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Objective: By using angulation of the axis itself, this study aims to define and analyze odon-
toid incidence (OI) and odontoid tilt (OT) as novel cervical alignment parameters and in-
vestigate their correlations with cervical alignment.
Methods: Novel and existing parameters were measured with whole-spine lateral plain ra-
diographs and EOS images of 42 adults without cervical symptoms. The correlations of OI, 
OT, C2 slope (C2S), and T1 slope (T1S) were calculated.
Results: The OI, OT, and C2S showed significant correlations with C2–7 angle (r = 0.43, 
r = -0.42, r = 0.62, respectively) and C0–2 angle (r = -0.33, r = 0.48, r = -0.61, respective-
ly). OI, OT, T1S were independent predictors of the C2–7 angle in univariate regression 
analysis (adjusted-R2 = 0.17, R2 = 0.15, R2 = 0.28, respectively). OI, OT, and T1S were in-
dependent predictors in the multivariable regression analysis with estimated standardized 
coefficients of 0.36, -0.67, -0.69, respectively (adjusted- R2 = 0.80, p < 0.001). Regarding 
the C0–2 angle, OI and OT were independent predictors in the univariate regression analy-
sis (adjusted-R2 = 0.08, R2 = 0.21, respectively).
Conclusion: OI, OT, and C2S had significant correlations with cervical alignment. As the 
pelvic incidence, the OI is the only anatomical and constant parameter that could be used 
as a reference point related to the cervical spine from the rostral end. The study results may 
serve as baseline data for further studies on the alignment and balance of the cervical spine.

Keywords: Cervical spine, Parameter, Odontoid, Lordosis, C2 slope, Sagittal alignment, 
T1 slope

INTRODUCTION

The cervical spine is dynamic in nature. Recent investigations 
have shown that the cervical alignment is affected by global sag-
ittal alignment through compensatory mechanisms that main-
tain an upright posture and horizontal gaze.1-5 Accordingly, the 
cervical parameters currently used are mostly positional vari-
ables, not constant parameters.6,7

The compensatory mechanisms within the cervical spine are 
well established and have been proven by numerous studies. Ky-
photic alignment of the subaxial cervical spine (C2–7) is com-
pensated by a lordotic upper cervical spine (C0–2) and vice ver-
sa.6,8-10 The C2 endplate (C2EP) is the border dividing the sub-

axial and upper cervical spine. It has long been speculated that 
the morphology of the odontoid process is somehow related to 
the sagittal alignment of the cervical spine.11-13 However, no stud-
ies have been able to show a significant correlation.11,12 On the 
basis of these studies, we postulated that the axis (C2 vertebra) 
acts as the base of the subaxial and upper cervical spine, and 
physiological sagittal alignment is based on its orientation and 
structural geometry.

A novel cervical parameter termed odontoid incidence (OI), 
which is a constant parameter, is proposed in this study as a criti-
cal factor regulating the sagittal alignment of the cervical spine. 
To the best of our knowledge, no studies have reported correla-
tions between the structural geometry of the C2EP, the odon-
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toid process, and the sagittal alignment of the cervical spine. 
The study aimed to analyze the relationship between the struc-
tural geometry of the odontoid process and the sagittal align-
ment of the cervical spine and to present these parameters from 
a different perspective that would aid in predicting physiologi-
cal cervical lordosis (CL) in asymptomatic populations.

MATERIALS AND METHODS

1. Materials
A retrospective analysis of clinical and radiographic data was 

performed after obtaining Institutional Review Board approval 
of Seoul National University Bundang Hospital, Seoul National 
University College of Medicine for the study (B-2111-723-102). 
From 2016 to 2020, 42 asymptomatic subjects (aged between 
15 and 68 years old) without cervical symptoms including neck 
pain or radiculopathy were enrolled. Subjects were asymptom-
atic spinal subjects whom underwent spinal work up during a 
comprehensive health screening. We excluded individuals with 
diagnosed conditions, degenerative changes including decreased 
disc height or osteophyte formation, and treatment related to 
the cervical spine; a history of spinal surgery; and abnormal 

global sagittal alignment. Whole-spine lateral plain radiographs 
and EOS images were obtained with the subject in a comfort-
able upright position and an acceptable range of chin-brow ver-
tical angle between -1.5° and 5.8°.14 The scan was performed in 
a relaxed posture and the subjects were asked to look straight 
ahead.

2. Analysis of Radiographic Images
1) Odontoid parameters

OI was defined as the angle between the line perpendicular 
to the C2EP at its midpoint and the line connecting this point 
to the center of the odontoid process (the center of a circle with 
an anterior/posterior border and the apex of the dens as a tan-
gent). Odontoid tilt (OT) was defined as the angle created by a 
line running from the C2EP midpoint to the center of the odon-
toid process and the vertical axis. C2 slope (C2S) was defined as 
the angle between the C2EP and a horizontal line (Fig. 1A). A 
geometric construction using complementary angles showed 
that OI is the algebraic sum of OT and C2S, similar to the for-
mula stating that pelvic incidence (PI)= pelvic tilt (PT) + sacral 
slope (SS) (Fig. 1B, C).15 

Fig. 1. Schematic drawing of the odontoid parameters. (A) 
Odontoid incidence (OI): the angle between the line perpen-
dicular to the C2 endplate at its midpoint and the line connect-
ing this point to the center of the odontoid process (the center 
of a circle with an anterior/posterior border and the apex of the 
dens as a tangent). Odontoid tilt (OT): the angle created by a 
line running from the C2 endplate midpoint to the center of 
the odontoid process and the vertical axis (VRL) C2 slope (C2S): 
the angle between the C2 endplate and a horizontal line (HRL). 
(B) Inverse illustration demonstrating similarity with the pelvic 
parameters. (C) The “geometric proof” demonstrates the math-
ematical association of odontoid parameters. Mathematically, 
OI was defined as the sum of OT and C2S.  

A B

C
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Fig. 2. Schematic drawing of cervical parameters. cSVA, cer-
vical sagittal vertical axis.

Table 1. Mean sagittal parameters and demographics

Variable Total (n = 42) Male (n = 15) Female (n = 27) p-value
Age (yr) 49.4 (15–68)† 44.5 ± 16.2 52.2 ± 11.0 0.11
Odontoid parameters

Odontoid incidence (°) 17.7 ± 3.7 17.5 ± 4.3 17.7 ± 3.4 0.84
Odontoid tilt (°) 6.7 ± 5.3 4.7 ± 4.5 7.8 ± 5.4 0.06
C2 slope (°) 10.9 ± 6.2 12.8 ± 5.1 9.9 ± 6.6 0.15

Cervical sagittal parameters
C0–2 angle (°) -25.6 ± 8.8 -27.4 ± 8.9 -24.6 ± 8.7 0.31
C2–3 angle (°) -0.4 ± 3.8 -1.5 ± 3.7 0.1 ± 3.8 0.21
C2–4 angle (°) -3.1 ± 5.1 -3.9 ± 4.0 -2.6 ± 5.6 0.41
C2–5 angle (°) -4.3 ± 6.6 -4.5 ± 4.5 -4.2 ± 7.6 0.92
C2–6 angle (°) -6.2 ± 6.2 -5.4 ± 5.2 -6.7 ± 6.8 0.53
C2–7 angle (°) -10.4 ± 7.3 -9.5 ± 6.7 -11.0 ± 7.7 0.54
C2–7 SVA (mm) 17.8 ± 6.8 20.8 ± 6.2 16.1 ± 6.6 0.03*
T1 slope (°) 23.1 ± 6.3 24.1 ± 5.7 22.6 ± 6.6 0.45
T1 slope – C2–7 angle (°) 12.7 ± 6.5 14.6 ± 6.0 11.6 ± 6.6 0.15

Global sagittal parameters
C5–T3 angle (°) -0.3 ± 6.3 -0.5 ± 5.4 -0.2 ± 6.8 0.88
Thoracic kyphosis (°) 29.6 ± 10.4 27.6 ± 8.7 30.8 ± 11.2 0.37
Lumbar lordosis (°) -48.1 ± 10.3 -44.8 ± 8.7 -50.0 ± 1.8 0.12
Pelvic tilt (°) 13.4 ± 7.2 11.2 ± 7.8 14.6 ± 6.6 0.14
Sacral slope (°) 33.2 ± 6.9 31.6 ± 7.7 34.1 ± 6.3 0.27
Pelvic incidence (°) 46.6 ± 8.6 42.9 ± 9.1 48.7 ± 7.7 0.03*
C7–S1 SVA (mm) 4.4 ± 28.2 7.1 ± 26.5 2.8 ± 29.5 0.65

Values are presented as mean ± standard deviation.
*p < 0.05, statistically significant differences. †Median (range).

2) Cervical spine parameters
The Cobb angle at C0–2, C2–3, C2–4, C2–5, C2–6 C2–7, T1 

slope (T1S), C2–7 sagittal vertical axis (cSVA), and T1S minus 
CL (C2–7) were measured. For the C0–2 angle, an angle between 
the C2EP and the McRae line was measured. T1S was defined 
as an angle formed between the T1 upper endplate and the hor-
izontal plane. cSVA was defined as the distance between a plumb 
line from the centroid of C2 and the posterosuperior aspect of 
C7 (Fig. 2).

3) Global spine parameters
The C5–T3 angle, thoracic kyphosis (TK; T4–12), lumbar 

lordosis (LL; L1–S1), PT, SS, PI, and C7 SVA (the distance be-
tween the C7 plumb line and the posterosuperior corner of the 
S1 endplate) were measured.

3. Statistical Analysis
A picture archiving and communication system (p view, In-

finitt, Seoul, Korea) was used for measurements. Test for nor-



Odontoid Incidence, a Novel ParameterLee JK, et al.

https://doi.org/10.14245/ns.2244220.110466 www.e-neurospine.org

mality was done using Shapiro-Wilk test. The correlations be-
tween the parameters were analyzed using Pearson correlation 
coefficients and univariable/multivariable linear regression anal-
ysis. The statistical analysis was conducted using the R&R Stu-
dio software (ver. 1.4.1717), and a p-value < 0.05 was consid-
ered to indicate statistical significance.

RESULTS

The mean values and the standard deviations for the studied 
parameters and subject demographics are reported in Table 1. 
No significant difference between male and female groups ex-
cept cSVA and PI were noted. The odontoid parameters showed 
significant correlations with the established cervical parameters 
(Table 2). The OI showed significant correlations with the C0–2 
angle (r= -0.33) and C2–7 angle (r= 0.43), but not with cSVA 
or T1S. The OI had a significant correlation with C2S (r= 0.52), 
but not OT. However, OT was significantly correlated with all 
cervical parameters: C0–2 angle (r= 0.48, p< 0.001), C2–7 an-
gle (r= -0.42, p< 0.01), cSVA (r= -0.57, p< 0.001), T1S (r= -0.32, 
p< 0.05), and T1S-CL (r= -0.78, p< 0.001). Strong correlations 
were found between pelvic parameters, but the odontoid pa-

rameters did not show significant correlations with global sagit-
tal parameters (Table 2).

Using linear regression, the odontoid parameters were matched 
to established cervical parameters (Table 3). OT and C2S matched 
all cervical parameters. OI matched the C0-2 angle (r2 = 0.08) 
and C2–7 angle (r2 = 0.17). T1S matched C2–7 (r2 = 0.28), T1S–
CL (r2 = 0.10), and cSVA (r2 = 0.19).

Multivariable analysis was used to identify predictive vari-
ables for each cervical parameter (Table 4). The predictive for-
mulas of the C2–7 angle, C0–2 angle, T1S–CL, and cSVA were 

Table 2. Pearson correlation coefficients of the odontoid and cervical, and global parameters

Variable
Odontoid parameter Cervical parameter

OI OT C2S C0–2 C2–7 cSVA T1S T1S–CL

OI X

OT 0.09 X

C2S 0.52*** -0.8*** X

C0–2 -0.33* 0.48*** -0.61*** X

C2–7 0.43** -0.42*** 0.62*** -0.28 X

cSVA 0.14 -0.57*** 0.57*** -0.24 0 X

T1S -0.2 -0.32* 0.16 -0.15 -0.55*** 0.46** X

T1S–CL 0.3 -0.78*** 0.84*** -0.46*** 0.59*** 0.44** 0.35* X

C5–T3 0.26 -0.08 0.22 -0.04 0.16 0.33* -0.21 -0.02

TK 0.1 -0.29 0.31* -0.19 -0.33* 0.48** 0.69** 0.3

TL -0.3 -0.43** 0.19 -0.21 0.04 0.25 0.21 0.25

LL -0.09 0.2 -0.23 0.13 0.07 -0.26 -0.36* -0.27

PT -0.25 0.16 -0.28 -0.08 -0.17 -0.09 -0.03 -0.22

SS -0.07 -0.03 -0.01 0.02 -0.08 0.01 0.15 0.06

PI -0.26 0.11 -0.25 -0.05 -0.2 -0.06 0.09 -0.14

SVA -0.33* 0.02 -0.21 0.14 -0.34* 0.03 0.22 -0.17

OI, odontoid incidence; OT, odontoid tilt; C2S, C2 slope; SVA, sagittal vertical axis; T1S, T1 slope; CL, cervical lordosis; TK, thoracic kyphosis; 
TL, thoracolumbar junction: LL, lumbar lordosis; PT, pelvic tilt; SS, sacral slope; PI, pelvic incidence.
*p < 0.05. **p < 0.01. ***p < 0.001.

Table 3. Adjusted r2 between parameters matched with estab-
lished cervical alignment parameters using a linear regression 
model

Variable OI OT C2S T1S

C0–2 angle 0.08* 0.21** 0.35** -0.01

C2–7 angle 0.17** 0.15** 0.36** 0.28**

T1S–CL 0.06 0.59** 0.70** 0.10*

cSVA -0.01 0.30** 0.30** 0.19**

OI, odontoid incidence; OT, odontoid tilt; C2S, C2 slope; cSVA, cer-
vical sagittal vertical axis; T1S, T1 slope; CL, cervical lordosis.
*p < 0.05. **p < 0.01.
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established with stepwise regression analysis. OI, OT, and T1S 
were identified as 3 important predictive variables for the C2–7 
angle: CL = 0.36 × OI – 0.67 × OT – 0.69 × T1S (r2 = 0.79). OI, 
OT, and PT were important predictors of C0–2 angle: C0–2=  
-0.45 × OI+0.57 × OT – 0.28 × PT (r2 = 0.40). OI, OT, and the 
C5–T3 angle were important factors for T1S-CL: T1S–CL =  
0.42× OI – 0.83× OT – 0.19× C5–T3 angle (r2 = 0.75). OT, C5–
T3 angle, and TK were key factors for cSVA: cSVA= -0.43× OT 
+ 0.34× C5-T3 angle+0.40× TK (r2 = 0.51).

DISCUSSION

Since the first introduction of pelvic parameters, the sequen-
tial correlations of PI, PT, LL, and TK have been well document-
ed.16 Likewise, attempts have been made to discover novel mea-
surement parameters correlating with cervical alignment over 
the last decade. Since the advent of thoracic inlet measurements, 

including T1S,17 multiple innovative radiographic parameters 
have been described. Despite these efforts, however, only T1S, 
T1S–CL, cSVA, and C2S have shown correlations with health-
related quality of life (HRQoL).6,18-22 

T1S has been suggested as the key to understanding CL.23 It 
is an important factor influencing spinal alignment, and an in-
crease in T1S leads to larger CL in order to maintain head bal-
ance.17,23-25  Staub et al.26 proposed that as PI can be used to de-
termine the optimal LL, T1S can also be used to predict CL. Pre-
vious research has shown that patients with greater T1S are likely 
to have underlying thoracolumbar deformity.27 However, T1S is 
not a constant parameter and can be influenced by aging or pos-
ture.17 As cervical alignment is well known to be affected by glob-
al sagittal alignment through compensatory mechanisms,1-5,28 
the positional variance of a patient makes it troublesome to de-
termine the adequate CL.

Nevertheless, the T1S-CL has been proposed as a parameter 

Table 4. Parameter estimates of multivariable linear regression models

Variable Standardized coefficient SE p-value F-value 95% CI

C2–7 angle

   Odontoid incidence 0.36 0.14 < 0.001 38.22 0.07–0.64

   Odontoid tilt -0.67 0.10 < 0.001 42.25 -0.88 to -0.47

   T1 slope -0.69 0.09 < 0.001 84.80 -0.87 to -0.52

   Adjusted R2 0.80

   F-statistic: 55.09 on 3 and 38 df p < 0.001

C0–2 angle

   Odontoid incidence -0.45 0.30 < 0.001 7.23 0.07–0.64

   Odontoid tilt 0.57 0.21 < 0.001 17.81 -0.88 to -0.46

   Pelvic tilt -0.28 0.16 < 0.05 4.72 -0.87 to -0.52

   Adjusted R2 0.40

   F-statistic: 9.92 on 3 and 38 df p < 0.001

T1S–Cervical lordosis

   Odontoid incidence 0.42 0.14 < 0.001 14.42 0.13–0.70

   Odontoid tilt -0.83 0.10 < 0.001 107.39 -1.02 to -0.63

   C5–T3 angle -0.19 0.08 < 0.05 5.75 -0.36 to -0.02

   Adjusted R2 0.75

   F-statistic: 42.52 on 3 and 38 df p < 0.001

Cervical sagittal vertical axis

   Odontoid tilt -0.43 0.15 < 0.001 26.57 -0.72 to -0.13

   C5–T3 angle 0.34 0.12 < 0.001 6.70 0.10–0.59

   Thoracic kyphosis 0.40 0.08 < 0.001 11.60 0.24–0.55

   Adjusted R-squared 0.51

   F-statistic: 14.96 on 3 and 38 df p < 0.001

SE, standard error; CI, confidence interval; df, degrees of freedom.
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analogous to PI–LL to better define cervical alignment.29,30 As 
with PI and LL, the greater the T1S, the larger CL is necessary 
in order to balance the head for harmonious alignment.17,23,24,31  
Therefore, T1S–CL describes the compensation between the 
cervical alignment and upper thoracic alignment.19 If there is 
insufficient CL to match a given T1S in a patient, C2 will tilt 
forward to increase C2S.19 Additionally, C2S has been shown to 
correlate with patient-reported outcomes and with T1S–CL, 
C0–2 angle, cSVA, CL, and T1S.19,31 

Cervical alignment is influenced by global sagittal alignment 
through compensatory mechanisms.1-5,28 But what limits the 
alignment in the rostral end? If the foundation is identical, is 
the ceiling predetermined? In the present study, we evaluated 
associations between odontoid and cervical parameters. The 
close relationship between the odontoid and cervical parame-
ters is evident from the regression coefficients. All odontoid pa-
rameters showed significant correlations with the C0–2 and 
C2–7 angles (OI, r= 0.43; OT, r= -0.42; C2S, r= 0.62). The C0–2 
and C2–7 angles are both closely related to the structural geom-
etry and orientation of the axis, as the axis is at the base of the 
upper CL. OT showed a significant correlation with all cervical 
parameters, including T1S and T1S–CL (r= -0.32, r= -0.78, re-
spectively). C2S did not show a correlation with T1S, unlike a 
previous study.19 Significant interdependence was also noted 
between the odontoid parameters. The C2S, like the SS, is a hori-
zontal parameter. OT, like the PT, denotes the spatial orienta-
tion of the dens, which may vary according to the balance of 
the cranium and horizontal gaze. Adding OT into the picture 
could aid in a 2-dimensional analysis of the cervical alignment 
and balance, with the OI as a fixed reference point.

Through multivariable regression analysis, predictive vari-
ables for CL based on odontoid parameters were postulated. 
Linear regression showed a significant correlation of CL with 
OI, OT, and T1S (r2 = 0.80). Since the T1S regulates physiologi-
cal CL, it can be assumed that the odontoid parameters deter-
mine CL from the top, modulating the ideal head position. T1S 
is a reflection of underlying thoracolumbar alignment, and T1S–
CL is a result of the balance between cervical and thoracolum-
bar alignment.19  C5–T3 has been proposed as an ideal parame-
ter assessing the cervicothoracic junction.32 The regression mod-
els demonstrated that T1S–CL (r2 = 0.75) and cSVA (r2 = 0.51) 
were strongly correlated not only with the odontoid parameters, 
but also with cervicothoracic alignment (C5–T3, cervicothorac-
ic) as previously reported.19,32 

T1S–CL shows whether a patient has a harmonious cervical 
alignment regarding upper thoracic alignment, and C2S is a 

mathematical approximation of T1S–CL.19  If the CL is insuffi-
cient to match a given T1S, the axis tilts forward, increasing 
C2S.19  As C2S increases, the vertical axis from the center of the 
odontoid is placed anterior to C2EP, resulting in a negative OT 
value (Fig. 3). C2S increases, thereby causing a decrease in OT. 
Similarly, in adult spinal deformity patients, individuals attempt 
to compensate through pelvic retroversion, which causes an in-
crease in PT and subsequent decrease in SS.33 Protopsaltis et al.19  
showed that cervical deformity is present if T1S–CL exceeds 
17°, similar to the average OI shown in the present study (17.7°). 
Although the authors did not report OI values in the study, the 
predicted OT value in cervical deformity patients is assumed to 
be below zero. In addition, modified cervical deformity classifi-
cation concerning T1S–CL has been proposed.21  Some tolerate 
a larger T1S–CL than others. 16 out of 42 subjects in the pres-
ent study showed T1S–CL exceeding 15°. As OI is the sum of 
OT and C2S, and OI correlates with C2S, OI could be interpret-
ed as a compensatory reservoir of each individual. Regarding 
these facts, we anticipate that the value of OT might somehow 
be related to cervical deformity.

The utilization of the odontoid parameters has some advan-
tages. OI, as proposed in this study, is an independent and indi-
vidual parameter not affected by any external factors. By mea-
suring an angle within a single bony structure, we were able to 
define an angle devoid of muscles or other factors of mobility. 
We hypothesized that OI is an important parameter influenc-
ing cervical alignment from the rostral portion and can be used 
as a fixed reference point in understanding the physiological 
alignment of the cervical spine. The relationship between the 
odontoid parameters is also similar to that between the pelvic 
parameters,15 which provides a better understanding of the 
concept and more straightforward clinical discussions. Though 

Fig. 3. Schematic illustration showing that an increase in C2 
slope leads to a decrement in the odontoid tilt and anterior shift-
ing of the vertical axis from the center of the odontoid process. 
The sum of C2 slope and the odontoid tilt is a constant.
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the correlation shown in the regression analysis is not strong, a 
significant chain of correlation is observed between previously 
reported cervical parameters and the odontoid parameters (Fig. 
4). Although the correlation coefficients between established 
sagittal parameters are similar to previous report,23 the correla-
tion cannot be said strong to say the parameters are intercon-
nected. However, as most parameters show, the more cranial 
the parameter is, they tend to show less correlation coefficients.16 
The global spinal and thoracic sagittal alignment strongly influ-
ence cervical parameters.34 In addition, regarding the cone of 
economy, the cervical spine show larger zone of balance. Thus, 
other factors may contribute to the overall alignment of the 
cervical spine more compared with the most cranial odontoid 
parameters, resulting in moderate correlation coefficients. Larg-
er capacity to compensate cause weaker correlation, which also 
makes the cervical spine harder to analyze. Using both estab-
lished and odontoid parameters will aid in providing a more 
detailed analysis of the cervical alignment.

Though the parameters cannot explain all clinical findings, 
the pelvic parameters are currently widely used. Due to a small 
number, subgroup analysis based on global sagittal alignment 
was note performed. However, multivariable regression analysis 
indicated that T1S with OI and OT were significant predictors 
of CL. Moreover, the axis is always visible on plain lateral radio-

graphs, unlike either C7 or T1, which may provide more reli-
ability.35

This study has several limitations. First, it is a retrospective 
study; therefore, there were minor variations in subjects’ posi-
tions in radiographic images, leading to a possibility of selec-
tion bias. Secondly, there was an uneven distribution of sex and 
there is a wide age range of the examined subjects. Third, the 
number of cases is small for an anatomical study, and a clinical 
and prognostic postoperative correlation was not demonstrat-
ed. Subgroup analysis regarding global alignment, age, and sex 
was not performed due to a small number of patients.

Despite the small number of subjects and limitations, this 
study provides a comprehensive review of the global sagittal 
alignment using whole-spine radiographs. As the cervical align-
ment is strongly influenced by the global thoracic and spinal 
sagittal alignment, the study may provide the bases of utmost 
importance in future research. The wide age range, not limited 
to a particular generation, and normal age distribution show 
the sample’s representativeness of the population. The results of 
the present study demonstrated that the odontoid parameters 
influence the alignment subaxial CL from the rostral end and 
serve as the foundation of upper CL. The structural character-
istics of the axis represented by the OI could serve as a reference 
point assessing cervical spine as it is a fixed value. Despite the 
limitations, the present study may outline the possible role of 
the odontoid parameters and provide a fresh perspective of the 
spinal alignment. It will lead to future research regarding the 
relationship between the odontoid parameters and clinical out-
comes. Further studies should ensue to define the relationship 
between the odontoid parameters and the global alignment, 
HRQoL, and its contribution to the cervical sagittal balance 
with a larger number of cases. The present study results may 
serve as baseline data for further studies on the alignment and 
balance of the cervical spine in clinical conditions.

CONCLUSION

The evidence of this study implies that OI is an essential fac-
tor in regulating the physiological sagittal alignment of the cer-
vical spine from the top. OI, OT, and C2S had significant corre-
lations with cervical alignment. Like PI, OI could be a promis-
ing parameter since it is the only anatomical and constant pa-
rameter related to the cervical spine, and therefore, OI could be 
a reliable parameter to evaluate interindividual variations of 
cervical alignment. The pelvic parameters provide a firm foun-
dation from the caudal end, the odontoid parameters might be 

Fig. 4. Schematic illustration of the chain of correlation of 
cervical and odontoid parameters. The correlation from the 
caudal end to the rostral end (blue arrow) and from the ros-
tral to caudal end (orange arrow) is illustrated.
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the cherry on top. Altogether, OI, OT, C2S, and T1S can be used 
to assess normal cervical alignment, and the results of the study 
may serve as baseline data for further studies on the alignment 
and balance of the cervical spine.
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