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Abstract

Purpose To identify age-related changes and the relationship between upper and lower cervical sagittal alignment and the
range of motion (ROM).

Methods A total of 600 asymptomatic volunteers were enrolled. There were 50 males and 50 females in each decade of life
between the third and the eighth. The O—C2 angle and the C2-7 angle were measured using the neutral radiographs of the
cervical spine. ROM was assessed by measuring the difference in alignment in the neutral, flexion, and extension positions.
Results The mean O—C2 angle in the neutral position was 14.0° lordotic. The mean ROM of the O—C2 angle was 23.1°. The
mean C2-7 angle in the neutral position was 14.3° lordotic. The mean ROM of the C2-7 angle was 56.0°. The O—C2 angle
was 16.1° in the third decade and gradually decreased to 11.4° in the eighth decade. There were no significant age-related
changes in the ROM of the O—-C2 angle. The C2-7 angle was 7.2° in the third decade and gradually increased to 20.8° in
the eighth decade, and the ROM gradually decreased with increasing age. Significant negative correlation was observed
between O—C2 angle and C2-7 angle.

Conclusion The O-C2 angle gradually decreased and the C2—7 angle increased with age. The ROM of the O—C2 angle did
not change, but the ROM of the C2-7 angle decreased with age. The upper and lower cervical spine showed different age-
related changes.

Keywords Age-related changes - O—C2 angle - C2—7 angle - Range of motion - Cervical spine

Introduction sagittal balance of the cervical spine; age-related changes

in cervical sagittal alignment have rarely been evaluated.

With aging, changes in the cervical spine gradually increase
and lead to cervical degenerative disease, such as cervical
spondylosis and disk herniation. In the aging population,
the proportion of patients with cervical degenerative disease
can increase. Cervical corrective surgery aims to maintain
normal cervical alignment. The radiological parameters of
the sagittal balance of the thoracic and lumbar spine are well
defined [1-3]. However, only few studies have assessed the

>4 Shiro Imagama
imagama@med.nagoya-u.ac.jp

Department of Orthopedic Surgery, Nagoya University
Graduate School of Medicine, 65, Tsurumai, Showa-ku,
Nagoya, Aichi 466-8560, Japan

Department of Orthopedic Surgery, Chubu Rosai Hospital,
1-10-6 Komei, Minato-ku, Nagoya, Aichi 455-8530, Japan

@ Springer

Some studies have shown the importance of local cer-
vical sagittal alignment affecting the other parameters of
global sagittal alignment [4, 5]. In addition, cervical sagit-
tal imbalance has been considered a predictor of the poor
outcomes of cervical decompression surgery [6, 7]. Fur-
thermore, increasing cervical lordosis has been found to be
correlated to neck disability index score [8]. Based on the
abovementioned information, the radiographic standard val-
ues for cervical alignment parameters are extremely impor-
tant clinically. The normative values of cervical alignment
differ between males and females and change with age. How-
ever, few studies investigating cervical sagittal alignment,
particularly upper cervical alignment, have included a large
cohort with an even age and gender distribution.

The current study aimed to investigate the standard values
for the normal alignment and range of motion (ROM) of
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the upper and lower cervical spine in males and females in
each decade of life between the third (20s) and the eighth
(70s). Moreover, age-related changes and the relationship
between the alignment of the upper and lower cervical spine
were evaluated using the radiographic data of 600 healthy
individuals.

Materials and methods

This study was approved by the institutional review board of
our institution. In total, 600 asymptomatic Japanese volun-
teers (300 males and 300 females) provided informed con-
sent and participated in this study. The exclusion criteria
were individuals with a history of brain or spinal surgery,
symptoms related to sensory or motor disorders (such as
numbness, clumsiness, motor weakness, and gait distur-
bance), or severe neck pain. Pregnant women and individuals
presented with symptoms after a motor vehicle accident or
received worker’s compensation were also excluded. Among
the volunteers, 50 males and 50 females were recruited for
each decade of life between the third and the eighth.

All individuals underwent lateral radiography of the neck
while in the neutral, flexion, and extension positions. The
film—tube distance was set at 1.5 m. Lateral X-ray images
were obtained while the individuals were standing and in
a straightforward position. Flexion and extension radiog-
raphy were performed with the neck in maximum flexion
and extension position. The O—C2 and C2-7 angles were

Fig.1 Left: Radiographic
image showing the O—C2 angle
formed by the McGregor line
and the line tangential to the
inferior aspect of the axis.
Right: Radiographic image
showing the C2-7 angle formed
by the inferior aspects of the
axis and C7

measured using these images (Fig. 1). Flexion and exten-
sion ROMs were calculated by subtracting the value of the
angle in the neutral position from those in the flexion and
extension positions. The total ROM was calculated by add-
ing the flexion and extension ROMs. The O—C2 angle was
defined as the angle between the McGregor line [9] and
the inferior aspect of the axis, and the C2-7 angle as the
angle between the inferior aspect of the axis and vertebral
body C7. All images were transferred to the computer as
DICOM data. Each parameter was measured by experienced
radiation technologists using an imaging software (Osiris4;
Icestar Media Ltd., Essex, the UK). The intra-observer and
inter-observer variations of the O—C2 angle and C2-7 angle
were estimated using the reliability statistics by intraclass
correlation coefficient (ICC) from the values of the angles
of 60 subjects measured by two independent observers (TI
and HK), and the mean intra- and the inter-observer ICCs
were 0.96 and 0.92 in O—C2 angles, 0.98 and 0.98 in C2-7
angles, respectively.

BellCurve for Excel (Social Survey Research Information
Co., Ltd.) was used for statistical analysis. All values were
expressed as mean + standard deviation. The Mann—Whit-
ney U test was used to analyze the differences between the
male and female groups. The Jonckheere—Terpstra test was
utilized to evaluate the trends of the age-related changes in
O-C2 and C2-7 angles. The Pearson correlation coefficient
was used to examine the correlations between the O—-C2
angle and C2-7 angle. A p value <0.05 was considered sta-
tistically significant.
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Table 1 The mean O-C2 angle and C2-7 angle and the total, flexion,
and extension ROMs of all individuals

0O-C2 angle C2-7 angle
Angle 14.0+7.7 143+12.7
Total ROM 23.1+8.4 56.0+16.4
Flexion ROM 524738 27.5+£99
Extension ROM 17.8+7.8 28.5+14.5

The values were presented as mean=+SD (°)

Results

The mean O—C2 angle of all individuals was 13.9°+7.79°
(13.7°+7.7° in males, 14.1° +7.7° in females), and the mean
total ROM of O-C2 angle (O—-C2 ROM) was 23.1° +8.4°
(22.3°+8.2° in males, 23.8° + 8.6° in females) (Table 1).
The flexion and extension O-C2 ROMs are depicted in
Table 1. The mean flexion O—C2 ROM was significantly
higher in females than in males. However, the mean O-C2
angle and the total O—C2 ROM did not significantly differ
between males and females.

The mean C2-7 angle of all individuals was 14.3°+12.7°
(15.7° £ 12.7° in males, 12.8°+9.12° in females), and
the mean total ROM of C2-7 angle (C2-7 ROM) was

Table2 O-C2 angle and C2-7 angle according to age and sex

56.0°+16.40° (52.7°+15.8° in males, 59.4°+16.4° in
females) (Table 1). The flexion and extension C2—7 ROMs
are depicted in Table 1. The mean total C2-7 angle was
significantly higher in males than in females, and females
had a significantly higher total and extension C2—7 ROMs
than males.

Age-related changes in measured angles are shown in
Table 2. The O-C2 angle decreased significantly with age
in both males and females (p < 0.05) (Fig. 2). However, no
significant differences were observed between males and
females in terms of the measured angles in any decade of
life. Meanwhile, the total O-C2 ROM did not change sig-
nificantly with age (Table 3, Fig. 2), and no significant dif-
ferences were observed between males and females in terms
of the total O—C2 ROM in any decade of life. The C2-7
angle increased significantly with age (p <0.05) (Table 2,
Fig. 3), and a significant difference was noted in the angle
between males and females only at the third decade of
life. The total C2—7 ROM significantly decreased with age
(p <0.05) (Table 4, Fig. 3). In almost all decades, except for
the fourth, significant differences were observed between
males and females.

The correlation coefficients between the O—C2 and C2-7
angles were r=—0.41 (p <0.01) in all individuals, r=—0.37
(p<0.01) in males, and r=-0.44 (p <0.01) in females

All 20-29 years 30-39 years 40-49 years 50-59 years 60-69 years 70-79 years
O-C2 angle Male 13.7+7.7 15.8+6.8 14.8+6.8 15.5+7.0 11.5+6.9 12.8+7.7 12.0+9.7
Female 142+7.8 16.3+7.8 17.7+7.7 154+8.4 129+6.2 12.0+6.5 10.8+7.8
p value 0.423 0.612 0.078 0.801 0.228 0.641 0.622
C2-7 angle Male 15.7+12.7 10.0+£10.8 11.6+11.6 143+119 18.7+£13.1 18.2+13.2 21.7+11.8
Female 12.8+12.6 441122 7.1+£12.0 10.6+£11.8 16.9+13.0 18.3+8.2 19.9+10.3
p value 0.017 0.016 0.146 0.151 0.583 0.631 0.419
The values were presented as mean =+ SD (°)
Fig.2 O-C2 angle and total 0O-C2 angle Total ROM
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Table 3 ROMs of the O—C2 angle according to age and sex

All 20-29 years 30-39 years 40-49 years 50-59 years 60-69 years 70-79 years
Flexion ROM Male 4.4+5.0 4.7+52 39+4.6 53+4.8 3.5+49 43+6.0 4.8+4.8
Female 6.0+5.3 54+52 6.7+6.6 6.0+5.9 6.9+5.3 5.8+3.9 53+4.4
p value 0.000 0.521 0.012 0.451 0.004 0.173 0.538
Extension ROM Male 17.8+8.0 17.7+8.7 18.5+8.2 16.8+6.8 19.2+7.1 17.1+8.7 17.8+8.6
Female 17.8+7.6 19.0+8.3 18.0+7.5 19.2+8.3 16.3+7.3 17.9+6.4 16.5+7.7
p value 0.706 0.455 0.754 0.149 0.047 0.486 0.28
Total ROM Male 223+8.2 224483 223475 22.1+7.4 22.7+8.0 21.4+9.0 22.6+9.3
Female 23.8+8.6 24.4+8.7 24.7+10.2 252+7.7 23.2+8.6 23.8+7.5 21.8+8.2
p value 0.077 0.258 0.313 0.085 0.793 0.35 0.656
The values were presented as mean=+SD (°)
Fig.3 C2-7 angle and total C2-7 angle Total ROM
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Table 4 ROMs of the C2-7 angle according to age and sex

All 20-29 years 30-39 years 40-49 years 50-59 years 60-69 years 70-79 years
Flexion ROM Male 27.8+9.8 28.1+11.0 28.4+10.7 29.0+8.8 29.1+8.6 259+9.9 26.6+9.6
Female 272499 29.4+10.6 28.2+10.7 29.0+9.9 26.3+10.7 27.4+8.0 23.1+85
p value 0.383 0.583 0.762 0915 0.199 0.499 0.069
Extension ROM Male 24.8+14.4 36.2+15.8 3444122 25.6+13.2 21.6+10.7 15.9+10.9 153+7.2
Female 32.1+13.6 44.4+13.8 36.7+12.2 32.1+11.1 29.1+13.5 25.8+8.6 247+114
p value 0.000 0.005 0.499 0.003 0.016 0.000 0.000
Total ROM Male 52.7+15.8 64.4+17.8 62.8+12.5 545+11.8 50.6+11.2 41.9+13.7 41.9+10.2
Female 59.4+164 74.1+£17.2 64.9+155 61.1+14.1 554+14.1 53.2+10.3 47.8+12.8
p value 0.000 0.002 0.415 0.018 0.039 0.000 0.012

The values were presented as mean =+ SD (°)

(Fig. 4). A significant correlation was observed between the Discussion

0O-C2 and C2-7 angle.

Only few studies have assessed the normative values for
the upper cervical spine and the relationship between the
upper and lower cervical spine. Nojiri et al. [10] have
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Fig.4 Scatterplot showing

the statistically significant
relationships between the O—-C2
angle and C2-7 angle. Left: .
male individuals (r=—0.37, :
p<0.01). Right: female indi-
viduals (r=-0.44, p<0.01)
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investigated the normative values and the age-related
changes in the upper and lower cervical spine. They
found that both the O—C2 and C2-7 angles changed sig-
nificantly with aging and that there was a negative corre-
lation between the angles of the upper and lower cervical
spine. This finding is similar to our results. Although their
study included 313 asymptomatic volunteers, the number
of participants for each decade varied. In addition, they did
not investigate the ROM of the upper and lower cervical
spine. This study first investigated the normative values
for alignment, ROM of the upper and lower cervical spine,
and age-related changes in 600 healthy individuals (50
males and 50 females) in each decade of life between the
third and eighth.

Previous studies about cervical alignment focused on
lower alignment, including the C2—-7 angle. Therefore, only
few studies assessed the upper cervical spine. However,
Hardacker et al. [11] have reported that the largest percent-
age of cervical lordosis is localized at the C1-2 segment
(32.2°+7.0°) and that the lordosis at the C2—7 segment was
only 9.6°. Several studies [12, 13] have assessed the loss
of lower cervical lordosis in the occiput—C2 fusions, with
excessive hyperlordosis observed at the occiput—C2 fusions.
Thus, the upper cervical alignment is extremely critical in
total cervical alignment.

Matsunaga et al. [ 14] have investigated 240 healthy vol-
unteers (120 males and 120 females), and results showed
that the O—C2 angle gradually decreased after the fifth dec-
ade of life. Yukawa et al. [15] have reported that the C2-7
angle gradually increased, whereas the total ROMs gradually
decreased with age in over 1200 asymptomatic participants.
Our report supports these results. That is, this study showed
that the O—C2 angle decreased, whereas the C2-7 angle
increased with age (Figs. 2, 3). In addition, the O-C2 ROM
did not change. However, the C2—7 ROM decreased with age
(Figs. 2, 3). The parameters of the upper and lower cervi-
cal spine had opposing changes. Several studies [2, 16, 17]
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have reported that thoracic kyphosis increased significantly
with age. Therefore, compensatory lordotic changes may be
observed in the cervical spine. However, these age-related
changes were only observed in the lower cervical spine, and
the upper cervical spine was not affected by these changes.
The flexion O—C2 ROM and the extension C2—7 ROM were
higher in females than in males, suggesting that cervical
mobility was higher in females than in males. Furthermore,
a possible explanation for this difference between upper and
lower cervical ROMs is that C2-7 angles in females were
lower and O—C2 angles in females were slightly higher than
in males, resulting in more extension mobility in lower cer-
vical spine and flexion mobility in upper cervical spine.

Lee et al. [18] have reported that the thoracic inlet angle
is strongly correlated to the T1 slope, and significant cor-
relation coefficients were observed between the T1 slope and
C2-7 angle; the C2—7 angle and O—C2 angle; and the O-C2
angle and cranial offset. This correlation was expressed as a
linear chain linking the parameters of T1 to the cranium. In
the current study, a weak but statistically significant nega-
tive correlation was observed between the O—C2 and C2-7
angles (Fig. 4). These results indicate that the O—C2 angle
may be affected by the age-related changes and gradual
increases in C2-7 angle with age.

Several studies about the C2—7 ROM have shown that it
decreases with increasing age [1, 3, 15, 19]. Degenerative
changes in the facet joints, intervertebral disks, and back
muscles were involved in the decrease in C2—7 ROM. Mean-
while, the number of studies about the ROM of the O-C2
angle is extremely low. In the current study, these angles did
not change with age. The degenerative changes did not affect
the O—C2 ROM, unlike the C2—7 ROM.

This study had several limitations. First, this study only
used the data of Japanese volunteers. In addition, we have
no information about their occupations, which may affect
cervical alignment. However, the dataset generated in our
study was large enough for most evaluations. Second, this
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study included only asymptomatic subjects, raising possi-
bility that ROMs and lordotic angles may be overestimated
due to the lack of neck pain, especially in elderly patients.
However, we could describe the true parameters that did
not affected by pain. Third, the parameters of global sagit-
tal alignment, including that of the thoracic spine, were not
evaluated. Because only asymptomatic healthy volunteers
were included in this study, whole-spine radiography was
difficult to perform. Nevertheless, the results of the current
study can be used as baseline data for the sagittal balance
and ROMs of the upper and lower cervical spine in various
clinical conditions.

Conclusion

The normal alignment and ROM values of the upper and
lower cervical spine were obtained using the radiographic
data of 600 asymptomatic participants. The O—C2 angle
decreased, whereas the C2—-7 angle increased with age. The
ROMs of the O—C2 angle did not change. However, that
of the C2-7 angle decreased with age. Thus, a significant
correlation exists between the O—C2 angle and C2-7 angle.
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