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Cervical Alignment Variations in Different
Postures and Predictors of Normal
Cervical Kyphosis

A New Understanding

Hwee Weng Dennis Hey, MBBS (Sing), MRCS (Ire), MMED (Orth), MCI (Sing), FRCSEd (Orth), FAMS (Orth),
Eugene Tze-Chun Lau, MB BChir (Cantab), Gordon Chengyuan Wong, MBBS (Sing),
Kimberly-Anne Tan, MBBS (Aus), BSc (Med) Hons, Gabriel Ka-Po Liu, MBBCh (Ire), MSc (Ire), FRCS (Ire),
FRCSEd (Orth), and Hee-Kit Wong, MBBS (Sing), MMED (Surg), FRCS (Glas), MCh (Orth) Liv, FAMS (Orth)

Study Design. Comparative study of prospectively collected

radiographic data.
Objective. To predict physiological alignment of the cervical

spine and study its morphology in different postures.
Summary of Background Data. There is increasing evidence

that normal cervical spinal alignment may vary from lordosis to

neutral to kyphosis, or form S-shaped or reverse S-shaped

curves.
Methods. Standing, erect sitting, and natural sitting whole-spine

radiographs were obtained from 26 consecutive patients without

cervical spine pathology. Sagittal vertical axis (SVA), global

cervical lordosis, lower cervical alignment C4-T1, C0-C2 angle,

T1 slope, C0-C7 SVA and C2-7SVA, SVA, thoracic kyphosis,

thoracolumbar junctional angle, lumbar lordosis, sacral slope,

pelvic tilt, and pelvic incidence were measured. Statistical

analysis was performed to elucidate differences in cervical

alignment for all postures. Predictive values of T1 slope and SVA

for cervical kyphosis were evaluated.
Results. Most patients (73.0%) do not have lordotic cervical

alignment (C2-C7) upon standing (mean �0.6, standard devi-

ation 11.18). Lordosis increases significantly when transitioning

from standing to erect sitting, as well as from erect to natural

sitting (mean �17.2, standard deviation 12.18). Transition from

standing to natural sitting also produces concomitant increases

in SVA (�8.8–65.2 mm) and T1-slope (17.48–30.28). T1 slope

and SVA measured during standing significantly predicts angular

cervical spine alignment in the same position. SVA< 10 mm

significantly predicts C4-C7 kyphosis (P< 0.001), and to a lesser

extent, C2-C7 kyphosis (P¼ 0.02). T1 slope <208 is both

predictive of C2-C7 and C4-7 kyphosis (P¼ 0.001 and

P¼ 0.023, respectively). For global cervical Cobb angle, T1

slope seems to be a more significant predictor of kyphosis than

SVA (odds ratio 17.33, P¼0.001 vs odds ratio 11.67, P¼0.02,

respectively).
Conclusion. The cervical spine has variable normal

morphology. Key determinants of its alignment include SVA and

T1 slope. Lordotic correction of the cervical spine is not always

physiological and thus correction targets should be individualized.
Key words: alignment, cervical spine, kyphosis, lordosis,
predictors, sagittal alignment, sagittal vertical axis, sitting,
standing, T1 slope.
Level of Evidence: 3
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N
ormal cervical spinal alignment is not necessarily
lordotic,1–3 contrary to established belief.4–6 It
varies from lordosis to neutral to kyphosis, and

may take on complex forms such as S-shaped or inverted S-
shaped curves.1 Although there exist a number of studies
demonstrating predictors for cervical alignment in a pathologi-
cal spine,7–11 the factors accounting for its highly varied
behavior in a normal spine remain poorly understood. Apart
from our previous study,3 there has yet to be literature on
predictors of normal cervical spine alignment. From this afore-
mentioned study, more radiographic parameters were found to
be predictive of cervical alignment during the more commonly
assumed erect sitting posture12 than during standing.3

Unlike lumbar alignment, which is generally lordotic due
to the caudal sacral slope (SS),13 cervical alignment may be
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more variable as it not only depends on the caudal T1
slope,14,15 but also may be influenced by sagittal plane
translations such as the sagittal vertical axis (SVA). Follow-
ing on from the previous study, which investigates only the
erect sitting posture,3 this study evaluates the changes in
cervical spine alignment in healthy normal individuals when
they transition between standing, erect sitting, and natural
sitting, to identify predictors of cervical alignment in these
common physiological postures. The secondary objective of
the present study is to test the hypothesis that T1 slope and
SVA are predictors of cervical kyphosis in the normal spine.

Knowing the physiological alignment of the cervical spine
and how it changes across commonly assumed postures such
as erect and natural sitting is crucial to our understanding
of the cervical spine as a dynamic structure. Moreover, as
lordotic correction may not always advantageous, the abil-
ity to predict cervical alignment and the awareness of factors
determining physiological kyphosis will guide deformity
correction strategies.

METHODOLOGY

Study Design
This is a comparative study, which analyses whole-spine
radiographs taken during standing, erect sitting, and natural
sitting prospectively. This study has been approved by the
local ethics board committee and was conducted over a 6-
month period at a single tertiary healthcare centre with a
dedicated spine surgery service.

Patients younger than 30 years presenting with first
episodes of isolated mechanical, low back pain, which
had lasted for less than 3 months were recruited. In order
to rule-out potentially confounding pre-existing spinal
problems, all patients underwent a detailed history taking
and physical examination before enrolment.

Exclusion criteria included the following:

1. Patients with neck pain, upper limb radiculopathy,
or myelopathy.

2. Previous spinal conditions including those listed in (1)
or surgical intervention to the spine.

3. Presence of red flag symptoms including constant
pain, night pain, fever, loss of weight, and loss
of appetite.

4. Significant previous or recent trauma to the spine.
5. Significant history of malignancy or family history

of malignancy.
6. Presence of spinal deformity on forward bending test.
7. Contraindications to radiographs (e.g., existing or

suspected pregnancy).

Radiographic Examination
Following clinical assessment by the attending spine special-
ist, all patients underwent three sets of whole-spine lateral
radiographs using EOS technology (EOS Imaging, Paris,
France).16 The sequence of radiographs was randomized
through drawing lots.

Pictorial charts demonstrating how to stand and sit in an
erect manner were displayed beside the EOS machine for
better standardization. The uniformity of these postures was
further reinforced through standardized verbal instructions
given by the radiographer. All images were taken by trained
radiographers with more than 2 years of experience in using
EOS technology.

For the standing radiograph, patients were instructed to
‘‘keep [their] eyes horizontal and look straight ahead, stand
as straight as possible without leaning forwards or back-
wards, and touch [their] collar bones with [their] fingers.’’
For the erect sitting radiograph, the patients were instructed
to ‘‘keep [their] eyes horizontal and look straight ahead, sit
as straight as possible without leaning forwards or back-
wards, and touch [their] collar bones with [their] fingers.’’
Finally, for the natural sitting radiograph, patients were
instructed to ‘‘keep [their] eyes horizontal and look straight
ahead, sit as naturally as [they] would on a chair.’’ Once this
posture had been assumed, the patients were then told to
‘‘hold on to [their] current posture and bring [their] fingers
to touch [their] collarbones.’’

Radiographic Measurements
The EOS radiographs obtained were stored on the secured
hospital server and accessed using Centricity Enterprise Web
(General Electric) for measurements of spinal parameters.
Measurements were conducted by two blinded orthopedic
specialists and an average reading was recorded.

Key cervical parameters measured include global cervical
lordosis (CL), lower cervical alignment (LCA) taken from
C4 to T1, C0-C2 angle, T1-slope, C0-C7 SVA, and C2-
7SVA. C4 was taken for C4-T1 angular measurements
based on pilot data, which showed that S-shaped and
inverted S-shaped curves had end vertebra at C4.

CL was measured using the Harrison posterior tangent
method17 on the C2 and C7 vertebrae. LCA was measured
using the Cobb method from superior endplate of C4 to
inferior endplate of C7.

C0-C2 angle was measured using angle McRae line and
the line tangential to the inferior aspect of the axis, T1 slope
was measured using the angle subtended by the superior
endplate and the horizontal line, and C0-C7, C2-C7 SVA
were measured based on horizontal offsets dropped by a
vertical line from the external auditory meatus and mid-C2
vertebral body with respect to the mid-C7 vertebral body.

Other spinal measurements performed include the SVA,
thoracic kyphosis, thoracolumbar junctional angle, lumbar
lordosis, SS, pelvic tilt (PT), and pelvic incidence (PI).

SVA was measured as the offset between the sagittal C7
plumb line and the posterosuperior corner of the sacrum.
Thoracic and lumbar spinal curvatures were measured using
the Cobb method. Thoracic kyphosis was taken as the angle
between the inferior endplate of C7 and the inferior endplate
of T12. Thoracolumbar junctional angle was taken as the
angle between the superior endplate of T11 and the inferior
endplate of L2. Lumbar lordosis was taken as the inferior
endplate of T12 and the superior endplate of S1. For the
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spinopelvic parameters, including PI, PT, and SS, standard
measurement techniques as described in the literature were
used.

The sagittal spinal profile for all three postures were also
described using apical and end vertebrae taken as the most
horizontally displaced and most tilted vertebra on the sag-
ittal profile of the cervical spine, respectively.18

Statistical Analysis
A power analysis conducted using pilot data with a set at
0.05 and b at 80 estimated that a sample size of 25 patients
was required to detect a clinically significant difference of 58
change in cervical alignment between standing and sitting
postures. This calculation was performed with reference to a
similar study by the same authors when comparing standing
and sitting cervical spinal alignments.3

The data were compiled in Microsoft Excel 2011 Version
14.2.4, and the statistical analysis was performed using
Statistical Package for the Social Sciences Version 22.0.
Categorical variables are described in percentages and con-
tinuous variables as means with standard deviations (SDs).

Univariate analysis was performed to evaluate differences
between standing, erect sitting, and natural sitting postures
in terms of cervical angular alignments C0-C2, C2-C7, and
C4-C7, as well as sagittal translations of C0, C2, and C7
horizontal offsets from the posterosuperior sacrum and the
hip center. Multivariate analysis with assessment of odds
ratio (OR) was specifically performed to identify the role of
low T1 slope and negative SVA on the cervical spine profile
upon standing.

RESULTS
The study population had a mean age of 24.4� SD 5.26
years and a predominance of men (88.0%). Most patients
(73.0%) do not have a lordotic C2-C7 alignment during

standing, although C4-C7 angular alignment was lordotic in
53.8% of the patients. Key radiographic parameters in the
standing posture are shown in Table 1. Of note, the mean
angular alignment of the cervical spine is approximately
neutral at �0.68� SD 11.18. The mean SVA is �8.8� SD
24.2 mm and the T1-slope is 17.48� SD 8.78. Spinopelvic
indices showed a mean PI of 51.08� SD 10.48 and a mean
PT of 13.78� SD 9.28.

Significant differences exist between standing, erect sit-
ting, and natural sitting postures. In terms of angular align-
ment, more lordosis is observed during sitting as compared
to standing (P<0.001). This is even more pronounced in the
natural sitting posture (P<0.001), as shown in Table 2,
in which all patients assumed a lordotic cervical profile
regardless of alignment during standing (mean C2-C7 Cobb
�17.28� SD 12.18).

In terms of translation of the cervical spine, C0 SVA, C2
SVA, and C7 SVA shifted forward during erect sitting and
yet further during natural sitting (P<0.05). Values of the
forward translation with respect to the posterosuperior
corner of the S1 and hip center are shown in Table 2. T1
slope increased from 17.48� SD 8.78 during standing to
30.28� SD 7.48 during natural sitting (P<0.001).

Analysis of various cervical spine angular and horizontal
alignments in standing posture (Table 3) showed that
both T1 slope and SVA measured upon standing are
predictors of cervical sagittal alignment (P<0.05). In
particular, SVA <10 mm is highly significant in predicting
C4-C7 kyphosis (P<0.001), and to a lesser extent, C2-C7
kyphosis (P¼0.02). T1 slope of <208 is both predictive of
C2-C7 and C4–7 kyphosis (P¼0.001 and P¼0.023,
respectively). For global cervical Cobb angle, T1 slope
appears to be a more significant predictor of kyphosis
than SVA (OR 17.33, P¼0.001 vs OR 11.67, P¼0.02,
respectively).

TABLE 1. Patient Characteristics and Key Radiographical Parameters in the Standing Posture

Characteristics Number Percentage

Sex Male 23 88

Female 3 12

Characteristics Mean SD Minimum Maximum

Age 24.4 5.26 17 35

Cervical alignment (8)� �0.6 11.1 �24.8 17.9

Thoracic alignment (8)� 34.8 9.6 18.1 59.4

Thoracolumbar junctional
angle (8g)�

0.1 10.1 �19.9 25.2

Lumbar alignment (8)� �51.4 10.1 �72.6 �28.0

SVA (mm) �8.8 24.2 �50.0 49.8

T1 slope (8) 17.4 8.7 �0.9 30.7

Sacral slope (8) 37.3 7.9 23.1 52.8

Pelvic tilt (8) 13.7 9.2 �3.2 31.4

Pelvic incidence (8) 51.0 10.4 33.1 74.6
�Positive values denote kyphosis, whereas negative values denote lordosis.

SD indicates standard deviation; SVA, sagittal vertical axis.
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TABLE 2. Comparing Cervical Parameters Between Standing and Natural Sitting Posture

Standing Natural Sitting

PCervical Parameters Mean SD Mean SD

Cervical
alignment�

C0-C7 (8) �30.7 13.0 �46.0 12.5 <0.001

C2-C7 (8) �0.6 11.1 �17.2 12.1 <0.001

C4-C7 (8) 0.3 9.6 �13.4 8.4 <0.001

Horizontal
distance from
hip centery

C0-hip (mm) �42.6 22.1 �3.1 36.3 <0.001

C2-hip (mm) �39.8 22.4 �11.7 37.5 0.008

C7-hip (mm) �45.6 24.5 �11.3 32.0 <0.001

Horizontal
distance from
posterosuperior
corner of S1y

C0-S1 (mm) �5.8 23.1 73.4 42.0 <0.001

C2-S1 (mm) �2.9 23.6 64.8 38.7 <0.001

C7-S1 (mm) �8.8 24.2 65.2 40.3 <0.001

T1 slope (8) 17.4 8.7 30.2 7.4 <0.001
�Positive values indicate kyphosis.
yPositive value indicates that the center of the cervical vertebra is anterior to the hip center/posterosuperior corner of S1.

SD indicates standard deviation.

TABLE 3. Multivariable Analysis and Identification of Predictors for Various Cervical Angular and
Horizontal Alignment Outcome Parameters in the Standing Posture

Predicted Standing Outcome
Parameter Standing Values P Odds Ratio

C2-C7 kyphosis (C2-C7
alignment >08)

SVA <10 mm 0.02 11.67

T1 slope <208 0.001 17.33

C4-C7 kyphosis (C4-C7
alignment >08)

SVA <10 mm <0.001 NA�

T1 slope <208 0.023 7.00

C0-C7 SVA >0 mm SVA <10 mm 0.679 1.50

T1 slope <208 0.549 1.67

C2-C7 SVA >0 mm SVA <10 mm 0.158 4.00

T1 slope <208 0.548 0.55

Predicted Standing Outcome
Parameter Natural Sitting Values P Odds Ratio

C2-C7 kyphosis (C2-C7
alignment >08)

SVA <10 mm 0.279 0.28

T1 slope <208 0.75 1.54

C4-C7 kyphosis (C4-C7
alignment >08)

SVA <10 mm 0.912 0.89

T1 slope <208 0.384 0.32

C0-C7 SVA >0 mm SVA <10 mm 0.393 2.44

T1 slope <208 0.384 0.32

C2C7 SVA >0 mm SVA <10 mm 0.142 NAy

T1 slope <208 0.107 0.14
�NA because all patients with C4-C7 kyphosis had SVA <10 mm.
yNA because no patients with C2-C7 distance <0 mm had SVA >10 mm.

SVA indicates sagittal vertical axis.
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No patients had cervical kyphosis during natural sitting
and therefore radiographic parameters in this position
were not evaluated for predictors of cervical kyphosis upon
standing.

DISCUSSION
Conventional teaching describes normal cervical spine
alignment as being lordotic, with loss of ‘‘natural’’ lordosis
often implying a pathological cause.4,5 This concept
occurred during an era in which cervical x-rays were the
only investigation required in cases of suspected cervical
pathology, and thus preventing this concept from being
challenged. The present rapidly growing field of adult spinal
deformity and the increasingly recognized importance of
sagittal spinal profile restoration19–21 has led to greater use
of full body radioimaging.16 Understanding of cervical spine
alignment is currently changing as we begin to realize that
patients without cervical pathology may exhibit nonlordotic
alignments.1,3

The varied morphology of the cervical spine ranges from
lordosis to kyphosis, and at times involves complex forms
such as S-shaped or inverted S-shaped curves.1,3 This could
be a result of primary pathologies involving the cervical
spine,22,23 or adaptive changes secondary to pathologies in
the caudal spine.7,8,11,24 Deformity surgeons strive to
achieve lordotic corrections of the cervical spine on the
principles that cervical spine alignment correlates with
clinical symptoms,5,25 and that lordotic correction of the
cervical spine leads to positive outcomes.26–28 Insufficient
restoration of lordosis has also been shown to lead to poor
outcomes.29 Loss of lordosis has been associated with neck
pain5,29 and neurovascular deficits including myelop-
athy.30,31 When correcting the cervical alignment of these
patients to a more lordotic profile, improvement in neck
disability index scores are observed.26 Although many sur-
geons strive to adhere to the recommendations of the afore-
mentioned studies to restore CL, there is mounting evidence,
which shows that asymptomatic healthy individuals have
nonlordotic cervical spine alignments,1,2,32,33 and therefore
generating lordosis may not always necessarily be physio-
logical or ideal.

Our study showed similar findings when compared with
other studies, confirming the varying morphology of the
normal cervical spine in standing posture.1,2 In fact, only
27.0% of the patients demonstrated CL from C2-C7 with a
mean Cobb angle of �0.68� SD 11.18. In the natural sitting
posture, all patients had a lordotic profile (mean C2-C7
Cobb �17.28� SD 12.18) regardless of their standing pro-
file, implying that cervical spine alignment is heavily influ-
enced by posture. Greater lordosis occurs in the erect sitting
posture, and even more so in the natural sitting posture due
to an increase in T1 slope (from a mean of 17.48 during
standing to 30.28 during natural sitting; P<0.001), and an
increase in SVA (from�8.8 mm during standing to 65.2 mm
during natural sitting; P<0.001). Our previous study
demonstrated that erect sitting has more radiographic
parameters predictive of cervical alignment than standing,3

a finding likely secondary to adaptive changes correspond-
ing with longer hours spent sitting than standing.12 The
present study did not elucidate any predictive radiographic
parameters in the natural sitting posture. This could be
attributable to the varied postures individuals assume to
‘‘naturally’’ sit,34,35 precluding meaningful conclusions
from being made.

The present study demonstrates that the highly variable
profile of the cervical spine is dependent on T1 slope and
SVA. Because both these parameters determine the angle
and translation of the C7 vertebra, it is reasonable to infer
that they will in turn influence cervical spine alignment.
Patients with an SVA less than 10 mm require less lordosis in
the cervical spine because they are already translated pos-
teriorly. Instead, such patients tend to have cervical kypho-
sis, which allows forward translation as a form of
compensation for the backward shift in center of gravity.
Greater effect is observed in LCA (C4-C7; P<0.001) than
global cervical alignment (C2-C7; P<0.02). This obser-
vation is likely due to the relative proximity of C4-C7 to
the thoracic spine, it being lower, allowing greater magni-
tude of translational compensation.

Similarly, a low T1 slope of less than 208, which may or
may not be a result of negative sagittal balance, also promotes
cervical kyphosis. This is due to the need to flex the cervical
spine, to generate horizontal gaze. T1 slope of less than 208 is
a more significant predictor of global cervical kyphosis as
compared to SVA less than 10 mm (OR 17.33, P¼0.001 vs
OR 11.67, P¼0.02, respectively). This is unsurprising as the
most direct and biomechanically advantageous way in which
the body can compensate for angular changes (such as loss of
T1 slope) is through opposing angular changes (i.e., increas-
ing cervical kyphosis). SVA is a less direct, albeit important,
predictor of cervical kyphosis. Employing the SVA to correct
angular changes would inevitably result in multiple noneco-
nomical alignment changes throughout the whole body. The
above concepts, which demonstrate SVA and T1 slope as key
predictors of kyphotic cervical alignment can also be
observed in patients with adolescent idiopathic scoliosis.8

These patients often have a kyphotic cervical spine due
to hypokyphosis of the thoracic spine7,8,24 secondary to
vertebral rotation8 and negative SVA.24

The present study is the first to investigate the effects of
natural sitting on cervical spinal alignment while comparing
it with conventional standing and erect sitting postures. It
has previously been shown that a higher T1 slope in healthy
individuals predisposes to greater CL,36 similar to how a
pathological hyperkyphotic thoracic spine does.11 We were
able to reiterate this concept by studying individuals in
natural sitting posture (Figure 1), a position associated with
high T1 slope and positive SVA.

The study also challenges conventional thinking that the
normal cervical alignment is necessarily lordotic. We con-
firmed the existence of a spectrum of cervical spine
morphologies during standing (namely lordosis, straight,
S-shaped and kyphosis) and our findings suggest that these
are perhaps the consequence of individual variations in SVA

CERVICAL SPINE Cervical Alignment Variations in Different Postures and Predictors of Normal Cervical Kyphosis � Hey et al

1618 www.spinejournal.com November 2017

Copyright © 2017 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



and T1 slope. In particular, physiological kyphosis of the
cervical spine could occur in the context of low T1 slope and
negative SVA (Figure 2). Although T1 slope has already
been established as a strong predictor of cervical alignment,
our findings highlight the need to consider as well the effect
of a negative SVA, so as to better appreciate the full
spectrum of normal spinal alignment. Although previous
studies have shown that the creation of CL generally leads to
good outcomes,5,9,29 a tailored approach in which both T1
slope and SVA are considered may prove useful in providing
even more optimal deformity correction targets.

Although the present study has a relatively small number
of subjects, power analysis ensured that the numbers are

sufficient to prove a difference between the three x-rays
performed in the same individual using a paired statistical
test. Large SDs are a reflection of the large variations in
cervical morphology, which has been evidently shown in the
literature. This should be appreciated when studying radio-
graphic alignments of the cervical spine. The predominantly
male cohort is a potential limitation of this study due to
hormonal differences between gender which may indirectly
affect spinal alignment. However, there is currently no
evidence in the literature suggesting gender as a confounding
factor of sagittal alignment.

In conclusion, this study adds to the growing body of
evidence describing the cervical spine as a highly variable

Figure 2. Diagram of standing cervical profile based
on SVA and T1-slope. A negative SVA and low T1-
slope predisposes to a kyphotic cervical spine. A
higher T1 slope and positive SVA predisposes to a
more lordotic cervical spine. In the natural sitting
posture, both SVA and T1 slope increase drastically.
This posture generates the largest cervical lordosis.
SVA indicates sagittal vertical axis.

Figure 1. EOS images of two representative patients with changes in cervical alignment from standing to erect sitting to natural sitting.
Lordosis increases particularly in the lower cervical spine when transitioning from standing to erect sitting to natural sitting due to forward
shift in sagittal vertical axis (SVA) and increase in T1 slope. Comparing between both patients, a negative SVA and low T1 slope in standing
predisposes patient 2 to a kyphotic cervical alignment.
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structure with a wide spectrum of morphology. Key deter-
minants of its alignment include SVA and T1 slope, even in
patients with non-pathological cervical spines. Physiological
postures such as natural sitting increase T1 slope, resulting
in CL. Conversely, low T1 slope and negative SVA lead to
cervical kyphosis. Therefore, routine lordotic correction of
the cervical spine may not necessarily be physiological or
beneficial in certain patients. Deformity correction targets
should thus be individualized and determined with consider-
ation of these parameters. Future studies should be per-
formed to understand the value of alignment corrective
surgeries in patients undergoing cervical fusion for radicul-
opathy or myelopathy.

Key Points

The cervical spine has a wide spectrum of normal
morphology that also varies according to the
posture assumed by an individual.

Natural sitting increases T1 slope more than erect
sitting, resulting in CL.

Lordotic correction of the cervical spine is not
always physiological and may not prove beneficial
in certain patients.

SVA and T1 slope are key determinants of cervical
sagittal alignment, and these parameters may
guide individualized surgical correction targets to
optimize patient outcomes.
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