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Original Article

Cervicothoracic Versus Proximal Thoracic
Lower Instrumented Vertebra Have
Comparable Radiographic and Clinical
Outcomes in Adult Cervical Deformity

Han Jo Kim, MD1 , Yu-Cheng Yao, MD1,2 , Mathieu Bannwarth, MD1,3,
Justin S. Smith, MD, PhD4 , Eric O. Klineberg, MD5, Gregory M. Mundis, MD6,
Themistocles S. Protopsaltis, MD7, Jonathan Charles-Elysee, MS1,
Shay Bess, MD8, Christopher I. Shaffrey, MD9, Peter G. Passias, MD7,
Frank J. Schwab, MD1, Christopher P. Ames, MD10, Virginie Lafage, PhD1;
and International Spine Study Group (ISSG)

Abstract

Study Design: Comparative cohort study.

Objective: Factors that influence the lower instrumented vertebra (LIV) selection in adult cervical deformity (ACD) are less
reported, and outcomes in the cervicothoracic junction (CTJ) and proximal thoracic (PT) spine are unclear.

Methods: A prospective ACD database was analyzed using the following inclusion criteria: LIV between C7 and T5, upper
instrumented vertebra at C2, and at least a 1-year follow-up. Patients were divided into CTJ (LIV C7-T2) and PT groups (LIV
T3-T5) based on LIV levels. Demographics, operative details, radiographic parameters, and the health-related quality of life
(HRQOL) scores were compared.

Results: Forty-six patients were included (mean age, 62 years), with 22 and 24 patients in the CTJ and PT groups, respectively.
Demographics and surgical parameters were comparable between the groups. The PT group had a significantly higher preoperative
C2-C7 sagittal vertical axis (cSVA) (46.9mm vs 32.6mm, P¼ 0.002) and T1 slope minus cervical lordosis (45.9� vs 36.0�, P¼ 0.042)
than the CTJ group and was more likely treated with pedicle-subtraction osteotomy (33.3% vs 0%, P ¼ 0.004). The PT group had a
larger correction of cSVA (�7.7 vs 0.7mm, P¼ 0.037) and reciprocal change of increased T4-T12 kyphosis (8.6� vs 0.0�, P¼ 0.001).
Complications and reoperations were comparable. The HRQOL scores were not different preoperatively and at 1-year follow-up.

Conclusions: The selection of PT LIV in cervical deformities was more common in patients with larger baseline deformities, who
were more likely to undergo pedicle-subtraction osteotomy. Despite this, the complications and HRQOL outcomes were
comparable at 1-year follow-up.
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Introduction

Adult cervical deformity (ACD) is caused by heterogeneous

etiologies, can lead to severe symptoms, and may require sur-

gical treatment.1,2 Multiple studies had addressed the associa-

tion between sagittal malalignment of the cervical spine and the

health effects on symptomatic ACD patients.3-7 Over the last

few decades, advances in surgical techniques, anesthesia, and

patient care have improved the surgical outcome in patients

with spinal deformity.8 Surgical treatment can restore the sagit-

tal alignment, relieve symptoms, and improve the health-

related quality of life (HRQOL) outcomes, and is an effective

treatment method for most symptomatic patients.9-12

The complexity of ACD makes surgical decision-making

challenging and controversial. Prior reports have shown marked

variation in surgical treatment strategies and classifications for

cervical deformity.13-17 Ames et al13 and Kim et al14 have pro-

vided the framework for the classification of cervical deformities

by radiographic alignments and morphologies and demonstrated

a correlation to HRQOL outcomes. Hann et al15 attempted to

delineate analgorithmfor the selectionof surgical approachbased

on fixed versus passively-correctable deformities. Smith et al18

highlighted the remarkable variability in the selection of surgical

approach, osteotomies, number of fusion levels, and upper (UIV)

and lower (LIV) instrumented vertebral levels. A strong consen-

sus on surgical planning is still lacking, and the use of different

surgical techniques can significantly affect HRQOL outcomes

and the occurrence of complications.18-23

Patients with ACD often required extensive fusions that

extend the LIV into the thoracic spine.15,22,24,25 However,

factors that influence LIV selection have been scarcely

reported in the literature. Thus, this study aimed to examine

whether there are significant differences between patients with

ACD who have an LIV to the cervicothoracic junction (CTJ)

versus an LIV to the proximal thoracic (PT) spine.

Materials and Methods

This study was conducted as a comparative cohort study based

on a prospectively collected multicenter database of patients

with ACD, from January 2013 to October 2016. Institutional

review board approval was obtained from each of the partici-

pating sites across the country. Informed consent was obtained

from the patients.

The inclusion criteria of the database were patients aged

>18 years and meeting at least 1 of the following radiographic

criteria: cervical scoliosis with Cobb angle >10�, C2-C7 sagit-

tal vertical axis (cSVA) >4 cm, cervical kyphosis>25�, and/or
chin-brow vertical angle >25�. Additional inclusion criteria in

this study were UIV of C2, LIV between C7 and T5, and a

minimum of 1-year follow-up. Patients with active tumor or

infection were excluded. Patients were divided into 2 groups

based on the LIV levels: CTJ group (LIV between C7 and T2)

and PT group (LIV between T3 and T5). Parameters of the

2 groups were then analyzed.

Patients’ demographics and operative details were collected

and included age, sex, prior cervical fusion surgery, prior thor-

acolumbar fusion surgery, estimated blood loss, operative time,

surgical approach, level of instrumentation, and presence of

pedicle-subtraction osteotomy (PSO). Radiographic para-

meters were measured on full-length, free-standing spine radio-

graphs at baseline preoperatively and at 1-year postoperative

follow-up; parameters measured were C2-C7 lordosis (CL),

cSVA, T1 slope (TS), T1 pelvic angle (TPA), T4-T12 kyphosis

(TK), pelvic tilt (PT), pelvic incidence (PI), lumbar lordosis

(LL), C7-S1 sagittal vertical axis (SVA), and the distal junc-

tional kyphosis (DJK) angle (the angle between the superior

endplate of the LIV and the inferior endplate of the second

distal vertebra below) (Figure 1). Abnormal radiographic DJK

angles were defined as a junctional kyphosis angle of�10� and
a postoperative increase of �10�.26 All radiographic para-

meters were obtained using SpineView® (ENSAM, Laboratory

of Biomechanics, Paris, France).

The primary outcomes were clinical, radiographic, and

HRQOL score outcomes. The secondary outcomes were com-

plications and reoperations due to complication during the

follow-up. The HRQOL scores, including the numerical rating

scale (NRS) for neck and back pain, Neck Disability Index

(NDI), and modified Japanese Orthopaedic Association

(mJOA) scores, were obtained preoperatively and at the

1-year postoperative follow-up. Complications were tallied,

and major complications were defined as previously published:

those requiring additional intervention or return to the operat-

ing room, those resulting in increased length of hospital stay, or

those that are not resolved during follow-up.27 The number of

major complications and complications requiring reoperation

were determined.
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Statistical analysis was performed using SPSS version 22.0

(IBM Corp., Armonk, NY, USA). Categorical data was com-

pared using the chi-squared or Fisher’s exact tests, and contin-

uous data was compared using the independent T-test or

Wilcoxon rank-sum test, as appropriate. A 2-tailed significance

level was set at P < 0.05.

Results

A total of 64 patients met the inclusion criteria, and 46 patients

who had completed the follow-up and data collection were

included in the analysis. The average age was 61.6+ 9.2 years,

with a mean follow-up of 12 months. Of the patients, 25 were

women (54.3%). All patients had undergone cervical surgery,

and 13% had undergone thoracolumbar surgery (Table 1). Of

the entire cohort, the average preoperative cervical alignments

were cervical lordosis of �13.7� + 17.8�, a high TS-CL mis-

match of 41.2� + 16.4�, and a high cSVA of 40.1+ 16.3mm.

No patients had preoperative thoracolumbar sagittal malalign-

ment, whereas the PT was 19.7� + 8.6�, the PI-LL was 1.6� +
12.6�, and the SVA was �2.8 + 67.6mm (Table 2). The cer-

vical alignments improved significantly after corrective sur-

gery. Cervical lordosis increased by 5.7 + 13.3 (P < 0.001),

TS-CL by 31.3 + 13.6 (P < .001), and cSVA by

Table 1. Patient Demographics and Operative Details of the Overall Cohort and the 2 Groups.

Parameters Total cohort (n ¼ 46) CTJ group (n ¼ 22) PT group (n ¼ 24) P

Demographics
Age (years) 61.6 + 9.2 61.8 + 7.7 61.4 + 10.5 0.873
Female sex 25 (54.3%) 13 (59.1%) 12 (50%) 0.568
Prior cervical surgery 46 (100%) 22 (100%) 24 (100%) 1
Prior thoracolumbar surgery 6 (13%) 3 (13.6%) 3 (12.5%) 1

Surgical parameters
Surgical approach 0.198
Posterior only 23 (50%) 8 (36.4%) 15 (62.5%)
Combined approach 23 (50%) 14 (63.6%) 9 (37.5%)
% PSO 8 (17.4%) 0 (0%) 8 (33.3%) 0.004
Operative time (min) 315.4 + 141.9 346.0 + 148.8 287.3 + 132.2 0.417
EBL (ml) 667.1 + 499 603.9 + 600.2 725.0 + 388.4 0.164

Abbreviations: PSO, pedicle-subtraction osteotomy; EBL, estimated blood loss; CTJ, cervicothoracic junction; PT, proximal thoracic.

Figure 1.Measurement of radiographic parameters. TPA, T1 pelvic angle; SVA, C7-S1 sagittal vertical axis; TK, T4-T12 kyphosis; PT, pelvic tilt;
PI, pelvic incidence; LL, lumbar lordosis; CL, C2-C7 lordosis; cSVA, C2-C7 sagittal vertical axis; TS, T1 slope.
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36.4 + 11.8mm (P ¼ 0.078), whereas the TK and SVA reci-

procal increased significantly and caused more forward global

alignment (Table 2).

There were 22 patients in the CTJ group and 24 in the PT

group (Figure 2). Age, sex, prior spinal surgery, surgical

approach, estimated blood loss, and operative time were all

comparable between the 2 groups. Patients in the PT group

received more PSO than those in the CTJ group (33.3% vs

0%, P ¼ 0.004) (Table 1). The PT group had a significantly

higher preoperative cSVA (46.9 + 13.6 mm vs 32.6 +
16.0mm, P ¼ 0.002) and TS-CL mismatch (45.9� + 17.1�

vs 36.0� + 14.1�, P ¼ 0.042) than the CTJ group. The pre-

operative thoracolumbar alignments were not significantly dif-

ferent between the 2 groups. After surgery, the radiographic

parameters were comparable, except the TK, which was higher

in the PT group than in the CTJ group (49.0� + 11.6� vs 36.3�

+ 12.5�, P¼ 0.001) at 1-year follow-up. A larger correction of

cSVA (�7.7 + 12.2mm vs 0.7 + 14.3mm, P ¼ 0.037) and

increased TK (8.6� + 8.7� vs 0.0� + 7.2�, P ¼ 0.001) was

found in the PT group (Table 3). Case examples of the 2 groups

were shown in Figure 3.

The incidence of DJK was 20.8% in the PT group and 9.1%
in the CTJ group (P ¼ 0.418) at the 1-year follow-up. The DJK

angle in the PT group was significantly higher than that in the

CTJ group at 1 year (21.9� + 9.3� vs 10.9� + 5.9�, P< 0.001).

Moreover, 71.1% of the patients developed at least one com-

plication, and 21.5% of the complications were major. The

incidence and type of major complications were not different

between the groups (Table 4). Six patients (13%) needed reo-

peration due to complications. The PT group had a higher

reoperation rate (20.8% vs 4.5%, P ¼ 0.19), but the difference

did not reach statistical significance. The causes of reopera-

tions were neurologic deficit (n ¼ 1) in the CTJ group, and

DJKs (n ¼ 2), neurologic deficit (n ¼ 2), and prominent

implant (n ¼ 1) in the PT group (Table 4). The HRQOL scores

of the NRS back/neck, NDI, and mJOA scores were not sig-

nificantly different between the 2 groups at preoperative base-

line and at the final follow-up. Improvements in all HRQOL

scores were comparable between the 2 groups (Table 5).

Discussion

Our result suggests that the preoperative radiographic para-

meters affect the selection of the LIV level in cervical defor-

mities. The entire cohort had preoperative moderate cSVA

malalignment, severe TS-CL mismatch, and moderate myelo-

pathy, and had no thoracolumbar malalignment according to

the Ames Cervical Deformity classification.13 Patients who had

longer fusions extending into the PT spine had a larger preo-

perative cSVA malalignment, a greater TS-CL mismatch, and

had more PSOs performed than those with fusions at the CTJ

spine. Radiographic and clinical outcomes were comparable

between the 2 groups at the 1-year follow-up. The PT group

had a higher rate of DJK and reoperation, but the difference did

not reach statistical significance. No difference was found in

the incidence of major or minor complications and the HRQOL

scores between the 2 groups.

A few studies have addressed the importance of LIV selec-

tion by preoperative alignments. Virk et al17 defined an algo-

rithm for deciding LIV for patients with ACD based on

consensus recommendations among spine surgeons. They sug-

gested that if previously placed instrumentation is higher than

T6, the LIV should bypass the old UIV, which likely reflects

the need to properly treat a cervicothoracic or thoracic driver

for deformity. Passia et al24,25 had described the primary driver

of ACD and found the importance of including the primary

driver of the deformity in the construct; otherwise, it would

lead to residual malalignment and inferior HRQOL scores,

which stresses the importance of preoperative alignment to

postoperative outcomes. Neither of those studies had specifi-

cally discussed the selection of LIV over the CTJ versus PT

spine. To the best of our knowledge, our study is the first to

describe the association of preoperative radiographic

Figure 2. Distribution of the location of the lowest instrumented
vertebra.

Table 2. Pre- and Postoperative Radiographic Parameters of the
Entire Cohort.

Parameters Pre Post P

Cervical alignments
CL (�) �13.7 + 17.8 5.7 + 13.3 <0.001
TS (�) 27.4 + 14.2 37.2 + 12.4 <0.001
TS-CL (�) 41.2 + 16.4 31.3 + 13.6 <0.001
cSVA (mm) 40.1 + 16.3 36.4 + 11.8 0.078

Thoracolumbar alignments
TPA (�) 13.4 + 9.2 15.2 + 10.2 0.057
TK (�) �38.5 + 12.3 �43.9 + 13.5 0.002
PT (�) 19.7 + 8.6 19.0 + 9.5 0.325
PI (�) 53.9 + 10.9 54.1 + 10.6 0.536
LL (�) 52.3 + 14.6 51.2 + 15.1 0.355
PI-LL (�) 1.6 + 12.6 2.9 + 13.9 0.277
SVA (mm) �2.8 + 67.6 26.7 + 66.6 <0.001

Abbreviations: CL, C2-C7 lordosis; TS, T1 slope; cSVA, C2-C7 sagittal vertical
axis; TPA, T1 pelvic angle; TK, T4-T12 kyphosis; PI, pelvic incidence; LL, lumbar
lordosis; SVA, C7-S1 sagittal vertical axis.
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parameters and the selection of LIV in the CTJ versus PT spine

in cervical deformities.

The greater PSOs performed in the PT group are thought to

be associated with the larger correction of cSVA. Previous

studies have shown that PSOs are a powerful osteotomy that

can provide superior angular corrections and substantial sagit-

tal deformity correction in cervical or cervicothoracic defor-

mites.21-23 The decision on osteotomy type and level was

impacted by the primary driver or apex of cervical deformity.

Smith et al23 reported 23 ACD patients treated with 3-column

osteotomy and found that most of them had the apex over the

cervicothoracic junction or thoracic region. Passias et al25 sum-

marized the different types of primary driver of ACD and

noticed that the 3-column osteotomy was performed more in

those that had the primary driver over the cervicothoracic junc-

tion than in the cervical spine. For the selection of level for

PSO, Smith et al23 also found that the level of PSO was mainly

in the T2 and T3 than C7 and T1. The consideration of a more

caudal level of PSO is a potential safety enhancement to avoid

the risk of vertebral artery compromise with C7 PSO and C7,

C8, T1 nerve injury with PSO at the C7 and T1 levels. It is

reasonable to extend the LIV to the PT spine in ACD patients

requiring PSO at the CTJ. One should know that the LIV should

not include the apex of the thoracic kyphosis (usually T7-T9) to

avoid junction problems.

Table 3. Radiographic Parameters Analysis Between the CTJ and PT Groups at Preoperative Baseline and at the Postoperative 1-Year
Follow-Up.

Parameters

Preoperative Postoperative 1 year Difference

CTJ group PT group P CTJ group PT group P CTJ group PT group P

Cervical alignments
CL (�) �12.4 + 13.0 �14.9 + 21.6 0.645 4.5 + 11.1 6.8 + 15.3 0.566 17.0 + 16.0 21.7 + 19.7 0.376
TS (�) 23.4 + 10.7 30.9 + 16.0 0.074 33.9 + 9.9 40.1 + 13.6 0.084 10.5 + 9.2 9.2 + 12.1 0.685
TS-CL (�) 36.0 + 14.1 45.9 + 17.1 0.042 29.3 + 12.9 33.3 + 14.0 0.326 �6.9 + 16.7 �12.6 + 17.2 0.271
cSVA (mm) 32.6 + 16.0 46.9 + 13.6 0.002 33.3 + 12.9 39.2 + 10.2 0.095 0.7 + 14.3 �7.7 + 12.2 0.037

Thoracolumbar alignments
TPA (�) 12.8 + 10.7 13.6 + 7.7 0.768 13.7 + 12.1 16.7 + 7.6 0.322 0.9 + 7.5 2.7 + 4.2 0.346
TK (�) �36.4 + 10.8 �40.4 + 13.5 0.271 �36.3 + 12.5 �49.0 + 11.6 0.001 0.0 + 7.2 �8.6 + 8.7 0.001
PT (�) 17.7 + 9.7 21.5 + 7.3 0.145 16.6 + 10.5 21.1 + 8.2 0.111 �1.1 + 6.0 �0.4 + 4.2 0.643
PI (�) 51.5 + 11.2 56.2 + 10.2 0.145 51.8 + 11.0 56.3 + 10.1 0.155 0.3 + 1.9 0.1 + 1.9 0.715
LL (�) 50.1 + 16.7 54.5 + 12.3 0.324 48.8 + 17.4 53 + 12.6 0.318 �1.2 + 10.3 1.0 + 6.0 0.936
PI-LL (�) 1.4 + 14.7 1.8 + 10.6 0.916 2.9 + 17.2 2.9 + 10.4 0.999 1.5 + 10.3 1.1 + 5.4 0.871
SVA (mm) 7.1 + 54.4 �15.4 + 77.8 0.768 29.6 + 66.0 22.0 + 67.6 0.703 22.5 + 58.6 36.6 + 41.6 0.363

Abbreviations: CL, C2-C7 lordosis; TS, T1 slope; cSVA, C2-C7 sagittal vertical axis; TPA, T1 pelvic angle; TK, T4-T12 kyphosis; LL, lumbar lordosis; PI-LL, pelvic
incidence minus lumbar lordosis; SVA, C7-S1 sagittal vertical axis; CTJ, cervicothoracic junction; PT, proximal thoracic.

Table 4.Complications and Reoperations in Patients of the 2 Groups.

Variables
CTJ group
(n ¼ 22)

PT group
(n ¼ 24) P

Total number of complications 34 31
Major complications 8 (23.5%) 6 (19.4%) 0.683

Total patient affected 15 (68.2%) 17 (70.8%) 0.845
Types of major complications
Dysphagia 1 (4.5%) 0 (0%) 0.478
Instrumentation 1 (4.5%) 1 (4.2%) 1
Organ failure 1 (4.5%) 0 (0%) 0.478
Neurological 1 (4.5%) 2 (8.3%) 1
Vascular 1 (4.5%) 1 (4.2%) 1

Total number of reoperations 1 6
Total patient affected 1 (4.5%) 5 (20.8%) 0.190
Reoperation types
Instrumentation 0 (0%) 1 (4.2%) 1
Operative 0 (0%) 1 (4.2%) 1
Radiographic—DJK 0 (0%) 2 (8.3%) 0.490
Neurological 1 (4.5%) 2 (8.3%) 1

Abbreviations: DJK, distal junctional kyphosis; CTJ, cervicothoracic junction;
PT, proximal spine.

Table 5. Health-Related Quality of Life Scores in the CTJ and PT
Groups at Different Time Points.

Variables Time point CTJ group PT group P

NRS neck Preop 7.0 + 2.8 6.7 + 2.2 0.738
1Y 3.7 + 2.6 5.0 + 3.4 0.168
Change �3.2 + 3.2 �1.8 + 3.0 0.135

NRS back Preop 5.2 + 3.1 4.7 + 2.8 0.562
1Y 4.6 + 2.5 4.3 + 3.5 0.730
Change �0.6 + 2.5 �0.2 + 2.8 0.648

NDI Preop 49.9 + 13.5 52.9 + 17.1 0.516
1Y 39.7 + 18.1 44.6 + 18.8 0.390
Change �10.2 + 13.9 �9.9 + 14.7 0.957

mJOA Preop 13.0 + 3.3 13.5 + 2.8 0.628
1Y 13.3 + 3.2 13.4 + 3.3 0.923
Change 0.1 + 2.9 �0.1 + 2.7 0.861

Abbreviations: NRS, numerical rating scale; mJOA, modified Japanese Ortho-
pedic Association; NDI, neck disability index; Preop, preoperative; CTJ, cervi-
cothoracic junction; PT, proximal thoracic.
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The development of DJK is one of the concerns in planning

corrective surgery for ACD. The selection of UIV or LIV is

typically viewed as a decision a surgeon can make to prevent

junctional kyphosis.28 Passias et al29,30 reported multiple fac-

tors that predict the occurrence of DJK, including baseline

radiographic parameters, preoperative neurological deficit,

combined surgical approach, use of a transitional rod, selection

of UIV, and performance of 3-column osteotomy. Our PT

group demonstrated a more severe baseline cervical malalign-

ment, included higher TS-CL and cSVA, and more PSOs per-

formed. The incidence of DJK, although higher in the PT

group, was not significantly different. This may be due to the

smaller cohort of patients in each group.

Interestingly, we noticed a significantly higher reciprocal

change of TK and a higher final TK in the PT group. A previous

study had raised the concept of the chain of correlation between

the cervical, thoracic, and lumbar spines and emphasized how

differing regional drivers might influence global sagittal spinal

harmony.31,32 Lafage et al33 found that the favorable reciprocal

change in the thoracic spine in patients with thoracolumbar

deformity who underwent lumbar PSO may help in obtaining

ideal global alignment, while unfavorable reciprocal change is

attributed to junctional failure. Two recent studies confirmed

that the reciprocal thoracolumbar alignment changes that occur

after cervical correction surgery for ACD help maintain the

horizontal gaze and global standing alignment.34,35 Our results

showed increased reciprocal change of TK in the PT group and

no change of TK in the CTJ group. While a higher DJK angle

was found in the PT group, the reciprocal change of TK in the

PT group could be explained by the higher DJK angle and

should be considered in preoperative planning while choosing

the LIV.

For ACD patients who underwent long fusion, we found

that surgeons more often extend the LIV to the PT spine

when PSOs were performed and when patients had worse

baseline cSVA malalignment and TS-CL mismatch.

Although patients with fusion to the PT spine had a larger

cSVA correction, more reciprocal change of TK, and higher

final TK and DJK angles, the reoperations, complications,

and HRQOL outcomes were comparable. However, we

could not make a firm recommendation regarding the opti-

mal LIV in individual patients. We believe our finding

would provide a reference for surgeons in preoperative plan-

ning of the LIV in ACD patients.

This study has some limitations. First, the study used a

retrospective design and included a relatively small number

of patients. However, the use of a prospectively collected

multicenter database with standardized collection of detailed

clinical and surgical data enhances the generalizability of

our findings. Second, the strategy for LIV selection among

different surgeons could not be determined. The decision

varied widely based on the characteristics of patients and

surgeons’ experience. Finally, there was a lack of information

regarding patients’ comorbidities, osteoporosis management,

and the use of different bone grafts due to the retrospective

design.

Figure 3. Representative examples of patients in CTJ and PT groups. (A) Preoperative and (B) postoperative 1-year images of a 64-year-old
female with T1 LIV (CTJ group). (C) Preoperative and (D) postoperative images of a 64-year-old male with T5 LIV (PT group). The cases
represent the different baseline deformities in the 2 groups. The PT group (C and D) had higher baseline cSVA, higher baseline TS-CL, and more
correction of cSVA. CL, C2-C7 lordosis; TS, T1 slope; cSVA, C2-C7 sagittal vertical axis.
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Conclusion

In conclusion, the selection of the LIV in cervical deformities

was affected by the preoperative deformity; those undergoing

fusion to the PT spine had larger cSVA malalignment and

greater TS-CL mismatch and were more likely to undergo a

PSO for correction. The PT group had larger cSVA correction,

more reciprocal change of TK, higher final TK and DJK angle,

as well as higher rate of DJK and reoperation that did not reach

statistical significance. Despite this, the numbers of major or

minor complications and the HRQOL outcomes were compa-

rable at the 1-year follow-up.
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