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ABSTRACT

Objective: this study aimed to assess the relationship between smartphone usage time and postural alignment in
teenage university students and the associated factors. Methods: we carried out a cross-sectional study with 133
teenage university students (18-19 years old) between April and November 2018 in Fortaleza, Ceara, Brazil. Ques-
tionnaires were used to collect information on socioeconomic status, health conditions, smartphone usage time and
level of physical activity. The alignment of the cervical region was assessed using photogrammetry in anatomical
position and while texting on the smartphone. Horizontal Alignment of the Head (HAH), Horizontal Alignment of
the Acromion (HAA), and Vertical Alignment of the Head (VAH) were measured. Bivariate and multivariate anal-
yses were performed to check for factors associated with smartphone usage time (>6 hours a day). Results: there
were higher rates of girls (66.9%; n=89), people in the lower social class (71.4%; n=95), frequent drinkers (66.9%;
n=89), people who complained of headache (83.5%; n=111) and people who used smartphones for more than 6
hours a day (72.9%; n=97). The multivariate analysis showed an association of smartphone usage time (>6 hours a
day) with cervical anteriorization, estimated by measuring the VAH (OR=1.053; p=0.007 — left side), female gender
(OR=2.729; p=0.046), frequent drinking (OR=2.636; p=0.038) and complaint of headache (OR=5.617; p=0.002).
Conclusions: there was a high percentage of adolescents who excessively used smartphones for more than 6 hours
a day. Prolonged smartphone use was associated with female gender, alcohol consumption, headache and changes
in cervical alignment.

Keywords: Smartphone; Adolescent; Posture; Pain.

RESUMO

Objetivo: avaliar a relagdo entre o tempo de uso do smartphone e o alinhamento postural em adolescentes universi-
tarios, bem como fatores associados. Métodos: estudo transversal com 133 adolescentes universitarios (18-19 anos),
desenvolvido entre abril e novembro de 2018 em Fortaleza, Ceara, Brasil. Aplicaram-se questionarios para coleta das
variaveis: socioecondmicas, condi¢des de satide, tempo de uso do smartphone e nivel de atividade fisica. Avaliou-se
o alinhamento da regido cervical por fotogrametria, na posi¢do anatdmica e ao digitar no smartphone, mensurado
pelo Alinhamento Horizontal da Cabega (AHC), Alinhamento Horizontal do Acrémio (AHA) e Alinhamento Vertical
da Cabega (AVC). Analises bivariada e multivariada foram realizadas para verificar os fatores associados ao tempo
de uso do smartphone (> 6 horas/dia). Resultados: houve maior propor¢io do sexo feminino (66,9%; n=_89), classe
social baixa (71,4%; n=95), consumo de bebida alcodlica frequentemente (66,9%; n=89), queixa de dor de cabeca
(83,5%; n=111) e tempo de uso do smartphone > 6 horas/dia (72,9%; n=97). Na analise multivariada, tempo de uso
(>6 horas/dia) apresentou associagdo com anterioriza¢do cervical, medido pelo AVC (OR=1,053; p=0,007 — lado
esquerdo), sexo feminino (OR=2,729; p=0,046), consumo frequente de bebida alcodlica (OR=2,636; p=0,038) e
queixa de dor de cabega (OR=5,617; p=0,002). Conclusdes: ha elevado percentual de adolescentes que usam o
smartphone por tempo excessivo, superior a 6 horas/diarias, relacionando-se com sexo feminino, consumo de bebida
alcoolica, dor de cabega ¢ alterag@o no alinhamento cervical.

Palavras-chave: Smartphone; Adolescente; Postura; Dor.
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INTRODUCAO

The majority of smartphone users
are adolescents. This is due to the various
functionalities of this device, such as
access to virtual content, applications,
games, among other things. European and
Asian countries have high rates of adoles-
cents who own smartphones with gender
differences in use behavior'2.

In Brazil, smartphones are present
in the daily lives of adolescents due to the
convenience and pleasure in using them. A
population survey found that 93% of Bra-
zilian adolescents use the smartphone as
the main device to access the internet and
spend about 6 hours/day online®.

Spending too much time on smar-
tphones has a negative impact on adoles-
cents’ physical and mental health. Studies
warn that excessive smartphone use can
resemble an addiction when it is used for
longer than intended or perceived by the
user?. It can also be associated with poor
sleep quality and loss of productivity at
work or school*.

Another negative effect of exces-
sive smartphone use is postural changes,
such as the text neck. This incorrect pos-
ture consists in moving the neck forward
and downward with protrusion and internal
rotation of the shoulders while using the
smartphone. This can cause injuries to the
musculoskeletal structure of the cervical
spine and upper limbs and, consequently,
pain in the region®.

Despite such evidence, there is
still a shortage of effective information
systems in the country to monitor techno-
logy addictions, such as addiction to smar-
tphones, online games, and social media,
which can affect adolescents’ physical and
mental health. Without quality information,
strategies to improve health systems are
unlikely to be based on scientific evidence.
In addition, the use of data from countries
with political, socioeconomic, and cultural
differences could not be useful in addres-
sing the country’s real problems®.

In view of the considerations outli-
ned above, this study aimed to assess the
relationship between smartphone usage
time and postural alignment in teenage uni-
versity students and the associated factors.

METHODS

Study type and period

This analytical cross-sectional
study is part of a research project entitled
“Study of the relationship between mus-
culoskeletal dysfunction in the cervical
region and use of mobile devices at diffe-
rent ages” carried out between April and
November 2018 in the city of Fortaleza,
Ceara, Brazil.

Study setting

Fortaleza is the capital of the state
of Ceara. It is located on the Atlantic coast
of Northeastern Brazil, and it has 2,669,342
inhabitants. It is the fifth most populous
capital city in the country and 224,117
of its inhabitants are university students.
It has a Municipal Human Development
Index (MHDI) of 0.754 and 81.6% of the
population has a mobile phone for perso-
nal use.

Data were collected at a private
higher education institution and philanthro-
pic organization. In 2018, there were 2,827
teenage university students — students aged
up to 19 years, as defined by the World
Health Organization.

Study population

The study included 133 teenage
university students (18-19 years old) who
routinely used mobile phones regardless
of their demographic characteristics. This
quantity of students was obtained from



the database used in the research project,
which included 510 university students and
employees of the institution.

Adolescents diagnosed with disc
pathologies, fractures or degenerative
lesions in the cervical spine, fibromyal-
gia, and self-reported head/neck surgery
were excluded from the study due to the
influence of these dysfunctions on the
functionality of the cervical region. Preg-
nant women and physically and cognitively
disabled people were also excluded due to
the non-adaptability of the data collection
instruments.

The participants were recruited
through posters affixed in the institution
and direct invitations during the breaks
between classes of undergraduate courses.

This study was approved by the
Research Ethics Committee (Approval No
2.144.930). All the participants gave their
written informed consent.

Data collection procedures and variables

Data collection started after the
participants gave their written consent.
Data were collected in two stages at the
institution’s research laboratory. In the
first stage, the participants answered 2 data
collection instruments: 1) a questionnaire
addressing socioeconomic conditions,
health conditions, and smartphone usage
time and 2) the short version of the Inter-
national Physical Activity Questionnaire

(IPAQ).

The first questionnaire was deve-
loped by the researchers and contained
12 questions addressing socioeconomic
variables (gender, skin color, paid job, and
social class), health conditions (smoking,
drinking, sleep disorders, general health,
use of glasses/contact lenses, complaint
of cervical pain, and headache) and time
(hours) spent on the smartphone.

The short version of the IPAQ
was validated in Brazil for adults, older
people and adolescents. It assesses the
level of physical activity of populations in
different countries through 8 open-ended
questions that allow to estimate the time

spent weekly on different physical activity
practices. It was categorized into “active”
— when vigorous or moderate activities or
walking are performed > 5 days/week for
> 150 minutes — and “inactive” — people
who did not meet the criteria for frequency
and duration’.

In the second stage, the postu-
ral alignment of the cervical region was
assessed using photogrammetry in two
positions: 1) anatomical position, which
was considered baseline and 2) position
simulating the cervical region when rea-
ding/texting on the smartphone.

Photogrammetry was performed
using a digital camera (Canon Power-
shot SX530HS) on a tripod (for Canon,
Nikon and Sony cameras) at a distance of
3 meters from the participants and height
adjusted according to each participant (half
the participant’s height). Markers were pla-
ced on the participants at 9 standardized
anatomical points: glabella, manubrium,
right (R) and left (L) tragus, chin, acromion
(R and L), and the spinous processes of
C7 and T1. The participants were told to
remain standing in the anatomical position
and with eyes open. Photos of the anterior
and lateral views (R and L) of the partici-
pants were taken in the positions previou-
sly described?.

Postural alignment was analyzed
using the Postural Assessment Software
(PAS) to measure the angles: 1) in the
anterior view: Horizontal Alignment of the
Head (HAH), which identifies a head tilt to
the right (when the value is positive) or left
(when the value is negative) and the Hori-
zontal Alignment of the Acromion (HAA),
which identifies the elevation of the right
shoulder (when the value is negative) and
left shoulder (when the value is positive);
and 2) lateral view: Vertical Alignment of
the Head (VAH), which identifies the cer-
vical anteriorization when the angle value
is high8. Data were collected by previously
trained researchers who used a “manual”
to minimize interferences.

Statistical analysis

Univariate analysis of categorical
variables was performed to calculate the

Abdon et al |
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absolute and relative frequencies. We also
performed univariate analysis of nume-
rical variables to calculate the mean and
Standard Deviation (SD). Some variables
were categorized: 1) upper social class (for
social classes A and B), and lower social
class (for social classes C, D and E); and
the smartphone usage time was categorized
into <6 and >6 hours/day, a cutoff value
estimated according to a study on the time
young Brazilians spend online’.

A bivariate analysis was perfor-
med using the chi-squared test to check for
associations between the smartphone usage
time and the socioeconomic variables,
health conditions and physical activity.
Odds ratios (OR) and their respective con-
fidence intervals (95%CI) were calculated.
The t-test was used to check for differences
in postural alignments (HAH, HAA and
VAH) in relation to the smartphone usage
time after checking for normality using the
Kolmogorov-Smirnov (KS) test.

Finally, multivariate logis-
tic regression was performed using the
backward method. Associations with a
significance level of 20% were included
in the model. Only the associations with
a significance level of 5% remained in the
adjusted model and their OR and respec-
tive confidence intervals (95%CI) were

also adjusted. The statistical analyses were
performed using the IBM SPSS® Statistic
(US) software, version 23.0.

RESULTS

In the present study, there was
a greater proportion of women (66.9%;
n=89), white skin color (45.9%; n=61),
people without paid jobs (85.7%; n=114),
and people in the lower social class
(71.4%; n=95). With regard to health con-
ditions, 85% (n=113) of the participants
were non-smokers, 66.9% (n=89) often
consumed alcohol, 75.9% (n=101) did
not report sleep disorders, 58.6 % (n=78)
reported good general health, 63.9%
(n=85) complained of cervical pain and
83.5% (n=111) complained of headache
(Table 1). A total of 72.9% (n=97) of the
participants used the smartphone for more
than 6 hours/day and 48.9% (n=65) were
physically inactive.
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Table 1. Distribution of socioeconomic variables and health conditions of teenage univer-
sity students who use smartphones. Fortaleza, Ceara, 2018

Variables n %o

Socioeconomic variables
Gender

Boys 44 331

Girls 89 66.9
Self-reported skin color

White 61 459

Black 5 3.8

Pardo (mixed-race Brazilians) 61 459

Indigenous 2 1.5

Yellow 4 3.0
Paid job

Mo 114 85.7

Yes 19 14.3
Social Class

Lower 95 714

Upper 38 286
Health conditions
Smoking

Never smoked 113 85.0

Former smoker 20 15.0

Smoker 0 0.0
Drinking

No 44 331

Frequently 89 66.9
Sleep disorder

NO 101 759

Yes 32 241
Self-rated general health

Poor 55 41.4

Good 78 266
Use of glasses/contact lenses

Mo 53 398

Yes g0 60.2
Cervical pain

MO 458 36.1

Yes 85 63.9
Headache

No 22 16.5

Yes 111 83.5
Smartphone usage time (hours a day)

=6 36 27 1

=6 97 729
Level of physical activity

Inactive 65 4589

Active 68 211
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The analysis of the association
of postural alignments in the lateral view
with the smartphone usage time showed
that the left VAH indicated greater cervical
anteriorization when texting on the smar-
tphone compared with the anatomical posi-
tion (baseline) in the group of people who
used smartphones for more than 6 hours/
day (p=0.024). The anterior view analysis
showed no significant differences in HAH
(p=0.626) and HAA (p=0.734) in relation
to the smartphone usage time (Table 2).

Table 2. Relationship between smartphone usage time and differences in postural alignment of the cervical
region in teenage university students. Fortaleza, Ceara, 2018

Difference in postural alignment of the Smartphone usage time |
cervical region? <6 hours > 6 hours p-value

Anterior view

Horizontal alignment of the head (HAH) -0.80 £ 2.70 -0.52 +3.01 0.626

Horizontal alignment of the acromion 0.21x£1.47 0.09£2.03 0.734

(HAA)

Lateral view

Right side vertical alignment of the head 1912 +11.67 23.90+13.13 0.058#
(VAH)

Left side vertical alignment of the head 13.40+£11.80 23.86+12.30 0.024*
(VAH)

“Difference in degrees between the values of postural alignments while texting on the smartphone and anatomical po-
sition (baseline). In the anterior view, the negative sign (-) in the HAH and the positive sign (+) in the HAA represent
head tilt and shoulder elevation on the left side, respectively. *p<0.05; #, variable added in the multivariate analysis.

Smartphone usage time (>6 hours/
day) was associated with frequently
drinking (OR=3.219; p=0.003), sleep
disorders (OR=3.246; p=0.033) and hea-
dache (OR=5.527; p=0.000) (Table 3).
The multivariate analysis showed that
smartphone usage time (>6 hours/day)
was associated with cervical anteriori-
zation, estimated by measuring the VAH
(OR=1.053; p=0.007 — left side), female
gender (OR=2.729; p=0.046), frequently
drinking (OR=2.636; p=0.038) and heada-
che (OR=5.617; p=0.002) (Table 4).
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Table 3. Bivariate analysis of the relationship between smartphone usage time and socioeco-
nomic variables and health conditions in teenage university students. Fortaleza, Ceara, 2018

Smartphone usage time

Variable €6 hours > 6 hours Crude OR (95%CI) p-value
n (%)
Gender 0.200#
Boys 15 (41.7) 29(29.9) 1
Girls 21 (58.3) 68 (70.1) 1.675 (0.758-3.699)
Paid job 0.524
No 32 (88.9) 82 (84.5) 1
Yes 4(11.1) 15 (15.5) 1.463 (0.451-4.744)
Smoking 0.188#
Never smoked 33 (91.7) 80 (82.5) 1
Former smoker 3(8.3) 17 (17.5) 2.338 (0.642-8.514)
Drinking 0.003"
No 19 (562.8) 25(25.8) 1
Yes 17 (47.2) 72(74.2) 3.219(1.451-7.142)
Sleep disorder 0.033"
No 32 (88.9) 69 (71.1) 1
Yes 4(11.1) 28 (28.9) 3.246 (1.050-10.034)
Self-rated general health 0.455
Good 23 (63.9) 55 (566.7) 1
Poor 13 (36.1) 42 (43.3) 1.351(0.613-2.976)
Eyeglasses/contact lenses 0.145%
No 18 (50.0) 35 (36.1) 1
Yes 18 (50.0) 62 (63.9) 1.771 (0.817-3.840)
Cervical pain 0.998
No 13 (36.1) 35 (36.1) 1
Yes 23 (63.9) 62 (63.9) 1.001 (0.452-2.220)
Headache 0.000"
No 13 (36.1) 9(9.3) 1
Yes 23 (63.9) 88 (90.7) 5.527(2.104-14.519)
Physical activity 0.874
Inactive 18 (50.0) 47 (48.5) 1
Active 18 (50.0) 50 (51.5) 1.064 (0.495-2.286)

OR: odds ratio; 95%CI: 95% Confidence Interval. Chi-squared test, *p<0.05; #, variable included in the
multivariate analysis.

Table 4. Multivariate analysis of the relationship between smartphone usage time and pos-
tural alignment, socioeconomic variables and health conditions in teenage university stu-
dents. Fortaleza, Ceara, 2018

Variable Adjusted OR (95%Cl) p-value
Right side VAH 1.018 (0.957-1.083) 0.569
Left side VAH 1.053 (1.014-1.094) 0.007*
Gender 2.729 (1.017-7.328) 0.046™
Smoking 1.755 (0.361-8.529) 0.486
Drinking 2.636 (1.054-6.592) 0.038*
Sleep disorder 2.429 (0.714-8.258) 0.155
Eyeglasses/contact lenses 1.566 (0.643-3.813) 0.323
Headache 5.617 (1.900-16.606) 0.002*

OR: odds ratio; 95%CI: 95% confidence interval; VAH: vertical alignment of the head. Final model
parameters: 0.212 (Cox & Snell); 0.306 (Nagelkerke); ¥* of the model=31.189. *p<0.05



DISCUSSION

Monitoring the time adolescents
spend on smartphones has been a sub-
ject of study because it is a predictor of
smartphone addiction. In addition, other
health problems such as sleep disorders
and depression are associated it'’. A Bra-
zilian population-based study showed that
more than 2 hours a day of screen time
is associated with factors such as being
in an upper social class, having educated
parents, and living in urban areas. Further-
more, sedentary behavior, unhealthy lifes-
tyle, and overweight are associated with
extended screen time!!.

With regard to the smartphone
usage time, the present study found that
73% of teenage university students used
their smartphone excessively for more than
6 hours a day. Similar results were found in
young populations in England' and Thai-
land", with an average of 5 hours a day.
Another study conducted in Lebanon found
that about 49% of the adolescents analy-
zed excessively used smartphones for more
than 5 hours a day'*. On the other hand,
a study of Japanese adolescents found
a shorter time — an average of 3 hours a
day"®.

About postural alignment, the tee-
nage university students analyzed in our
study presented cervical anteriorization
when reading/texting on the smartphone
and it was associated with more than 6
hours a day of smartphone use. Other two
studies carried out in China also showed
that university students engaged in a flexed
posture and displayed head anteriorization
and increased neck flexion angle compa-
red with the anatomical position16,2. A
Korean study conducted with 50 university
students (mean age of 21 years) measured
the craniovertebral angle and found that
the extended use of smartphones for more
than 4 hours a day was associated with the
anteriorization of the head>.

Previous studies suggest that pro-
longed and/or frequent use of smartphones
with the head flexed and tilted forward may
be one of the main factors that contribute to
the prevalence of neck pain in smartphone

users'”. This posture generates overload of
musculoskeletal structures such as mus-
cles, ligaments, and intervertebral discs
in the cervical region, thereby causing
inflammatory and degenerative processes'®.

In the present study, the smar-
tphone usage time (>6 hours a day) was
also associated with female gender, hea-
dache and frequently drinking. In regard
to gender, there are also differences in
duration and patterns of smartphone use.
A study of Japanese adolescents found that
girls spent more time a day on smartphones
compared with boys'. In contrast, a study
conducted with teenage university students
in Korea found a higher rate of smartphone
addiction among boys'’.

Many studies have addressed the
association of prolonged smartphone use
with neck pain. However, just a few studies
have assessed its association with heada-
che. A French study carried out with 4,927
participants (mean age of 20 years) showed
that high levels of screen time exposure
was associated with headache'. A similar
finding was reported in a study carried out
with Swedish adolescents (15-19 years
old) which demonstrated that headache
was associated with continuous use of
smartphones?.

As for alcohol consumption, a
study carried out in South Korea with 448
university students showed that female
gender, internet use, drinking, and anxiety
were risk factors for smartphone addiction.
The study also suggested that the consump-
tion of alcoholic beverages may be asso-
ciated with smartphone addiction because
both favor interpersonal relationships?.
Contrary to these findings, a study of 1,519
students in Switzerland did not find a rela-
tionship between smartphone addiction and
alcohol and tobacco consumption?.

The Brazilian Society of Pediatrics
is concerned about the health of adoles-
cents in the Digital Age and has recommen-
ded, among other things, to set a time limit
for smartphone use, talk to adolescents in
order to improve their understanding of
conscious use, and avoid screen exposure
during meals and 1-2 hours before bed*.

Despite these recommendations,
there is still a shortage of evaluations and
treatments to tackle the problem in Brazil.

Abdon et al |
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Also, there are no specific programs for the
prevention or treatment of this condition
and its associated health problems in pri-
mary health care centers®. Currently, there
is no public policy in the country aimed
at reducing risks and damages caused by
prolonged screen time. The Brazilian Civil
Rights Framework for the Internet addres-
ses only the rights and responsibilities of
those who use the Internet; it does not
address the health consequences of pro-
longed screen time*.

The present study also warns of
the importance of adopting an adequate
posture by keeping the device at eye level
with support from upper limbs to prevent
muscle and postural dysfunction in the
general population and, in particular, in
adolescents'®.

One limitation of the present study
was the absence of specific questionnaires
to collect data related to the smartphone
usage time, alcohol consumption, and com-
plaints of headache and sleep disorders,
which can generate bias in the information
provided by the participants. Another limi-
tation was the participation of adolescents
from one single university, which makes
it difficult to generalize the findings to the
general population. Furthermore, the age
of the participants was limited to 18-19
years as they are the most common ages
on admission to university in the country.

CONCLUSIONS

There was a high percentage of
adolescents who excessively used smar-
tphones for more than 6 hours a day. Pro-
longed smartphone use was associated
with female gender, alcohol consumption,
headache, and postural changes such as
head anteriorization. Our findings warn of
the importance of educational campaigns
to guide adolescents, parents, educators,
and health professionals on the impact of
prolonged smartphone use on the health of
adolescents and the factors associated with
such behavior.
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