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Abstract
Background
A series of methods, which use angle to quantitatively evaluate cervical sagittal morphology cannot
objectively reflect the advantages and disadvantages in some cases. In this study, we try to use the area
methods to supplement it in above cases.
Methods
The Cobb angle, range of motion (ROM) of C2-7, and antero-posterior diameter of atlas (C1-APD) were
measured at neutral, flexion, and extension X-ray radiographs of the cervical spine in all 191 patients.
Patients were divided into Group A and Group B according to whether their cervical sagittal morphology
can be objectively quantified with Cobb angle. Pearson correlation analysis was used to compare the
consistency of the results, paired t-test was used to compare the dispersion coefficient, receiver operator
characteristic (ROC) curve was used to evaluate the diagnostic value.
Results
The C5 vertebra was used as the vertex to construct the cervical sagittal triangle, and according to the
different selection of the other two points, the triangle was further divided into four types. The Area
Coefficient (AC) was defined as "AC =

( Areaofsagittaltriangle )
C1 − APD 2

". In Group A, whose cervical sagittal

morphology could be objectively quantified with Cobb angle, the AC showed greatly consistency, while in
Group B, it was less consistent. AC results have stronger predictive value for clinical symptoms in Group
B. The dispersion coefficients of the results measured by the four area methods are significantly smaller
than the Cobb angle. The results of quantifying cervical ROM by area methods were also in good
agreement with Cobb angle.
Conclusion
Compared with Cobb angle, AC has better objectivity, stability, and clinical significance.

Background
Spinal degeneration is a pathological condition, which is closely related to age, working style, living habits
and other factors. Topical muscle pain and a series of neurological abnormalities caused by compression
of nerve tissue can significantly affect the quality of life. For all patients with cervical degenerative
disease (CDD), X-ray is the most readily available first-hand information for doctors, with which we can
have a more intuitive grasp of the degenerative condition. Lateral radiographs of the cervical spine show
the sagittal morphology and help us understand the structural characteristics and assist surgeon in
determining treatment strategies.
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The natural cervical sagittal morphology maintains a lordotic shape as a result of the wedge-shaped
cervical vertebrae and the need to compensate for the kyphotic curvature of the thoracic spine1, and the
angle of lordosis should be evenly distributed at all levels from C2 to C7. Cervical lordosis under the
physiological condition can well buffer the impact force from the head and distribute it evenly to each
intervertebral disc segment, which is very important for the protection of cranial soft tissue. Deviations
from the sagittal morphology, such as the loss of lordosis or the development of kyphosis, are associated
with pain and disability2–9.
As early as 1960, Borden et al.10 have already put forward the concept of "arch-string distance (ASD)",
which is the maximum distance between the "arch" formed by cervical lordosis and the "string" formed by
C2 and C7, whose original purpose is to objectively evaluate the degree of cervical lordosis and
theoretically describe the cervical sagittal morphology. However, in the actual operation process, there’re
two aspects of defects: First, posterior wall of the cervical vertebra is irregular on the X-ray, and there are
images overlapping, thus it is difficult to draw a complete and smooth “arch”, especially for the patients
with local kyphosis, so it is extremely difficult to determine the accurate ASD; Second, the ASD is the
absolute value, which does not take into account the influence of size of patients. Therefore, the clinical
application of it is very limited. Similarly, the measurement of cervical curvature index (CCI)11 has clearly
defined the selection of reference points, however, there is still the problem of images overlapping, and it
requires the data of ASD of each segment separately, which is a complicated process and difficult to be
applied in practice. By contrast, the measurement of angles seems much easier.
Cobb angle was first used to evaluate the degree of scoliosis12, and later expanded to be a quantitative
indicator of the degree of cervical lordosis. Cobb angle can directly quantify the cervical sagittal
morphology of patients, and it is also the most conventional method at present. Therefore, "cervical
curvature" is often used instead of "cervical sagittal morphology". In addition to Cobb angle, there are
other methods for measuring cervical curvature, such as centroid measurement of cervical lordosis
(CCL)13 and Harrison method14, which have similar principles. However, in practice, we also found that
the measurement of cervical curvature could not objectively reflect the "cervical sagittal morphology" of
patients in some cases, including: (1) Osteophyte of C2/C7; (2) Local kyphosis; (3) Curvature
concentration. Under such conditions, the C2-7 curvature appears to be acceptable, but in fact the
patient's cervical sagittal morphology is not ideal. In addition, no matter which measurement method is
used, the cervical curvature is determined by two lines, so the results are relatively unstable, while
different people choose different reference points, resulting in large differences in the final data.
Here we tried to use "area" instead of "angle" to evaluate the cervical sagittal morphology, to avoid above
situations to some extent. The "cervical sagittal triangle" was constructed by selecting the appropriate
points and measuring its area, and the typical cervical size reference was selected to offset the influence
of the size of patients’ cervical spine, as shown in Figure-1. The purpose of this study was to preliminarily
determine the applicability of "area method" in the evaluation of cervical sagittal morphology.
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Methods
Study Design
The present study was conducted in one spine center, and a total of 191 patients who suffered from CDDrelated symptoms were consecutively included into the study. The inclusion criteria for the present study
were clearly defined, as follows: (1) Patients aged from 18 to 75 years; (2) There was no obvious
destruction or deformity of cervical bone. (3) The cervical spine of the patient had not received surgery;
(4) The patient had a complete cervical neutral sagittal and flexion/extension X-ray, and the margins of
the C2 to C7 vertebral bodies were clear and complete, which could meet the requirements of the
measurement of relevant imaging indicators.
Radiographic Evaluation
Lateral cervical radiograph examination was performed. The tube to subject distance was 72 inches, with
the radiographic tube centered at the C4-C5 intervertebral disc without magnification. Lateral radiographs
of the cervical spine were taken when the patient was in a comfortable standing position, with the upper
extremities positioned naturally at the sides of the trunk, while looking straight forward. All radiograph
images were transferred to a computer in DICOM format, and the measurements were performed by two
independent observers. The measured items of the cervical sagittal parameters in the radiographs mainly
included the antero-posterior diameter of atlas (C1-APD) the Cobb angle of C2-7 in neutral, flexion and
extension positions. According to the X-ray results, patients who could use Cobb angle to accurately
assess cervical sagittal morphology were included in Group A. Patients with the following three
conditions, which we believed that the Cobb angle could not objectively reflect the defects of the cervical
sagittal morphology, were included in Group B:
1. Osteophyte of C2/C7: Obvious osteophyte formation in the inferior endplate of C2 or C7;
2. Local kyphosis: The cervical spine as a whole is lordosis while it shows local kyphosis in one or
several segments.
3. Curvature concentration: Over 80% of the curvature is concentrated in C2-3 or C6-7, no matter it is
lordosis or kyphosis;
Clinical Evaluation
The clinical symptoms of each patient were consulted and recorded, which mainly included four aspects:
1. Neck or shoulder pain;
2. Arm pain;
3. Myelopathy-related symptoms: Numbness and weakness of bilateral limbs, feeling of stepping on
cotton on both feet, delicate clumsy movements of both hands, dysfunction of urine and feces, etc.
4. Sympathetic or vertebral artery (VA)-related symptoms: Head, face or trunk numbness, chills,
palpitations,
tinnitus, visual impairment and
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other sympathetic-related symptoms; migraine, vertigo
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and other VA-related symptoms. The clinical manifestations of these two types of cervical
spondylosis are largely overlapping, so there is no further differentiation.
Statistical Analysis
The data analysis and image creation were conducted using GraphPad Prism version 8.0.0 (GraphPad
Software, Inc, San Diego). The level of significance was set at P<0.05. Chi-squared analysis and unpaired
t-test were used, respectively, for categorical and continuous data between groups, while paired t-test was
used to compare the data of the one group from different measurement methods. Pearson correlation
analysis was used to analyze the correlation between data of different groups. Dispersion coefficient is
used to evaluate the level of fluctuation between the measurement results of different personnel. Receiver
operator characteristic (ROC) curve and calculation of area under curve (AUC) were used to evaluate the
diagnostic value of cervical sagittal morphology for CDD-related clinical symptoms. A statistical power
with a significant level (alpha) of 0.05 was calculated using the G-Power software (version 3.1.9.4) when
there was a statistical difference15. All values were expressed in mean ± standard deviation or
percentage.

Results

Basic Information of Included Patients
According to the inclusion criteria, 191 patients were included in this study, and the specific information
were listed in Table-1. As mentioned above, patients whose cervical sagittal morphology could be
objectively quantified by Cobb angle method were included in Group A and the remaining patients, who
suffered from “Osteophyte of C2/C7”, “Local kyphosis”, or “Curvature concentration”, were included in
Group B.

Design And Description Of Area Methods
Considering that in the vast majority of cases, the C5 body is the apex of cervical lordosis, we selected C2,
C5, and C7 as the three points of the sagittal triangle. Specific points selection methods are further
divided into the following four:
Method-1: Anterior-inferior point of C7 -- Midpoint of anterior edge of C5 -- Midpoint of anterior edge of C7
(Figure-1A);
Method-2: Posterior-inferior point of C7 -- Midpoint of posterior edge of C5 -- Midpoint of posterior edge of
C7 (Figure-1B);
Method-3: Midpoint of inferior endplate of C2 -- Midpoint of anterior edge of C5 -- Midpoint of inferior
endplate of C7 (Figure-1C);
Loading [MathJax]/jax/output/CommonHTML/jax.js
Page 5/27

Method-4: Midpoint of inferior endplate of C2 -- Midpoint of anterior edge of C5 -- Midpoint of superior
endplate of C7 (Figure-1D).
In "Method-1" and "Method-2", the midpoint of the anterior margin of the vertebral body was selected
mainly to avoid the influence of C5 or C7 osteophytes on the area measurement. In "Method-3" and
"Method-4", the midpoint of the inferior endplate was selected to avoid the effect of C2 osteophytes on
the area measurement. The Area Coefficient (AC) value was negative when the midpoint of the C5 anterior
edge fell on the right side of the base of the cervical sagittal triangle. In addition, in order to offset the
influence of patients' body size, the C1-APD 2 (Figure-1) was used as the reference value, and the AC
obtained by comparing the area value with it was used as the final index:

There Was Strong Consistency in Results between Area
Methods and Cobb Angle Method in Group A
For Group A patients, Cobb angle can objectively reflect the advantages and defects of the cervical
sagittal morphology. Therefore, we quantified the cervical sagittal morphology of this part of patients by
using both Cobb angle method and area method, and conducted correlation analysis of the two groups of
data. As shown in the Figure-2A and Figure-2B, the correlations between the measurement results of
Method-1 (r = 0.8480, P < 0.0001, SP = 100.00%) and Method-2 (r = 0.8321, P < 0.0001, SP = 100.00%) and
the measurement results of Cobb angle method were strongly correlated. As shown in the Figure-2C and
Figure-2D, the measurement results of the latter two area methods, Method-3 (r = 0.7627, P < 0.0001, SP =
100.00%) and Method-4 (r = 0.7157, P < 0.0001, SP = 100.00%) have relatively poor correlation with the
measurement results of Cobb angle method. We consider that the latter two methods may be influenced
by the antero-posterior diameters of the vertebra. In the measurement process, we found that the
accuracy of Method-2 was slightly lower than that of Method-1, mainly because of that the posterior edge
of the vertebral body was relatively unclear and there’re some images overlapping.

Results of Area Methods Were More Objective in Group B
According to the grouping conditions mentioned above, 68 patients were screened out from 191 patients
who met the Group B criteria. Among them, 3 cases were identified as "Osteophyte of C2/C7", 47 cases
were identified as "Local kyphosis", and 18 cases were identified as "Curvature concentration". It can be
seen that a significant proportion (35.60%) of the patients had cervical sagittal morphology that was not
suitable for evaluation by Cobb angle method. Similarly, after quantifying the cervical sagittal
morphology of Group B patients using two methods, correlation analysis was conducted for the two
groups of data. As shown in Figure-3, the correlations obtained by the four methods were relatively poor,
suggesting that there were differences in the cervical sagittal morphology described by Cobb angle
method and area methods in this part of patients. Further, we selected a representative group of patients
toLoading
demonstrate
the advantages of the area method in the above conditions. As shown in Figure-4, the size
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of the C2-7 Cobb angle of all four patients was basically the same. However, in the three patients of
Group B (Figure-4F, -4K, -4P), different from Group A (Figure-4A), due to the structural abnormality of their
cervical vertebrae, the size of Cobb angle could not accurately reflect the defects of the cervical sagittal
morphology. From the results of the area methods, we can see that although the Cobb angle is of the
same size, the AC values of patient in Group A (Figure-4B to -4E) were significantly higher than that of the
three patients in Group B (Figure-4G to -4J, Figure-4L to -4O, Figure-4Q to -4T), suggesting that the cervical
sagittal morphology of patient in Group A is actually better.

Stronger Correlation between Results of Area Methods and
Clinical Indicators Was Identified in Group B
In order to evaluate the diagnostic value of different quantitative methods on CDD-related clinical
indicators, the ROC curve between the quantitative results of Cervical sagittal morphology and clinical
indicators is constructed. As shown in Figure-5 and Table-2, both Cobb angle method and area methods
have certain diagnostic value for the occurrence of "Neck or shoulder pain" and "Sympathetic or VArelated symptoms" in the whole patient group: the greater the quantified value of cervical sagittal
morphology, the lower the incidence of these symptoms. As shown in Figure-6 and Table-3, similar results
were also obtained in Group A. However, in Group B, as shown in Figure-7 and Table-4, the results of area
method still had predictive value for the above two aspects of symptoms, while the predictive ability of
Cobb angle method was significantly reduced.

Stability of Area Method Was Better than That of Cobb
Angle
Another advantage of the area methods is the stability of results. Because the inferior endplate of C2 and
C7 is not regular in most cases, different measurers may choose different reference points when selecting
the standard line, thus resulting in inconsistent measurement results, which is also a situation we often
encounter in our daily work. However, in the area methods, the location difference of selected points will
not cause the obvious change of the size of the triangle area, that is to say, the stability of AC is better. To
prove it, five measurers independently quantified the cervical sagittal morphology in 191 patients using
the Cobb angle method and the area methods, so that five independent results were obtained for each
measurement method in each sample. Further, the dispersion coefficient of the five independent results
was calculated and compared. The results are shown in the Figure-8. It can be seen that the dispersion
coefficients of the measurement results of the four area methods are significantly smaller than those of
Cobb angle method.

Area Methods Had No Advantage In Quantifying Cervical
Rom
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In this section, we explored the applicability of the area methods in evaluating cervical range of motion
(ROM). The AC values in the extension and flexion positions were measured respectively, and the
difference between the two results was used as a quantitative index of cervical ROM, and the correlation
analysis was further conducted with the ROM calculated by conventional Cobb angle method. As shown
in the Figure-9, the results measured by the four area methods are strongly correlated with those by the
Cobb angle method. However, in the process of subtraction, the defects and instability of the Cobb angle
method are offset, and the results are objective and realistic enough. Therefore, although the results of
the area methods have a strong correlation with Cobb angle, it does not have any advantages.

Discussion
As mentioned earlier, the ideal cervical sagittal morphology is lordosis, whereas the loss of cervical
curvature or kyphosis were considered to be abnormal1. As for whether excessive lordosis is an abnormal
form, the relevant reports are still very limited. The study on the correlation between cervical curvature and
clinical symptoms has always been a clinical focus. Grob et al. pointed out in their study that patients
with poor cervical curvature tended to have higher degree of neck pain2. Similarly, after measuring
cervical curvature in 277 patients, McAviney et al. found that patients with poor curvature were more likely
to have symptoms of cervical pain3. In addition, some studies have pointed out that cervical kyphosis can
also lead to cervical myelopathy, the mechanism of which is that cervical kyphosis can lead to vertebral
compression of the spinal cord and increased spinal cord tension4, 5. At the same time, the deterioration
of cervical curvature can also be used as the imaging manifestation for cervical degeneration16. Broadly
speaking, the accurate quantification of cervical sagittal morphology is helpful for us to evaluate the
functional status and degenerative condition.
After Cobb angle became widely used, "cervical curvature" became a synonym for "cervical sagittal
morphology". However, relatively few publications have defined these normative values for cervical
curvature1. As mentioned above, based on the specific imaging findings, we conclude that there are three
situations in which the Cobb angle method is not appropriate to use, in which it cannot objectively reflect
the real condition of cervical sagittal morphology. In some patients, the curvature of their cervical
vertebrae was straight overall, but due to the presence of large osteophytes in the anterior edge of the
inferior endplate at C7, or the large Cobb angle at C2-3/C6-7, the measurement results of Cobb angle at
C2-7 were satisfactory, as shown in Figure-4, but the sagittal shape of their cervical vertebrae was actually
not good. Among the 191 patients included in our study, 35.60% (68/191) of them had the above
condition. It can be seen that a significant proportion of patients have cervical sagittal morphology that is
not suitable for evaluation by Cobb angle method. In this case, we attempted to use the area methods
instead of the Cobb angle method to quantitatively evaluate cervical sagittal morphology.
At the beginning of the study, in order to reflect the sagittal morphology of the entire cervical spine as
much as possible, we tried to include all vertebral bodies into the area composition of the sagittal plane.
However, we found that such an area measurement method is too complicated to be used on a large
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scale. Therefore, we decided to use the "sagittal triangle" as a representation of cervical sagittal
morphology. For it, we first identified the midpoint of the C5 anterior edge, which is the theoretical apex of
cervical lordosis. For the position of the other two points, we divided it into four methods according to the
principles of "high feasibility" and "high accuracy", as shown in Figure-1. Another part worth exploring is
the choice of reference of body size. In fact, we chose patient height at the start of the study because it is
more readily available and is the most direct proxy for body size. However, the actual analysis results
were not ideal. We considered that the height could not completely represent the size of the patient's
cervical spine. After all, there was no significant difference in the size of the head and neck of people of
different heights. Therefore, we finally chose the “C1-APD 2” as a reference to offset the impact of the
difference in patient body size. However, in practice, we still encountered some problems :(1) In a very
small number of patients, part of C1 is obscured by the basilar structure, which affects the measurement
of C1-APD; (2) We are not sure whether individual differences in C1-APD will affect the results. From the
current results, it can be seen that C1-APD has fulfilled its task as a reference value well, but whether there
is a better choice is also a part that needs to be improved.
In order to verify the evaluation effectiveness of AC, we selected 123 patients whose cervical sagittal
morphology could be objectively quantified by Cobb angle method, namely Group A. Cobb angle method
and area methods were used, and the results of the two methods were in good agreement, indicating that
area methods can objectively reflect the advantages and defects of cervical sagittal morphology.
Secondly, for Group B, the correlation among the results from different methods was poor. As shown in
Figure-4, although the Cobb angle values of C2-7 were similar, in fact, the cervical sagittal morphology of
the three patients in Group B was significantly poorer than that of Group A, and the AC values of the area
methods well reflected this difference. Further, we evaluate the diagnostic ability of the quantitative
results of cervical sagittal morphology on CDD-related clinical indicators. The results showed that, in
Group A, both Cobb angle method and area methods can predict the occurrence of "Neck or shoulder
pain" and "Sympathetic or VA-related symptoms" to a certain extent, which is consistent with the
conclusions of previous reports, as shown in Table-3. However, in Group B, the diagnostic value of Cobb
angle method was greatly reduced. This also suggests that the assessment of area methods are of more
clinical significance for Group B patients (Table-4). In the course of the study, we noticed another
advantage of the area methods, that is, its stability is better. This is because the area of the sagittal
triangle does not change significantly due to the fretting of the selected location of points. As shown in
Figure-8, the results of dispersion coefficient proved the above inference, that is, the difference of AC
values measured by different personnel is significantly small.
Cobb angle method could provides an objective and realistic assessment of ROM in the cervical spine. In
contrast, although the measurement results of the area methods are in good agreement with those of
Cobb angle method, there is no advantage. Because, as long as the reference points selected in the
flexion and extension positions is the same, the ROM measured by the Cobb angle method is accurate,
regardless of whether the structure of cervical spine is abnormal or not, and regardless of the points
location of the individual selected. Furthermore, flexion and extension of the cervical spine are not a
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standard circular motion around the fixed center, but a complex multi-segment composite motion, whose
trajectory can not be simply described by the change of the area of the sagittal triangle.
In summary, Method-1, namely, "Anterior-inferior point of C7 -- Midpoint of anterior edge of C5 -- Midpoint
of anterior edge of C7", has the strongest clinical applicability, whose consistency with Cobb angle results
is greatest in Group A. It is not affected by the antero-posterior diameters of the vertebra as is the problem
with Methods-3 and Methods-4. At the same time, since the anterior edge of the vertebra from C2 to C7 is
relatively clear in the majority of the neutral sagittal radiographic images of the cervical spine, it will not
be affected by the inaccurate selection points caused by the lack of clarity of the posterior edge of the
vertebra, as in Method-2.
Original data will be added to this article in the public form of the Supplement (Supplementary Material1). As a single center, we have very limited data, so we hope that spinal surgeons from all over the world
can discuss and further validate and refine the design of the "area method".

Conclusion
In general, the area methods, which shows better objectivity and stability, can supplement and modify the
evaluation results of cervical sagittal morphology quantified with Cobb angle in some cases, but it cannot
replace it, especially in the measurement of dynamic indicators. However, the significance of this study
lies more in putting forward a new idea and emphasizing that "cervical curvature" is only a method to
evaluate the "cervical sagittal morphology", and cannot fully represent it.

Abbreviations
AC
area coefficient
ASD
arch-string distance
AUC
area under curve
C1-APD
anterio-posterior diameter of atlas
CCI
cervical curvature index
CCL
centroid measurement of cervical lordosis
CDD
cervical degenerative disease
IRB
institutional review board
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ROC
receiver operator characteristic
ROM
range of motion
VA
vertebral artery
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Tables
Table-1 Basic Information of Included Cases
Items

Total

Group A

Group B

P
Value

Statistical
Power

Number of Patients

191

123

68

(-)

(-)

Age

Average(years)

52.60±11.06

53.38±10.49

51.19±11.91

0.1920

(-)

40＞Age≥0

16

7

9

0.1647

(-)

65＞Age≥40

144

94

50

Age≥65

31

22

9

Male

101

64

37

0.7524

(-)

Female

90

59

31

Weight (kg)

64.34±10.01

64.35±9.76

64.31±10.45

0.9786

(-)

Height (cm)

163.37±9.53

163.20±9.41

163.68±9.73

0.7441

(-)

C2-7 Cobb Angle
(degree)

11.62±11.59

14.05±11.71

7.10±9.94

0.0002

98.79%

C2-7 ROM (degree)

48.51±13.93

48.16±13.96

49.15±13.86

0.6414

(-)

Sex

*Note. ROM, range of motion

Table-2 ROC Analysis of Cervical Sagittal Morphology and Clinical Indicators in All Patients
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Items

Neck or Shoulder Pain

Arm Pain

Myelopathy-Related Symptoms

Sympathetic or VA-Related
Symptoms

AUC

95% CI

P Value

Lower

Upper

Cobb Angle Method

0.65

0.57

0.73

0.0004

Area
Methods

Method1

0.70

0.63

0.78

＜0.0001

Method2

0.68

0.60

0.75

＜0.0001

Method3

0.70

0.62

0.77

＜0.0001

Method4

0.70

0.63

0.78

＜0.0001

Cobb Angle Method

0.51

0.42

0.60

0.8493

Area
Methods

Method1

0.52

0.44

0.61

0.6041

Method2

0.53

0.44

0.62

0.4864

Method3

0.55

0.46

0.64

0.2591

Method4

0.54

0.46

0.63

0.3345

Cobb Angle Method

0.58

0.50

0.66

0.0631

Area
Methods

Method1

0.55

0.46

0.63

0.2772

Method2

0.55

0.47

0.63

0.2407

Method3

0.52

0.44

0.60

0.6623

Method4

0.52

0.43

0.60

0.7225

Cobb Angle Method

0.63

0.54

0.71

0.0039

Area
Methods

Method1

0.65

0.57

0.73

0.0005

Method2

0.64

0.56

0.72

0.0012

Method3

0.66

0.58

0.74

0.0003

Method-

0.65

0.57

0.73

0.0006
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4
*Note. VA, vertebral artery; AUC, area under curve; CI, confidence interval
Table-3 ROC Analysis of Cervical Sagittal Morphology and Clinical Indicators in Group A
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Items

Neck or Shoulder Pain

Arm Pain

Myelopathy-Related Symptoms

Sympathetic or VA-Related
Symptoms

AUC

95% CI
Lower

Upper

P
Value

Cobb Angle Method

0.65

0.56

0.75

0.0037

Area
Methods

Method1

0.65

0.56

0.75

0.0034

Method2

0.67

0.57

0.76

0.0018

Method3

0.68

0.58

0.77

0.0009

Method4

0.67

0.57

0.76

0.0016

Cobb Angle Method

0.47

0.36

0.58

0.6216

Area
Methods

Method1

0.52

0.42

0.63

0.6717

Method2

0.51

0.40

0.62

0.8426

Method3

0.55

0.44

0.65

0.4117

Method4

0.55

0.45

0.66

0.3505

Cobb Angle Method

0.60

0.50

0.70

0.0663

Area
Methods

Method1

0.56

0.46

0.66

0.2445

Method2

0.57

0.47

0.67

0.1935

Method3

0.51

0.40

0.61

0.8873

Method4

0.50

0.39

0.60

0.9596

Cobb Angle Method

0.64

0.54

0.74

0.0123

Area
Methods

Method1

0.63

0.52

0.74

0.0199

Method2

0.63

0.52

0.74

0.0177

Method3

0.66

0.56

0.76

0.0045

Method-

0.65

0.54

0.75

0.0075
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4
*Note. VA, vertebral artery; AUC, area under curve; CI, confidence interval

Table-4 ROC Analysis of Cervical Sagittal Morphology and Clinical Indicators in Group B
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Items

Neck or Shoulder Pain

Arm Pain

Myelopathy-Related Symptoms

Sympathetic or VA-Related
Symptoms

AUC

95% CI
Lower

Upper

P
Value

Cobb Angle Method

0.59

0.43

0.75

0.2348

Area
Methods

Method1

0.75

0.62

0.88

0.0012

Method2

0.66

0.51

0.80

0.0403

Method3

0.69

0.55

0.83

0.0114

Method4

0.73

0.60

0.87

0.0021

Cobb Angle Method

0.55

0.41

0.70

0.4639

Area
Methods

Method1

0.51

0.37

0.66

0.8408

Method2

0.56

0.42

0.71

0.4031

Method3

0.57

0.43

0.72

0.3342

Method4

0.53

0.38

0.67

0.7312

Cobb Angle Method

0.62

0.48

0.76

0.0957

Area
Methods

Method1

0.58

0.45

0.72

0.2456

Method2

0.58

0.44

0.71

0.3007

Method3

0.60

0.46

0.74

0.1810

Method4

0.60

0.46

0.74

0.1651

Cobb Angle Method

0.59

0.45

0.73

0.1989

Area
Methods

Method1

0.65

0.52

0.78

0.0380

Method2

0.64

0.51

0.78

0.0456

Method3

0.65

0.52

0.78

0.0380

Method-

0.63

0.50

0.77

0.0627
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4
*Note. VA, vertebral artery; AUC, area under curve; CI, confidence interval

Figures

Figure 1
Methods of Constructing Cervical Sagittal Triangles A, Method-1 of constructing cervical sagittal triangle
with “Anterior-inferior point of C7 -- Midpoint of anterior edge of C5 -- Midpoint of anterior edge of C7”; B,
Method-2 of constructing cervical sagittal triangle with “Posterior-inferior point of C7 -- Midpoint of
posterior edge of C5 -- Midpoint of posterior edge of C7”; C, Method-3 of constructing cervical sagittal
triangle with “Midpoint of inferior endplate of C2 -- Midpoint of anterior edge of C5 -- Midpoint of inferior
endplate of C7”; D, Method-3 of constructing cervical sagittal triangle with “Midpoint of inferior endplate
of C2 -- Midpoint of anterior edge of C5 -- Midpoint of superior endplate of C7”.
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Figure 2
Pearson Correlation Analysis of Quantitative Results of Cervical Sagittal Morphology with Different
Methods in Group A A, Pearson correlation analysis of quantitative results of cervical sagittal morphology
with Cobb angle method and area Method-1 in Group A, r=0.8480, P＜0.0001, statistical power=100.00%; B,
Pearson correlation analysis of quantitative results of cervical sagittal morphology with Cobb angle
method and area Method-2 in Group A, r=0.8321, P＜0.0001, statistical power=100.00%; C, Pearson
correlation analysis of quantitative results of cervical sagittal morphology with Cobb angle method and
area Method-3 in Group A, r=0.7627, P＜0.0001, statistical power=100.00%; D, Pearson correlation analysis
of quantitative results of cervical sagittal morphology with Cobb angle method and area Method-4 in
Group A, r=0.7157, P＜0.0001, statistical power=100.00%.
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Figure 3
Pearson Correlation Analysis of Quantitative Results of Cervical Sagittal Morphology with Different
Methods in Group B A, Pearson correlation analysis of quantitative results of cervical sagittal morphology
with Cobb angle method and area Method-1 in Group B, r=0.6745, P＜0.0001, statistical power=100.00%; B,
Pearson correlation analysis of quantitative results of cervical sagittal morphology with Cobb angle
method and area Method-2 in Group B, r=0.6293, P＜0.0001, statistical power=99.99%; C, Pearson
correlation analysis of quantitative results of cervical sagittal morphology with Cobb angle method and
area Method-3 in Group B, r=0.6681, P＜0.0001, statistical power=100.00%; D, Pearson correlation analysis
of quantitative results of cervical sagittal morphology with Cobb angle method and area Method-4 in
Group B, r=0.6126, P＜0.0001, statistical power=99.99%.
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Figure 4
Typical Results of Cobb Angle Method and Area Methods in Group A and Group B A, Cobb angle of typical
case in Group A (20.43°); B, AC with Method-1 of typical case in Group A (AC=0.0951); Figure-4C, AC with
Method-2 of typical case in Group A (AC=0.0697); D, AC with Method-3 of typical case in Group A
(AC=0.3388); E, AC with Method-4 of typical case in Group A (AC=0.2315); F, Cobb angle of typical case in
Group
B [MathJax]/jax/output/CommonHTML/jax.js
with “Paramorphia of inferior endplate in C2/C7” (21.17°); G, AC with Method-1 of typical case in
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Group B with “Paramorphia of inferior endplate in C2/C7” (AC=0.0410); H, AC with Method-2 of typical
case in Group B with “Paramorphia of inferior endplate in C2/C7” (AC=0.0372); I, AC with Method-3 of
typical case in Group B with “Paramorphia of inferior endplate in C2/C7” (AC=0.2766); J, AC with Method4 of typical case in Group B with “Paramorphia of inferior endplate in C2/C7” (AC=0.2071); K, Cobb angle
of typical case in Group B with “Local kypohsis” (18.80°); L, AC with Method-1 of typical case in Group B
with “Local kypohsis” (AC=-0.0166); M, AC with Method-2 of typical case in Group B with “Local kypohsis”
(AC=0.0233); N, AC with Method-3 of typical case in Group B with “Local kypohsis” (AC=0.1555); O, AC
with Method-4 of typical case in Group B with “Local kypohsis” (AC=0.0941); P, Cobb angle of typical case
in Group B with “Curvature Concentration” (22.28°); Q, AC with Method-1 of typical case in Group B with
“Curvature Concentration” (AC=0.0054); R, AC with Method-2 of typical case in Group B with “Curvature
Concentration” (AC=0.0097); S, AC with Method-3 of typical case in Group B with “Curvature
Concentration” (AC=0.1642); T, AC with Method-4 of typical case in Group B with “Curvature
Concentration” (AC=0.1082).

Figure 5
ROC Curve of Cervical Sagittal Morphology and Clinical Indicators in All Patients A, ROC curve for
Loading [MathJax]/jax/output/CommonHTML/jax.js
diagnostic
value of different methods in the nonoccurrence of “Neck or Shoulder Pain” in all included
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patients; B, ROC curve for diagnostic value of different methods in the nonoccurrence of “Arm Pain” in all
included patients; C, ROC curve for diagnostic value of different methods in the nonoccurrence of
“Myelopathy-Related Symptoms” in all included patients; D, ROC curve for diagnostic value of different
methods in the nonoccurrence of “Sympathetic or VA-Related Symptoms” in all included patients.

Figure 6
ROC Curve of Cervical Sagittal Morphology and Clinical Indicators in Group A A, ROC curve for diagnostic
value of different methods in the nonoccurrence of “Neck or Shoulder Pain” in Group A; B, ROC curve for
diagnostic value of different methods in the nonoccurrence of “Arm Pain” in Group A; C, ROC curve for
diagnostic value of different methods in the nonoccurrence of “Myelopathy-Related Symptoms” in Group
A; D, ROC curve for diagnostic value of different methods in the nonoccurrence of “Sympathetic or VARelated Symptoms” in Group A.
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Figure 7
ROC Curve of Cervical Sagittal Morphology and Clinical Indicators in Group B A, ROC curve for diagnostic
value of different methods in the nonoccurrence of “Neck or Shoulder Pain” in Group B; B, ROC curve for
diagnostic value of different methods in the nonoccurrence of “Arm Pain” in Group B; C, ROC curve for
diagnostic value of different methods in the nonoccurrence of “Myelopathy-Related Symptoms” in Group
B; D, ROC curve for diagnostic value of different methods in the nonoccurrence of “Sympathetic or VARelated Symptoms” in Group B.
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Figure 8
Comparison of Dispersion Coefficients for Results in Quantifying Cervical Sagittal Morphology with
Different Methods Compared with the Cobb angle method, the dispersion coefficients of Method-1 (P＜
0.0001, statistical power=99.99%), Method-2 (P＜0.0001, statistical power=99.99%), Method-3 (P＜0.0001,
statistical power=100.00%), and Method-4 (P＜0.0001, statistical power=100.00%) were all significantly
lower.
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Figure 9
Pearson Correlation Analysis of Quantitative Results of Cervical ROM with Different Methods A, Pearson
correlation analysis of quantitative results of cervical ROM with Cobb angle method and area Method-1,
r=0.7875, P＜0.0001, statistical power=100.00%; B, Pearson correlation analysis of quantitative results of
cervical ROM with Cobb angle method and area Method-2, r=0.7689, P＜0.0001, statistical
power=100.00%; C, Pearson correlation analysis of quantitative results of cervical ROM with Cobb angle
method and area Method-3, r=0.8072, P＜0.0001, statistical power=100.00%; D, Pearson correlation
analysis of quantitative results of cervical ROM with Cobb angle method and area Method-4, r=0.7809, P＜
0.0001, statistical power=100.00%.
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