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Introduction

The present modern life has led to significant rise in the
spinal problems. Sitting with a forward head posture and 

neck bending is a common posture of many who do any kind of 
work in a sitting position. As a result, neck pain and subsequent 
cervical spine pathology is increasing in daily life.1 In addition, 
it causes significant disability in daily life and is an economic 
burden for its management.2 This is why currently researches 
and studies are focusing on principles of restoring the cervical 
spine anatomy and function.

Spine is the center of the human body and acts like 
fulcrum, especially in terms of posture of the body while in 
motion. Spine helps to maintain the posture of body, and this is

achieved by the multiple curvatures that it naturally adopted 
such as cervical lordosis, thoracic kyphosis and lumbar lordosis. 
In addition, it is complemented by adjacent organs like the 
pelvis and hip joints.3-8 Even though spine has various parts such 
as cervical, thoracic, lumbar and pelvic, they are not isolated 
individual parts, rather they have relationship connected among 
each other. Pelvic tilt and inclination affect lumbar lordosis, 
which then affects the curvature of the thoracic spine and 
finally the curvature of the cervical spine. There is a correlation 
between all these spinal regions, indicating that they are not 
independent of each other.9-15 Therefore, a higher pelvic tilt or 
pelvic incidence causes a rise in lumbar lordosis, which in turn 
causes an increase in thoracic kyphosis, which further causes an 
increase in cervical lordosis. Therefore, cervical lordosis can be 
a compensatory and adaptive process in response to the global 
alignment of the spine, this is what is called cervical sagittal 
balance (CSB). Likewise, if there is primary pathology in the 
cervical spine, then the lumbar spine and pelvis compensate to 
maintain the spinal alignment.10,11,16-18

Normally, there is an equilibrium and balance in the 
sagittal and coronal plane of spine.12 Sagittal balance of the spine 
has been found to be more vital than coronal balance as sagittal 
balance is more natural and anatomical while coronal balance is 
usually adaptive and pathological. This is especially important 
when making surgical plans for any kind of spinal surgery, 
especially the one aimed at correcting spinal deformity.18-24 
Therefore, in this article we will deal with the sagittal balance of 
the cervical spine. 

Biomechanics of Cervical Spine
The cervical segment is one of the vital parts of the human spine 
and it functions to maintain the position of the head in relation 
to the body. Therefore, the cervical spine not only holds the 
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head but also connects the head with the trunk and maintains the 
alignment of head mass with the pelvis and whole body.14 As a 
result, an equilibrium is maintained between the head and rest of 
the body while in motion or in rest. 
	 When the head moves in the sagittal plane paraspinal 
muscles of neck help to maintain balance by opposing the 
stress over the cervical spine.25 Whenever there is cervical 
degenerative disease, the C7 tends to shift more anteriorly 
relative to the sacrum. As a result of compensatory mechanism, 
the center of head mass will be placed over the sacrum. When the 
deformity is corrected and the spinal alignment is restored, the 
compensatory cervical spine adjustment will also reverse. This 
is the simple yet vital principle of spinal alignment and CSB.2 6-28 
When there is any deviation in this alignment due to any reason, 
such as trauma, degeneration etc., there will be imbalance in the 
head load leading to more stress in the muscles of neck and thus 
leading to neck pain and other series of pathological processes 
causing spinal deformity. 
	 Bearing of the head load by cervical spine is maintained 
and facilitated by the natural curvature of the cervical spine called 
lordosis. Lordosis of cervical spine, which is a highly mobile 
structure, also helps to balance the natural curve of thoracic 
spine (kyphosis) which is a rigid structure. The equilibrium 
required and provided by the cervical spine for head holding 
and balancing thoracic kyphosis is called CSB. The balance 
between the cervical spine and the thoracic spine, which are 
totally opposite to each other in terms of mobility and direction 
of curvature, is maintained by CSB. 
	 However, varieties of pathological processes lead to 
alteration in CSB and thus treatment should aim to restore it. 
Therefore, parameters of CSB have been formulated which help 
to make surgical strategies to maintain the natural curvature 
of cervical spine. These parameters also help assess whether 
surgical treatment restored the cervical curvature and predict 
whether the patient will benefit. 
	 In addition, cervical spine is more vulnerable to various 
degenerative and pathological processes due to its anatomical 
structure unlike lumbar spine.28 This also suggests the importance 
of parameters of CSB.
	 Cervical spondylotic  myelopathy is one of the most 
common pathologies of cervical spine that needs surgical 
management. Decompression alone and decompression 
combined with fusion are the main surgical procedures. 
Myelopathy is often associated with kyphotic changes of 
cervical spine. In that case, when surgical treatment is planned, it 
is important to consider the sagittal alignment of cervical spine. 
Only performing decompression, ventral or dorsal, without 
addressing kyphosis may not lead to the best possible outcome. 
Correcting the cervical kyphosis and hence restoring the cervical 
sagittal alignment in subaxial spine, above C7, by anterior or 
posterior approach, becomes mandatory in such situations.27-29 
This is the reason why it is essential to understand the concept 
of biomechanics and CSB of cervical spine which has distinct 
structure and function as compared to other parts of the spine. 
However, the normal value of these parameters is usually not 
uniform and often fluctuates due to various reasons. 22, 29-32

Structure and function of Cervical Spine
	 The cervical spine is a complex structure connecting the 

head to the lower spine in such a way that the head freely moves 
around with perfect equilibrium. In addition to protecting the 
spinal cord, cervical spine functions to hold the mass of the head, 
to allow it a wide range of motion and to maintain the balance of 
the whole trunk and human body. Moreover, the upper cervical 
spine that includes the first and second cervical vertebrae (C1 
& C2), craniocervical junction (C0-C1 joint) and C1-C2 joint, 
is again a unique piece. It does not have intervertebral disc 
and ligamentum flavum, has distinct bony anatomy and joints 
from occiput (C0) to C2 and is fixed in a complex ligamentous 
structure. 
	 The cervical spine is the most mobile part of the spine 
and provides about 90° of rotation, 80-90° of flexion, 70° of 
extension and 25-45° of lateral flexion. Among these movements 
about three fifths (60%) of total cervical rotation and two fifths 
(40%) of total cervical flexion and extension occur at the level 
of upper cervical spine (C0-C1-C2). C1-C2 has higher mobility 
than C0-C1 where movement is restricted due to occipital 
condyle and C1 socket anatomy. C0-C1 provides about 15-20° 
of flexion and extension. Axial rotation is limited, and lateral 
flexion is almost nil at this level. Whereas at C1-C2 level, the 
axial rotation is maximum, about 50°, followed by flexion/
extension and lateral flexion. The lower cervical spine provides 
significant flexion and extension whereas rotation and lateral 
flexion are limited at this segment due to posteriorly inclined 
facet joints. 
	 The load of the head is supported by occipital condyles 
and is transferred to the lateral masses of C1 via atlantooccipital 
joint. The lateral masses of C1 are much larger, as compared 
with those of other cervical vertebrae, to bear the load of the 
head. The load is then transferred to the vertebral body of C2. 
From the atlantoaxial joint the head load is then transferred to the 
three columns of subaxial spines. In cervical spine the anterior 
column bears about one third of the head load whereas two thirds 
of the load is born by the middle and posterior columns. This is 
in contrary to the lumbar spine where the maximum load, more 
than two thirds, is born by anterior column and the posterior 
columns bear only a small portion. 
Cervical spine joins thoracic spine which are two contrast 
structures. The cervical spine is highly mobile whereas thoracic 
spine is almost fixed. In addition, cervical spine has anterior 
curvature (lordosis) whereas thoracic spine has posterior 
curvature (kyphosis). Despite this fact, there exists a balance 
between these two structures, and this is by virtue of what is 
known as CSB. 

Cervical sagittal balance (CSB), cervical lordosis (CL) and 
cervical kyphosis (CK)
	 The cervical sagittal balance or alignment is the concept 
of relative position of head or occiput in relation to neck or 
thoracic inlet. It is the concept of how cervical spine is postured 
or positioned in the sagittal plane. If there is an imbalance 
or malalignment in the cervical spine posture it can lead to 
progressive cervical spine deformity, further malalignment and 
further deformity25, 33 ultimately leading to the deformity of 
lower spine and hip joints and to the poor health related quality 
of life (HRQOL).
	 Well-maintained cervical lordosis (CL) is essential for 
CSB as its malalignment leads to chronic neck pain, headache 
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and other spinal pathologies like radiculopathy and myelopathy. 
 Cervical lordosis changes with age, sex, degenerative changes 
and other associated pathologies. 25, 30, 34, 35

Cervical kyphosis (CK) is the condition opposite to cervical 
lordosis. It occurs when there is loss of normal lordosis and 
progressive deformity of cervical spine leading to forward 
bending of neck, opposite to the normal direction. CK is caused 
by various factors such as progressive degenerative changes, 
surgical procedures, trauma etc. and it makes cervical spine 
more rigid leading to cord and nerve compression.

Parameters of CSB 
There are numerous parameters based on radiographic 
measurements used to assess the CSB and thus cervical 
alignment and to predict the outcome after surgery (Figure 1).21, 

23, 33, 36-40 

Figure 1: Figure showing parameters of CSB; C2-7 Cobb angle, 
C2-7 Sagittal Vertical Axis (SVA), C2 slope (C2S), Occipital 
slope (OS), C2 Plumb line (PL)

1.Cervical 2-7 (C2-7) Cobb Angle: Cobb angle is one of the 
most used parameters in the spine at different levels, mainly 
at cervical and thoracic level. It was named after an American 
orthopedic surgeon John Robert Cobb and is used to measure 
the spinal curvature such as quantification of lordosis, kyphosis 
and scoliosis. In simple language, it is the angle between the 
tangential lines of lower endplates (EP) of uppermost and 
lowermost vertebrae being considered. It is also called cervical  

lordotic angle which measures cervical lordosis. Therefore, C2-7 
Cobb angle is the angle between tangential line passing through 
the LEP of C2 and that passing through the LEP of C7. It is 
measured by drawing perpendicular lines from tangential lines 
of LEP of C2 and C7. The angle made by the intersection of two 
perpendicular lines is C2-7 Cobb angle. It indicates the degree 
of lordosis of cervical spine and is used to determine its sagittal 
alignment. C2-7 Cobb Angle is also used to measure the cervical 
range of motion by taking a dynamic X-ray and measuring the 
angle in flexion and hyperextension positions. Normal C2-7 
Cobb angle is about 20°-35°. More is the Cobb angle higher 
is the lordosis. That means less Cobb angle suggests kyphosis 
or loss of lordosis. In other words, the positive value of C2-
C7 Cobb angle means lordosis and the negative value means 
kyphosis. Similarly, Occiput (C0)-C2, C1-2, C0-7 and C1-7 
cobb angles can also be considered. The cobb angles can be 
measured manually using the X-Ray images or by the automatic 
system using software.41

2.C2-7 sagittal vertical axis (SVA): It is another commonly 
implemented measure of cervical sagittal balance. SVA 
estimates the relative anteroposterior distance between the 
different segments of the spine.22,33,42 The cervical (C2-7) SVA 
is calculated by measuring the horizontal distance between the 
posterosuperior corner of the C7 vertebral body and a plumb line 
(PL) dropped from the centroid of C2. Therefore, it measures 
the distance between upper segment and lower segment of the 
cervical spine and thus estimates cervical lordosis. The higher 
the SVA the more cervical lordosis and vice versa. In general, 
C2-7 SVA <4 cm is considered normal and greater SVA has 
been shown to be associated with greater neck disability index 
(NDI).40 SVA of the whole spine can also be measured to assess 
its sagittal balance. SVA of the whole spine is the distance 
between the C7 plumb line and the posterosuperior corner of 
first sacral vertebra (S1). Similarly, C2-S1 SVA can also be 
measured. 

3.C1-7 SVA: C1-7 SVA is defined as the distance between a 
PL dropped from the center of the C1 anterior arch and the 
posterosuperior corner of the C7 vertebral body. 

4.C2 slope (C2S): C2S is a parameter to explain cervical 
deformity. It is an angle between the LEP of C2 and a horizontal 
line passing through it and is considered equivalent to T1 Slope 
(T1S) of thoracic spine. C2S has been found to be significantly 
correlated with the upper cervical and subaxial cervical spine 
alignment.24 It has been found that C2S=T1S-CL (T1S minus 
CL) is thus a significant marker of cervical deformity including 
occipitocervical with cervicothoracic spine. 

5.Occipital Slope (OS): It is the angle between the McGregor 
line and horizontal line. Its normal value is about 23°.29

6.C2 and C7 PL: C2 and C7 PL are the vertical line drawn 
from the centroid of the C2 or C7 vertebral bodies. Distance 
between these PLs (C2-7) is 15-17 mm. Higher C2-7 PL means 
more cervical curvature or lordotic. Less C2-7 PL means more 
straightening of the cervical spine due to loss of lordosis. 
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7.C7 SVA: The distance of C7 PL from the posterior sacral 
endplate is C7 SVA and it determines sagittal balance. Balanced 
spine is the one with C7 SVA <5cm and unbalanced spine is with 
C7 SVA >5cm. C7 SVA is also used to assess global spinal sagittal 
balance. If C7SVA is more than 5 cm it is called positive sagittal 
balance. In this case, there is forward stooping posture due to 
failure in compensation of sagittal balance leading to chronic 
and severe back pain. This can be corrected by appropriated 
surgical treatment which can restore the spinal curvature. 

8.Cervicothoracic junction (CTJ) and its parameters: The 
CTJ is comprised of cervical and thoracic spine and a rigid bony 
ring called thoracic inlet. Thoracic inlet is formed by the first 
ribs on either side, T1 vertebra and upper end of sternum. The 
curvature of the cervical spine is influenced by multiple factors 
including the discs between C2 and C7, the ligaments connecting 
the vertebrae and the structures of the cervicothoracic junction 
(CTJ), which usually includes C7 and the first thoracic vertebra 
(T1). Therefore, the CTJ parameters (Figure 2) also play a vital 
role in cervical spinal pathology. At the level of CTJ cervical 
spine transitions to thoracic spine which is a rigid structure with 
an opposite curvature. Same as pelvis and its orientation has 
influence on the lumbar lordosis, thoracic inlet also has its effect 
on the cervical spine and its curvature. This sudden transition 
from cervical to thoracic spine, to a completely opposite structure 
in terms of mobility and direction of curvature, puts a significant 
amount of stress on CTJ and cervical spine in both static and 
dynamic posture. This stress is taken care of naturally and thus 
an individual remains asymptomatic. But when this natural 
mechanism fails due to any reason, pathological processes 
progress in a vicious cycle.44,45

Figure 2: Figure showing parameters of CTJ; Thoracic Inlet 
Angle (TIA), T1 Slope (T1S), Neck Tilt (NT), Cranial Tilt (CT), 
Cervical Tilt (CxT)

a.T1 Slope (T1S): The slope of every vertebral body contributes 
to the curvature of spine and thus is one the important parameters 
of CSB.46,47 Sagittal imbalance of the spine is an important factor 
leading to development of clinical symptoms and degenerative 
disease. It directly influences the perioperative care and post 
operative outcome. T1S is an angle between the upper endplate 
(UEP) of T1 and a horizontal line passing through it. A large 
T1S leads to more lordosis of cervical spine and vice versa. 
The smaller the T1S the more possibility of loss of lordosis and 
kyphosis of cervical spine. In other words, an increased T1S can 
occur due to hyperkyphosis of upper thoracic spine leading to 
compensatory hyperlordosis of cervical spine. This leads to the 
development of various kinds of pathological changes in cervical 
spine. T1S in relation to cervical spine is considered equivalent 
to sacral slope in relation to lumbar spine. As higher sacral slope 
and pelvic incidence leads to higher lumbar lordosis, higher 
T1S leads to higher cervical lordosis to maintain the CSB. It 
has been found that T1S has a significant correlation with C2-7 
SVA, higher is the T1S more will be the C2-7 SVA.42,48 As 
cervical lordosis is influenced by thoracic kyphosis T1S helps 
in evaluating and determining cervical stability. T1S also serves 
as the predictor of post laminoplasty outcome in case of ossified 
longitudinal ligament or severe spinal canal stenosis.12

b.Thoracic Inlet angle (TIA): TIA is the angle made by the line 
drawn from the midpoint of the T1UEP perpendicular to it and 
the line joining the T1UEP and upper end of sternum. There is 
a very good correlation among T1S, TIA, thoracic kyphosis and 
cervical SVA.  The larger the TIA and T1S the more cervical 
lordosis is.48

c.Neck Tilt (NT): NT is the angle formed by a vertical line from 
sternum tip and the line drawn from the center of C7UEP to the 
tip of sternum. It is an angle between two lines both originating 
from the upper end of the sternum, one being a vertical line and 
the other connecting to C7UEP. Geometrically, TIA=T1S + 
NT. NT signifies TIA and therefore it is low when there is head 
forward posture.  

d.Cranial Tilt (CT): Cranial tilt is another parameter which 
helps in assessing the cervical sagittal balance. It is the angle 
made by a line which extends from the center of T1UEP to the 
odontoid tip and a vertical PL passing through it.  

e.Cervical Tilt (CxT): It is the angle made by a line that extends 
perpendicularly through the center of T1UEP and a line that 
extends from the center of T1UEP to the odontoid tip. 

9.Harrison posterior tangent method: It is one of the methods 
that have been developed and formulated to measure the extent 
of cervical lordosis. In this method tangential or parallel lines are 
drawn along the posterior margins of bodies of all the vertebrae 
from C2 to C7, and all the angles are added to obtain the cervical 
curvature. 

10.Jackson physiological stress lines: It is a modified and 
simplified version of Harrison posterior tangent method. 
Tangential lines are drawn along the posterior margin of C2 and 
C7 vertebral bodies and then the angle made by the intersection 
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of spine which are well correlated with clinical symptoms 
and radiological findings. Thus, parameters help provide the 
necessary surgical or non-surgical management. They also help 
assess the post operative status and restoration of the spinal 
curvature and efficacy of treatment. Lack of knowledge about 
the parameters fails to judge spinal problems and provide the 
appropriate treatment leading to poor clinical outcomes. 

of these lines (Figure 3) is measured. This angle can be compared 
before and after surgery to assess the restoration of cervical 
lordosis. 

Figure 3: Figure showing Jackson physiological stress lines and 
angle

11.K-line: It is the vertical line which joins the mid points of 
anteroposterior diameters of spinal canal of C2 and C7.49,50 In 
normal curvature of cervical spine, K-line lies almost in the 
middle of spinal canal and is called K-line (+) positive. It means 
K-line is not crossed by the anterior limit of spinal canal i.e. 
vertebral bodies or any pathology in the spinal canal such as 
ossified ligament (OPLL). It indicates the normal curvature 
or lordosis of the cervical spine. But in cervical spinal canal 
stenosis, especially due to OPLL, if the K-line is touched or 
crossed by the anterior limit of spinal canal, then it is called 
K-line (-) negative. It indicates the spinal canal is quite narrowed 
and there is significant loss of cervical lordosis. It not only helps 
to evaluate the cervical spine curvature before surgery but also 
helps to prognosticate and evaluate the sufficient decompression 
after surgery.

Conclusion

	 Various parameters of cervical sagittal balance have 
been explained in this review. Spine is a single organ with 
multiple vital components and must maintain sagittal balance 
to function properly. Multiple factors including joints of spine, 
intervertebral disc, paraspinal muscles, pelvis, hip joints 
etc. play vital role in the maintenance of this balance. The 
parameters have been developed to assess the exact pathology 
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