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Abstract
Background: An increasing number of o�ce workers complain of neck pain after extended smart phone
use. We conducted this study to examine the correlation between the duration of cervical �exion per day
(DCF) during smart phone use and neck disability index scores (NDI) scores of o�ce workers in China.

Methods: In this cross-sectional study, 1791 individuals responded to an on line questionnaire. For our
study, we included responses of 498 [27.8%] o�ce workers. Excluded from the study were 1293 [72.9%]
individuals including building workers, students, non-o�ce workers, and those who did not complete the
questionnaire. Participants completed an online questionnaire survey from May 29, 2019 to April 10,
2020. The NDI scores were used to evaluate cervical symptoms. Linear regression, threshold saturation
effect analysis, t-test, and Pearson’s chi-square tests were used to analyze the data.

Results: We analyzed questionnaire results of the 498 o�ce workers. The t-test showed no signi�cant
differences among the gender groups for age, working age, and NDI scores (P>0.05). While low back pain
had a strong correlation with NDI scores [β (95%CI):2.40 (1.49, 3.31), P <0.0001]. When adjusting for age,
working age, and low back pain covariates, DCF had a positive correlation with NDI scores. In addition,
DCF had a curve line correlation with NDI scores-a monotone increasing relationship; the fold point was 6
(P<0.05).

Conclusions: DCF had a positive curve line correlation with the NDI scores suggesting that o�ce workers
should limit DCF to a maximum of 6 hours to decrease NDI scores.

Background
An increasing number of o�ce workers are seeing doctors for complaints of neck pain. In our clinic, we
have found that the complaints appear to relate to the amount of time that the head is tilted downward
while using smart phones or other electrical devices. Cervical spondylosis (CS) refers to the clinical
symptoms caused by cervical instability, often due to degeneration of the cervical discs and intervertebral
joints, and cervical hyperplasia, which can stimulate or compress the surrounding nerve roots, vertebral
arteries, sympathetic nerves, spinal cord, and other tissues [1-3]. In work and in life, there has been a
dramatic increase in the use of computers, smart phones, and other electronic devices. In recent years,
smart phones have become more and more powerful. In addition to the call function, smart phones can
be used to surf the Internet, can be used as a tool for learning or entertainment, and even for o�ce use.
More and more o�ce workers use them for o�ce activities. Furthermore, studies have shown an increase
in work and academic pressures. Many individuals work or study for many hours at a time. This can lead
to cervical or other symptoms [4, 5].

The International Labor Organization has classi�ed shoulder and neck pain as occupational diseases
since 1960. On July 30, 2019, the Advanced Committee of Healthy China Action announced that diseases
such as CS, periarthritis of the shoulder, low back pain, bone hyperplasia, and sciatica are preventable
diseases among laborers. Among these diseases, the incidence of CS is the highest. According to the
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2015 data released by the European Agency for Safety and Health at Work, the incidence of CS from
2000 to 2012 showed an annually increasing trend, with rates in some countries as high as 46.3% [6]. In
China’s modern era of rapid economic development, increasingly more professional o�ce workers have
career-related diseases such as CS.

Two region-speci�c questionnaires for the cervical spine are the Neck Disability Index (NDI) and the Neck
Pain and Disability Scale (NPDS) [7]. The NDI is designed to measure activity limitations due to neck pain
and disability [8-10], whereas the NPDS measures problems with neck movements, neck pain intensity,
effect of neck pain on emotion and cognition, and the level of interference during life activities [11]. NDI is
easier for the lay public to understand and considered a responsive measure for neck pain and acute
whiplash injury [12], we chose this scale for our analysis.

It is obvious that duration of DCF is associated with increased NDI scores. In today's information age, it is
almost impossible for o�ce workers to give up cervical �exion activities to reduce NDI scores. However,
they do not know what range of DCF needs to be restricted. In order to improve the quality of life among
o�ce workers, we sought to investigate the correlation between the time of cervical �exion (DCF) and the
NDI among o�ce workers of China, and whether the smart phone use had a negative effect on the
cervical spine. As far as we know, few scholars pay attention to the relationship between the DCF of
smart phone use and NDI scores.

Methods
Data collection

We used the Questionnaire Star (https://www.wjx.cn/) to conduct a real-time online cross-sectional study,
and used the WeChat and QQ (https://weixin.qq.com/, https://qq.com/) to distribute and collect
questionnaires. The survey was conducted from May 29, 2019 to April 10, 2020. Respondents came from
nationwide; the recruitment target was o�ce workers and self-reported variables and covariates. The NDI
was used to assess the perceived pain and disability related to the cervical spine. In order to eliminate the
possibility of repeated measurement, the duplicate data under the same IP address has been deleted and
only one data record were kept for analysis of each IP.

Design and setting

Cross-sectional

Statistical methods

As far as we know, no similar research has been seen so far, so we did not found the appropriate literature
and could not obtain the corresponding value for calculation. Therefore, in this study, we took a purposive
approach with no sample estimation. Data were analyzed using the statistical packages R (R Foundation;
http://www.r-project.org; version 3.4.3) , EmpowerStats (www.empowerstats.com; X&Y Solutions Inc.).

https://weixin.qq.com/
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We performed descriptive statistics for age, working age, DCF, educational degree, activities, low back
pain and neck pain and number of participants. Data between sexes were compared using chi square or
Fisher’s exact test for categorical data and two-sample t-test or Mann-Whitney U test for continuous data.
We estimated beta (β) with 95% con�dence intervals (CIs) using multivariate linear regression for
continuous data. Generalized additive model were used to visually assess functional relationships
between the continuous covariates (DCF and NDI scores) for spline smoothing. We �rst used spline
smooth curve �tting to examine whether the independent variable was partitioned into intervals. We
applied segmented regression (also known as piece-wise regression) to conduct threshold saturation
effect analysis that was using a separate line segment to �t each interval. We also conducted log
likelihood ratio test comparing one-line linear regression model with two-piece-wise linear model. We
selected potential confounders in the �nal models if they changed the estimates of NDI at least 10%[13,
14], as seen in supplementary table. The mean ±standard deviation (SD) and 95% con�dence interval (CI)
were used to indicate the size of the value. All P-values were two-sided and values below 0.05 were
considered statistically signi�cant.

Results
Flow chart of this study

A total of 1791 individuals participated in the online questionnaire survey, with 498 (27.81%) o�ce
workers included, and 1293 individuals excluded (5 were under 18 years). Those participants who were
excluded were 563 (31.34%) individuals who did not complete the questionnaire and 730 (40.76%)
individuals were no o�ce workers, including 218 (12.17%) students, 78 (4.36%) building workers, and 434
(24.23%) other non-o�ce workers. The �ow chart can be seen in Fig 1.

Sociodemographic and clinical characteristics ofthe sample

The baseline characteristics of all patients are shown in Table 1. The results of the t-test showed no
signi�cant differences among the gender groups for age, working age, and NDI scores (P>0.05), and the
DCF of males was higher than that of females (P<0.05). Pearson's chi-squared test showed that
differences in the number of educational degrees in the male and female groups were signi�cant
(P<0.05). The activities ratio of smart phone use, using computers, reading books, and using other
electronic devices was 63.71%/78.07%, 30.65%/18.72%, 1.61%/2.14%, and 4.03%/1.07% in the male and
female groups, respectively. Pearson’s chi-square tests showed differences were statistically signi�cant
(P<0.05). The ratio of participants with neck pain (74.19% male, 66.31% female) and the incidence of low
back pain (73.39% male, 78.07% female) were high; the difference between males and females was not
signi�cant (P>0.05).

Crude correlation associations of DCF, covariates, and NDI scores of the sample

As seen in Table 2, single factor correlation analysis showed that age and working age did not have a
correlation with NDI scores for participants (P>0.05). DCF had a positive correlation with NDI scores
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(P<0.05). Compared with other activities, smart phone use had no positive correlation with NDI scores
(β=0.83, 95%CI= -0.07 to 1.73, P>0.05), while low back pain had a strong correlation with NDI scores
(P<0.05).

Linear regression for DCF and NDI scores of the sample

Low back pain factor was the covariates of NDI scores as seen in supplementary table; we also selected
age, gender and working age as covariates, on the basis of their associations of outcome of interest.
After adjusting for age, working age, and sex covariates, DCF had a positive correlation with NDI scores
(β=0.28, 95%CI=0.13 to 0.43, P<0.05), and after adjusting for low back pain DCF had a strong positive
correlation with NDI scores (β=0.26, 95%CI=0.12 to 0.40, P<0.05). (See Table 3)

Curve line correlation between the DCF and NDI scores of the sample

Generalized additive models were used to visually assess the DCF and NDI scores relationships. We
adjusted for age, sex, working age, and low back pain factors. The DCF had a curve line correlation with
NDI scores-a monotone increasing relationship. (See Fig 2)

Analysis of threshold saturation effect between the DCF and NDI scores of the sample

As seen in Table 4, we performed threshold saturation effect analysis between DCF and NDI scores in
participants. The logarithmic likelihood ratio test showed that there was a fold point (K=6) between DCF
and NDI scores, and the differences were statistically signi�cant (P<0.05). When DCF was less than 6
hours (K<6), the estimated change in NDI scores was 0.53, 95%CI was 0.26 to 0.81, and the differences
were statistically signi�cant (P<0.05). When DCF was greater than 6 hours (K>6), the estimated change in
NDI scores was -0.03, 95%CI was -0.33 to 0.26, and the differences were not statistically signi�cant
(P>0.05). The logarithmic likelihood ratio test showed that this fold point was statistically signi�cant
(P<0.05).

Discussion
With recent rapid socioeconomic development, people are more mindful of their health. Increasingly more
individuals who work in the o�ce environment are seeking treatment for pain. In China, outpatients with
CS are common in rehabilitation medicine, orthopedics, or traditional Chinese medicine. These patients
often complain of neck and back pain, and have occasional complaints of dizziness, limb numbness,
walking instability, perineal paresthesia, urinary and fecal incontinence, and sexual dysfunction. Such
symptoms can have serious impacts on patients’ lives and can result in a sharp decline in the quality of
life. In a study conducted at the University Clinical Hospital in Olsztyn, Poland between 2011 and 2015,
the most frequent MRI-diagnosed diseases were musculoskeletal diseases (58.0%), cervical disc
disorders (12.5%), and spondylosis (4.6%). The authors concluded that the signi�cant number of patients
presenting with spinal disorders at young ages (31–40 years) pointed to the necessity of introducing
methods in school-aged individuals to prevent disorders of the vertebral column [15]. In the present study,
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we also found that participants had a high incidence of neck pain syndrome (74.19% for males and
66.31% for females).

Previous research reported that most patients with CS were in occupations that required working long-
term at a desk or work station, where it is common to remain for extended periods of time with the head
tilted downward [16-18]. The cervical spine has seven vertebrae, and the joints formed by each vertebra
are more �exible. The anatomical features of the neck provide a large range of movement. Overloading
the neck musculature can lead to cervical tissue damage. Holding the head in a lowered or �exed posture
maintains the neck muscles in a tensile state, which may cause muscle strain if the position is held over
a long period of time. This forward �exion posture may lead to static imbalance and accelerate
degeneration of the intervertebral discs, small joints, and ligaments of the neck, eventually resulting in CS.

The NDI covers 10 dimensions of neck-speci�c disability: pain intensity, personal care, lifting, reading,
headache, concentration, work, driving, sleeping, and recreation [19]. This is closely correlated with
cervical spine function [18], which can re�ect neck pain intensity [20] , and can ultimately be used to
evaluate the quality of life [21]. Feng et al. [22] analyzed survey data and found that among ultrasound
technicians, lowering of the head for a long period of time led to rates of neck discomfort as high as
93.5%. Gremark Simenson et al. [23] found that the prevalence of CS among ultrasound technicians was
58%, and positively related to the length of time that the technician’s head was held in a downward
position while working. These results are consistent with those of our study. We found that DCF was
positively correlated with the NDI regardless of unadjusted or adjusted covariates. When DCF increasing
by 1 hour, NDI will increased by 0.28 or 0.26 score (β =0.28 and 0.26 respectively, see table3).O�ce
workers should be mindful of DCF as much as possible. Our study found that there was a fold point
(K=6) between DCF and NDI scores, and the differences were statistically signi�cant (P<0.01). Many
patients with CS have symptoms of neuropathy, however most symptoms are relatively benign and
ultimately have a good prognosis [24]. The results of our study suggest that when DCF is greater than 6
hours, participants may adapt to neuropathy symptoms related to neck posture, leading to a decrease in
symptoms. Even with this adaptation, cervical syndrome can persist. Therefore, we recommend that
o�ce workers limit DCF in order to decrease cervical syndrome.

In the 21st century, the rapid development of technology has resulted in the widespread use of electronic
devices, leading to a near-universal presence of computers and smart phones in many countries,
including China. One study found active arthritic changes caused by repetitive strain injury from
excessive text messaging using smartphones[25]. Another study reported that smartphone use induced a
more �exed posture on the neck and trunk than other visual display terminal work[26] Pain and fatigue
worsened with longer smartphone use, and the authors suggested correct posture and breaks of at least
20 minutes when using smartphones[27]. Although our research found that using �exed neck postures to
use smart phones and for other activities had no effect on NDI scores, DCF was positively correlated with
NDI scores. We suggest that o�ce workers need to control DCF to reduce NDI scores when using smart
phones or engaging in other activities that require �exed postures for extended periods of time. When
using a laptop computer, we can use a book to elevate the computer to keep the center line of the screen
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and the line of sight on a level surface, and we can lift the book or smart phone or other electronic
products in front of us to reduce the possibility of �exed posture of cervical. We can also use an APP or a
clock with timing and reminder functions, setting DCF to be less than 6 hours, or according to the actual
situation of the individual, if using the smart phone for longer than the setting time, which can sound an
alarm to remind you, or force the screen to turn off. Of course, these are all passive measures. The most
important thing is that we need to develop good living and working habits. If not necessary, try not to
lower our cervical to engage in activities, which may harmful for our cervical.

One limitation to our study was the lack of follow-up, therefore, the long-term results of our investigation
were unknown. All recruitment �lled out the questionnaire through self-reporting. Due to the use of online
�lling methods, and taking into account medical ethics rule, all participants were anonymous. We cannot
ensure the validity of the survey content; this is a common limitation of survey design. And we cannot
make sure the ratio of subjects suffering from cervical spondylosis before our survey, even though we
adopted a random survey method, which may still affect the incidence of neck pain syndrome. We did not
�nd suitable literature to extract the effect size for sample size estimation, so we cannot fully determine
whether there are false positives and false negative situation. We did not analyze other risk factors
associated with NDI scores such as mental stress, the time of day that people are working, working hours,
work pressures, sleep quality, and �nancial situation. In the future, we hope to expand sample size to
conduct further studies and evidence-based research on DCF and NDI scores.
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Table 1. Sociodemographic and clinical characteristics of the sample



Page 11/13

Sexes Male
Mean+SD/N%      

Female
Mean+SD/N%      

P-value

N 124 374  
Age, years 32.20 ± 9.30 31.44 ± 7.17 0.699 
Working age, years 8.70 ± 7.66 9.10 ± 6.45 0.068 
DCF, hours 5.85 ± 3.13 4.74 ± 2.45 <0.001* 

NDI 6.17 ± 4.48 5.60 ± 4.49 0.139 
Educational degree   <0.001*

Junior school level or below 4 (3.23%) 5 (1.34%)  
High school level or below 3 (2.42%) 2 (0.53%)  
Bachelor's or below 92 (74.19%) 348 (93.05%)  
Master’s or above 25 (20.16%) 19 (5.08%)  

Activities   0.004*

Smart phone use  79 (63.71%) 292 (78.07%)  
Using computers  38 (30.65%) 70 (18.72%)  
Reading books 2 (1.61%) 8 (2.14%)  
Using other electronic devices  5 (4.03%) 4 (1.07%)  

Low back pain   0.283
No 33 (26.61%) 82 (21.93%)  
Yes 91 (73.39%) 292 (78.07%)  

Neck pain   0.102
No 32 (25.81%) 126 (33.69%)  
Yes 92 (74.19%) 248 (66.31%)  

Note: DCF, duration of cervical flexion per day; NDI, Neck Disability Index; SD, standard deviation; *P<0.05.

 

Table 2. Crude correlation associations of DCF, covariates, and NDI scores of the sample

 Statistics NDI scores
β (95%CI)

P-value

Age, years 31.63 ± 7.76 0.02 (-0.03, 0.07)  0.4169
Working age, 5 years 9.01 ± 6.76 -0.01 (-0.30, 0.28) 0.9451
DCF, hours 5.02 ± 2.68 0.28 (0.13, 0.42)  0.0002*

Educational degree    
  Junior school level or below 9 (1.81%) 0.25 (-2.71, 3.21)  0.8683
High school level or below 5 (1.00%) 3.96 (0.01, 7.91)  0.0499*

Bachelor's or below 440 (88.35%) 0  
  Master’s or above 44 (8.84%) 0.68 (-0.71, 2.07) 0.3379
Activities     
   Others 371 (74.50%) 0   
   Smart phone use 127 (25.50%) 0.83 (-0.07, 1.73)  0.0716
Low back pain    
   No 115 (23.09%) 0   
   Yes 383 (76.91%) 2.40 (1.49, 3.31)  <0.0001*

 Note: DCF, duration of cervical flexion per day; NDI, Neck Disability Index; CI, confidence interval; *P<0.05. 

 

Table 3. Linear regression model for DCF and NDI scores 
Exposure Non-adjusted 

β (95%CI)   P Value  
Adjust I

β (95%CI)   P Value  
Adjust II 

β (95%CI)   P Value  

DCF, hours 0.28 (0.13, 0.42)  0.0002* 0.28 (0.13, 0.43) 0.0002* 0.26 (0.12, 0.40) 0.0003*

Note: Non-adjusted model adjusted for: None; Adjust I model adjust for: age, sex, and working age; Adjust II model adjusted for low

back pain; *P<0.05.

 

Table 4. Analysis of threshold saturation effect between DCF and NDI scores 
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Outcome  
 

NDI 
β95%CI              P Value   

Model        
 A linear regression coefficient     0.26 (0.12, 0.41)  0.0005*

Model       
Fold point(K)        6   

  <K regression coefficient 1   0.53 (0.26, 0.81)  0.0002*

  >K regression coefficient 2     -0.03 (-0.33, 0.26)  0.8225
Logarithmic likelihood ratio test      0.023*

Note:*P<0.05.

Figures

Figure 1

Flow chart of this study
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Figure 2

General additive models demonstrate the relationship between DCF and the NDI scores. The resulting
�gures showed the predicted NDI scores in the y-axis and the DCF in the x-axis.
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