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ORIGINAL ARTICLE

CERVICAL SPINAL ALIGNMENT
PARAMETERS
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ABSTRACT

Aim: The management of complex cervical pathologies could be handled with
understanding of cervical biomechanics as well as the baseline data of cervical
alignment parameters. The aim of our paper is to support nominative baseline data
of the cervical spine alignment parameters to provide guidance for proper surgical
treatment.
Material and Methods: We evaluated the lateral cervical radiographs of 347 healthy
adult patients between the ages of 18 and 60. We measured cervical lordosis with
Cobb angle C0-2 and C2-7, Jackson physiological stress lines, Harrison tangent lines
and also sagittal vertical axis with C2-C7 plumb line, cervical tilt and cranial tilt. We
analysed measurements according to mean values and genders.
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Results: Two hundred and twenty eight patients (65.7%) were female, and 119 patients
(34.3%) were males. Mean age was 44.12±16.03 years. Cobb C0-C2 (p=0.307), Jackson
(p=0.106), and Harrison (p=0.688) measurements were similar between males and
females. But Cobb C2-C7 was significantly different between genders (p=0.017). The
comparisons of methods revealed that Cobb C0-C2 had highest values, and Cobb C2C7 and Jackson was lower than Harrison (CobbC0-C2>Harrison>Cobb C2-C7~Jackson)
(p<0.001). SVA (p=0.690) and cervical tilt angle (p=0.538) measurements were similar
between males and females but cranial tilt angle was significantly different between
genders (p=0.046).

Conclusion: All of these techniques and the standard data must be well understood
along with the biomechanical features so that surgeons can choose the best technique
for the management of deformities.
Keywords: Cervical spine alignment, cervical lordosis, sagittal vertical axis
Level of Evidence: Retrospective clinical study, Level III.
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INTRODUCTION
The cervical spine not only supports the
mass of the head, but also undergoes the
widest range of motion of the entire spine.
It also plays a key role in influencing
the subjacent global spinal alignment
and pelvic tilt as compensatory changes
occur to maintain the horizontal gaze (12).
The major parameters used to define
cervical spinal alignment are the
Cobb angles, Jackson stress lines, and
Harrisons posterior tangent lines for the
sagittal curvature, and the gravity line
or C2 plumb line for the sagittal vertical
axis (SVA) (19). However, there is no
standardized data about the correction

limitations of the cervical alignment
parameters in the recent literature,
and the cervical deformity treatment
modalities have yet to be completely
published (16).
The management of complex cervical
pathologies could be handled by
understanding the cervical biomechanics
as well as the normative cervical
alignment data. However, few studies
have defined the baseline values for the
cervical spine alignment parameters (4,5).
Therefore, the aim of our paper was to
support the nominative baseline data of
the cervical spine alignment parameters
in order to provide guidance for proper
surgical treatment.
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MATERIAL AND METHODS
We evaluated the lateral cervical radiographs of 347 healthy
adult patients between the ages of 18 and 60. The exclusion
criteria were any radiographic pathologies. The cervical
radiographs were taken in the standing lateral neutral
position, and all of the data was collected and measured by
authors. The radiographs were searched using a radiology
picture archiving and communication system (PACS)
program and the parameter measurements were evaluated
with the techniques explained below:
Cobb angle
The Cobb angle is measured from C2 to C7 using a 4-line
technique to draw a parallel line to the inferior endplate of
C2, to the posterior border of the spinous process, and to the
inferior endplate of C7. Two perpendicular lines are then
drawn from these lines to measure the angle between them
(Figure-1) (4).
The C0–C2 angle, an angle between the McRae line and the
C2 lower end plate, was measured using the Cobb method
(Figure-2) (4).

Figure-1. C2-7 4-line Cobb angle measurement technique
with lateral X-ray graphy

Jackson physiological stress lines
Two lines are drawn parallel to the posterior margins of
the C7 and C2 bodies, and the angle between them is then
measured (Figure-3) (11).
Harrison posterior tangent method
Lines are drawn parallel to the posterior margins of C2–C7,
and all of the angles are added to obtain the cervical curvature
results (Figure-4) (10).
Sagittal vertical axis
A plumb line is drawn from the center of C2, and the distance
from this line to the posterior corner of the upper endplate of
C7 is obtained (Figure-5) (17).
Cervical tilt
A line is drawn from the center point of the upper endplate of
the T1 vertebra to the tip of dens, and another line is drawn
perpendicular to the same center. The angle between them is
then measured (Figure-6) (14).

Figure-2. C0-2 Cobb angle measurement technique with
lateral X-ray graphy
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Figure-3. Jackson stress line technique with lateral X-ray
graphy

Figure-5. SVA measurement C2-7 plumb line technique
with lateral X-ray graphy

Figure-6. Cervical tilt angle measurement technique with
lateral X-ray graphy

Figure-4. Harrison tangent technique with lateral X-ray
graphy
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Cranial tilt
A line is drawn from the center of the T1 upper endplate to
the tip of dens, and then a vertical line is drawn to the same
center (Figure-7) (3).

analyses. SPSS Statistics version 18 (IBM Inc., Armonk, NY,
USA) was used for the statistical assessments.

RESULTS
Table-1 shows the patients’ demographics; 228 patients (65.7
%) were female, 119 patients (34.3 %) were male, and the
mean age was 44.12±16.03 years old (Table-1).

Table-1. Patient demographics
Female

GENDER

Male

AGE (year)

Figure-7. Cranial angle measurement technique with
lateral X-ray graphy

Statistical Analysis
The descriptive data were presented as the means and
standard deviations for the numerical variables, and the
frequencies and percentages for the categorical variables. The
independent group comparisons were conducted using the
Mann-Whitney U test between the genders. A type I error
level of 5% was considered to be statistically significant in the

Count

%

228

65.7%

Mean

SD

119

44.12

34.3%
16.03

The measurements according to gender are presented in
Table-2. The Cobb C0–C2 (p=0.307), Jackson (p=0.106), and
Harrison (p=0.688) measurements were similar between the
males and females. However, the Cobb C2–C7 measurement
was significantly different between the genders (p=0.017),
with the males having significantly higher Cobb C2–C7 values.
In addition, the C2–C7 plumb line (p=0.690) and cervical
tilt angle (p=0.538) measurements were similar between
the males and females. However, the cranial tilt angle was
significantly different between the genders (p=0.046), with
the males having significantly higher cranial tilt angle values.
The method comparisons (Table-3) revealed that the Cobb
C0–C2 measurement exhibited the highest values, while the
Cobb C2–C7 and Jackson measurements were lower than the
Harrison measurement (Cobb C0–C2 > Harrison > Cobb
C2–C7 ~ Jackson) (p<0.001).

Table-2. Measurement comparison between genders

Cobb C0-C2 angle
Cobb C2-C7 angle
Jackson angle

Harrison angle

C2-C7 plumb line (mm)
Cervical tilt angle
Cranial tilt angle
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Mean

Female

SD

Mean

9,18

21,73

31,43

7,12

17,43

11,02

3.81

2.75

16,30
22,43
17.69
8.62
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9,48
5.46
2.54

Male

SD

p

29,57

8,72

0,307

21,33

10,66

0,106

3.58

1.89

23,69
18.68
9.52

9,01
8,14
5.89
2.18

0,017
0,688
0.690
0.538
0.046

Table-3. Comparison of cervical lordosis measurement
methods
COBB_C0_C2
COBB_C2_C7
JACKSON

HARRISON

Mean
30,72
18,37
18,92
22,91

SD

7,76
9,44

10,98

p
p<0.001

8,96

DISCUSSION
The cervical spine carries the load of the head and neck
using a 3-column model unlike the 3-column model in the
thoracolumbar spine, which consists of an anterior and 2
posterior columns (5). The major parameters used to assess
the cervical spine alignment include the Cobb angles, Jackson
stress lines, and Harrison posterior tangent lines for the
sagittal curvature, and the gravity line or C2 plumb line for the
SVA (11). In asymptomatic normal volunteers, cervical lordosis
(CL) is settled in C1–C2 at a ratio of 75 %–80 % (9,11). Lippman
reported a procedure consisting of drawing lines to measure
the scoliosis curves on anterio-posterior radiographs in 1945,
which was later developed by Cobb in 1948 (4,18). The Cobb
angles were drawn to measure the sagittal spinal curves of the
cervical, thoracic, and lumbar regions on lateral radiographs
(4)
. In 1957, Jackson reported the physiological stress lines
(11)
; while in 1986, Gore et al. used Jackson’s stress lines and
Harrison began to use the posterior tangents technique (7,10).
Beier et al. reported that CL is localized to C1–C2, with only
15 % of lordosis cases being measured below in the rest of the
region (2). Most often, hyperlordosis is the result of occiput–C2
fusion surgery, as reported in the literature (20,21). Hardacker
et al. reported a mean CL of 40.0° ± 9.7° that exhibited a
significant correlation with thoracic kyphosis (9). In addition,
Lee et al. reported that the mean value of the C0–C2 angle
was 22.4±8.5° and that of the C2–C7 angle was 9.9±12.5° (14).
The ratios of the C0–C2 angle and the C2–C7 angle were 77 %
and 23 % of the total CL, respectively (14). Gore et al. reported
C2–C7 CL angles of 16° for males and 15° for females (7).
Harrison et al. conducted a comparison of the 4-line Cobb
method and Harrison tangents to measure CL, and they
found that the Cobb technique overestimated the cervical
curvature at C1–C7 and underestimated the cervical curve
at C2–C7 (10). They also suggested that the posterior tangent
method could calculate the cervical curvature better than
the Cobb method (10). We found that the mean values of
the C0–C2 and C2–C7 Jackson stress lines and Harrison
tangents were 30.72° ± 7.76°, 18.37° ± 9.44°, 18.92° ± 10.98°,
and 22.91° ± 8.96°, respectively. Our results are similar to

those of Harrison. Overall, the Harrison tangent technique is
difficult to measure, but we thought its results were better for
determining the values because the tangents can also measure
the internal curve.
Lee et al. reported the widest range of nominative data for
cervical spine alignment, with mean values of 18° ± 6.6° for
cervical tilting and 7.7° ± 5° for cranial tilting (14). In their
study, Hardacker et al. reported a C7 SVA mean value of 15.6
mm (9). Gore et al. reported a mean SVA of 16.8 mm, and also
suggested that CL increased with age, but did not address
the adjacent spinal alignment measurements or segmental
cervical values (7).
The sagittal balance of the cervical spine may affect the
clinical outcomes of the fusion or deformity corrections of
cervical degenerative disc diseases (8,15). In recent studies, the
criteria for the physiological reconstruction of CL remains
unclear (1,13,22). However, only a few studies have defined the
nominative alignment parameter data (3,6).

CONCLUSION
All of these techniques and the standard data must be well
understood along with the biomechanical features so that
surgeons can choose the best technique for the management
of deformities. However, further investigations with an
increased amount of cervical spine nominative data are
needed.
In addition, these data must be used to define the relationships
between the cervical, thoracic, and lumbar spine alignment
parameters for more standardized indications for the surgical
correction of deformities.
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