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Cervical spinal deformity (CSD) is a complex condition characterized by abnormal curva-
ture and cervical spine alignment. It can lead to a multitude of symptoms, including chron-
ic pain, neurological deficits, and functional impairments, severely impacting an individu-
al’s health-related quality of life (HRQoL). Surgical intervention is often necessary to ad-
dress the deformity and alleviate symptoms, but optimal surgical strategies remain a topic 
of ongoing research and debate. This narrative review aims to provide an in-depth overview 
of the surgical management of CSD, focusing on optimizing patient outcomes and enhanc-
ing readers’ understanding of the complexities involved. We begin by discussing the impor-
tance of preoperative assessment, including comprehensive radiographic evaluation and 
careful consideration of the global spinal alignment. The relationship between the cervical 
spine and the reciprocal changes that occur are explored to guide surgeons in their decision-
making process. Furthermore, we delve into the selection of fusion levels, emphasizing the 
significance of identifying the primary driver of deformity. We review the current literature 
on optimal alignment targets and strategies to optimize surgical planning. By providing a 
comprehensive analysis of the surgical management of CSD, this review aims to enhance 
the readers’ knowledge and assist surgeons in making informed decisions when planning 
and executing surgical interventions. Understanding the intricacies of CSD correction and 
the latest advancements in the field can ultimately improve patient outcomes and enhance 
HRQoL for individuals suffering from this challenging condition.

Keywords: Cervical spinal deformity, Sagittal alignment, Surgical correction, Global bal-
ance, Fusion levels, Health-related quality of life

INTRODUCTION

The primary role of the normal cervical spine is to carry the 
weight of the head and transmit it to the rest of the spine and 
body.1 Additionally, it allows for the movement of the head and 
neck, enabling various motions while ensuring the protection 
of the spinal cord in the neck region. Furthermore, it aids in 
maintaining a horizontal gaze and provides structural support 
and stability.2 However, when disrupted, these functions are 
compromised, leading to a profound negative impact on the in-
dividual’s health-related quality of life (HRQoL).1-3

With causes ranging from congenital abnormalities to degen-
erative changes, traumatic injuries, and post-surgical complica-

tions, cervical spinal deformity (CSD) presents a complex and 
multifaceted problem.4 CSD is a complex and challenging con-
dition marked by aberrant curvature of the cervical spine, often 
leading to debilitating pain, neurological impairments, and 
physical deformities. It is commonly associated with neck pain, 
radiculopathy, myelopathy, changes in head position and hori-
zontal gaze, dysphagia, and obstructive respiratory states.5,6 Its 
profound impact on patients’ HRQoL underscores the urgent 
need for effective interventions.

Surgical correction of CSD is often necessary to alleviate 
symptoms and improve patient outcomes.4 In recent years, ad-
vances in surgical techniques and instrumentation have made it 
possible to achieve successful correction of even the most se-
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vere CSDs. However, the correction of CSD is a complex and 
challenging surgical procedure that requires careful planning 
and execution. It is increasingly acknowledged that intricate 
and interconnected relationships exist between the sagittal 
curves of the entire spine and pelvis.7 The presence of these 
compensatory mechanisms poses a significant challenge in 
achieving optimal correction of CSD.

This narrative review aims to provide a comprehensive over-
view of CSD surgical strategies with a specific focus on cervical 
kyphosis (CK). We will delve into the intricate surgical consid-
erations, including radiographic parameters related to cervical 
deformity. Additionally, we will discuss the preoperative evalu-
ation and fusion-level selection, highlighting their significance 
in ensuring adequate fixation and optimal surgical outcomes.

RECIPROCAL CHANGES AND OCCIPUT-
TRUNK DISCORDANCE

Traditionally, a balanced spine has been defined based on 
spinopelvic parameters, including the C7 plumb line (C7PL). 
The C7PL is commonly used as a surrogate for assessing sagit-
tal trunk balance, as it is typically consistent with the global 
alignment of the spine in the general population and serves as a 
practical tool for estimating sagittal trunk balance.8,9 However, 
it should be noted that a spine can appear balanced (compen-
sated), yet still have inadequate spinopelvic parameters.10 Even 
though C7PL is a convenient method for estimating sagittal 

balance, its discrepancy with the global alignment has been 
widely recognized.8,11

When the distance between the gravity line, defined as the 
vertical line from the ear canal, and the C7PL exceeds 30 mm, it 
is referred to as occiput-trunk discordance.8 This discordance 
hinders the accurate assessment of true global spinal alignment 
using the C7PL alone.12 In patients with CSD, achieving concor-
dance between the occiput and trunk is challenging due to the 
limited ability to extend the cervical spine.13 Therefore, a poste-
rior shifting of the C7PL is necessary to optimize the position-
ing of the head.13,14 Subsequently, compensation in thoracolum-
bar alignment occurs as a result of the posterior shifting of the 
C7PL13 (Fig. 1). Those with a posterior shifting of C7PL from 
the pelvis are grouped as head-balanced (i.e., compensated CK), 
and those with C7PL on the pelvis as trunk-balanced (i.e., de-
compensated CK).13

Ha et al.7 described the reciprocal changes in cervical spine 
following thoracolumbar deformity surgery. Reciprocal changes 
in cervical lordosis (CL), C2–7 sagittal vertical axis (cSVA), and 
T1 slope (T1S) have been observed. (Figs. 2, 3) In a similar man-
ner, studies have reported that correcting severe cervical kyphot-
ic deformity, defined as a cSVA greater than 40 mm, has an im-
pact on thoracolumbar decompensation down to the lumbar 
spine.13-15 However, in cases of mid-CK correction, postopera-
tive decompensation is primarily observed in thoracic segment 
where as in severe deformities, lumbar decompensation is evi-
denced by a reduction in lumbar lordosis (LL) and an associated 

Fig. 1. Classification of cervical kyphosis based on compensatory mechanism and occiput-trunk concordance. PL, plumb line; 
CK, cervical kyphosis; PI, pelvic incidence; LL, lumbar lordosis; TK, thoracic kyphosis.
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increase in the mismatch between pelvic incidence (PI) and 
LL.14 Following cervical reconstruction, compensatory changes 
in the upper cervical and thoracolumbar spine resolve recipro-
cally, albeit in different patterns14-16 (Fig. 4).

The clinical significance of these reciprocal changes has been 
highlighted by Hyun et al.,15 who reported notable improve-
ments in HRQoL scores following cervical reconstruction, par-
ticularly in cases where global sagittal alignment was restored, 
and there was concordance between the occiput and trunk 

Fig. 2. Schematic illustration of cervical parameters. C2–7 lor-
dosis (CL) was measured as the angle of intersection between 
lines parallel to the inferior endplates of C2 and C7. C2–7 sag-
ittal vertical axis (cSVA) was defined as the deviation of the C2 
plumb line (extending from the centroid of the C2 vertebra) 
from the posterior superior end plate of C7. T1 slope (T1S) 
was defined as an angle formed between the T1 upper end-
plate and the horizontal line. C2 slope (C2S) was defined as 
the angle between the C2 endplate and a horizontal line. C2S 
is a mathematical approximation of T1S–CL when T1S and 
C7 slope are approximately equivalent.

T1 slope–Cervical lordosis
= T1 slope–(C7 slope–C2 slope)
= T1 slope–(C7 slope–C2 slope)
= C2 slope

C2 slope

T1 slope

cSVA

C2-C7 lordosis

Fig. 3. Reciprocal changes following thoracolumbar deformity 
surgery. Note the decrease in cervical hyperlordosis, decreased 
T1 slope, and C2–7 sagittal vertical axis.

Fig. 4. (A) Radiograph of a head-balanced (compensated) cervical kyphosis patient. The COG PL is located on the femoral head, 
indicating overall balance, but the C7PL is located markedly posteriorly, indicating cervical malalignment. The patient’s cervical 
deformity was corrected to achieve global sagittal balance and concordance between the OT. However, there were no significant 
changes in lumbopelvic alignment or lower-extremity alignment parameters. (B) Radiograph of a trunk-balanced (decompensat-
ed) cervical kyphosis patient. The COG PL is located markedly anteriorly, indicating imbalance, but the C7PL is located on the 
femoral head. Before surgery, the sagittal plumb lines indicate cervical sagittal imbalance and discordance between the occiput 
and trunk. No significant changes were found in lumbopelvic alignment or the lower-extremity alignment parameters. COG, 
center of gravity; PL, plumb line; OT, occiput-trunk; T1S, T1 slope; TK, thoracic kyphosis; LL, lumbar lordosis; PI, pelvic inci-
dence; KA, knee angle; AA, ankle angle.
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(head-balanced). In the head-balanced group, cervical realign-
ment surgery led to significant enhancements not only in reduc-
tions in visual analogue scale scores for back pain and improve-
ments in Oswestry Disability Index scores, but also in thoraco-
lumbar spine radiological indices, marked by a decrease in the 
PI–LL mismatch.15

Considering these factors, the concept of global balance uti-
lizing global alignment has been introduced to assess patients 
undergoing cervical realignment surgery. By incorporating the 
global alignment, which takes into account the entire spinal 
column, a more comprehensive evaluation of the patient’s spi-
nal alignment can be achieved, leading to improved surgical 
planning and outcomes.17 Surgeons should be aware of these 
reciprocal changes and may consider longer fusion into the 
lumbar spine, especially in patients with severe cervical and 
preexisting thoracolumbar deformities.13,14 This knowledge can 
guide surgical decision-making and facilitate comprehensive 
correction of the complex interactions between the cervical, 
thoracic, and lumbar regions, ultimately improving patient out-
comes.

GLOBAL ASSESSMENT AND THE 
DRIVER OF DEFORMITY

Due to the considerations mentioned above, conducting a 
comprehensive evaluation of patients with CSD necessitates the 
utilization of full-length standing radiographs. This approach is 
of paramount importance in order to identify potential concur-
rent thoracolumbar and cervical pathologies.18 It has been re-
ported that up to 53% of patients presenting with thoracolum-
bar deformity exhibit accompanying conditions such as CK or 
an increased cSVA.19 Thus, the implementation of full-length 
standing radiographs facilitates a more comprehensive assess-
ment of the spinal alignment and aids in identifying coexisting 
deformities, ensuring a comprehensive understanding of the 
complex nature of CSD.18,20 Understanding the compensatory 
mechanisms is paramount for successful cervical realignment 
surgery.21

Identifying the reciprocal changes occurring in the thoracic 
and lumbar spine as a result of primary cervical pathology is 
crucial, as identifying and addressing the primary driver of 
CSD during fusion procedures is vital in achieving optimal ra-
diological and clinical outcomes.18,20 It has been reported that 
patients with a primary cervical apex sagittal deformity had the 
best radiological outcomes when the cervical driver of deformi-
ty was specifically addressed.20 Conversely, patient improve-

ment was limited if the cervical deformity was driven by a tho-
racic apex sagittal deformity that was not treated.18,20

Patients with distal junctional kyphosis (DJK) exhibited higher 
T1S–CL, CL, cSVA, C2–T3 angle, and C2 slope at baseline and at 
a 1-year follow-up, indicative of either a thoracic driver of defor-
mity or a more severe cervical deformity.20,22 DJK is defined by a 
postoperative change in kyphosis greater than 10° between the 
lowest instrumented vertebra (LIV) and the vertebra 2 levels be-
low the LIV.23,24 However, unlike proximal junctional kyphosis an-
gle in thoracolumbar deformity, there is currently a lack of studies 
validating the significance of the DJK angle below the LIV in adja-
cent cervical deformity.

FUSION-LEVEL SELECTION IN CSD

Fusion-level selection in CSD remains an area of ongoing de-
bate and lacks a strong consensus among surgeons. The selec-
tion of surgical approach, osteotomies, number of fusion levels, 
and the determination of upper instrumented vertebra (UIV) 
and LIV levels exhibit remarkable variability, as highlighted by 
Smith et al.25 Despite the growing understanding of the com-
plexity and diverse manifestations of CSD, the development of 
DJK following cervical realignment surgery remains a signifi-
cant postoperative concern. LIV selection is considered a key 
component in preventing DJK, aiming to avoid the curve’s apex.26 
However, the relationship between DJK and the LIV after cervi-
cal realignment surgery has received limited attention in the lit-
erature.22,23,27

When performing multilevel cervical arthrodesis, spine sur-
geons often face the dilemma of whether to extend the fusion 
beyond the cervicothoracic junction (CTJ).28,29 The advantage 
of not crossing the CTJ is preserving the physiological range of 
motion at the C7–T1 segment.30 However, terminating the fu-
sion at C7 is associated with several risks. Studies have shown 
that ending a multilevel cervical construct at C7 increases the 
likelihood of revision surgery or distal junctional problems 
compared to extending the construct to T1.31,32 Furthermore, 
stopping the fusion at C7 is associated with suboptimal postop-
erative sagittal alignment, characterized by increased cSVA, 
greater T1S, and larger T1S–CL.33

On the other hand, crossing the CTJ has its potential benefits. 
By anchoring the arthrodesis to the rigid structure of the tho-
racic spine, sagittal stability of the construct can be achieved, 
enabling more significant correction or prevention of sagittal 
deformities.34 However, this approach is not without draw-
backs. A multicenter retrospective study indicated that extend-
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ing the fusion to T1 was associated with higher intraoperative 
blood loss, longer surgery duration, and prolonged hospital 
stay, although it demonstrated a lower rate of pseudarthrosis.35 
Despite these challenges, the advantages of crossing the CTJ, 
such as preventing distal junctional problems and improving 
deformity correction, appear to outweigh the slightly increased 
invasiveness of the surgical procedure, particularly in patients 
with mid-CK. These results favor selecting the LIV extending 
into the thoracic spine. These findings were consistent with a 
study by Ye et al.,24 which also suggested that the risk of DJK is 
lower when the LIV is at the upper thoracic segment compared 
to the lower cervical segment. Additionally, DJK incidence was 
found to be highest when the LIV level was at the lower thorac-
ic or thoracolumbar junction.

A study by Kim et al.27 compared CSD patients with LIV at 
the CTJ versus the proximal thoracic (PT) spine. The results re-
vealed that patients with fusion to the PT spine demonstrated 
larger cSVA malalignment, greater T1S–CL mismatch, and a 
higher likelihood of requiring a pedicle subtraction osteotomy 
for correction. Moreover, the PT group experienced a greater 
correction of cSVA, more reciprocal change of thoracic kyphosis 
(TK), higher final TK and DJK angles, and a higher incidence of 
DJK and reoperation, although statistical significance was not 
reached.

A novel CSD classification was devised by Koller et al.36,37 and 
the European Cervical Spine Research Society (ECSRS). The 
Koller-ECSRS classification system establishes a treatment-
guiding algorithm specifically designed for patients with rigid 
CK. Through a retrospective, multicenter review of patients 
with this condition, Koller-ECSRS categorized the deformity 
into 4 types based on the regional and global state of balance, 
designated as types A, B, C, and D. Type A represented patients 
with cervical/cervicothoracic kyphosis and maintained global 
balance. Type B encompassed those with cervical/cervicotho-
racic kyphotic deformities and concomitant global imbalance. 
Type C corresponded to cervicothoracic kyphotic deformities 
with inadequate compensatory CL and persistent global imbal-
ance. Type D included patients with appropriate CL and main-
tained global balance. The Koller-ECSRS classification demon-
strated the capacity to categorize cervical balance and align-
ment while concurrently reflecting the global balance of pa-
tients with rigid CK. Despite the utility of the Koller-ECSRS 
classification in providing a comprehensive assessment of CSD, 
it is important to note certain limitations. The classification of-
fers the most common surgical techniques utilized by the co-
hort of surgeons involved in the study, and there was limited 

discussion on further guidelines for surgical planning based on 
the specific classification types.38 As such, while the classifica-
tion offers valuable insights into regional and global balance in 
CSD, additional research was necessary to develop comprehen-
sive surgical strategies based on the different classification types 
including fusion-level selection.

Recently, a more refined and individualized surgical strategy 
based on the Kim-ISSG (International Spine Study Group) clas-
sification has been proposed.38-40 The Kim-ISSG classification is 
the first classification schema to adapt dynamic cervical radio-
graphs in defining CSD.38 The Kim-ISSG classification identi-
fies 4 distinct types of cervical spinal deformities: (1) ‘flat neck’ 
deformities, (2) focal kyphotic deformities, (3) cervicothoracic 
deformities, and (4) coronal deformities. Each type of deformi-
ty presents unique challenges and considerations in the context 
of preoperative planning and surgical intervention. A recent 
study by Kim et al.39 described the potential surgical strategy 
for each subtype of CSD. The UIV selected did not significantly 
vary across cervical subtypes. There was, however, a significant 
difference in the LIV selected across subtypes. Type 3 cervico-
thoracic deformity patients had less upper thoracic LIV and 
more thoracolumbar LIV. For patients with type 2 focal defor-
mity, there were significantly more patients with a LIV in the 
cervical spine. This approach may provide valuable insight on a 
selection of approaches for patients with CSD. Ultimately, how-
ever, the fusion length will also depend on the magnitude of the 
deformity, the location of the deformity, and the presence/ab-
sence of concurrent degeneration at the adjacent segments in 
the planned end vertebrae.

It’s worth mentioning that several classification systems exist, 
each with its distinct advantages and applicability. The field of 
CSD is dynamic, and a holistic approach often requires the 
amalgamation of insights from multiple classification frame-
works. The inclusion of Kim-ISSG in our manuscript serves as 
an illustrative example and shouldn’t be construed as an en-
dorsement of its superiority.

OPTIMAL ALIGNMENT TARGETS FOR 
CSD: INSIGHTS FROM RECENT 
RESEARCH

While CK was traditionally deemed abnormal, recent studies 
have revealed that CK may not always represent an abnormal 
alignment, particularly in patients with low TK.2,41,42 However, 
it is important to consider the curvature of the C2–7 segment 
in patients with functional neck disability.
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A significant predictor of disability in cervical malalignment 
is the cSVA. Pioneering work by Tang et al.3 highlighted the rela-
tionship between various radiographic parameters and HRQoL 
in postoperative patients who underwent a long-segment poste-
rior cervical fusion. Increasing cSVA was significantly correlated 
to increasing disability on the Neck Disability Index (NDI) and 
the 36-item Short Form health survey physical composite score.3 
Several studies have since corroborated this finding.43-45 Subse-
quent studies have consistently supported this correlation, dem-
onstrating that increasing cSVA is associated with greater dis-
ability scores. In particular, Hyun et al.44 proposed that a cSVA 
greater than 40- and 70-mm corresponds to moderate- (NDI>  
25) and severe disability (NDI> 35), respectively.

In addition to cSVA, the T1 slope minus CL (T1S–CL) has 
emerged as another important parameter related to cervical dis-
ability.46 Similar to the PI–LL mismatch observed in thoraco-
lumbar deformity, the T1S–CL mismatch is gaining recognition 
as a local regulator of cervical alignment. T1S strongly correlates 
with TK, CL, and the C0–2 angle.47,48 Functionally, a substantial 
T1S necessitates a corresponding CL to achieve harmonious 
alignment and facilitate horizontal gaze. Insufficient CL in this 
context results in a high T1S–CL, adversely impacting disability 
scores.49 Oe et al.50 conducted a study on 656 volunteers aged 50 
to 89 years and found that cSVA> 40 mm or more, T1S> 40°, 
and T1S–CL> 20° had worse EuroQoL-5 dimension health sta-

tus scores. Iyer et al.45 were among the first to show the impact 
that T1S–CL can have on disability scores. In their analysis of 
preoperative patients, higher T1S–CL, along with cSVA, was 
found to be an independent predictor of increased disability.45 
Hyun et al.44 found a similar relationship in postoperative pa-
tients undergoing multilevel posterior surgery that a T1S–CL 
exceeding approximately 20° and 25° was associated with mod-
erate- and severe disability, respectively.

Recent research has also focused on C2 slope (C2S), defined 
as the angle between the C2 endplate and a horizontal line, as an 
approximation of T1S–CL (Fig. 2). C2S has shown strong corre-
lations with various measures of CSD, including cSVA and T1S–
CL, and moderate correlations with HRQoL measures.17,51-53 
Notably, Protopsaltis et al.51 proposed that a C2S of 20° is indica-
tive of moderate disability. Another study identified optimal 
thresholds for T1S and C2S.52 Reducing T1S below the severe 
threshold of 45.5° and further below the optimal threshold of 
26° substantially reduces the occurrence of distal junctional fail-
ure. Patients with C2S exceeding the severe threshold of 38° 
failed to achieve optimal clinical outcomes. Overall 60% of the 
patients developed DJK, and 85.7% underwent reoperation.52 
Notably, patients above the severe threshold for C2S had poor 
outcomes.

Based on these significant findings, an individualized cervi-
cal realignment strategy has been recently proposed, with a pri-
mary focus on correcting C2S and LIV selection.54 A hierarchi-
cal approach recommends first correcting C2S to below 10°, fol-
lowed by selecting a stable LIV, defined as the LIV with an in-
clination angle (Fig. 5) ranging from 0° to 40°, and finally achiev-
ing correction of cSVA below 35 mm (Fig. 6). The LIV inclina-
tion is defined as the angle between the vertical plumb line and 
the best-fit line crossing the center of the LIV, LIV-1, and LIV-
2. Williamson et al.54 sought to devise a stepwise approach by 
prioritizing cervical parameters in order to address cervical re-
alignment surgery to improve clinical outcomes and reduce DJK 

Fig. 5. Schematic illustration of lowest instrumented vertebra 
(LIV) inclination. LIV inclination is defined as the angle be-
tween the vertical and the best-fit line crossing the center of the 
LIV, LIV-1, and LIV-2.

Fig. 6. Hierarchical approach to cervical spinal deformity cor-
rection. LIV, lowest instrumented vertebra; cSVA, C2–7 sagit-
tal vertical axis.
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and reoperation. The study revealed through adjusted analysis 
using the analysis of covariance and multivariable regression 
that this hierarchical approach led to a significantly lower rate 
of poor clinical outcomes. Implementation of this approach has 
demonstrated superior 2-year HRQoL outcomes, reduced rates 
of DJK and reoperation, and higher rates of attaining optimal 
outcomes.54 There are limitations that this hierarchical approach 
has not been confirmed in other studies. Despite the limitations, 
this is the first attempt to provide stepwise approach to cervical 
realignment surgery by prioritizing cervical parameters. These 
findings underscore the possible importance of addressing C2S 
during cervical realignment surgery, selecting an appropriate 
LIV, and attaining the ideal cSVA threshold.

INTEGRATED APPROACH AND 
PRACTICAL RECOMMENDATIONS FOR 
CSD ASSESSMENT AND SURGICAL 
PLANNING

In our current practice, we adopt a systematic approach aligned 
with the structure of this article. Our assessment commences 
with a thorough global evaluation of compensatory mechanisms 
and the identification of primary deformity drivers. The current 
assessment of identifying the primary driver of deformity lacks 
a straightforward algorithm and often relies on expert consen-
sus only.20,22 We endeavor to infuse this process with as much 
objectivity as possible.

To achieve this, we have divided our patient cohort into 2 dis-
tinct subgroups: compensated and decompensated cases (Fig. 
1).15 This categorization assists in delineating patients who re-
tain a balanced state (akin to Koller-ECSRS type A or Kim-ISSG 
classification focal kyphosis) from those who manifest more 
pronounced cervical malalignment (similar to Koller-ECSRS 
type B or C or Kim-ISSG classification flat neck or cervicotho-
racic). By anchoring our LIV selection to this classification, we 
bring into focus the nuanced demands of each case.

In the compensated CK scenario, where global balance is re-
tained, we generally select the LIV at the C7 or PT level, de-
pending on the magnitude of correction (Fig. 4A). On the other 
hand, the decompensated patients, while similar in some as-
pects, often resemble Koller-ECSRS type B or C or Kim-ISSG 
classification flat neck or cervicothoracic (Fig. 4B). In these in-
stances, we adopt an approach that extends the LIV beyond the 
PT spine while avoiding the apex, which is in line with the rec-
ommendations set forth by Williamson et al.54 This stratagem 
harmonizes with our objective of integrating the global com-

pensatory status, thereby mitigating potential complications or 
malalignment issues stemming from cervical realignment sur-
gery.

Subsequently, we proceed with preoperative planning, encom-
passing the determination of adjustment targets. Our focus lies 
on individualized optimization of T1S, C2S, and cSVA, while 
considering potential reciprocal changes that might compromise 
the patient’s disability, including horizontal gaze. We then design 
the overall CTJ angle. Intraoperatively, our emphasis remains on 
optimal positioning. We maximize head elevation to minimize 
cSVA (< 4 cm) and reduce excessive T1S (T1S–CL< 20°), there-
by enhancing global and regional balance. Intraoperative ad-
justments and angular corrections are tailored to each patient’s 
unique requirements.

We recognize that the process of selecting an appropriate LIV 
for CSD surgery is multifaceted, incorporating variables such as 
the extent of deformity and existing malalignment. While the 
optimal fusion levels for treating CSD remain enigmatic, the 
cornerstone of our recommendations lies in the significance of 
meticulous preoperative planning. Identifying primary drivers 
of deformity bears paramount importance in guiding the deci-
sion to extend fusion levels into the mid to lower thoracic spine. 
While we provide these recommendations based on the culmi-
nation of our experiences and the insights gathered from this 
narrative review, we acknowledge the ongoing need for pro-
spective studies to establish an evidence-based approach for fu-
sion-level selection in CSD.

This integrated approach aims to serve as a practical guide 
for clinicians navigating the intricate landscape of CSD assess-
ment and surgical planning. By implementing these recom-
mendations, we aspire to enhance patient outcomes and con-
tribute to the ongoing advancements in this field.

CONCLUSION

The surgical correction of CSD is a complex and challenging 
procedure that requires careful consideration of various radio-
graphic parameters and individualized treatment strategies. By 
incorporating global balance, addressing reciprocal changes, 
and selecting fusion levels based on the primary driver of de-
formity, surgeons can optimize surgical outcomes and improve 
the HRQoL of patients with CSD. Continued research and ad-
vancements in surgical techniques will further enhance our un-
derstanding and management of this intricate condition.
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