most prevalent complaints of MSD. The 
participants frequently engaged in standing without support and walking as their 
posture behaviors. There was a significant correlation between the level of neck pain 
and posture during walking. The use of smartphones among adolescents has an 
impact on the risk level of experiencing MSD complaints, thereby increasing the 
potential for illness and abnormalities. Hence, it is necessary to exercise sufficient 
control over the routine usage of smartphones to mitigate the negative impacts 
incurred. 
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1. Introduction 

In contemporary times, the use of smartphones has 
become an essential requirement for daily life in the 
digital era. Indonesia ranks fourth in terms of active 
smartphone users worldwide, with China, India, and 
the United States taking the top three spots [1]. 
Individuals who use smartphones are distributed 
among various demographic categories, including but 
not limited to age, gender, and occupation. 
Nevertheless, imbalanced and improper usage of 
smartphones can significantly affect the health of the 
user. Excessive usage and dependence on smartphones 
have been found to negatively impact an individual's 
concentration, personality, social interactions, and 
physical well-being [2, 3]. The present investigation 
focused on examining the effects of smartphone usage 
on the physical well-being of individuals. 

The physical health of an individual plays a 
significant role in enhancing their ability to perform 
work-related tasks effectively [4, 5]. The prevalent 
consequences of smartphone usage include the 

development of poor posture and behaviors. Using a 
smartphone typically involves maintaining a static 
posture, which carries a higher level of risk compared 
to dynamic work. Prolonged maintenance of a single 
body position results in a disparity between the 
physical and mental aspects of the body [6]. Using a 
smartphone in a non-ergonomic posture can result in 
abnormal cervical function [2]. Prolonged smartphone 
usage leads to a decrease in the cranio-cervical angle 
and the cervical-thorax angle, as well as an increase in 
the degree of forward flexion of the neck [7]. 
Musculoskeletal disorders (MSD) refer to health issues 
related to bones, joints, and muscles that arise due to 
non-ergonomic working postures [6, 8]. 

The control of body posture is an important 
indicator in assessing overall body balance. Regarding 
the usage of smartphones, various factors such as hand 
and arm positioning in relation to the device, the 
condition of the neck in relation to screen distance, and 
even postural considerations during operation while 
sitting, standing, or walking may come into effect [6, 9, 
10]. Utilizing a smartphone in both upright and seated 
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postures results in the flexion of the neck and a 
subsequent lowering of the screen by an angle ranging 
from 45 to 65 degrees [7]. This positioning places a 
considerable amount of pressure, approximately 50 to 
60 pounds, on the neck region, which can lead to 
prolonged discomfort and pain [7, 11]. Empirical 
evidence indicates that the duration of smartphone 
usage can exceed 5 hours per day, and a positive 
correlation exists between prolonged usage and an 
escalation in MSD complaints [12, 13]. 

Numerous prior research studies have 
demonstrated that children and adolescents are 
particularly at risk for MSD [14, 15]. This issue 
necessitates the need for additional investigation to 
acquire current and relevant data. This study focuses on 
the examination of the possible indications of 
musculoskeletal disorders (MSD) among adolescents 
residing in Indonesia. Indonesia ranks as the fourth 
largest global consumer of smartphones [16]. This 
statement highlights the importance of conducting 
research on the subject matter, while also providing an 
understanding of the potential risks associated with the 
usage of smartphones among adolescents. 

2. Material and method 

The research sampled both male and female 
individuals aged 12 to 19. Data distribution was 
conducted using simple random sampling, with the 
sample consisting of students from the West Lombok 
district of the West Nusa Tenggara Province in 
Indonesia. The study was conducted in March and 
April 2023.  

Respondents needed to meet specific criteria, 
including owning a personal smartphone, a minimum 
usage period of 12 months, and no symptoms of stress, 
dizziness, or uncorrected visual impairment (not 
corrected by glasses). They should also have no prior 
surgical intervention for cervical or musculoskeletal 
abnormalities. 

Data collection involved participants who met the 
specified criteria filling out a questionnaire. Each 
participant was allocated 5-10 minutes. The 
questionnaire included demographic data, usage 
history information, and reports of MSD complaints 
encountered during smartphone usage. The collected 
data was analyzed using statistical methods, including 
descriptive statistics to examine participant attributes 
and the Chi-square test to detect relationships between 
outcomes and posture/MSD complaints. The statistical 
test applied in this study used a significance level of 𝑝 < 
0.05. 

3. Results and discussions 

3.1. Characteristics of respondents 

The study's collection consisted of 79.3% female and 
20.7% male participants. The study reports that the 
participants had a mean age of 15.7 ± 2 years, with an 
age range of 12-19 years. The average body weight was 
48.3 ± 9.8 kg, ranging from 30 to 90 kg, and the mean 

height was 155.1 ± 10 cm, ranging from 125 to 180 cm. 
The findings indicate that a significant proportion of the 
subjects exhibited certain traits, such as possessing a 
normal BMI (76.8%), never smoking (92.7%), refraining 
from alcohol consumption (97.6%), rarely exercising 
(81.7%), having never been ill in the last month (79.3%), 
no history of MSD complaints (100%), sleeping for 4-6 
hours per day (40.2%), and experiencing mild levels of 
stress (51.2%). Table 1 and 2 show the characteristics of 
respondents. 

3.2. Smartphone useage 

According to Table 3, most respondents reported 
using smartphones for one to three years (40.2%). 
Additionally, they reported a daily usage frequency of 
three to four hours (37.8%). 
 
Table 1. 

Age, weight, and height of respondents 

No Characteristics  Interval  Min-max 

1 Age (years old)  15.7±2  12-19 
2 Weight (kilograms)  48.3±9.8  30-90 
3 Height (centimeters)  155.1±10  125-180 

 
Table 2. 
Other characteristics of respondents 

No  Characteristics  N (%) 

1  Gender    
  Male  17 (20.7) 
  Female  65 (79.3) 

2  Body Mass Index (kg/m2)   
  Underweight (≤ 18.5)  12 (14.6) 
  Normal  63 (76.8) 
  Overweight (≥ 25)  7 (8.5) 

3  Smoking behaviour   
  Current smoker  4 (4.9) 
  Former smoker  2 (2.4) 
  Never smoker  76 (92.7) 

4  Alcohol drinking behaviour   
  Current drinker  0 (0.0) 
  Former drinker  2 (2.4) 
  Never drinker  80 (97.6) 

5  Exercise behaviour   
  Never  3 (3.7) 
  Sometime  67 (81.7) 
  Always  12 (14.6) 

6  Sick history (per month)   
  Never   65 (79.3) 
  Yes   17 (20.7) 

7  MSD history   
  No   82 (100.0) 
  Yes   0 (0.0) 

8  Sleep frequency (hours/day)   

  Less than 3 hours   15 (18.3) 

  4-6 hours   33 (40.2) 

  7-8 hours   28 (34.1) 

  More than 8 hours   6 (7.3) 

9  Stress level   
  No stress   26 (31.7) 
  Mild stress   42 (51.2) 
  Moderate stress   13 (15.9) 

  Severe stress   1 (1.2) 
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Table 3. 
Smartphone usage 

No  Characteristics  N = 82  Percentage (%) 

1  Duration using smartphone (years) 
  less than 3 years  13  15.9 
  1-3 years  33  40.2 
  4-6 years  27  32.9 
  More than 6 years  9  11.0 

2  Duration using smartphone (hours/day) 
  Less than 1 hours/day  2  2.4 
  1-2 hours/day  16  19.5 
  3-4 hours/day  31  37.8 
  5-6 hours/day  14  17.1 
  More than 6 hours/day  19  23.2 

3  Operating time 
  01.00-04.59 WITA  3  3.7 
  05.00-10.59 WITA  12  14.6 
  11.00-18.59 WITA  40  48.8 
  19.00-00.59 WITA  27  32.9 

4  Resting frequency (hours/day) 
  less than 3 hours  15  18.3 
  4-6 hours  33  40.2 
  7-8 hours  28  34.1 
  More than 8 hours  6  7.3 

5  Objective of usage 
  Entertainment (Video, Comic, Novel)  15  18.3 
  Games  10  12.2 
  Social Networking (WA, FB, IG)  57  69.5 

 
Table 4. 
Posture during smartphone use 

No  Characteristics  N = 82  Percentage (%) 

1  Data entry method 
  Both hands to hold the device and both fingers to operate the screen  61  74.4 
  Right hands to hold the device and left fingers to operate the screen  0  0.0 
  Right hands to hold the device and right fingers to operate the screen  15  18.3 
  Left hands to hold the device and right fingers to operate the screen  3  3.7 
  Left hands to hold the device and left fingers to operate the screen  3  3.7 

2  Laying down  
  Never  2  2.4 
  Less than 30 minutes  18  22.0 
  Between 30-60 minutes  33  40.2 
  Between 1-3 hours  18  22.0 
  More than 3 hours  11  13.4 

3  Operating while standing without support 
  Never  20  24.4 
  Less than 30 minutes  45  54.9 
  Between 30-60 minutes  13  15.9 
  Between 1-3 hours  4  4.9 
  More than 3 hours  0  0.0 

4  Standing with support 
  Never  21  25.6 
  Less than 30 minutes  37  45.1 
  Between 30-60 minutes  19  23.2 
  Between 1-3 hours  3  3.7 
  More than 3 hours  2  2.4 

5  Sitting with support 
  Never  12  14.6 
  Less than 30 minutes  37  45.1 
  Between 30-60 minutes  25  30.5 
  Between 1-3 hours  5  6.1 
  More than 3 hours  3  3.7 

6  Sitting with support 
  Never  3  3.7 
  Less than 30 minutes  34  41.5 
  Between 30-60 minutes  31  37.8 
  Between 1-3 hours  10  12.2 
  More than 3 hours  4  4.9 
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Table 4. 

Posture during smartphone use (continued) 

No  Characteristics  N = 82  Percentage (%) 

7  Walking 
  Never  12  14.6 
  Less than 30 minutes  38  46.3 
  Between 30-60 minutes  16  19.5 
  Between 1-3 hours  6  7.3 
  More than 3 hours  10  12.2 

 
Table 5. 

Correlation between smartphone usage and posture during smartphone use and MSD complaints 

Variables 

 MSD Complaints 

 Neck   Back 

 Pearson χ²  df  p-value  Pearson χ²  df  p-value 

Usage of smartphone             

Duration using smartphone (years)  1.240  2  0.538  2.031  2  0.362 
Duration using smartphone (hours/day)  6.351  4  0.174  1.858  4  0.762 
Operating time  1.383  3  0.710  1.400  3  0.705 
Resting time  4.166  3  0.244  2.971  3  0.396 
Objective of usage  1.795  2  0.408  0.551  2  0.759 

Posture behavior             

Standing without support  5.715  3  0.126  2.319  3  0.509 
Walking  8.753  3  0.033  1.347  3  0.718 

   
The utilization of time typically occurs during the 

midday to afternoon period, specifically between 11:00 
and 18:59 WITA (48.8%). This timeframe is commonly 
reserved for relaxation activities following a day of 
academic responsibility. Social networks such as 
WhatsApp, Facebook, and Instagram are the most 
frequently used applications, accounting for 69.5% of 
usage. 

3.3. Posture during smartphone use 

Table 4 shows posture during smartphone use. The 
dominant hand and finger posture observed during 
smartphone use involves the utilization of both hands 
to hold the device and both fingers to operate the screen 
(74.4%). The findings indicate that most participants 
engaged in standing postures for less than 30 minutes, 
with a preference for unsupported standing (54.9%) and 
walking (46.3%). Standing with support (45.1%) and 
sitting with support (45.1%) are also commonly 
assumed postures. 

3.4. Potential for MSD when using a smartphone 

The analysis revealed that most MSD complaints 
during smartphone use were concentrated on the neck 
area (46.3%) and back (45.1%). The less frequently 
affected body parts include the buttocks (28.0%), 
shoulders (28.0%), hands (24.4%), legs (24.4%), arms 
(20.7%), thighs (14.6%), and knees (12.2%). 

3.5. Discussions 

The present investigation reports that 46.3% of the 
participants included in the study reported MSD in the 

cervical region. This finding is consistent with previous 
research, where the prevalence of MSD in the neck 
ranged from 46% to 48% [13, 17]. According to another 
study, the incidence of MSD related to excessive 
smartphone use in the neck region was reported to be 
between 86% and 90% [4, 9, 18]. Sarraf and Varmazyar 
classified the pain levels experienced as moderate and 
severe [19]. MSD complaints arise due to the forward 
and downward bending of the neck or flexion towards 
the smartphone screen. Prolonged exposure to such 
postures can significantly increase the likelihood of 
experiencing pain and bodily abnormalities [7, 13, 20]. 

The study's findings indicate a statistically 
significant association between MSD complaints in the 
neck region and the posture adopted while using a 
smartphone while walking. Posture is a significant 
factor contributing to the level of MSD experienced by 
individuals [2, 14, 21]. When assuming a standing 
position, an angle of neck flexion measuring 
27.50°±14.05° is generated, which subsequently rises to 
32.03°±10.03° during walking. This observation 
suggests that the neck is subjected to greater pressure 
depending on the type of physical activity being 
performed [11]. 

Participants reported the second highest prevalence 
of MSD complaints in the back region, accounting for 
45.1% of the total, with another study reporting a range 
of 63%-67% [17, 22]. Excessive smartphone use has been 
found to impact MSD complaints, specifically in the 
upper and lower back regions [23, 24]. The incidence of 
back pain complaints appears to be influenced by poor 
user habits during smartphone usage, which can result 
in compromised posture [17, 22]. The duration of usage 
seems to have a minimal effect on the increased 
discomfort experienced in the lumbar region [25]. 
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Research conducted by Kurniawati & Murti elucidates 
that prolonged smartphone use, specifically for a 
duration of ≥6 hours/day, is significantly associated 
with an increase in back pain [26]. 

According to the results presented in Table 5, the 
analysis of the interrelationship between the variables 
revealed that only the walking posture exhibited a 
statistically significant association with MSD grievances 
in the neck area (0.033 ≤ 0.05). The statistical significance 
of the variable's relationship is indicated by the p-value 
being less than or equal to 0.05. Numerous studies have 
reported neck complaints among smartphone users, 
which may be attributed to factors such as poor neck 
posture, cervical position, spine abnormality, and 
craniovertebral angle [2, 7]. Other variables, including 
neck-standing without support, have a p-value greater 
than or equal to 0.05, indicating the absence of a 
statistically significant relationship. Therefore, 
additional investigation is required for these variables 
to enhance the comprehensiveness of the findings. 
Future research should consider various factors such as 
age, posture variation, and the specific focus region of 
MSD complaints. 

4. Conclusions  

Based on the results of various articles on the VSM 
method, it is found to be effective in identifying each 
production flow layout and information flow needed by 
the production process. Among the 42 national and 
international papers we reviewed spanning from 2017 
to 2022, VSM was found to be particularly effective in 
the manufacturing industry. The VSM method has been 
applied in several sectors such as automotive, garment, 
handicraft, and other industries. Therefore, VSM is 
influential in the world of the manufacturing industry, 
as it can improve efficiency in companies by increasing 
production yields, identifying production flow issues or 
errors, improving quality, and reducing time wastage. 
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