
ORIGINAL ARTICLE

The change of cervical spine alignment along with aging
in asymptomatic population: a preliminary analysis

Yiwei Chen1 • Jiaquan Luo1 • Zhimin Pan1 • Limin Yu2 • Long Pang3 •

Junlong Zhong1 • Zhiyun Li1 • Zhimin Han1 • Kai Cao1

Received: 17 August 2016 / Accepted: 27 June 2017 / Published online: 6 July 2017

� Springer-Verlag GmbH Germany 2017

Abstract

Study design A cross-sectional study.

Objective To investigate the correlation of cervical spine

alignment changes with aging in asymptomatic population.

Background Previous studies demonstrated the influence

of lumbar and thoracic spine on cervical spine alignment,

but few has reported the cervical spine alignment change

along with aging in asymptomatic population.

Methods Asymptomatic population were divided into four

groups according to different ages (Group A: B20 years;

Group B: 21–40 years; Group C: 41–60 years; Group D:

C61 years). Each group was composed of 30 subjects. The

following parameters were measured: C0–1 Cobb angle,

C1–2 Cobb angle, C2–7 Cobb angle, C1–7 sagittal vertical

axis (C1–7 SVA), C2–7 SVA, central of gravity to C7

sagittal vertical axis (CG–C7 SVA), Thoracic Inlet Angle

(TIA), Neck Tilt (NT), cervical tilt, cranial tilt, T1 slope

(TS), TS-CL, and ANOVA statistical method was used to

analyze the differences among four groups, and then, linear

regression analysis was performed to analyze correlation of

the cervical spine alignment with the aging.

Results C1–7 SVA, C2–7 SVA, CG–C7 SVA, TIA, NT,

TS, and cranial tilt were found statistically different among

four groups (P\ 0.01). From Group A to Group D, the

mean C1–7 SVA were 30.7, 26.0, 21.8, and 36.9 mm, the

mean C2–7 SVA were 18.7, 14.7, 11.9, and 24.7 mm, and

the mean CG–C7 SVA were 19.6, 16.6, 9.4, and 26.7 mm.

The mean TIA were 62.4�, 65.0�, 71.8�, and 76.9�, the
mean NT were 39.4�, 43.8�, 46.3�, and 48.2�, the mean TS

were 23.0�, 21.1�, 25.5�, and 28.7�, and the mean cranial

tilt were 5.7�, 4.8�, 3.0�, and 9.5�. Further linear regression
indicated that TIA (r = 0.472; P\ 0.0001), NT

(r = 0.337; P = 0.0006), and TS (r = 0.299; P = 0.0025)

were positively correlated with aging.

Conclusion A gradual increase of TIA, NT, and TS,

accompanied with an increased CL, is found along with

aging in asymptomatic population, among which TIA, NT,

and TS are significantly correlated with physiological

nature of aging.
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Introduction

The cervical spine not only supports the mass of the head,

but also possesses the characteristics of the widest range

of motion related to the rest of the spine. The complexity

of the cervical segments makes it susceptible to deformity

which accompanied with alignment pathology. Cervical

deformity is one of the most common neurological dis-

orders that are being increasingly observed in the

degenerative cervical dysfunction. Abnormalities of the

cervical alignment can compromise the health-related

quality of life (HRQOL) of the patient and impose

adverse effects on the overall functioning of the subjects

[1]. On the contrary, improvements in regional cervical
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alignment postoperatively correlated positively with

improved HRQOL [2, 3].

In the past, publications defined normative values for

regional and global thoracolumbar and spinopelvic

parameters [4], and evaluated the influence of segmental,

regional, and global balance on cervical alignment [5–7].

However, few literatures investigate how the cervical spine

alignment changes along with aging in asymptomatic

population. Therefore, understanding the aging-related

cervical spine alignment changes is favorable for proper

treatment consideration. In this study, we grouped

asymptomatic volunteers according to different ages from

the youth to the old to investigate the correlation of cer-

vical spine alignment changes with aging.

Materials and methods

Asymptomatic subject enrollment

This study was approved by the Institutional Review

Board of Nanchang University. Written informed consents

were obtained from eligible volunteers. From January

2015 and December 2015, a total of 184 were enrolled in

the study. Efforts were made to recruit an even distribu-

tion of volunteers because of trying to establish normative

values based on age. Volunteers met the following criteria

were excluded. Exclusion criteria were: (1) a history of

prior spine operation; (2) coronal spine deformities (Cobb

angle [10�); (3) frequent complaints of neck pain; (4)

radiculopathy or myelopathy due to cervical spondylopa-

thy; (5) congenital pathologic condition of the cervical

spine; (6) history of neuromuscular, inflammatory disor-

ders of cervical spine; (7) pregnancy; and (8) osteoporo-

sis. Forty-four volunteers who were meet the exclusion

criteria before radiography were excluded, 23 volunteers

were withdrawn from the study due to fail to keep an

appointment, and seven meet the exclusion criteria after

radiography. Finally, a hundred twenty asymptomatic (47

male and 53 female) subjects aged 8–81 were finally

included in the study. The subjects were divided into four

groups according to different ages (Group A: B20 years;

Group B: 21–40 years; Group C: 41–60 years; and Group

D: C61 years). Each group was composed of 30 subjects.

Volunteer BMI was recorded after included. The neck

disability index (NDI) was accessed to reassure all vol-

unteers to be asymptomatic.

Radiographic parameters

When taken X-ray, the subjects were informed of looking

ahead and relaxing in a neutral posture. Standing antero-

posterior and lateral radiographs of cervical spine were

obtained. The following parameters were measured: C0–1

Cobb angle, C1–2 Cobb angle, C2–7 Cobb angle, C1–7

sagittal vertical axis (C1–7 SVA), C2–7 SVA, central of

gravity to C7 sagittal vertical axis (CG–C7 SVA), Tho-

racic Inlet Angle (TIA), Neck Tilt (NT), cervical tilt,

cranial tilt, T1 slope (TS), and TS-CL. All parameters

were measured by two researchers at the same time, one

was orthopedic surgeon and one was radiologist. Only the

value of parameters agreed by both researchers was

recorded. When disagreement between two researchers

occurred, the value of parameter was discussed and

decided in routine roundtable meeting, in which the whole

research team members attended. The parameters were

defined as follows: (1) C0–1 Cobb angle was an angle

between McGregor’s line and the line linking the inferior

of anterior arch and the inferior of posterior arch of atlas;

(2) C1–2 Cobb angle was defined as an angle between the

line linking the inferior of anterior arch and the inferior of

posterior arch of atlas and the lower endplate of C2; (3)

C2–7 Cobb angle, an angle between C2 lower end plate

and C7 lower end plate; (4) C1–7 SVA, distance between

a plumb line dropped from the anterior tubercle of C1 and

posterior superior corner of C7; (5) C2–7 SVA, distance

between a plumb line dropped from the centroid of C2

and posterior superior corner of C7; (6) CG–C7 SVA,

distance between a plumb line dropped from anterior

margin of external auditory canal and posterior superior

corner of C7; (7) TIA, the angle between a line origi-

nating from the center of the T1 upper end plate and

perpendicular to the T1 upper end plate and a line from

the center of the T1 upper end plate and the upper end of

the sternum; (8) NT, an angle between two lines both

originating from the upper end of the sternum, with one

being a vertical line and the other connecting to the center

of the T1 upper end plate; (9) cervical tilt was defined as

the angle between two lines, both originating from the

center of the T1 upper end plate; one is vertical to the T1

upper end plate and the other passes through the tip of the

dens; (10) cranial tilt was defined as the angle between

two lines, both originating from the center of the T1 upper

end plate, with one passing through the dens and the other

being a vertical line; and (11) TS was defined as an angle

between a horizontal plane and a line parallel to the T1

upper end plate. Examples of above parameters are shown

in Figs. 1, 2, and 3.

Statistical analysis

Data were analyzed using the SPSS statistical software

(version 17.0; SPSS, Inc., Chicago, IL, USA). All values

are expressed as mean ± standard deviation (SD).

ANOVA statistical method was used to analyze the dif-

ferences among four groups, and then, linear regression
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analysis was performed to analyze correlation of the cer-

vical spine alignment with the aging. A P value of\0.05

was considered statistically significant.

Results

Demographics

All 120 volunteers were recruited and imaged. The average

age was 40.6 years (range 8–81). The average BMI was

23.8 ± 6.6. The average NDI score was 2.8 ± 2.4 which

reflected the asymptomatic nature of this cohort. The

demographic data of volunteers are shown in Table 1.

Parameters analysis

From group A to group D, the mean C1–7 SVA were

30.7 ± 11.0, 26.0 ± 10.4, 21.8 ± 12.9, and

36.9 ± 11.2 mm, the mean C2–7 SVA were 18.7 ± 8.9,

14.7 ± 8.6, 11.9 ± 11.2, and 24.7 ± 8.8 mm, and the

mean CG–C7 SVA were 19.6 ± 13.5, 16.6 ± 13.6,

9.4 ± 16.7, and 26.7 ± 10.8 mm. The mean TIA were

62.4 ± 8.5�, 65.0 ± 11.9�, 71.8 ± 10.3�, and 76.9 ± 8.6�,
the mean NT were 39.4 ± 8.4�, 43.8 ± 8.0�, 46.3 ± 9.4�,
and 48.2 ± 6.7�, the mean TS were 23.0 ± 7.1�,
21.1 ± 7.8�, 25.5 ± 7.6�, and 28.7 ± 9.0�, and the mean

cranial tilt were 5.7 ± 6.2�, 4.8 ± 5.7�, 3.0 ± 6.7�, and

Fig. 1 Graphical definition of C0–1 Cobb angle, C1–2 Cobb angle,

and C2–7 Cobb angle. C0–1 Cobb angle was an angle between

McGregor’s line (line A) and the line linking the inferior of anterior

arch and the inferior of posterior arch of atlas (line B); C1–2 Cobb

angle was defined as an angle between the line linking the inferior of

anterior arch and the inferior of posterior arch of atlas (line B) and the

lower endplate of C2 (line C); C2–7 Cobb angle, an angle between C2

lower end plate (line C); and C7 lower end plate (line D)

Fig. 2 Graphical definition of C1–7 sagittal vertical axis (C1–7

SVA), C2–7 SVA, central of gravity to C7 sagittal vertical axis (CG–

C7 SVA). C1–7 SVA was defined as the distance between a plumb

line dropped from the anterior tubercle of C1 and posterior superior

corner of C7 (showed with green line); C2–7 SVA, distance between

a plumb line dropped from the centroid of C2 and posterior superior

corner of C7 (showed with yellow line); and CG–C7 SVA, distance

between a plumb line dropped from anterior margin of external

auditory canal and posterior superior corner of C7 (showed with red

line)

Fig. 3 Graphical definition of Thoracic Inlet Angle (TIA), Neck Tilt

(NT), T1 slope (TS), cervical tilt, and cranial tilt. TIA was defined as

the angle between a line originating from the center of the T1 upper

end plate and perpendicular to the T1 upper end plate and a line from

the center of the T1 upper end plate and the upper end of the sternum;

NT, an angle between two lines both originating from the upper end

of the sternum, with one being a vertical line and the other connecting

to the center of the T1 upper end plate; Cervical tilt was defined as the

angle between two lines, both originating from the center of the T1

upper end plate; one is vertical to the T1 upper end plate and the other

passes through the tip of the dens; Cranial tilt was defined as the angle

between two lines, both originating from the center of the T1 upper

end plate, with one passing through the dens; and the other being a

vertical line; TS was defined as an angle between a horizontal plane

and a line parallel to the T1 upper end plate
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9.5 ± 8.4�. Above significant difference parameters with

mean values are shown in Table 2. In addition, the change

tendency of above parameters is shown in Figs. 4 and 5.

Through analyzing the significant change in cervical

alignment (shown in Table 3), we found that C1–7 SVA

had significant difference between group A and group C

(P = 0.008), group B and group D (P = 0.001), and group

C and group D (P\ 0.001), C2–7 SVA had significant

difference between group A and group C (P = 0.014),

group A and group D (P = 0.028), group B and group D

(P\ 0.001), and group C and group D (P\ 0.001), CG–

C7 SVA had significant difference between group A and

group C (P = 0.011), group B and group D (P = 0.012),

and group C and group D (P\ 0.001), and Cranial tilt

(P = 0.0011) had significant difference between group B

and group D (P = 0.017) and group C and group D

(P = 0.001). C1–7 SVA, C2–7 SVA, and CG–C7 SVA had

the most significant difference between group C and group

D (P\ 0.001). Correspondingly, although C2–7 Cobb

angle had not significant difference between group C and

group D (P = 0.105), the tendency of decreasing was

marked. Between group A (the youngest) and group D (the

oldest), the most significant difference was found in the

change of TIA (P\ 0.0001) and NT (P\ 0.0002). TS was

found to be significantly different between group A and

group D (P\ 0.0107), group B and group C (P = 0.0465),

and group B and group D (P = 0.0007).

Further linear regression disclosed that TIA (r = 0.472;

P\ 0.0001), NT (r = 0.337; P = 0.0006), and TS

(r = 0.299; P = 0.0025) were positively correlated with

aging (shown in Fig. 6).

Discussion

In this study, we grouped asymptomatic subjects according

to age, measured sagittal alignments of cervical spine and

found that TIA, NT, and TS significantly increase along

with aging.

As the pivotal element of cervicothoracic junction, the

thoracic inlet is a fixed bony circle that is composed of the

T-1 vertebral body, the first ribs on both sides, and the

upper part of the sternum. The TIA was defined as the

angle subtended between a line originating from the center

Table 1 Demographic data of

volunteers in four groups
Group A: B20 years

N = 25

Group B: 21–40 years

N = 25

Group C: 41–60 years

N = 25

Group D: C61 years

N = 25

Female 17 15 16 13

Male 13 15 14 17

BMI 18.5 ± 6.6 23.3 ± 7.2 26.6 ± 5.3 26.9 ± 7.1

NDI 2.3 ± 3.1 2.9 ± 2.1 3.1 ± 1.6 2.7 ± 2.6

Age 15.4 ± 2.7 32.3 ± 5.5 47.8 ± 4.7 66.7 ± 4.7

Table 2 Average value of all parameters and the difference among four groups by P value

Group A: B20 years

N = 30

Group B: 21–40 years

N = 30

Group C: 41–60 years

N = 30

Group D: C61 years

N = 30

P value

C0–1 Cobb angle 6.5 ± 4.3 7.7 ± 6.1 5.5 ± 5.5 6.9 ± 6.0 0.5525

C1–2 Cobb angle -26.2 ± 7.2 -26.5 ± 6.7 -24.4 ± 7.2 -26.6 ± 5.8 0.6546

CL -12.1 ± 10.6 -12.2 ± 8.2 -12.6 ± 13.2 -17.6 ± 10.7 0.2176

C1–7 SVA (mm) 30.7 ± 11.0 26.0 ± 10.4 21.8 ± 12.9 36.9 ± 11.2 \0.0001**

C2–7 SVA (mm) 18.7 ± 8.9 14.7 ± 8.6 11.9 ± 11.2 24.7 ± 8.8 \0.0001**

CG–C7 SVA (mm) 19.6 ± 13.5 16.6 ± 13.6 9.4 ± 16.7 26.7 ± 10.8 0.0003**

TIA 62.4 ± 8.5 65.0 ± 11.9 71.8 ± 10.3 76.9 ± 8.6 \0.0001**

NT 39.4 ± 8.4 43.8 ± 8.0 46.3 ± 9.4 48.2 ± 6.7 0.0019**

Cervical tilt 17.2 ± 7.5 16.3 ± 9.1 22.5 ± 9.5 19.1 ± 11.4 0.1088

Cranial tilt 5.7 ± 6.2 4.8 ± 5.7 3.0 ± 6.7 9.5 ± 8.4 0.01*

TS 23.0 ± 7.1 21.1 ± 7.8 25.5 ± 7.6 28.7 ± 9.0 0.0051*

TS-CL 9.6 ± 6.1 10.8 ± 8.6 13.3 ± 9.5 10.5 ± 6.0 0.3769

* Means difference is significant at the 0.05 level

** Means difference is significant at the 0.01 level
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of the T-1 upper endplate and perpendicular to the T-1

upper endplate and a line from the center of the T-1 upper

endplate and the upper end of the manubrium [6]. There-

fore, TIA and TS were primarily determined by T1 decli-

nation in the sagittal plane. If the relative position of T1 to

manubrium unchanged, a lager T1 declination results in a

larger TIA and TS which yields a greater magnitude of

cervical lordosis just as a greater pelvic incidence leads to

greater lumbar lordosis. In this cohort, TIA and TS sig-

nificantly increase from the youth group to the old group

accompanied with an increased cervical lordosis which is

required to balance the head over the thoracic inlet. Similar

results were also reported in the study form Amabile [8]

who measured global spine alignment parameters of 41

volunteers (49–76 years) and found that the cervical lor-

dosis increased in these volunteers, compared with younger

group(less than 40 years). Besides aging, gender was found

to be another factor influencing the change in C3–C7 lor-

dosis [9].

An increased T1 declination throughout the life span

may result from increasing of thoracic kyphosis.

Yokoyama [10] found that TIA, TK, and C2–C7 lordosis

were found to markedly increase with age from late

middle age and considered that increases in cervicotho-

racic curvature occurring along with thoracic deformation

underlie age-related changes in the spine. Ailon [11]

reported that thoracic kyphosis tends to increase with age.

The cause is multifactorial and involves an interaction

between degenerative changes, vertebral compression

fractures, muscular weakness, and altered biomechanics.

More early, Goh [12] elaborated that an age-related

decline was noted in the ratio of anterior height to

Fig. 4 Mean values of C2–7 Cobb angle, C1–7 SVA, C2–7 SVA, and

CG–C7 SVA. All these parameters had the most significant difference

between group C and group D (P\ 0.001), which implied an obvious

anterior translation of cervical spine occurring in old population.

Correspondingly, the decreasing tendency of C2–7 Cobb angle from

group C to group D was marked, which implied a obvious increasing

of cervical lordosis occurring to compensate for anterior translation of

cervical spine in old population
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posterior height of thoracic vertebra, corresponding to an

increase in the degree of vertebral wedge configuration

which leads to thoracic hyperkyphosis during the later

years of life. Thoracic hyperkyphosis influences the

configuration of thoracic inlet and increases the age-re-

lated T1 declination in the sagittal plane.

Not only TIA but NT also was determined by the rela-

tive position of T1 to manubrium in sagittal plane including

Fig. 5 Mean values of TIA, NT, cranial tilt, and TS. All these parameters are significant difference among groups

Table 3 Average value of all

significantly different

parameters and comparisons

among four groups by P value

Statistic comparison among groups

A/B A/C A/D B/C B/D C/D

C1–7 SVA 0.1573 0.0077** 0.0566 0.1982 0.0011** \0.0001**

C2–7 SVA 0.1446 0.0135* 0.0284* 0.2982 0.0003** \0.0001**

CG–C7 SVA 0.4558 0.0108* 0.0717 0.0673 0.0117* \0.0001**

TIA 0.3580 0.0012** \0.0001** 0.0177* \0.0001** 0.0736

NT 0.0585 0.0040** 0.0002** 0.3037 0.0649 0.4070

Cranial tilt 0.6265 0.1635 0.0547 0.3620 0.0168* 0.0011**

TS 0.3993 0.2448 0.0107* 0.0465* 0.0007** 0.1499

* Means difference is significant at the 0.05 level

** Means difference is significant at the 0.01 level
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the vertical distance from T1 to the level of the end of

manubrium, as well the horizontal distance from T1 to the

perpendicular line drawn from the end of manubrium. First,

T1 vertebra is normally located above the level of the end

of manubrium. If the T1 declination unchanged, in other

words, TS unchanged, a descended position of T1 related

to the level of manubrium, which means a decrease of

vertical distance from T1 to the level of the end of man-

ubrium, results in a larger TIA, accompanied with a greater

NT in this circumstance. Research [13] showed that the

vertical decrease in vertebral dimension was age-associated

throughout the life span which gives rise to the decrease of

the height of thoracic spine. Definitely, disc degeneration

and space narrowing [13, 14] also contribute to the height

loss in thoracic spine. As a consequence, a descended

position of T1 related to the level of manubrium is inevi-

table, which leads to a larger TIA and NT. Brandner [15]

suggested that the accelerated rate of vertical growth and a

corresponding slowing of the increase in the anteroposte-

rior vertebral dimension during the adolescent growth spurt

results in a rapid increase in the vertebral height. Con-

trarily, Goh [12] noted that there was a pattern of gradual

decline in the ratio of posterior height of vertebra to the

anteroposterior vertebral dimension throughout the adult

life span. This decline may well be associated with the

natural cessation of skeletal growth prior to adulthood and

the eventual gradual loss in height stature during the later

years of life. Thus, a decrease of vertical distance from T1

to the level of the end of manubrium will result in a larger

TIA and NT. Second, an increase of horizontal distance

from T1 to the perpendicular line drawn from the end of

manubrium, according to the definition of TIA, can also

result in a larger TIA and NT if the T1 declination

unchanged. Bastir [16] indicated that from infant to adults,

there is not only an increase in mediolateral dimensions,

but also a marked increase in anteroposterior dimensions of

Fig. 6 Correlated coefficient of TIA, NT, TS, and age. TIA (P\ 0.01), NT (P\ 0.01), and TS (P\ 0.01) were positively correlated with aging
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the upper thorax, relative to the lower thorax. This trans-

forms the pyramidal infant thorax into the barrel-shaped

one of adults. In the following study [17], they further

demonstrated that the increase of rib torsion and axial rib

curvature is ontogenetic factors that contribute to the adult

thorax configuration. When the anteroposterior dimensions

of the upper thorax increased, the horizontal distance from

T1 to the perpendicular line drawn from the end of man-

ubrium would elongate, which results in a larger TIA and

NT. Therefore, the decline of the vertical distance of T1 to

manubrium and the elongation of the horizontal distance of

T1 to manubrium in sagittal plane may explain the results

that TIA and NT gradually increased along with aging in

our study.

There are limitations in our study. First, the thoracic,

lumbar, and spinopelvic segment alignments are not mea-

sured. Associating the cervical alignments with global

alignments may illuminate the changes of cervical align-

ments more comprehensively. Taking global spine X-ray to

correlate the findings of this study with changes in global

alignment parameters will conducted in future study. Sec-

ond, so far, there is still a lack of consensus as to the

optimal method to accurately assess the cervical sagittal

alignment. Donk [18] reported that an absolute measure-

ment of the angle between C-2 and C-7 does not

unequivocally define the sagittal cervical alignment and

recommended the modified Toyama method as a better tool

for a global assessment of cervical sagittal alignment.

However, Toyama method cannot quantify the curve of

lordosis. Therefore, in this cohort, we still used C2–7 lor-

dosis as one of the alignment parameters. Third, we

obtained our measures from an Asian population, which is

hard to generalize our results to other populations. Data

from multi-ethnic population need collected in further

study. However, this is the first preliminary analysis of the

change of cervical spine alignment along with aging in

asymptomatic population, based on which surgeons can

properly evaluate cervical alignment of patient in different

lifetimes with cervical disorders, and probably map out

more precise cervical realignment parameters referred to

correction surgery in patient with cervical deformity.

Conclusion

A gradual increase of TIA, NT, and TS, accompanied with

an increased CL, is found along with aging in asymp-

tomatic population, among which TIA, NT, and TS are

significantly correlated with physiological nature of aging.
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