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Introduction

Restoration of the spine’s sagittal profile has been 
recognised as an important objective in adult deformity 
surgery (1). Early studies have focused mainly on achieving 
sagittal spinal balance—as determined by the sagittal 
vertical axis (SVA)—and the relationship between lumbar 
lordosis (LL) and pelvic incidence (PI). These concepts are 
still actively evolving but remain good guidelines which 
govern the basis of adult deformity surgery of the thoracic 
and lumbar spine.

In contrast, cervical spine alignment targets are less 

well established. This is due partly to the large variation 
in cervical spine alignment across normal individuals (2,3), 
as well as the conflicting evidence regarding cervical spine 
alignment and clinical outcomes (4,5). Unlike the lumbar 
spine that is almost always lordotic, cervical spine alignment 
varies based on the need to maintain horizontal gaze and to 
compensate for more caudal spinal alignment changes. 

Burgeoning interest in this field of research over the 
past decade has furthered our understanding of the sagittal 
alignment parameters which influence clinical outcomes. 
It was once thought that restoration of cervical lordosis 
was the sole end goal for surgery to the cervical spine. 
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This is now known to be just one part of the puzzle, with 
the complex interplay between local and regional cervical 
alignment, as well as with the caudal spinopelvic complex 
and global sagittal balance as a whole being gradually 
explicated. We present here a synthesis of the currently 
available evidence surrounding the sagittal alignment of the 
cervical spine.

Radiographic sagittal cervical spine alignment 
parameters 

There have been myriad radiographic parameters used to 
define sagittal alignment of the cervical spine (6), with no 
consensus as to which should be used, unlike in the caudal 
spine segments where more established guidelines exist for 
measurement of deformity angles (7). Table 1 shows some 
of the most frequently used parameters for cervical spine 
sagittal alignment, with some newly proposed parameters 
shown in Table 2.

‘Normal’ cervical spine alignment

With cervical fusion continuing to be the gold standard 
procedure for numerous cervical spine pathologies, it is vital 
to recognise the normal variations in cervical spine sagittal 
profile which in turn will help determine the optimal 
cervical spine alignment for fusion for each individual to 
maximise function while minimising complications. Unlike 
the lumbar spine which should almost invariably be lordotic 
to enable bipedal standing, and likewise the thoracic spine 
which should be kyphotic for the ribcage to counterbalance 
the caudal lumbar spine, cervical spine alignment varies 
considerably. This is due to the need for the cervical spine 
to balance overall caudal alignment changes with the 
impetus to maintain horizontal gaze. Conventional wisdom 
on the ‘normal’ lordotic cervical spine (8) likely does not 
apply universally, and is still being debated in the current 
literature. 

The cervical spine takes one of five distinct sagittal 

Table 1 Commonly used cervical spine sagittal alignment parameters

Parameter Description

C0–C2 lordosis Angle between foramen magnum and inferior end plate of C2

C2–C7 lordosis Cobb method: Angle between lines drawn tangential to inferior end plates of C2 and C7

Harrison posterior tangent method: Lines drawn tangential to the posterior borders of the C2 and C7 
vertebral bodies. Angle between lines drawn perpendicular to these

C2–C7 sagittal vertical axis Horizontal distance between vertical line from centre of C2 vertebral body and the posterosuperior 
corner of C7

Chin-brow vertical angle (CBVA) Angle between line drawn from chin to forehead (most prominent parts) and vertical line

T1 slope Angle between line tangential to superior endplate of T1 and horizontal line

Table 2 Newly proposed cervical spine sagittal parameters which allow us to better understand the cervical spine in segments, as well as its 
relationship with gaze direction and whole body balance

Parameter Description

Upper cervical spine angle Angle between gaze direction and line tangential to inferior end plate of C2

Middle cervical spine angle Angle between lines tangential to inferior end plate of C2 and superior end plate of C4

Lower cervical spine angle Angle between lines tangential to inferior end plate of C4 to superior end plate of C7 or T1

EAM-C7 sagittal vertical axis Horizontal distance between vertical line from the external auditory meatus and the posterosuperior 
corner of C7

Gaze direction (Discussed later in article)
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profiles—lordosis, neutral, kyphosis, S-shaped, and inverted 
S-shaped (Figure 1) (9-11). Whether or not lordosis should 
be the expected finding in the cervical spine is still under 
question. Several studies have investigated the cervical 
spine alignment in asymptomatic subjects and have found 
that significant proportions did not have lordotic cervical 
spines. Takeshima et al. (9) found that only about 23.5% of 
their study cohort had cervical lordosis with 26%, 19.6%, 
17.6% and 13.2% of their cohort falling within the other 
subgroups. Hey et al. (11) similarly found that only 27% 
of their asymptomatic cohort had cervical spine lordosis. 
Another study (12) classified their cohort of asymptomatic 
volunteers into lordotic and non-lordotic subtypes, with 
the latter being further subclassified into straight, sigmoid 
and kyphotic patterns. In that study with 10-year follow up, 
only 44.6% of subjects under 40 years or 55.8% of subjects 
overall had lordotic cervical spines. A recent meta-analysis 
of 15,364 asymptomatic subjects found that approximately 
36% of them had non-lordotic cervical spines (13).

Lordotic vs. non-lordotic sagittal profiles—is the 
latter pathological?

The evidence correlating these sagittal alignment subtypes 
to clinical symptoms is mixed and inconclusive. A study of 
young patients (14) found no significant difference in pain 
scores between various cervical spine alignment subgroups, 
and concluded that the differences in cervical spine 
alignment was not due to degenerative changes or muscular 
spasm. In addition, they theorised that the postural habits 
of modern society such as the need for television/computer 
gazing and reading may be responsible for the change in 
cervical spine alignment with time. This is in line with the 
concept of ligamentous muscular counterbalancing (LMC) 

recently proposed by Hey et al. (15), which describes the 
natural tendency of every individual to adopt energy-
conserving postures—there is a resultant impetus towards 
spinal kyphosis in order to rely on the posterior tension 
band of the spine. Yu et al. (10) studied the cervical spine 
alignment in a Chinese population, finding that the sagittal 
alignment in an asymptomatic cohort and those with 
symptomatic cervical spondylosis, was not significantly 
different. Patients with whiplash injuries have also been 
shown to have a similar cervical spine alignment distribution 
compared to an asymptomatic cohort (16), suggesting that 
loss of lordosis may not be a result of neck pain. It raises the 
clinical concern as to whether the restoration of lordosis for 
every patient undergoing cervical fusion is an appropriate 
surgical strategy. Cervical lordosis may not truly be 
physiological in every individual (11), and better outcomes 
may be achieved with patient-specific realignment targets.

The other school of thought is that a loss of cervical 
lordosis is always a pathological event, and that the lack 
of symptoms may simply mean that they have not yet had 
time to develop. A correlation has been reported between 
patients with acute or chronic neck pain and reduced 
cervical lordosis below 20° compared to asymptomatic 
subjects (12). Another study showed that global cervical 
sagittal alignment correlated with health-related quality 
of life indices (17); a kyphotic cervical spine theoretically 
places the neck musculature at more strain when supporting 
the weight of the head, with persistently increased 
pressures on the intervertebral discs resulting in accelerated 
degeneration and worsening deformity. This finding is also 
highlighted in several other studies in which a kyphotic 
cervical spine predisposed patients to an increased risk 
of developing neck pain (4,12) and neurovascular deficit 
including cervical myelopathy (18). 

Figure 1 The five cervical sagittal alignment subtypes.

Lordosis	 Neutral	 Kyphosis	 S-shape	 Inverted S-shape
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Overall alignment reflects a combination of 
angular and translational parameters

The concept of cervical sagittal balance has continued to 
evolve over the past decade. It suggests that it may not be 
the shape of the cervical spine alone that is important, but 
how this shape achieves global cervical sagittal balance and 
balance with the entire spinopelvic column. A commonly 
used translational marker for cervical spine sagittal balance 
is the C2-C7 SVA. Iyer et al. (19) found that in patients 
undergoing cervical spine surgery, their pre-operative 
sagittal alignment correlated to the degree of reported 
disability—higher C2-C7 SVA values predicted higher 
neck disability index (NDI) values, while higher values of 
cervical lordosis and T1-slope correlated to lower NDI 
scores. A multi-centre trial from North America of 56 
patients with cervical spondylotic myelopathy undergoing 
surgery found that pre-operative C2-C7 SVA, but not C2-
C7 lordosis (or kyphosis) were associated with modified 
Japanese Orthopaedic Association scores (20). Interestingly, 
they found that while in lordotic cervical spines the lower 
spinal cord cross sectional area on MRI correlated with 
lower mJOA scores as expected, in kyphotic cervical spines 
an inverse relationship was seen. These findings were 
echoed by Mohanty et al. (21); in their study of 124 patients 
undergoing surgery for cervical spondylotic myelopathy, 
patients with cervical kyphosis had increased T2 spinal 
cord signal on MRI and lower mJOA scores with increasing 
C2-C7 SVA, whereas those with cervical lordosis did not 
display this same relationship. These findings suggest that 
it is the combination of cervical spine sagittal morphology 
and balance, represented by both angular (kyphosis or 
lordosis) and translational parameters, that is important in 
determining patient outcomes. 

Horizontal gaze and its effect on cervical 
sagittal alignment 

Gaze direction in the sagittal plane is thought to be 
one of the major drivers of cervical sagittal alignment, 
and the ability to maintain horizontal gaze is a crucial 
goal in realignment surgeries. The current most widely 
used radiographic surrogate for this is the CBVA, 
first described for use by Simmons in the early 90s 
clinically and subsequently via clinical photographs. 
Its importance has been emphasised by its inclusion 
in  the  recent ly  in t roduced  Ames-ACD cerv i ca l 
deformity classification system (22). A CBVA ranging 

from 10–20° was associated with the highest degree of 
satisfaction in patients with ankylosing spondylitis (23).  
Overcorrection of CBVA in patients with ankylosing 
spondylitis is associated with poorer patient satisfaction 
with regard to gaze-related activities (24). 

While several authors have reported successful surgical 
correction of CBVA and improvements in horizontal gaze 
following correction of cervicothoracic deformity (25,26), 
direct evidence relating CBVA correction to improved 
patient reported outcomes is limited. Lafage et al. (27) found 
that in their cohort of 303 patients who had not undergone 
any surgery, CBVA values correlated with Oswestry 
Disability Index (ODI) scores. ODI scores were however 
only available for less than a third of their original cohort. 
A study by Diebo et al. (28) looked into the associations 
between the various spinal alignment parameters and 
horizontal gaze in patients without neck symptoms and 
found that 29% of their patient cohort was still able to 
maintain horizontal gaze with a kyphotic cervical spine. 
They concluded again that cervical kyphosis alone may 
not be universally abnormal, and it is its relationship with 
overall spinal sagittal alignment which is important. 

Radiographic assessment of gaze direction and 
horizontal gaze

Several studies (27,29) have pointed out that CBVA  
(Figure 2A) measurements are often not possible on standard 
lateral cervical spine radiographs due to exclusion of the 
relevant anatomical landmarks, and as such other markers 
of horizontal gaze have been proposed (30) including the 
slope of line of sight (Figure 2B) and McGregor’s slope 
(Figure 2C), both of which have been found to correlate 
well with CBVA (29). Hey et al. (30) previously showed 
that the assessment of horizontal gaze is often confounded 
by inconsistencies in patient posture during imaging 
despite standardised verbal and visual protocols. In that 
study, only about 75% of the study subjects capable of 
assuming horizontal gaze did so during imaging, and this 
was improved with stringent enforcement of measures such 
as a visual target, closer supervision by the radiographer, 
and the rejection of radiographs with suboptimally-
positioned patients. The authors described a direct method 
of determining gaze direction based on the ‘3-6-12 rule’, 
referring to a mean vertical offset from the sella turcica of 
3 mm, and a 6° horizontal convergence angle made by an 
imaginary line adjoining the centre of orbit to the internal 
occipital protuberance, both with 95% confidence interval 
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of ±12 mm or degrees respectively (Figure 2D). These 
landmarks are more commonly visible on conventional 
cervical X-rays and the method can be employed both on 
EOS and conventional X-ray images.

Relationship between cervical spine alignment 
and caudal spine segments

The high degree of mobility of the cervical spine allows 
it to compensate for alignment changes caudally. Most 
consistently, a T1-slope is known to correlate with 
sagittal alignment of the cervical spine, with larger 
T1-slopes corresponding to larger degrees of cervical 
lordosis (11,19,31,32) in asymptomatic adults. This is an 
unsurprising finding given T1 is simply an extension of 
the adjacent cervical spine. In the same vein, T1-slope also 
reflects the degree of thoracic kyphosis, and accordingly 
increased thoracic kyphosis typically correlates to 
increased cervical lordosis (10,31,33), as the cervical spine 
compensates to maintain horizontal gaze. The converse also 
holds true, wherein decreased thoracic kyphosis is found to 
associate with the development of cervical kyphosis (34). 

SVA is the other important parameter relating the 
sagittal alignment of the cervical spine to the caudal spine 
segments (15), and reflecting overall global sagittal balance. 
Apart from needing to counterbalance a large thoracic 
kyphosis and a high T1-slope, the need for compensatory 
cervical lordosis also increases in the presence of positive 

global sagittal balance. In these patients with positive 
spinal or whole body balance, cervical lordosis increases in 
an attempt to keep the body within the cone of economy, 
although the impact of this is likely less profound than 
that of T1-slope (11). Moreover, the same phenomenon is 
observed with changes in posture. It has been shown that 
when transitioning from a standing to sitting position, T1-
slope, thoracic kyphosis and global SVA all increase with a 
resultant increase in cervical lordosis, and vice-versa (35).

Despite relatively consistent correlations shown between 
adjacent segments of the caudal spinopelvic complex—for 
instance between PI and LL (36), PI, pelvic tilt and sacral 
slope (37), thoracic kyphosis and LL (38)—all these studies 
looking at sagittal balance interrelationships have failed 
to find similar correlations between non-adjacent spinal 
segments (e.g., between lumbar and cervical lordosis).

Cervical spine sagittal alignment fusion 
targets—lordosis or kyphosis? 

The relationship between sagittal cervical spine alignment 
and symptoms in patients prior to undergoing surgery 
remains imprecise, and the evidence for its influence on 
post-operative clinical outcomes is similarly mixed. It is 
generally accepted that in patients undergoing cervical 
fusion surgery for a variety of indications, fusion in 
kyphosis—whether regional or global—should be avoided 
as it is thought to lead to increased rates of adjacent 

Figure 2 The various radiographic measures of horizontal gaze. (A) Chin brow vertical angle; (B) slope of line of sight—angle between 
a line drawn from inferior margin of the orbit to the superior border of the external auditory meatus and the horizontal; (C) McGregor’s 
slope—angle between a line drawn from the posterosuperior corner of hard palate to opisthion and the horizontal; (D) the ‘3-6-12’ rule:  
a = vertical distance from horizontal line drawn from middle of orbit to base of sella turcica. b = angle between line drawn from middle of 
orbit to internal occipital protuberance and horizontal. 

B C DA

a
b
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segment degeneration (39,40). It has been demonstrated 
biomechanically that intradiscal pressures increased more 
in cervical spine segments adjacent to increasingly kyphotic 
fused segments, as the force required to maintain horizontal 
gaze increased with worsening forward imbalance (41). 
Restoration of cervical lordosis allows optimal distribution 
of weight to the posterior column of the cervical spine and 
more efficient energy expenditure by the neck muscles. 

Despite this, the evidence linking this to clinical 
outcomes is not robust. A systematic review by Hansen  
et al. (40) found only a low level of evidence supporting 
post-fusion global or segmental kyphosis resulting in 
higher rates of adjacent segment degeneration. This review 
however contained only five retrospective studies, with 
only one looking at sagittal balance as a separate entity (and 
not merely as a construct of cervical lordosis or kyphosis). 
Additionally the International Spine Study Group recently 
reviewed their multi-centre database of patients undergoing 
surgical cervical deformity correction, identifying several 
factors predisposing patients to distal junctional kyphosis 
following cervical fusion (42). These included significant 
pre-operative sagittal imbalance (C2-C7 SVA >56.3 mm) 
and cervical kyphosis (>12°). These parameters were not 
however assessed on post-operative radiographs, and so we 
are unable to draw any conclusions regarding the adequacy 
of alignment correction. Finally, there is some early 
evidence to suggest that kyphotic segmental fusions may 
result in increased axial neck symptoms (43,44).

Is avoidance of kyphotic fusion, enough to achieve good 
outcomes? Villavicencio et al. (5) found that patients in 
whom the fused segment alignment was maintained or 
more lordosed post-operatively had larger improvements 
in post-operative NDI and Short Form-36 (SF-36) physical 
component summary (PCS) scores compared to those in 
whom the fused segments became more kyphosed. They 
did not however find any correlation between global 
cervical spine alignment and post-operative outcomes. In 
contrast, Tang et al. (4) reported that patients with worse 
cervical spinal imbalance (higher C2-C7 SVA values) had 
worse SF-36 PCS and NDI scores, and proposed a target 
threshold value of 40 mm for post-operative C2-C7 SVA to 
define cervical sagittal malalignment. These findings were 
supported by Roguski et al. (45) who corroboratively found 
that post-operative C2-C7 SVA values of patients with 
cervical spondylotic myelopathy were inversely correlated 
with SF-36 PCS and mJOA scores at 1 year, but not NDI.

Are fusion outcomes related to type of 
approach? 

The potential risks and benefits of anterior versus posterior 
sagittal spinal realignment are well described, and it is 
possible that the inherent differences in surgical morbidity 
between the two approaches could theoretically confound 
interpretation of patient-reported results. This may be 
related to factors such as the adequacy of decompression, 
strength in correcting and maintaining spinal alignment, 
as well as influence on stabilising structures of the spine. 
Cabraja et al. (46) compared 48 patients undergoing 
surgery for cervical spondylotic myelopathy via either 
anterior or posterior approaches, finding that there was 
more correction of C2-C7 lordosis in the anterior group 
compared to the posterior group, where the cervical 
spine actually became more kyphosed at mean follow up 
durations of over two years, post-operatively. They also 
reported marginally more loss of correction in the anterior 
versus posterior groups. All patients however had improved 
mJOA scores with no significant difference between the 
two groups. Recent systematic reviews comparing outcomes 
of anterior and posterior surgery (47,48) did not find any 
difference in improvement in mJOA scores, but also did 
not look into patient-reported outcome scores. Fehlings  
et al. (49) found no differences in disease-specific and global 
patient outcome scores between the two approaches, and 
while a more recent study did report statistically superior 
outcomes for the anterior approach, this was found not to 
be clinically significant (50). It appears based on current 
evidence that the approach in itself does not account for 
differences in outcome.

Are fusion outcomes more dependent on pre-
operative alignment? 

The dearth of direct evidence linking sagittal imbalance to 
poorer surgical outcomes may reflect its overemphasised 
importance as a surgical goal. Shamji et al. (51) found that 
patients with cervical kyphosis pre-operatively demonstrated 
poorer mJOA recovery compared to those with cervical 
lordosis. Of note, they reported that this dichotomy in 
outcomes persisted despite restoration of cervical lordosis. 
Eighty-seven percent of their subgroup of 42 patients with 
pre-operative cervical kyphosis achieved cervical lordosis 
post-operatively and owing to the relatively small numbers, 
no comparison was possible with patients in whom sagittal 
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alignment was not sufficiently corrected. More likely, it 
may simply be a matter of insufficient follow up duration, 
and that the adverse effects of sagittal imbalance take 
time to manifest. Longer-term follow up studies may be 
illuminating in this regard. More work is also required to 
elucidate the appropriate degree to which correction of 
cervical alignment should be attempted.

Sagittal alignment changes following spinal fusion 
surgery in the cervical and caudal spinal segments 

Reciprocal changes in sagittal alignment of the cervical 
and thoracolumbar spine often occur following corrective 
fusion surgery. Ha et al. (52) retrospectively reviewed 
their cohort of adult patients undergoing thoracolumbar 
deformity correction surgery finding that restoration of 
global sagittal alignment reduced the compensatory curve 
of the cervical spine (representative example in Figure 3); 

patients with more lordotic cervical spines with higher C7 
SVA values pre-operatively had reduced cervical lordosis 
post-operatively, and vice-versa. This phenomenon was also 
reported independently by the International Spine Study 
Group (53) and Blondel et al. (54) following lumbar pedicle 
subtraction osteotomy with correction of global sagittal 
balance. They later compared patients with thoracolumbar 
spinal deformities who did or did not undergo corrective 
surgery, finding that those who underwent surgery were 
significantly more likely to develop cervical sagittal 
imbalance at up to two years post-operatively (55). 
Additionally, C2-C7 SVA worsening was associated with 
worse ODI scores at 1 year. 

At the same time, pre-operative cervical sagittal balance 
also influences outcomes of surgery on the caudal spine. 
Scheer et al. (56) found that in patients undergoing 
thoracolumbar deformity correction, those with pre-
operative cervical sagittal imbalance (defined at C2-C7 SVA 
>40 mm) had worse outcomes than those without. 53.5% 
of their cohort had persistent cervical sagittal imbalance 
post-operatively but again due to small subgroup numbers, 
no comparison was possible against those who had their 
imbalance corrected. 

The converse relationship is also seen, with surgical 
alteration of cervical sagittal alignment affecting adjacent 
thoracic spine alignment. Lee et al. (57) found that surgical 
correction of cervical kyphosis resulted in concordant 
increases in T1-slope and thoracic kyphosis (representative 
example in Figure 4). The same correction of cervical 
spine alignment has however not been consistently seen 
in patients with adolescent idiopathic scoliosis (AIS) 
undergoing corrective surgery. Higher proportions of 
AIS patients were found to have hypolordotic or frankly 
kyphotic cervical spines pre-operatively, related to relative 
thoracic hypokyphosis (2,34,58). All these studies however, 
have consistently found that despite adequate restoration 
of thoracic kyphosis, cervical sagittal alignment does not 
become more lordotic as expected, and in some instances, 
it even decompensates and becomes more kyphotic. More 
recently, Pepke et al. (59) have found that while subaxial 
cervical lordosis (C2-C7) similarly did not increase in AIS 
patients post-operatively, there was a consistent increase in 
lordosis if the cervicothoracic junction was included (C2-
T3). This suggests that compensatory alignment changes 
may be present and the use of functional landmarks such 
as inflexion vertebrae to assess sagittal curve profiles, may 
allow a more complete and thorough understanding of 

Figure 3 Spontaneous increase in compensatory cervical lordosis 
following increase in lumbar lordosis and thoracic kyphosis, to 
maintain overall cervical sagittal balance (C2-C7 SVA 0.9 to  
2.7 cm) and global spinal balance (SVA 2.4 to 3.6 cm). SVA, sagittal 
vertical axis.
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alignment adaptations. Understanding the direction and 
quantum of these changes is an area of active research. 

Sagittal alignment in non-fusion surgery

Motion preservation surgery in the cervical spine includes 
both anterior and posterior varieties, with choice of 
approach dependent greatly on the specific spine pathology 
being addressed. While artificial discs may have a theoretical 
advantage in sagittal realignment, the literature supporting 
this is not strong. Endoscopic cervical procedures have 
become popular over the last decade but their impact on 
cervical spine alignment is still unknown. Non-fusion 
posterior surgeries are known to be kyphosing procedures, 
with laminoplasties and laminectomies often (60)  
resulting in incrementally more loss of lordosis compared 
with laminectomy and fusion. This may again be related 

to disruption of the posterior tension band effect of the 
spine, resulting in accelerated kyphosis due to the drive 
to assume an energy-conserving posture (15). The clinical 
impact of this radiological finding is controversial. Kaptain 
et al. (61) reported an incidence of post-laminectomy 
kyphosis of up to 21%, with no effect on clinical outcome 
at a mean of four years follow up. Lee at al. (62) similarly 
showed the kyphosing effect of cervical laminoplasty, 
with 70% of their 50 patients with ossified posterior 
longitudinal ligaments having global C2-C7 kyphosis post-
operatively. No correlation to improvements in mJOA, 
visual analogue score (VAS) or patient-reported outcomes 
(SF-36 or NDI) however, were found at a mean follow up 
of 18.4 months. Chiba et al. (63) followed 80 patients who 
underwent cervical laminoplasties up to a mean of 14 years 
post-operatively, and found that while only 52% of them 
maintained lordotic alignments at final follow up, these did 
not translate to worse clinical outcomes or neurological 
deterioration. These reports suggest that radiological 
findings of post-surgical kyphosis may not have a large 
impact on patient outcomes. 

Contrary to this, Suda et al. (64) found in their series of 
114 patients undergoing laminoplasty that local and global 
post-operative kyphosis correlated with poorer recovery 
rates in mJOA. They recommended that patients with local 
kyphotic segment values exceeding 13° should undergo 
simultaneous alignment correction. They found also that 
increasing axial neck pain was seen with progressively 
more destabilising procedures, laminectomy and fusion 
followed by laminoplasty followed by laminectomy alone. 
Moreover, the higher degree of kyphosis seen in the 
group who underwent laminectomy alone was thought to 
contribute to reduced mJOA recovery rate compared to 
the other two subgroups. These findings were supported 
by Miyamoto et al. (65) who found that patients with pre-
operative local kyphosis had worse rates of neurological 
recovery with laminoplasty alone without correction of 
sagittal alignment. There was no significant difference 
in neurological outcomes between the lordotic patients 
undergoing laminoplasty and kyphotic patients who had 
simultaneous sagittal alignment correction, suggesting a 
benefit in surgically reducing local segmental kyphosis 
when possible. 

Several factors are known to predict the development 
of either immediate or delayed post-operative kyphosis 
including T1-slope (66) and greater degrees of pre-
operative sagittal imbalance (67), however there has yet to 
be any consistent evidence linking these to clinically worse 

Figure 4 Increase in T1-slope and thoracic kyphosis following 
increase in cervical lordosis.
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outcomes. 

Conclusions

Cervical sagittal balance is undoubtedly a vital concept 
that must be considered with surgery to the cervical spine. 
As it stands however, our understanding of its exact role 
and impact is incomplete and primitive. Patients with 
pre-operative cervical kyphosis with sagittal imbalance 
are known to have worse outcomes post-operatively. It 
is unclear whether and to what extent correcting this 
imbalance should be pursued, as it must be shown to result 
in clinically superior outcomes. A greater understanding of 
its relationship with overall global spinal balance will also 
be required in order to accurately determine personalised 
surgical correction targets for individual patients.
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