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Abstract
Purpose: We evaluated the association between cervical lordosis and age, sex, sedentarity, and history of cervical trauma.
Methods: CT scans of 206 individuals, 111 with and 95 without a history of cervical trauma were divided into three age groups (18-39, 40-59 and 60+ years). The
cervical lordosis measurements [C0-C7 (total), C0-C3 (upper), C2-C7 (mid-lower), and C3-C7 (lower)] were obtained from CT scans using the Cobb method.
Results: A history of cervical trauma was associated with total and mid-lower cervical lordosis, indicating a reduction of the lordosis compared to the group with
no history of cervical trauma. Significant sex differences in the non-trauma group were found only in the young (20-39) and intermediate (40-59) age groups with males
exhibiting greater lordosis angles than females. Older females, without a history of cervical trauma, had greater mid-lower and lower cervical lordosis than younger
females. Sedentary work predicted the magnitude of the upper cervical lordosis. Subjects working in a sedentary position develop forward head posture, which may
eventually advance to head and neck pain.
Conclusion: A history of cervical trauma leads to a reduction of the lordosis. The relationship between history of cervical trauma and cervical lordosis needs to be
further investigated vis-à-vis the clinical causes and outcomes. Moreover, prevention strategies should be available to sedentary workers in order to maintain proper lower
cervical lordosis and prevention of upper cervical lordosis exaggeration.

Introduction
The cervical curvature might change in magnitude and
shape during one’s lifetime due to the degeneration of
muscles [1], intervertebral discs [2], bony tissues [3], and
certain pathologies, such as cervical spondylosis, myelopathy,
adjacent segment diseases [4], neck injuries, accidents [5], and
neck surgeries. In addition, the head position, i.e. forward head

posture, may also influence the shape of the cervical curvature
[6]. A recent study observed that age and sex significantly
associated with the shape and magnitude of cervical lordosis
[7].
Work-related behaviors, such as prolonged sitting with
sustained or repetitive neck flexion, seem to play important
roles in the development of neck pain [8-11]. Office workers
have the highest incidence of neck pain in all industry
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Citation: Ezra D, Kalichman L, Simonovich A, Droujin J, Been E, and Alperovitch-Najenson D. (2020) The association between cervical lordosis and age, sex, history
of cervical trauma and sedentarity: A CT study. Arch Anat Physiol 5(1): 009-015. DOI: https://dx.doi.org/10.17352/aap.000014

https://www.peertechz.com/journals/archives-of-anatomy-and-physiology

occupations [12]. However, data are lacking as to whether
daily routine, involving static head postures and sitting for
long periods resulting in cervical spine loads, impact cervical
lordosis. Sedentarity and history of neck trauma might alter
the shape of the cervical lordosis, yet, no studies have been
found to support this issue. Researchers have found that
sedentarity is an ergonomic risk factor for neck pain [13-16],
yet, its relationship with cervical lordosis has as yet not been
studied.
The aim of this study was to evaluate the association
between cervical lordosis and age, sex, sedentarity, and history
of cervical trauma.

Materials and methods
Design: Cross-sectional observational analytic study
Sample: 206 consecutive individuals referred for a CT with
sub-acute and chronic neck pain were included in the study.
Exclusion criteria were acute cervical trauma, i.e. less than three
months after the trauma, neck fractures, and other significant
injuries. Subjects were asked if they had ever injured their neck
in an accident and in a case of a positive answer, they were
assigned to the cervical trauma group (a total of 95 patients).
No questions were asked as to the severity of their trauma or
if they had performed therapeutic interventions, thereby, the
cervical trauma group might be heterogenic.
Ethical considerations: The CT scans were performed as
part of the clinical examination. Participation was voluntary
and did not include any further procedures, except for additional
questions on the routine pre-examination questionnaire. The
study was approved by the Bioethics Institutional (Helsinki)
Review Board of Barzilai University Medical Center, Ashkelon,
Israel (Approval number 0087-15-BRZ).
Data collection: Subjects completed the demographic and
professional characteristics questionnaire which included age,
sex, Body Mass Index (BMI), regular physical activity (at least
two hours a week), and occupational characteristics that could
potentially influence cervical lordosis, including years working
in the profession, working hours per week, classification
of work in terms of physical exertion (light vs heavy) and

sedentarity (sitting at least 4 hours during the working day).
CT scans were performed between 2016 and 2017 at the Barzilai
Medical Center, Ashkelon, Israel using the Philips Brilliance 64
slice CT scanner. The scans were analyzed by OsiriX DICOM
medical viewer software. Scans were performed in a supine
position, a functional position, as humans spend part of their
lives in this position, with extended knees and arms resting by
the patient’s side, and head resting directly on the table, facing
forward. The radiographers were trained in standardized
methods of precise positioning. Although there is a significant
correlation between the amount of cervical lordosis in supine
and in erect posture (r= 0.6, p<0.001) the amount of lordosis
in the supine position is smaller by approximately 4-6°, due to
differing effect of gravity upon the spine [17,18].
CT evaluations: All evaluations were performed by the
same examiner using the multi-planar reconstruction feature
to better reposition the slices according to the anatomical plans
in addition to obtaining accurate cervical angles. Four lines
were drawn on each mid-sagittal CT image (Figures 1,2):
- Foramen magnum (FM-C0): between the basion and the
opisthion
- C2: parallel to the inferior endplate of C2
- C3- parallel to the superior endplate of C3
- C7- parallel to the inferior endplate of C7
i.

Using these four lines the following lordosis
measurements were performed in the midsagittal plane
(Figure Total cervical lordosis - (foramen magnum C0C7) Cobb angle of full cervical between the foramen
magnum to the C7 inferior endplate.

ii. Upper cervical lordosis- (foramen magnum C0-C3)
Cobb angle of the upper cervical between the foramen
magnum and the C3 superior endplate.
iii. Mid-lower cervical lordosis - (C2-C7) - Cobb angle
between the C2 inferior endplate and the C7 inferior
endplate.
iv. Lower cervical lordosis (C3-C7)- Cobb angle between
the C3 superior endplate and the C7 inferior endplate.

Figure 1: Cervical Cobb angle measurements. Cervical lordosis: a. Upper; b. Total; c. Mid-lower; d. Lower
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Table 1: Comparison of background and professional characteristics of individuals
without cervical trauma (N=111) and with a history of cervical trauma (N= 95).
Without cervical
trauma

History of cervical
trauma

Characteristic

Mean±SD

Mean±SD

p-valuea

Age (years)

54.47±12.81

46.90±15.16

<0.001

BMI

26.97±5.26

26.45±5.40

0.475

Working in the profession
(years)

19.76±13.28

16.60±14.45

0.089

Working hours per week

Figure 2: Example of midsaggital CT image of the cervical spine including the lines
used for evaluation of the lordosis angles.
a. Foramen magnum (C0)
b. C2 inferior endplate
c. C3 superior endplate
d. C7 inferior endplate

The above measurements have been commonly used
in cervical lordosis studies [7]. By utilizing these four
measurements, it became possible to compare the current
results with lordosis angles obtained by other researchers.
Reliability of measurements: One assessor who read and
re-read 20 CTs, 7 days apart, was blinded to the identity of the
patient to assess the intra-rater reliability of the Cobb angle
measurements. Intraclass correlations (ICC) were calculated
on repeated measurements to assess intratester reliability,
with results between 0.87 and 0.91, demonstrating excellent
reliability.

40.56±9.76

42.32±11.61

0.219

Proportion (%)

Proportion (%)

p-valueb

Female

62.9

50.0

0.185

Regular physical activity

48.0

51.0

0.842

Sedentary work/ oﬃce
work

20.7

35.0

<0.001

Light work

34.7

53.4

0.005

p value obtained through independent-samples t-test analysis.
b
p value obtained through chi-square analysis.
Statistically significant differences at p ≤ 0.05 marked in bold.
a

those without a history of accidents significantly differed in
their professional characteristics: age (mean 54.47±12.81 vs
46.90±15.16), sedentarity (20.7% vs 35.0%), and light work
(34.7% vs 53.4%). No significant differences were found in
BMI, years working in the profession, working hours per week,
sex, and regular physical activity (at least two hours a week).
Mean and standard deviations of cervical angles by age
(three age groups) and sex are presented in Table 2 (subjects
without cervical trauma) and Table 3 (subjects with a history
of cervical trauma). In subjects without cervical trauma (Table
2), males showed significantly high (C3-C7) (p= 0.023) cervical
lordosis. A comparison between the three age groups (one-w

groups

er angles of cervical lordosis compared to females (t-test) aged

(individuals with and without a history of cervical trauma)

20-39, in lower (C2-C7) (p= 0.006) and mid-lower (C3-C7) (p=

were examined by the Student’s t-test (for continuous

0.017) cervical lordosis. Males aged 40-59 showed significantly

variables) and the 2-test (for categorical variables). The sex

higher angles of cervical lordosis in the total (C0-C7) (p=

differences of cervical angles were examined by independent-

0.021), mid-lower (C2-C7) (p= 0.031), and lower ay ANOVA),

Statistical analysis:

The

differences

between

sample t-test analysis. One-way ANOVA was used to compare

revealed a statistically significant increase of cervical lordosis

the four cervical lordosis measurements between three age

only in females, in the mid-lower (C2-C7) (F2= 5.86; p= 0.005)

groups by sex. The univariate analysis explored the associations

and lower (C3-C7) (F2= 8.12; p= 0.001) lordosis.

between background and professional characteristics (age,
sex, BMI, years working in the profession, working hours,
regular physical activity, sedentarity, and light work) and the
cervical lordosis measurements. The predictors that showed
a significant (p<0.05) association with cervical lordosis
measurements were included in the multivariate regression
analysis. Linear regression analyses evaluated the association
between all background and professional characteristics, and
separately for each of the four measurements of cervical angles.
A backward procedure was used with the entry probability of
0.05. All independent variables with significant associations
were included in the final model. Data were analyzed using

In subjects with a history of cervical trauma (Table 3),
males showed significantly higher angles of cervical lordosis
compared to females (t-test) aged 20-39, in the mid-lower
(C2-C7) lordosis measurement (p= 0.021). In males aged 4059, significant differences were found in the mid-lower (C2C7) (p= 0.011) and lower (C3-C7) (p= 0.003) cervical lordosis. A
comparison between the three age groups and cervical angles
(one-way ANOVA) revealed a statistically significant increase
of cervical lordosis in males in the total (C0-C7) (F2= 5.46; p=
0.007), mid-lower (C2-C7) (F2=3.46; p=0.040) and lower (C3C7) (F2= 4.07; p= 0.023) lordosis. In females, a statistically

SPSS 23.0 for Windows.

significant increase of cervical lordosis was found in the total

Results

0.005) and lower (C3-C7) (F2= 5.49; p= 0.008) lordosis.

Demographic and professional characteristics are shown
in Table 1. Individuals with a history of cervical trauma and

(C0-C7) (F2= 3.87; p= 0.028), mid-lower (C2-C7) (F2= 5.90; p=

In the linear regression analyses (Table 4) with total
cervical lordosis (C0-C7) as a dependent variable, the following
011
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Table 2: Comparison of cervical angles between males and females by age, and between age groups by gender, in subjects without cervical trauma (N=111).
Age groups
(years)
20-39

Sex

N

C0-C7
Mean±SD

C0-C3
Mean±SD

C2-C7
Mean±SD

C3-C7
Mean±SD

Male

11

39.54±12.50

31.45±11.46

17.15±12.33*

10.86±12.46**

Female

9

28.72±10.53

29.32±11.05

-0.58±12.90

-3.56±11.71

Total

20

34.63±12.60

30.50±11.04

9.18±15.23

4.38±13.92

Male

18

42.32±12.13**

31.95±10.24

14.28±12.88**

9.83±12.49**

Female

39

33.32±13.83

30.86±12.23

6.22±12.73

2.24±10.93

Total

57

36.16±13.87

31.21±11.56

8.77±13.21

4.64±11.88

Male

16

44.51±13.16

37.87±10.20

10.03±11.22

5.60±10.83

Female

18

40.90±17.01

31.43±8.76

17.14±16.80

14.82±16.80

Total

34

42.60±15.20

34.46±9.87

13.79±14.68

10.48±14.85

All subjects

111

37.86±14.32

32.08±11.00

10.38±14.10

40-59

60+

6.38±13.38

F

F

p-value

F

p-value

F

p-value

Male

45

0.53

0.53

0.188

1.18

0.317

0.8

0.455

Female

66

2.62

2.62

0.899

5.86

0.005

8.12

0.001

Total

111

2.87

2.87

0.308

1.46

0.238

2.36

0.099

Cervical lordosis: C0-C7- total; C0-C3- upper; C2-C7- mid-lower; C3-C7- lower.
Comparison between males and females was performed using independent-samples t-test.
*p<0.01, **p<0.05, p<0.05 marked in bold
***results of one-way ANOVA
Table 3: Comparison of cervical angles between males and females by age, and between age groups by gender, in subjects with a history of cervical trauma (N=95).
C0-C3

C2-C7

C3-C7

Mean±SD

Mean±SD

Mean±SD

28.72±12.36

26.93±9.03

7.06±13.21**

1.04±12.05

25.36±12.13

27.77±14.32

-3.44±13.61

-3.79±11.67

Age (years)

Sex

N

C0-C7 Mean±SD

Male

18

20-39

Female

20

40-59

60+

Age groups
comparison***

Total

38

26.95±12.90

27.37±11.96

1.53±14.27

-1.50±11.94

Male

17

34.95±10.71

30.98±8.94

8.50±11.71**

7.02±10.90*

Female

17

29.71±11.06

33.69±11.47

-1.27±9.23

-5.09±10.85

Total

34

32.33±11.05

32.34±10.22

3.61±11.50

0.96±12.35

Male

14

42.61±12.30

31.30±9.57

17.85±11.56

12.61±11.22

Female

9

39.57±16.63

36.41±8.20

11.46±6.85

8.63±7.06

Total

23

41.42±13.87

33.30±9.22

15.35±10.31

11.06±9.82

All subjects

95

32.38±13.35

30.58±10.95

5.62±13.52

2.42±12.54

F

p-value

F

p-value

F

p-value

F

p-value

Male

49

5.46

0.007

1.2

0.31

3.46

0.04

4.07

0.023

Female

46

3.87

0.028

1.9

0.162

5.9

0.005

5.49

0.008

Total

95

10.03

<0.001

2.89

0.061

9.53

<0.001

8.78

<0.001

cervical lordosis: C0-C7- total; C0-C3- upper; C2-C7- mid-lower; C3-C7- lower. Comparison between males and females was performed using independent-samples t-test.
*p<0.01, **p<0.05, p<0.05 marked in bold ***results of one-way ANOVA

predictors were found statistically significant: age (= 0.28,
p <0.001), sex (= 0.23, p= 0.001), and a history of cervical
trauma (= 0.15, p= 0.035). The proportion of the variance
explained by the model was 17% (Nagelkerke R-square=0.17).
The results of the linear regression analyses for upper cervical
lordosis (C0-C3) revealed the following significant predicting
variables: sedentary work (= 0.17, p= 0.019), and BMI (= 0.14,
p= 0.045). The proportion of the variance explained by the
model was 7.2% (Nagelkerke R-square =0.072). The results of
the linear regression analyses for mid-lower cervical lordosis
(C2-C7) revealed the following significant predicting variables:
age (= 0.25, p<0.001), sex (= 0.33, p<0.001), history of
cervical t rauma (β= 0.16, p= 0.019), and sedentary work (=0.18, p= 0.008). The proportion of the variance explained by the
model was 21% (Nagelkerke R-square=0.21). The results of the
linear regression analyses for lower cervical lordosis (C3-C7)
revealed the following significant predicting variables: age (=
0.25, p<0.001), sex (= 0.27, p<0.001), and sedentary work (=
-0.16, p= 0.023). The proportion of the variance explained by
the model was 16% (Nagelkerke R-square= 0.16).

Discussion
Association of cervical lordosis with a history of cervical trauma
Herein, it was found that a history of cervical trauma was
associated with total cervical (C0-C7) and mid-lower lordosis
(C2-C7), indicative of a lordosis reduction. The current
results concur with Marshall & Tuchin’s conclusions [19], of
a retrospective analysis of 500 radiographs examining the
correlation between cervical lordosis (C1-C7 angle) and history
of a motor vehicle accident. They found that cervical lordosis
was reduced in most (82%) of the patients with a history of a
motor vehicle accident. Beltsios, et al. [5], note that accidents
can damage the cervical spine, and lead to degenerative
changes, i.e., decreased intervertebral disc height and muscle
weakness. Gao, et al. [20], evaluated the correlation between
cervical lordosis and cervical disc herniation in 300 patients
with neck pain, under the age of 40. For this purpose, X-rays
were taken with the patients in a standing position. They
found that the degree of herniation was higher in the straight
012
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Table 4: Results of linear regression analyses (final model): cervical angles as
dependent variables.
Predictors

B

SE

β

T

p-value

Association of cervical lordosis with age and sex

Age

0.27

0.07

0.28

4.00

<0.001

The current study reveals that age and sex are associated
with mid-lower (C2-C7) and lower (C3-C7) cervical lordosis.
No association was found with the upper cervical lordosis

Sex

6.50

1.88

0.23

3.46

0.001

angles. Furthermore, significant sex differences were found

History of cervical trauma

4.13

1.94

0.15

2.13

0.035

Cervical angles C0-C7

F(3,189) =13.28, R2=0.17

only in the young (20-39) and intermediate (40-59) age
groups, with lordotic angles greater in men. When comparing
the three age groups (20-39, 40-59, 60+), differences were

Cervical angles C0-C3

found in the groups without cervical trauma in the mid-lower

Sedentary work

4.07

1.72

0.17

2.37

0.019

and lower cervical lordosis. Only in females, increased cervical

BMI

0.30

0.15

0.14

2.02

0.045

lordosis with age was observed.

F(3,189)=5.96, R =0.07
2

There have been contrasting reports as to the association

Cervical angles C2-C7

between cervical alignment and age in the elderly. It has been

Age

0.24

0.07

0.25

3.62

<0.001

reported that a noticeable increase in cervical lordosis occurs

Sex

9.17

1.84

0.33

4.99

<0.001

with age [21]. A recent study reported that owing to aging,

History of cervical trauma

4.50

1.90

0.16

2.37

0.019

the mid-lower cervical lordosis (C2-C7) increases from 8° (30

Sedentary work

-5.58

2.07

-0.18

-2.70

0.008

F(4,188)=12.24, R2=0.21

years old) to 20° (80 years old). Other reports have confirmed a
lordosis angle decrease as people age, with the development of
a kyphotic cervical curve [22]. An additional study [7] has found

Cervical angles C3-C7

a similar total cervical lordosis (C0-C7) in both adult males

Age

0.22

0.06

0.25

3.52

<0.001

and females (20-50 years of age), however, several significant

Sex

6.95

1.75

0.27

3.98

<0.001

differences between sexes were discovered. Females exhibited

Sedentary work

-4.51

1.97

-0.16

-2.29

0.023

a higher (by 5°) upper cervical lordosis (C0-C3; C1-C3) than

F(4,188)= 9.13, R2= 0.16
cervical lordosis: C0-C7- total; C0-C3- upper; C2-C7- mid-lower; C3-C7- lower.
Independent variables: age, sex, BMI, working years in the profession, working hours,
sedentarity, light work, history of cervical trauma

males, whilst, males displayed a higher lower cervical lordosis
(C3-C7) than females (by 6°). These conclusions concur with
Yukawa, et al. [21] findings that a greater mid-lower cervical
lordosis (C2-C7) exists in males compared with females aged
30-80.

Table 5: Angular measurements (mean±SD) of the cervical spine in symptomatic
and asymptomatic individuals*
Study

Method

[17]

Posterior
tangent

25[

[12]
[24]

Cobb
Cobb

Several studies reported differences found in the cervical
lordosis angle due to age and sex [23]. Yukawa, et al.’s [21]

Age

Cervical angles
C2- C7

x-ray

277-total
178-with cervical pain
99-with other pain

9-78

14.8
9.6
23.4

x-ray

113-total patients with
multi-level posterior
cervical fusion

2487

48.0±12.1

50-asymptomatic adult

2480

17.3±9.3
11.35±9.3

29-with neck pain

39.6

(12.8)

McAviney, et al. [24] results, although the latter used x-rays

18.9±12.2
21.2±13.2

as a measurement. Our results, in accordance with Jun, et al.’s

13.9±12.3

supine (by CT scans) compared with imaging in a standing

Modality

x-ray
CT

Posterior
Fluoroscopic
tangent

N

[21]

Cobb

x-ray

74-symptomatic
37-surgically treated

[27]

Cobb

x-ray

1230 –asymptomatic

206 –total
45-Males no cervical
13.47±12.93
trauma
66-Females no cervical
8.27±14.97
trauma
21Current
Cobb
CT
49- Males after cervical 83
10.64±12.86
study
and kyphosis groups compared trauma
to the lordosis group. In the
46- Females after cervical
current study, similarly, cervical trauma was associated
0.28 ± with
12.2
trauma
10.38±14.10
decreasing in cervical lordosis.It
is
concluded
that
a
history
of
111- Both sexes no
cervical trauma is an important
reason
for
the
occurrence
of
cervical trauma

conclusions were similar to ours, i.e., female cervical lordosis
increases with age, however, the angle is greater in males.
X-ray imaging was used while standing. The subjects were all
Japanese. Cervical lordosis was measured only at the C2-C7.
Relevant studies (16,21,26,30,31), comparing their C2-C7
cervical lordosis Cobb angle values (8.21±14.00o) in symptomatic
individuals with the current study, are summarized in Table
5. Our measurements of C2-C7 are the lowest, similar to

[17], demonstrated lower cervical lordosis values while lying
position (by x-rays) of the C2-C7. Only two modalities were
used [17], CT scans, and x-rays. The authors discovered that
cervical lordosis Cobb angles C2- C7 were significantly smaller
than when measured by x-rays. The authors included only 50
individuals of all ages.

Association of cervical lordosis with occupational
variables
In the current study, it was found that sedentarity was

degenerative changes leading
to changes
95- Both
sexes afterin cervical lordosis,
5.62±13.52
trauma be examined when
probably decreasing lordosis,cervical
and should
206- All subjects
8.19±14.00
researching cervical spine morphology
and degeneration.

positively associated with lordosis of the upper cervical spine

* All x-rays were performed in a standing position and fluoroscopic evaluation in a
sitting position. All CT scans were performed in a supine position.

neck pain, a subject discussed in the literature. In a review

and negatively with the lower. This interesting outcome, as
yet unpublished elsewhere, may be related to sedentarity and
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was reported that sitting for long periods and holding the
head in a forward position, causes cervical sagittal imbalance,
and furthers the development of cervical pain and pathology
[6]. Ames, et al. [25], suggest that cervical posture affects the
development of cervical pathology, however, if this relationship

trauma. It is most likely that degenerative changes in the

exists, it has not yet been fully acknowledged.

cervical lordosis in young and middle-aged individuals are

Workers in various professions such as office personnel
[15,16], ultrasonographers [26], dental hygienists [27], and
professional drivers [13,14] mainly suffer from neck pain.
Forward head posture, weekly computer use for ≥6-9 hours,
continuous sitting, incorrect placement of computer devices,
i.e., the monitor, keyboard and mouse, and the position of the
keyboard, have been associated with the prevalence of neck pain
[15,16]. Furthermore, an uncomfortable steering wheel and/
or seat and back support were found associated with a higher
prevalence of neck pain in professional urban bus drivers [13].
Driving with a bent or twisted trunk was associated with neck
pain [14]. Sonographers, whose screen is on their left side,
experience significantly more neck pain [28].

cervical spine following cervical accidents, lead to changes in
the cervical lordosis. The minimum potential period between
the accident and the presence of these changes is unknown
and should be investigated as well. Mid-lower and lower
higher in males compared with females, but at an older age, no
differences were found between the sexes. Future research is
needed to assess the association between age-related change in
sex hormone levels and changes in cervical lordosis. Do women
have a greater kyphosis in old age, thereby compensating for
increased cervical lordosis? In the present study, a correlation
was found between sedentarity, and the upper, mid-lower,
and lower cervical lordosis, a new finding. Intervention studies
aimed at improving posture to prevent degenerative changes
and pain in sedentary workers should be continued. Prevention
strategies should be available to sedentary workers to maintain
proper lower neck lordosis and prevention of upper neck
lordosis exaggeration.
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The strongest risk factor for neck pain in females is
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A higher incidence of neck pain in men was due to protracted
forward head flexion [29].
Two studies have shown that degenerative changes, i.e.,
decreased vertebral body, intervertebral disc height, laxity and
muscle weakness, together with neck flexion and neck loads
over time, can lead to changes in cervical lordosis [3,5]. A

L

KALICHMAN:

Project

development,

Data

analysis,

Manuscript writing
A SIMONOVICH: Project development, Data Collection
J DROUJIN: Project development, Data Collection

forward head posture develops when working in a sedentary
position [30], which may lead to neck and head pain [16].
This type of sedentary work including static neck bending
mechanisms will likely lead to decreased upper and increased
lower cervical lordosis. It has been recently reported that there
are ergonomic solutions for maintaining good body posture,
thus, preventing neck loads with pain [31-33]. These prevention
strategies should be available to sedentary workers.

Limitations
Our study has several limitations: (1) our subjects were
scanned in a supine position implying a different gravity
effect on the neck, compared with standing position. Although
other similar studies positioned their patients in a standing
or a sitting position, recent studies have used the supine
position for the evaluation of cervical lordosis [17,18]. Another
important reason for using the supine position is the increasing
use of CT and MRI scans for evaluation of neck pain and
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