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Abstract
Purpose To evaluate the effect of cervical sagittal alignment on craniocervical junction kinematic.
Methods We retrospectively reviewed 359 patients (119 cervical lordosis, 38 cervical sagittal imbalances, 111 cervical 
straight, and 91 cervical kyphosis) who underwent cervical spine multi-positional magnetic resonance imaging (mMRI). The 
C2-7 angle, disc degeneration grading and cSVA were analyzed in neutral position. The C3-5 OCI, O-C2 angle, and OCD 
were analyzed in neutral, flexion, and extension position. The Kruskal–Wallis test was used to detect difference among four 
groups. The post hoc analysis was performed by Mann–Whitney U test.
Results The cervical sagittal imbalance, cervical straight, and cervical kyphosis groups had significantly more lordosis angle 
in C3 and C4 OCI and O-C2 angle than the cervical lordosis group (p < 0.0125). Head motion in relation to C2, C3, and C4 
(O-C2 angle, C3-4 OCI) in the kyphosis group was significantly greater than in the cervical lordosis group (p < 0.0125). The 
cervical sagittal imbalance group showed significantly increased O-C2 angle than the cervical lordosis group (p = 0.008). 
Regression analysis showed that an increase in O-C2 angle by one unit had a relative risk of 4.3% and 3.5% for a patient to 
be in the cervical sagittal imbalance and cervical kyphosis groups, respectively.
Conclusions Cervical sagittal alignment affected craniocervical junction motion with the head exhibiting greater extension 
and motion in the cervical sagittal imbalance and cervical kyphosis groups. Motion of the head in relation to C2 can be used 
to predict the cervical sagittal alignment.
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Introduction

The craniocervical junction consists of the occiput, atlas 
(C1), and axis (C2) and acts as a transitional zone between 
the skull and subaxial cervical spine [1]. About one-third of 
flexion/extension, axial rotation, and lateral flexion motion is 
attributed to the craniovertebral junction [2, 3]. The motion 
at the craniocervical junction is also known to be affected 
by motion of the subaxial cervical spine and degeneration 

[4]. On the other hand, subaxial cervical spine malalignment 
might develop when the occiput is fused in inappropriate or 
non-functional position because of the loss of mobility at 
the occipitocervical junction [5]. At the same time, crani-
ocervical junction mobility (positional head changes) also 
influences the cervical spine curvature (C2-7 angle)[6–9].

Cervical spine sagittal alignment might play an important 
role in subaxial cervical spine motion. Sagittal malalignment 
can significantly alter the subaxial cervical spine motion [10, 
11]. Furthermore, failure to compensate in cervical kyphosis 
malalignment results in forward head posture relative to the 
shoulder [12]. High cervical sagittal vertical axis (cSVA) is 
another cervical sagittal malalignment which alters cervi-
cal curvature and head position [13]. The effect of cervical 
sagittal balance on movement at the craniocervical region is 
still not clearly understood.

The aim of this study was to evaluate the effect of various 
types of cervical sagittal alignments on the craniocervical 
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junction using multi-positional magnetic resonance imag-
ing (MRI).

Materials and methods

Patients who received a cervical multi-positional MRI at 
the MRI center regardless of the presenting symptoms from 
November 2010 to August 2017 were evaluated. The inclu-
sion criteria included good and clear image quality in neu-
tral, flexion, and extension positions. Patients with de novo 
coronal and axial deformity, congenital anomaly, cervical 
trauma, infection, tumor, inflammatory disease of cervical 
spine, and/or previous cervical spine surgery were excluded 
from the study.

Multi‑positional magnetic resonance imaging

Multi-positional MRI of the cervical spine was performed 
using a 0.6 T MRI scanner (Upright Multi-Position, Fornar 
Corp., New York, NY, USA). The MR unit uses a horizon-
tal orientation of two opposing magnetic poles, allowing 
patients to be scanned in the weight-bearing position. The 
image protocol included T1- and T2-weighted sagittal fast 
spin-echo images that were obtained using a flexible surface 
coil with the patient seated in upright weight-bearing neutral 
(0º), flexion (40º), and extension (− 20º) positions.

Occipitocervical parameters

Occipitocervical inclination (OCI) is the angle formed by the 
line connecting the posterior border of the cervical vertebral 
body and the McGregor’s line (Fig. 1a). The McGregor’s 
line is drawn from the postero-superior aspect of the hard 
palate and the caudal-most point of the midline occipital 
curve. We measured OCI at C3, C4, and C5 levels in neutral, 
flexion, and extension positions.

Occiput-C2 angle (O-C2 angle) is the angle formed by the 
McGregor’s line and the line drawn parallel to the inferior 
endplate of C2 (Fig. 1b).

Occipitocervical distance (OCD) is the shortest dis-
tance of the vertical line between the occipital protuberance 
and the uppermost part of the spinous process of the axis 
(Fig. 1c).

Cervical spine sagittal alignment parameters

The C2-7 angle (cervical lordotic measurement) was meas-
ured as the angle between the tangent lines of the lower 
endplates of the axis and C7 (Fig. 2). The positive value 
was the kyphotic alignment, and the negative value was the 
lordotic alignment.

cSVA C2-C7 is the horizontal distance between the 
center of C2 and the posterior edge of the C7 upper end-
plate (Fig. 2). The center of C2 was determined as the 
point of intersection of crossing diagonals within the C2 
vertebral body on the central sagittal MRI picture [14, 15]. 
Positive value meant that the center of C2 was anterior to 
the posterior edge of the C7 upper endplate, and negative 

Fig. 1  The occipitocervical parameters measurement on MRI images. 
a The occipitocervical inclination (OCI) at C3-5 cervical spine level. 
The angle formed by the McGregor’s line (line that draw from pos-
tero-superior aspect of the hard palate and the most caudal point of 
midline occipital curve) and the line draw from posterior border of 
the C3-5 vertebral body. Angle A is C3 OCI, angle B is C4 OCI, 

angle C is C5 OCI. b The occiput-C2 angle (O-C2) is the angle 
formed by the McGregor’s line and lower endplate of C2 vertebra. c 
The occipitocervical distance (OCD) is the shortest distance of the 
vertical line between occipital protuberance and the upper most part 
of spinous process of the axis
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value meant that the center of C2 was posterior to the 
posterior edge of the C7 upper endplate.

Given that different types of cervical sagittal align-
ment have an impact on the movement of subaxial cervi-
cal spine and occipitocervical junction [16], we subdivided 
patients according to their cervical sagittal alignment into 
four groups: (a) lordosis, (b) straight, (c) global kypho-
sis, and (d) cervical sagittal imbalance. C2-7 angle and 
cSVA were used as a cervical sagittal alignment parameter. 
C2-7 angle of less than − 10° was classified as the lordosis 
group, more than − 10° and less 10° as the straight group, 
and more than 10° as the kyphosis group. Patients with 
cSVA more than 40 mm, regardless of C2-7 angle, were 
classified as the cervical sagittal imbalance group [15].

The difference between flexion and extension for O-C2 
angle was considered as the angular motion of the head 
relative to C2 (O-C2 angle F–E), and the difference of 
OCD between flexion and extension position was consid-
ered as linear motion relative to C2 (OCD F–E). The dif-
ference between flexion and extension of C3-5 OCI (C3 
OCI F–E, C4 OCI F–E, C5 OCI F–E) was considered 
motion of the occiput relative to C3-5.

Intervertebral disc degeneration evaluation

T2-weighted mid-sagittal images in the neutral position 
were used to grade disc degeneration. Disc degeneration 
was classified into 5 grades according to Suzuki et al.[17].

All multi-positional MRI images were evaluated using 
mid-sagittal images on eRAD PACS system software (ver-
sion 7.2.38.0, South Carolina, USA).

Statistical analysis

All multi-positional MRI images were carefully evaluated 
independently by three evaluators. The intraclass correlation 
coefficients (ICCs) were used to analyze intra- and inter-
observer reliability. The ICCs value was assessed as follows: 
0–0.2 indicated slight agreement, 0.21–0.4 fair agreement, 
0.41–0.6 moderate agreement, 0.61–0.8 substantial agree-
ment, and 0.81–1 excellent agreement [18].

All parameters were reported with descriptive statistics, 
including mean and standard deviation. The Kolmogo-
rov–Smirnov test was used to test the normality of the data, 
and the nonparametric statistic was used for analysis. The 
Kruskal–Wallis test was used to analyze the differences in 
C3-5 OCI, O-C2 angle, OCD, and the mean value of disc 
degeneration from C2-3 to C6-7 level among 4 cervical 
alignment groups, with a p value of < 0.05 being statistically 
significant. The Mann–Whitney U test was used for post hoc 
analysis of the significant parameters from the Kruskal–Wal-
lis test with a Bonferroni correction; a p value of 0.0125 was 
used as the statistically significant. Multinomial regression 
analysis was used to analyze the predictive model of the 
cervical sagittal alignment group (dependent variable) by 
using angular motion of the head relative to C2-C5 vertebrae 
(independent variable).

All statistical analyses were performed in SPSS (Version 
23.0, International Business Machines, Chicago, IL, USA).

Results

A total of 359 patients (196 females, mean age of 
44.6 ± 11.89 years) were included in this study. 119 patients 
were classified as lordosis, 38 as cervical sagittal imbalance, 
111 as straight, and 91 as kyphosis group.

The ICCs for C3-5 OCI, OCD, C2-7 angle, and cSVA 
had an excellent agreement in all positions (0.821–0.946), 
while the O-C2 angle showed substantial agreement in all 
position (0.611–0.724).

Table 1 shows overall data of age, C2-7 angle, C3-5 OCI, 
O-C2 angle, and OCN for all groups. In general, all occip-
itocervical parameters in the cervical imbalance, straight, 
and kyphosis groups were larger than in the cervical lordo-
sis group in all three positions. In the neutral position, the 
cervical sagittal imbalance group showed the largest angle 
in all occipitocervical angular parameters (C3-5 OCI and 
O-C2 angle), while the cervical lordosis alignment group 
showed the lowest angular value. In the flexion and exten-
sion positions, the cervical sagittal imbalance, straight, and 

Fig. 2  Cervical parameters. C2-7 angle is the angle formed by the 
inferior endplate of the C2 vertebra line and the inferior endplate line 
of C7 vertebra. Cervical sagittal vertical axis (cSVA) is the horizontal 
distance between the center of C2 and the posterior edge of the C7 
upper end plate
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kyphosis alignment groups showed higher angular values 
in all occipitocervical angular parameters. There were sta-
tistically significant differences in all five occipitocervical 
parameters among the four cervical alignments groups in 
all three positions, except OCD in the flexion position (p 
value < 0.01, Fig. 3).

Post hoc analysis confirmed that the cervical sagittal 
imbalance group showed significantly larger C3-5 OCI and 
O-C2 angle than the cervical lordosis group in three posi-
tions (p < 0.01), except in extension (C5 OCI) and flexion 
(O-C2, Table 2). Only C3-5 OCI in neutral position showed 
a statistically significant difference between the cervical 
sagittal imbalance and straight alignment groups (p < 0.01). 
There was no statistically significant difference in occip-
itocervical parameters between the straight and kyphosis 
groups or the cervical sagittal imbalance and kyphosis 
groups (Table 2).

The angular motion of head is related to the upper cervi-
cal spine (O-C2 angle F–E and C3 OCI F–E), with the cervi-
cal sagittal imbalance, straight, and kyphosis groups having 
higher values than the cervical lordosis group. For OCD 
F–E, all groups showed nearly similar changes in distance 
from flexion to extension. In relation to C5 vertebrae (C5 
OCI F–E), the angular motion of the head in all groups had 
nearly similar angles (Table 3, Fig. 4). There were statisti-
cally significant differences in O-C2 F–E (p = 0.004), C3 
OCI F–E (p = 0.003), and C4 OCI F–E (p = 0.043) among 
the four cervical alignment groups (Fig. 4). C5 OCI F–E 

and OCD F–E failed to demonstrate statistically significant 
difference among the four groups. Post hoc analysis showed 
that the cervical sagittal imbalance group had more head 
motion relative to C2 (O-C2 angle F–E) than the cervical 
lordosis group, and the cervical kyphosis group showed sig-
nificantly more head motion relative to C2 (O-C2 F–E, p 
value = 0.004), C3 (C3 OCI F–E, p value = 0.001), and C4 
(C4 OCI F–E, p value = 0.007, Table 4).

Multinomial regression analysis showed a statistically 
significant difference between the cervical lordosis group 
and the other three groups in O-C2 angle F–E and C3 OCI 
F–E (Table 5). The C3 OCI F–E showed a relative risk of 
1.039 (p = 0.034), 1.026 (p 0.044), and 1.041 (p 0.003) 
of being in the cervical imbalance, straight, and kyphosis 
groups, respectively, compared to the lordosis group if C3 
OCI F–E increased by one unit. The O-C2 angle F–E also 
showed a relative risk of 1.043 (p 0.015) and 1.035 (p 0.007) 
of being in the cervical sagittal imbalance and kyphosis 
group compared to the lordosis group if O-C2 angle F–E 
increased by one unit (Table 6). An increase in one unit of 
O-C2 F–E had a higher risk of being in the cervical sagittal 
imbalance group than the straight group (odds ratio 0.962, 
p value = 0.029, cervical sagittal imbalance group being the 
reference) and a higher risk of being in the cervical kyphosis 
group than straight group (odd ratio 1.03, p value = 0.019, 
Table 6). There was no statistically significant difference in 
multinomial regression analysis between the cervical sagittal 
imbalance group and the cervical kyphosis group.

Table 1  Patient 
characteristics—age, C2-7 
angle, cSVA, C3-5 OCI, O-C2 
angle, and OCD

cSVA cervical sagittal vertical axis, OCI is occipitocervical inclination, O-C2 angle is occiput-C2 angle, 
OCD is occipitocervical distance

Parameters Position Lordosis (n = 119) Cervical sagit-
tal imbalance 
(n = 38)

Straight (n = 111) Kyphosis (n = 91)

Age (year) Neutral 45.76 ± 11.71 45.16 ± 12.14 43.74 ± 11.21 43.89 ± 12.84
C2-7 angle (°) Neutral  − 18.67 ± 10.75 5.85 ± 13.13  − 0.31 ± 6.56 19.10 ± 5.26
cSVA (mm) Neutral 20.1 ± 10.07 44.24 ± 3.38 30.58 ± 5.98 35.20 ± 3.26
C3 OCI (°) Neutral 92.02 ± 7.56 105.48 ± 7.07 101.09 ± 6.73 102.55 ± 6.9

Flexion 83.73 ± 7.55 92.49 ± 9.48 91.81 ± 5.1 91.71 ± 4.38
Extension 104.81 ± 12.01 117.68 ± 6.95 115.67 ± 8.98 117.16 ± 8.37

C4 OCI (°) Neutral 96.07 ± 9.01 106.5 ± 6.27 102.72 ± 6.76 104.3 ± 6.14
Flexion 84.99 ± 9.96 93.6 ± 9.22 92.18 ± 5.93 92.1 ± 4.19
Extension 114.05 ± 11.82 123.33 ± 7.63 121.14 ± 11.02 123.3 ± 7.23

C5 OCI (°) Neutral 103.69 ± 10.2 109.17 ± 11.97 103.92 ± 6.06 105.62 ± 5.15
Flexion 85.05 ± 10.52 92.2 ± 10.7 90.85 ± 6.61 90.78 ± 4.51
Extension 123.64 ± 11.63 129.44 ± 10.26 128.18 ± 7.75 129.27 ± 6.87

O-C2 angle (°) Neutral 23.62 ± 8.9 31.61 ± 7.12 27.79 ± 9.43 29.35 ± 10.04
Flexion 18.91 ± 9.88 20.44 ± 7.8 13.88 ± 11.53 21.5 ± 10.13
Extension 34.94 ± 10.75 41.65 ± 6.8 40.36 ± 9.86 41.87 ± 9.75

OCD (mm) Neutral 16.02 ± 5.04 17.46 ± 4.03 17.69 ± 2.95 17.28 ± 2.63
Flexion 21.45 ± 6.57 23.4 ± 5.63 21.15 ± 4.59 21.96 ± 3.65
Extension 8.57 ± 3.44 10.61 ± .2.92 9.65 ± 1.57 9.62 ± 1.31
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The cervical sagittal imbalance group had the least disc 
degeneration, followed by the lordosis and straight groups. 
The cervical kyphosis group had the highest level of disc 
degeneration. Kruskal–Wallis analysis showed a statisti-
cally significant difference in disc degeneration among the 
four groups (p < 0.001). Post hoc analysis showed that the 
cervical kyphosis group had a significantly higher level of 
disc degeneration than the straight (p = 0.006), cervical 
sagittal imbalance (p < 0.001), and cervical lordosis groups 
(p < 0.001) (Fig. 5).

Discussion

Our results showed differences in occipitocervical param-
eters, especially angular parameters, among four types of 
cervical sagittal alignment. The cervical lordosis alignment 
group had the lowest value for occipitocervical angular 
parameters. Based on the results from this study, the angular 
motion of the head in relation to the upper cervical spine can 
significantly predict cervical sagittal alignment.

Several studies demonstrated that the cervical sagittal 
alignment affects subaxial cervical spine segmental motion 
[11, 19]. For the craniocervical junction, Hayashi et al. found 
that the motion at the craniocervical junction increased if the 
subaxial cervical intervertebral had disc degeneration and 

decreased motion, but the author did not evaluate the effect 
of cervical sagittal alignment [4]. We hypothesized that the 
cervical sagittal alignment might have an effect on changes 
in motion at the craniocervical junction and altered head 
motion relative to the cervical vertebrae.

In general, our results showed that the cervical sagittal 
imbalance, straight, and kyphosis groups had higher value of 
almost occipitocervical parameters than the cervical lordosis 
group. These results can be explained by the hypothesis that 
the head usually maintains its functional position in order to 
maintain horizontal gaze and to keep the vestibular organ in 
the proper position [20, 21]. In order to maintain functional 
position of the head, the cervical spine sagittal alignment 
and the cervical paravertebral muscles, especially at the 
occiput, are two important factors [13, 21]. For the cervical 
sagittal imbalance group, although some patients had cervi-
cal lordosis alignment, the functional head position compen-
sation mechanism was created by the forward bending of the 
head from sagittal imbalanced alignment.

Head angular motion relative to the upper cervical 
spine, especially C2, was higher in the cervical kypho-
sis alignment and cervical sagittal imbalance group than 
in the cervical lordosis group, whereas the linear motion 
(OCD) and head motion relative to C5 did not show a 
difference among the four alignment groups. We hypoth-
esized that with kyphotic alignment, the subaxial cervical 

Fig. 3  Occipitocervical parameters data of all four cervical alignment 
groups in neutral, flexion, and extension positions. O-C2 angle is 
occiput-C2 angle, OCI is ociipitocervical inclination, OCD is occip-

itocervical distance. *is statistically significant difference between 
four cervical alignment group at the p value of less than 0.05 by 
Kruskal–Wallis test
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spine had more degeneration which caused decreases in 
angular mobility at the subaxial cervical spine and led 
to increased mobility at the craniocervical junction [4, 
10, 11, 22]. Cervical sagittal imbalance had the least 
disc degeneration, which did not affect subaxial angular 
mobility. We hypothesized that the functional head posi-
tion compensation mechanism may play a role in increas-
ing head motion because head motion increased only in 
relation to C2 vertebra (O-C2 angle F–E). Regarding the 
compensatory mechanism of the head and motion, we 
hypothesized that the main compensation mechanism 
occurred predominantly at the upper cervical spine (C2 
to C4), according to our results. Among the four different 
alignment groups, head motion relative to C5 vertebrae 
was similar and did not show any statistically significant 
difference. We think that the compensatory mechanism 
may end at the level of C5 vertebra.

Furthermore, our study also demonstrated the predic-
tion model of four cervical sagittal alignments based on the 
occipitocervical angular and linear parameters. O-C2 angle 
F–E and C3 OCI F–E are the parameters that can predict 
cervical sagittal alignment. When cervical lordosis is the 
reference, if O-C2 F–E increases by one unit, there will be 
4.3%, 0.3%, and 3.5% more risk to be in the cervical sagittal 
imbalance, straight, and cervical kyphosis groups, respec-
tively. A similar trend was observed for C3 OCI F–E. If C3 
OCI F–E increased by one degree, the risk of being in the 
cervical sagittal imbalance, straight, and cervical kypho-
sis groups was 3.9%, 2.6%, and 4.1%, respectively. When 
cervical sagittal imbalance was set as a reference, if O-C2 
angle increases by one degree, the chance of being in cervi-
cal straight group was 3.8% less. When the cervical straight 
group was set as a reference, if O-C2 angle increases by one 
unit, the chance of being cervical kyphosis increased by 3%.

This study is, to the best of our knowledge, the first study 
that demonstrated the change of motion at the craniocervical 
junction among difference types of cervical sagittal align-
ment. Our study results can help surgeons better understand 
the compensatory mechanism at the craniocervical junction 
in various types of cervical sagittal alignment. For patients 
with cervical spine deformities, normal sagittal alignment 
should be restored in order to reduce or eliminate this com-
pensatory mechanism. Because the functional head com-
pensatory mechanism is a result of active neck extension 
muscle activity, continuation of this mechanism might lead 
to increased neck symptoms and rapid degeneration of the 
cervical spine.

This study also had several limitations, including (a) lack 
of longitudinal data due to the cross-sectional nature of the 
study, (b) lack of clinical information of patients in each 
group, and (c) imaging modality limitations that did not 
allow us to evaluate the upper cervical spine paravertebral 
muscles.Ta
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Table 3  Head motion from flexion to extension in relation to C2-5 cervical vertebrae

OCI occipitocervical inclination, O-C2 angle occiput-C2 angle, OCD occipitocervical distance, F–E angle differences from flexion to extension

C3 OCI F–E (°) C4 OCI F–E (°) C5 OCI F–E (°) O-C2 angle F–E (°) OCD F–E (mm)

Cervical lordosis 21.08 ± 13.46 29.06 ± 13.9 38.59 ± 13.61 16.02 ± 11.62 12.89 ± 5.17
Cervical sagittal imbalance 25.19 ± 11.14 29.73 ± 11.98 37.24 ± 13.75 21.21 ± 9.19 12.79 ± 4.35
Straight 23.86 ± 8.35 28.96 ± 10.99 37.33 ± 8.25 16.48 ± 11.5 11.5 ± 4.37
Cervical kyphosis 25.45 ± 8.13 31.2 ± 7.13 38.5 ± 6.93 20.36 ± 11.42 12.34 ± 3.44

Fig. 4  Head positional changes from flexion to extension in relation 
to C2 to C5 cervical vertebrae of four cervical sagittal alignment 
groups. O-C2 angle is occiput-C2 angle, OCI is ociipitocervical incli-

nation, OCD is occipitocervical distance. *is statistically significant 
difference between four cervical alignment group at the p value of 
less than 0.05 by Kruskal–Wallis test

Table 4  Post hoc analysis of 
the head motion in relation to 
cervical spine vertebrae

OCI occipitocervical inclination, O-C2 angle occiput-C2 angle, F–E angle differences from flexion to 
extension
* Statistically significant difference at p value of less than 0.0125 by Mann–Whitney U test

C3 OCI F–E C4 OCI F–E O-C2 angle F–E

Lordosis vs sagittal imbalance 0.063 0.471 0.008*
Lordosis vs straight 0.029 0.361 0.588
Lordosis vs kyphosis 0.001* 0.007* 0.004*
Sagittal imbalance vs straight 0.633 0.752 0.026
Sagittal imbalance vs kyphosis 0.438 0.287 0.762
Straight vs kyphosis 0.049 0.026 0.019
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Table 5  The overall multinominal regression analysis between cervical alignment groups and motion of head from flexion to extension in rela-
tion to C2-5 cervical vertebrae

OCI occipitocervical inclination, O-C2 angle occiput-C2 angle, F–E angle differences from flexion to extension
* is statistically significant difference at p value of less than 0.05

Reference group Comparison group (s) Overall statistically significant (p value)

C3 OCI F–E C4 OCI F–E C5 OCI F–E O-C2 angle F–E OCD F–E

Lordosis Sagittal imbalance straight 
kyphosis

0.015* 0.483 0.756 0.005* 0.102

Sagittal imbalance Straight kyphosis 0.4 0.260 0.601 0.016* 0.146
Straight Kyphosis 0.171 0.085 0.28 0.017* 0.132

Table 6  The multinominal regression analysis of the significant parameters in each comparison group

OCI is occipitocervical inclination, O-C2 angle occiput-C2 angle, F–E angle differences from flexion to extension
* Statistically significant difference at p value of less than 0.05

Reference group Parameters Comparison group (s)

Sagittal imbalance Straight Kyphosis

Odd ratio(95% CI) p value Odd ratio
(95% CI)

p value Odd ratio
(95% CI)

p value

Lordosis C3 OCI F–E 1.039
(1.003–1.076)

0.034* 1.026
(1.001–1.053)

0.044* 1.041
(1.013–1.053)

0.003*

O-C2 angle F–E 1.043
(1.008–1.079)

0.015* 1.004
(0.981–1.027)

0.760 1.035
(1.01–1.062)

0.007*

Sagittal imbalance O-C2 angle F–E 0.962
(0.929–0.996)

0.029* 0.993
(0.958–1.029)

0.683

Straight O-C2 angle F–E 1.03
(1.005–1.057)

0.019*

Fig. 5  The mean value of disc degeneration in four group of cervical sagittal alignment. *is statistically significant difference between four cervi-
cal alignment group at the p value of less than 0.0125 by Mann––Whitney U test
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In conclusion, cervical sagittal alignment affected crani-
ocervical junction movement, having an impact on the 
angular parameters. In the sagittal imbalance and kyphosis 
alignment patients, head was more extended in relation to 
the cervical spine. The change in motion at the craniocervi-
cal junction (O-C2 F–E and C3 OCI) can be used to predict 
cervical sagittal alignment.

Funding No funds were received for this study.

Compliance with ethical standards 

Conflict of interest There are not conflicts of interest, and disclosures 
outside of submitted work were provided in the Conflict of Interest 
forms. Disclosures outside of submitted work: JCW- Royalties – Bi-
omet, Seaspine, Amedica, DePuy Synthes; Investments/Options – 
Bone Biologics, Pearldiver, Electrocore, Surgitech; Board of Directors 
- North American Spine Society, AO Foundation (20,000 honorariums 
for board position, plus travel for board meetings), Cervical Spine Re-
search Society; Editorial Boards - Spine, The Spine Journal, Clinical 
Spine Surgery, Global Spine Journal; Fellowship Funding (paid direct-
ly to institution): AO Foundation; ZB- consultancy: Cerapedics, The 
Scripps Research Institute, Xenco Medical (past), AO Spine (past); 
Research Support: SeaSpine (past, paid to the institution), Next Sci-
ence (paid directly to institution), Motion Metrix (paid directly to insti-
tution); North American Spine Society: committee member; Lumbar 
Spine Society: Co-chair Research committee, AOSpine Knowledge 
Forum Degenerative: Associate member; AOSNA Research commit-
tee- committee member.

Ethics approval Institutional approval by University of Southern Cali-
fornia.

References

 1. Panjabi M, Dvorak J, Duranceau J, Yamamoto I, Gerber M, 
Rauschning W, Bueff HU (1988) Three-dimensional movements 
of the upper cervical spine. Spine (Phila Pa 1976) 13:726–730

 2. Wolfla CE (2006) Anatomical, biomechanical, and practical con-
siderations in posterior occipitocervical instrumentation. Spine J 
Offi J N Am Spine Soc 6:225S–232S. https ://doi.org/10.1016/j.
spine e.2006.09.001

 3. Lopez AJ, Scheer JK, Leibl KE, Smith ZA, Dlouhy BJ, Dah-
daleh NS (2015) Anatomy and biomechanics of the cranio-
vertebral junction. Neurosurg Focus 38:E2. https ://doi.
org/10.3171/2015.1.FOCUS 14807 

 4. Hayashi T, Daubs MD, Suzuki A, Scott TP, Phan K, Aghdasi B, 
Ruangchainikom M, Hu X, Lee C, Takahashi S, Shiba K, Wang JC 
(2016) The compensatory relationship of upper and subaxial cer-
vical motion in the presence of cervical spondylosis. Clin Spine 
Surg 29:E196–200. https ://doi.org/10.1097/BSD.0b013 e3182 
aab24 0

 5. Yoon SD, Lee CH, Lee J, Choi JY, Min WK (2017) Occipitocer-
vical inclination: new radiographic parameter of neutral occip-
itocervical position. Eur Spine J. https ://doi.org/10.1007/s0058 
6-017-5161-0

 6. Fineman S, Borrelli FJ, Rubinstein BM, Epstein H, Jacobson HG 
(1963) The cervical spine: transformation of the normal lordotic 

pattern into a linear pattern in the neutral posture. J Bone Joint 
Surg Am 45:1179–1183

 7. Harrison DE, Harrison DD, Janik TJ, Holland B, Siskin LA 
(2001) Slight head extension: does it change the sagittal cervical 
curve? Eur Spine J 10:149–153

 8. Anderst WJ, Donaldson WF, Lee JY, Kang JD (2013) Cervical 
spine intervertebral kinematics with respect to the head are dif-
ferent during flexion and extension motions. J Biomech 46:1471–
1475. https ://doi.org/10.1016/j.jbiom ech.2013.03.004

 9. Anderst WJ, Donaldson WF 3rd, Lee JY, Kang JD (2015) Cervi-
cal motion segment contributions to head motion during flexion\
extension, lateral bending, and axial rotation. Spine J Off J N 
Am Spine Soc 15:2538–2543. https ://doi.org/10.1016/j.spine 
e.2015.08.042

 10. Miyazaki M, Hymanson HJ, Morishita Y, He W, Zhang H, Wu 
G, Kong MH, Tsumura H, Wang JC (2008) Kinematic analysis of 
the relationship between sagittal alignment and disc degeneration 
in the cervical spine. Spine (Phila Pa 1976) 33:E870–876. https ://
doi.org/10.1097/BRS.0b013 e3181 83973 3

 11. Takeshima T, Omokawa S, Takaoka T, Araki M, Ueda Y, 
Takakura Y (2002) Sagittal alignment of cervical flexion and 
extension: lateral radiographic analysis. Spine (Phila Pa 1976) 
27:E348–355

 12. Yip CH, Chiu TT, Poon AT (2008) The relationship between head 
posture and severity and disability of patients with neck pain. Man 
Ther 13:148–154. https ://doi.org/10.1016/j.math.2006.11.002

 13. Patwardhan AG, Havey RM, Khayatzadeh S, Muriuki MG, 
Voronov LI, Carandang G, Nguyen NL, Ghanayem AJ, Schuit 
D, Patel AA, Smith ZA, Sears W (2015) Postural consequences 
of cervical sagittal imbalance: a Novel Laboratory Model. Spine 
(Phila Pa 1976) 40:783–792. https ://doi.org/10.1097/BRS.00000 
00000 00087 7

 14. Weng C, Wang J, Tuchman A, Fu C, Hsieh PC, Buser Z, Wang 
JC (2016) Influence of T1 slope on the cervical sagittal balance 
in degenerative cervical spine: an analysis using kinematic MRI. 
Spine (Phila Pa 1976) 41:185–190. https ://doi.org/10.1097/
BRS.00000 00000 00135 3

 15. Ames CP, Blondel B, Scheer JK, Schwab FJ, Le Huec JC, Mas-
sicotte EM, Patel AA, Traynelis VC, Kim HJ, Shaffrey CI, Smith 
JS, Lafage V (2013) Cervical radiographical alignment: compre-
hensive assessment techniques and potential importance in cervi-
cal myelopathy. Spine (Phila Pa 1976) 38:S149–160. https ://doi.
org/10.1097/BRS.0b013 e3182 a7f44 9

 16. Sessumpun K, Paholpak P, Hindoyan KN, Tamai K, Sangkom-
kamhang T, Buser Z, Wang JC (2018) Characteristics of cervi-
cal spine motion in different types of cervical alignment: kin-
ematic MRI study. Clin Spine Surg 31:E239–E244. https ://doi.
org/10.1097/BSD.00000 00000 00060 5

 17. Suzuki A, Daubs MD, Inoue H, Hayashi T, Aghdasi B, Mont-
gomery SR, Ruangchainikom M, Hu X, Lee CJ, Wang CJ, Wang 
BJ, Nakamura H (2013) Prevalence and motion characteristics of 
degenerative cervical spondylolisthesis in the symptomatic adult. 
Spine (Phila Pa 1976) 38:E1115–1120. https ://doi.org/10.1097/
BRS.0b013 e3182 9b148 7

 18. Landis JR, Koch GG (1977) The measurement of observer agree-
ment for categorical data. Biometrics 33:159–174

 19. Ruangchainikom M, Daubs MD, Suzuki A, Hayashi T, Wein-
traub G, Lee CJ, Inoue H, Tian H, Aghdasi B, Scott TP, Phan 
KH, Chotivichit A, Wang JC (2014) Effect of cervical kyphotic 
deformity type on the motion characteristics and dynamic spinal 
cord compression. Spine (Phila Pa 1976) 39:932–938. https ://doi.
org/10.1097/BRS.00000 00000 00033 0

 20. Hansson EE, Beckman A, Hakansson A (2010) Effect of vision, 
proprioception, and the position of the vestibular organ on 
postural sway. Acta Otolaryngol 130:1358–1363. https ://doi.
org/10.3109/00016 489.2010.49802 4

https://doi.org/10.1016/j.spinee.2006.09.001
https://doi.org/10.1016/j.spinee.2006.09.001
https://doi.org/10.3171/2015.1.FOCUS14807
https://doi.org/10.3171/2015.1.FOCUS14807
https://doi.org/10.1097/BSD.0b013e3182aab240
https://doi.org/10.1097/BSD.0b013e3182aab240
https://doi.org/10.1007/s00586-017-5161-0
https://doi.org/10.1007/s00586-017-5161-0
https://doi.org/10.1016/j.jbiomech.2013.03.004
https://doi.org/10.1016/j.spinee.2015.08.042
https://doi.org/10.1016/j.spinee.2015.08.042
https://doi.org/10.1097/BRS.0b013e3181839733
https://doi.org/10.1097/BRS.0b013e3181839733
https://doi.org/10.1016/j.math.2006.11.002
https://doi.org/10.1097/BRS.0000000000000877
https://doi.org/10.1097/BRS.0000000000000877
https://doi.org/10.1097/BRS.0000000000001353
https://doi.org/10.1097/BRS.0000000000001353
https://doi.org/10.1097/BRS.0b013e3182a7f449
https://doi.org/10.1097/BRS.0b013e3182a7f449
https://doi.org/10.1097/BSD.0000000000000605
https://doi.org/10.1097/BSD.0000000000000605
https://doi.org/10.1097/BRS.0b013e31829b1487
https://doi.org/10.1097/BRS.0b013e31829b1487
https://doi.org/10.1097/BRS.0000000000000330
https://doi.org/10.1097/BRS.0000000000000330
https://doi.org/10.3109/00016489.2010.498024
https://doi.org/10.3109/00016489.2010.498024


453European Spine Journal (2021) 30:444–453 

1 3

 21. Cecchinato R, Langella F, Bassani R, Sansone V, Lamartina 
C, Berjano P (2014) Variations of cervical lordosis and head 
alignment after pedicle subtraction osteotomy surgery for sag-
ittal imbalance. Eur Spine J 23(Suppl 6):644–649. https ://doi.
org/10.1007/s0058 6-014-3546-x

 22. White AA 3rd, Panjabi MM (1978) The clinical biomechan-
ics of the occipitoatlantoaxial complex. Orthop Clin North Am 
9:867–878

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1007/s00586-014-3546-x
https://doi.org/10.1007/s00586-014-3546-x

	Impact of cervical sagittal balance and cervical spine alignment on craniocervical junction motion: an analysis using upright multi-positional MRI
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Multi-positional magnetic resonance imaging
	Occipitocervical parameters
	Cervical spine sagittal alignment parameters
	Intervertebral disc degeneration evaluation
	Statistical analysis

	Results
	Discussion
	References




