
 

Dae-Hee Lee, Hye-Joo Jeon

Effects of Body Posture while Using a Smartphone on Inspiratory Capacity and Cervical and Thoracic Postures in University Students  ∙ 21

Ⅰ. Introduction    

Smartphones have become an essential part of stu-

dents lives as they use them throughout the day for 

reasons such as communication, entertainment, and 

gaming.1) Owing to the increasing popularity of smart-

phones and computers, everyday users often exhibit 

poor posture.2) A previous study had shown that ha-

bitually using a smartphone while use of a smart-

phone could be a potential risk for nonneutral trunk 

posture.3)

When a smartphone is located at the thoracic lev-

el, the neck is overly bent to allow the eyes to look 

down.4) Generally, the posture of using a smartphone 

requires its users to look downwards to see the dis-

play, which makes the head move forward and causes 

an inordinate posterior curve in the upper thoracic 

level and an inordinate anterior curve in the lower 

cervical level to balance. This is referred to as for-

warded head posture (FHP) and may impose ex-

cessive stress on the cervical spine.5) Long-term stress 

on the cervical spine tends to result in degenerative 

changes in the joints.6)

Importantly, FHP influences respiratory function by 

weakening respiratory muscles.7) FHP has been re-

ported to lead to decreased diaphragm contraction 

and thoracoabdominal movement and elevate the rib 

cage.8) 

A recent study found that FHP causes expansion 

of the upper thoracic level and contraction of the 

lower thoracic level and that these morphological al-

terations cause decreased respiratory capacity.9) 

Another study suggested that poor posture can impair 

respiratory capacity, mostly in patients with respiratory 

diseases.10)

Inspiratory capacity is defined as the maximal vol-

ume of air that can be inhaled from the end-ex-

piratory lung. The direct measurement of inspiratory 

capacity through spirometry has been shown to be 

reliable.11) In addition to physiological studies, in-http:dx.doi.org/10.17817/2023.02.12.1111780
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spiratory capacity is important for clinical evaluation 

in addition to physiological studies.12) Decreased in-

spiratory capacity, usually due to air trapping, is pre-

dictive of decreased exercise capacity13) and poor 

quality of life.14) Han et al. measured the forced vital 

capacity (FVC) and forced expiratory volume in 1 s 

(FEV1) in participants with FHP. These results suggest 

that FHP can decrease vital capacity.15) 

However, to the best of our knowledge, little to 

no research has been conducted on the effects of sit-

ting posture on inspiratory capacity while using a 

smartphone. This study aimed to investigate the effect 

of posture while using a smartphone on inspiratory 

capacity and cervical and thoracic postures among 

university students. We hypothesized that sitting while 

using a smartphone would change the cervical flexion 

angle relative to normal sitting. We also hypothesized 

that sitting while using a smartphone, there would be 

a change in the thoracic flexion angle relative to nor-

mal sitting. Lastly, we hypothesized that sitting while 

using a smartphone would change inspiratory capacity 

compared to normal sitting.

II. Materials and Methods

1. Subjects

Thirty healthy young students (12 men and 18 wom-

en) were recruited from U1 university. The exclusion 

criteria were a history of fracture, heart disease, lung 

disease, and lack of understanding of the evaluator’s 

commands. This study was approved by the institu-

tional review board of U1 University (approval num-

ber: U1IRB2022-02). All the participants provided writ-

ten informed consent. Participant characteristics are 

presented in Table 1.

2. Procedure

Each participant sat on a chair without an armrest in 

the following two different conditions: normal sitting 

without using a smartphone and sitting while using 

the smartphone with both hands. The participants 

were asked to watch a 5-minute funny video. A pre-

vious study has shown that a reduced spine position 

sense following 5 minutes in a slouched posture.16) 

The specific method for the measurement is as 

follows. In the sitting position, the knee joint was set 

at 90 degrees, and the ankle joint was placed on the 

knee joint and the vertical line. When using a smart-

phone, the elbow joint was set at 90 degrees. In both 

conditions, the evaluator measured the changes in cer-

vical and thoracic flexion angles and respiratory 

capacity.

3. Range of motion in the cervical and thoracic 

spine

The cervical and thoracic flexion angles were meas-

ured using the G-pro application installed on the 

iPhone 12 (Figure 1). At the cervical flexion angle, the 

smartphone was placed just beside the external audi-

tory meatus, and one axis of the app was aligned 

with the imaginary line between the base of the nos-

tril and the external auditory meatus.17) At the thoracic 

flexion angle, the smartphone was placed on the T12 

spinous process.18)

4. Inspiratory capacity

Inspiratory capacity was measured using Powerbreathe 

K5 (Powerbrathe K5, HaB International Ltd, UK), an 

Figure 1. Goniometer Pro application.

Table 1. Baseline characteristics of the participants

Variable Mean ± SD

Gender (M/F) 12 / 18

Height (cm) 169.80±8.04

Weight (kg)  67.27±14.49

Age (years)  23.70±1.70

Duration of use of the smartphone 

per day (min)
367.43±132.16
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electronic device that has been shown to be reliable. 

The inspiratory capacity consisted of the strength in-

dex (SI), peak inspiratory flow (PIF), and volume 

(Figure 2). The participants were requested to inhale 

at their maximal effort. Nose clips were worn during 

the test, and verbal encouragement was provided to 

promote maximal effort.

5. Analysis methods

Data were processed using SPSS version 18.0, and 

statistical significance was set at p-values < 0.05. 

Differences between normal sitting without using a 

smartphone and sitting while using a smartphone 

were assessed using a paired t-test. For all measure-

ments, the average value of the three repetitions was 

calculated.

III. Results

1. Angle of the cervical and thoracic spine

The cervical flexion angle was greater while sitting 

when using a smartphone (38.99±9.95°) compared to 

sitting without using a smartphone (0.34±0.56°) 

(p<0.001). The thoracic flexion angle was greater 

while sitting when using a smartphone (16.27±4.70°) 

compared to sitting without using a smartphone 

(1.32±0.37°) (p<0.001) (Table 2).

2. Inspiratory capacity

The SI was lower when sitting while using a smart-

phone (21.23±7.81 cmH2O) compared to sitting with-

out using a smartphone (31.56±11.68 cmH2O) 

(p<0.001) (Table 3). The PIF was reduced when sit-

ting while using a smartphone (1.05±0.48 L/sec) com-

pared to sitting without using a smartphone (1.69±0.73 

L/sec) (p<0.001) (Table 3). The volume was lower 

when sitting while using a smartphone (1.37±0.59 L) 

compared to sitting without using a smartphone 

(1.93±0.78 L) (p<0.001) (Table 3).

Ⅳ. Discussion

In our study, we investigated the effect of posture 

while using a smartphone on inspiratory capacity and 

cervical and thoracic postures. Statistically significant 

differences were observed in the cervical and thoracic 

Table 2. Comparison of spinal angle

Index (°) Sitting without using a smartphone Sitting while using a smartphone p

Cervical flexion 0.34±0.56 38.99±9.95 0.000*

Thoracic flexion 1.32±0.37 16.27±4.70 0.000*

Table 3. Comparison of inspiratory capacity

Index (°) Sitting without using a smartphone Sitting while using a smartphone p

SI index (cmH2O) 31.56±11.68 21.23±7.81 0.000*

PIF (L/sec) 1.69±0.73 1.05±0.48 0.000*

Volume (L) 1.93±0.78 1.37±0.59 0.000*

SI, strength index; PIF, peak inspiratory flow

Figure 2. Power Breathe K5
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angles before and after smartphone use (p<0.001). 

Our results agree with findings from studies in the lit-

erature, demonstrating that participants maintained 

head flexion of 33-45° from the vertical when using a 

smartphone.19) Szeto et al. reported that students 

adopted significantly greater angles of cervical and 

thoracic flexion while using smartphones relative to 

when they were not using smartphones.20)

If neck flexion occurs for a prolonged period of 

time, it causes increased loading in the vertebral col-

umn, in addition to increased neck muscle activity re-

quired to counteract the effects of gravity.21) The pos-

ture of smartphone users can affect their muscu-

loskeletal load on their necks.22) Additionally, 

Gustafsson suggested avoiding sitting with the head 

fixed forward to prevent neck pain.23) 

The slumped posture had a significantly lower 

lung capacity and expiratory flow than the normal sit-

ting posture. The slumped posture restricts diaphragm 

movement and pressure organs compared with the 

normal sitting position. In addition, a slumped posture 

results in the lowest lung capacity, and expiratory 

flow readings may be obtained in the flexed head 

position.24) According to a previous study, the di-

mensions of the free airway are affected by head ex-

tension and flexion.25)

Previous studies have shown that higher thoracic 

kyphosis results in decreased respiratory capacity.26) 

Respiration is influenced by complicated bio-

mechanical factors, and the stability of the cervical 

and thoracic parts is important for respiratory 

capacity.27) The results of our study demonstrated that 

inspiratory capacity after smartphone use was sig-

nificantly lower than that before smartphone use 

(p<0.001). In a previous study, students with a gen-

erally poor posture had decreased FVC and FEV1 val-

ues compared to those with a good posture,28) which 

aligns with our findings.

A previous study reported that maximal inspiratory 

pressure showed significant decreases, such as weak-

nesses of the scalene, sternocleidomastoid, and tra-

pezius muscles, and a decrease in kinetic control of 

the neck.10) These are accessory respiratory muscles 

that are used in addition to the diaphragm.29) Zafar et 

al. reported that changes in cervical position had an 

immediate effect on respiratory capacity, characterized 

by decreased diaphragm strength.30) Changes in cer-

vical and thoracic flexibility impair usual breathing 

mechanics by decreasing diaphragm mobility.31) 

Researchers have indicated that FHP can reduce vi-

tal capacity due to weakness of the accessory respira-

tory muscles.15) Previous studies have found that 

weakness of the neck and respiratory muscles in pa-

tients with neck pain resulted in a decline in thoracic 

flexibility, thus decreasing maximal inspiratory and ex-

piratory pressure and that these effects were consid-

erably associated with FHP.32)

Our present study has several limitations. Firstly, 

our study cohort involved a sample with a limited age 

range, thus inherently limiting the generalization of 

our results. Another major limitation is that this study 

collected kinematic data after watching videos for ap-

proximately five minutes, which may be too short to 

represent the participant’s typical pattern of behaviors. 

According to time, smartphone use may change more 

diverse and various postural patterns.

Nevertheless, the clinical implication of our find-

ings is that changes in cervical and thoracic posture 

(while using a smartphone) reduce inspiratory 

capacity. Poor posture while using a smartphone may 

lead to the development of risk factors for spinal 

musculoskeletal and inspiratory problems.   
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