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Abstract

Background: This study aims to analyze postoperative changes of cervical sagittal curvature and to identify inde-
pendent risk factors for cervical kyphosis in Lenke type 1 adolescent idiopathic scoliosis (AlS) patients.

Methods: A total of 124 AlS patients who received all-pedicle-screw instrumentation were enrolled. All patients
were followed up for at least 2 years. The following parameters were measured preoperatively, immediately after the
operation, and at the last follow-up: pelvic incidence (PI), pelvic tilt (PT), sacral slope (SS), lumbar lordosis (LL), tho-
racic kyphosis (TK), global thoracic kyphosis (GTK), proximal thoracic kyphosis (PrTK), T1-slope, cervical lordosis (CL),
McGregor slope (McGS), sagittal vertical axis (SVA), C2—7 SVA (cSVA), and main thoracic angle (MTA). Statistical analysis
was performed to evaluate postoperative alterations of and correlations between the parameters and to identify risk
factors for cervical kyphosis. Statistical significance was set at P<0.05.

Results: After the operation, PrTK and T1-slope significantly increased (3.01 +11.46, 3.8+ 10.76, respectively), cervical
lordosis improved with an insignificant increase (—2.11+13.47, P=0.154), and MTA, SS, and LL decreased significantly
(—33.684+15.35, —2.984+841, 2.82+9.92, respectively). Intergroup comparison and logistic regression revealed that
preoperative CK> 2.35° and immediate postoperative GTK< 27.15° were independent risk factors for final cervical
kyphosis, and /A T1-slope < 4.8° for a kyphotic trend.

Conclusions: Postoperative restoration of thoracic kyphosis, especially proximal thoracic kyphosis, and T1-slope play
a central role in cervical sagittal compensation. Preoperative CK, postoperative small GTK, and insufficient /\T1-slope
are all independent risk factors for cervical decompensation.
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Background

Adolescent idiopathic scoliosis (AIS) is a three-dimen-

sional spinal deformity that affects approximately

1% ~4% of adolescents. Pedicle screw instrumentation
*Correspondence: miltonyu@126.com is commonly used in the posterior correction for AIS
3 Beijing Key Laboratory of Spinal Disease Research, 49 North Garden patients who have a main curve over 40° [1-3], and its
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corrections [4—6]. For a long time, studies on AIS have
typically focused on the correction of coronal imbalance.
In recent years, however, surgical impacts on the sagit-
tal curvature, especially cervical alignment, have gained
increasing attention [4, 7-13], with an emerging litera-
ture that has examined postoperative cervical kyphosis
(CK) [14], the correlation between cervical curvature and
neck pain [15], as well as the health-related quality of life
(HRQOL) [16].

Adjacent to the cervical spine, the thoracic segment
has a sagittal compensatory correlation with the cervi-
cal segment [17]. Therefore, the postoperative interac-
tion between these two segments has recently received
more discussions [10—12, 18]. Hayashi et al. [8] identified
preoperatively smaller cervical lordosis (CL) and smaller
thoracic kyphosis (TK) as independent risk factors for
postoperative CK. Zhang et al. [11] proposed that com-
bining preoperative CL and immediate postoperative
T1-slope together could predict the final CL value. The
study of Zhu et al. [12] found that the thoracic inlet angle
(TIA) was predictive to the postoperative CK.

According to the Lenke classification, the deformity of
Lenke 1 AIS patients is located at a relatively cranial posi-
tion of the main curve, which correspondingly requires a
fusion surgery of more cranial segments. Some research-
ers believe that this specific character makes the thoracic
and cervical alignment more susceptible to surgery in
Lenke 1 patients. But the specific postoperative change
of cervical lordosis in this Lenke type is still controversial
[4, 14, 19, 20], and there is no literature to identify inde-
pendent risk factors leading to cervical decompensation
after operation in this group of patients.

Based on the reports mentioned above, this study aims
to analyze the sagittal compensation process of the cer-
vical spine after correctional surgeries using all-pedicle-
screw instrumentation and to explore independent risk
factors for postoperative cervical kyphosis in Lenke type
1 AIS patients.

Methods

Level of evidence

The level of evidence of this retrospective cohort study
is 3.

Data

This study retrospectively reviewed a total of 157 con-
secutive AIS patients who received surgeries at our
institution from 2005 to 2018. Inclusion criteria were
as follows: 1) diagnosed with adolescent idiopathic sco-
liosis; 2) classified as Lenke type 1; 3) 22years of age or
younger; 4) received posterior correction using all-pedi-
cle-screw instrumentation; and 5) complete preopera-
tive, postoperative and follow-up full spine radiographs
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at posterior-anterior and lateral positions. Exclusion cri-
teria included: 1) diagnosed of additional scoliosis, 2) a
follow-up period less than 2 years, 3) received other neu-
romuscular operations before, and 4) poor radiograph
image quality. Following these criteria, a total of 124
patients were included. This study was approved by the
institutional review board of our hospital.

All participants’ demographic data and treatment-
related data were extracted through our hospital’s elec-
tronic medical record system. We measured a series of
coronal and sagittal radiographic parameters and calcu-
lated their changes from the preoperative measurement
to the last follow-up (A parameter).

Radiographic measurements

Standing posterior-anterior and lateral radiographs
were taken using the same procedure and machine. The
standard posture of lateral radiography was standing
upright and looking straight ahead, with knuckles placed
in the supraclavicular fossa bilaterally and the arms at a
45°angle to the vertical axis. The radiographs were meas-
ured using Surgimap (Nemaris Inc., New York, NY) and
we utilized the regional image enhancement function to
decrease the soft tissue shadow.

The following parameters were examined: 1) Cobb
angle of the main thoracic curve on the coronal plane
(MTA); 2) cervical sagittal parameters, including cervical
lordosis (CL), T1-slope, and McGregor slope (McGS); 3)
thoracolumbar parameters, including thoracic kyphosis
(TK and GTK), proximal thoracic kyphosis (PrTK), and
lumbar lordosis (LL); 3) pelvic parameters, including pel-
vic tilt (PT), pelvic incidence (PI), and sacral slope (SS);
and 4) spinal-pelvic parameters, including sagittal verti-
cal axis (SVA) and C2-7 SVA (cSVA).

All segmental angles were measured with the Cobb
method. Lordotic alignment was presented with a nega-
tive value and kyphotic were presented with a positive
value. CL was measured from the lower endplate of C2
to the lower endplate of C7. PrTK, GTK, and TK were
defined from the upper surface of T1, T1, and T4 to the
lower surface of T4, T12, and T12, respectively. LL was
measured from the upper surface of L1 to the upper sur-
face of S1. McGregor slope and T1 slope were defined as
the angle between the horizontal line and, respectively,
the McGregor line and the upper endplate of T1. Pelvic
measurements were conducted according to the method
described by Duval-Beaupére [21]. SVA and cSVA were
defined as the horizontal distance from the center point
of the C7 and C2 vertebra to the posterior endpoint of
the superior endplate of S1 and C7, respectively. A posi-
tive value indicated an anterior sagittal balance and a
negative value indicated the opposite [22]. All work was
done by two of the authors together and measurements
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were determined by their consensus. Disagreements were
settled by consulting a third, senior author.

Statistical analysis

The surgical outcomes were assessed with the final cer-
vical lordosis/kyphosis as well as the changes of cervical
curvature as shown on the radiographs, so as to compre-
hensively represent the outcome of cervical compensa-
tion. Thus, according to the cervical lordosis value at the
last measurement, patients were grouped into the final
cervical kyphosis group (Group K) or final cervical lordo-
sis group (Group L); according to the change of CL value,
patients were grouped into the improvement group
(Group I) or deterioration group (Group D).

Statistical analysis was conducted using SPSS ver-
sion 24.0 (SPSS, Chicago, IL). All measurements were
expressed as mean = standard deviation. Paired t-test was
used to analyze the postoperative change of parameters,
statistical significance was set at P<0.05. Independent
t-test and chi-square test were performed between out-
come groups to screen the covariates that affected the
outcomes. Variables with a P-value <0.10 in intergroup
comparison were included for further stepwise mul-
tivariate logistic regression using the likelihood ratio
method to eliminate confounding factors. A significant
factor whose 95% confidence interval of odds ratio didn’t
include unity was identified as an independent risk factor.
The receiver operating characteristic curve (ROC curve)
was utilized to determine the best cut-off value for pre-
dicting the outcome of cervical compensation.

Results

Baseline data

The demographic features of the patients are shown in
Table 1. The mean age was 14.2years (range 9-22), the
sex ratio was 80 females to 44 males. Median upper
instrumented vertebra (UIV) was at T 3 (range T2-T4)
and median fused levels were 10.5 vertebrae. The mini-
mum follow-up period was 24months and the mean
follow-up period was 37.3months. The mean hospital
stay was 17.2days and the mean surgery duration was
321.4min. No intra-operative complication was reported.

Change of sagittal parameters after surgery

All preoperative, postoperative, and the last follow-up
measurements are listed in Table 2. MTA showed a sig-
nificant decrease from 49.8° to 15.0°. PI, SS, TK, and
GTK showed a decrease immediately postoperatively fol-
lowed by a reverse change during the follow-up period,
the reduction was significant at the last follow-up only
in SS (—3.0£8.4) and LL (2.84+9.9). By contrast, PT
showed an increase immediately postoperatively fol-
lowed by a decrease. Meanwhile, steady increases from
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Table 1 Demographic data of the 124 patients
ITEMS MEAN +SD
/N/
MEDIAN
Age (years of age) 142428
Sex
Male(N) 44
Female(N) 80
Height (cm) 1602£12.6
Weight (kg) 481+£126
BMI (kg/m?) 186439
Follow-up period (mon) 373£129
VAS-lower extremities 0+0.1
VAS-lumbar 0.7+ 146
Oswestry-Disability-Index 13+£30
Hospital stay(d) 1724230
Surgery duration (min) 321441333
Total blood loss (ml) 792945942
comorbidities
>1(N) 42
O(N) 82
complications
> 1(N) 4
0O(N) 120
Median upper instrumented level T3
Median lower instrumented level L1
Median fused levels 10.5

preoperatively to the last follow-up were found in PrTK,
T1-slope, CL, and McGS and reached significance in
PrTK (3.0£11.5) and T1-slope (3.8 +10.8).

Risk factors for final cervical kyphosis

Intergroup comparison was performed regarding all
radiographic variables. Results of this univariate analysis
were shown in Table 3 and Table 4.

There were 48 patients in Group K and 76 in Group L.
With an exception of the final CL value, intergroup uni-
variate analysis showed that all the following parameters
were statistically different between groups and were thus
regarded as potential risk factors: preoperative PT, LL,
TK, GTK, T1-slope, and CL; immediate postoperative
PL SS, TK, GTK, T1-slope, and CL; PI, PT, TK, GTK,
T1-slope, and McGS at the last follow-up; and API and
/\TK (Table 3).

There were 50 patients in Group D and 74 in Group L
The potential risk factors identified through intergroup
comparison included: preoperative GTK and T1-slope;
immediate postoperative PrTK; CL at the last follow-up;
and ATK, AGTK, and /A\T1-slope (Table 4).
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Table 2 Sagittal parameters at different measurements: preoperatively, postoperatively, and at the last follow-up

Pre-op Post-op Last follow-up (LFU)  P-value P-value P-value /\(PRE-OP TO LFU)
(Pre-op VS. (Post-opVS.LFU) (Pre-opVS.LFU)
Post-op)
MTA(°) 498 £180 150£115 161114 0.000 0301 0.000 —337+154
Pl 455+£128 434+£139 442 £13.2 0.176 0.718 0.140 —34x117
PT 69+126 87+£103 6.8+ 10.1 0217 0.067 0.669 —04+96
SS 39.8 £9.1 347 £88 37.5+84 0.000 0.015 0.010 —30+84
LL —561£120 —4434+125 —=532+£11.1 0.000 0.000 0.029 28 +99
TK 304 £180 252+11.8 288+ 124 0.000 0.000 0313 —16+124
GTK 336176 286117 356+£126 0.029 0.000 0.138 244122
PrTK 70+9.1 81+99 100 £10.1 0.309 0.180 0.041 30£115
SVA —188£399 123 +£339 —15.1£292 0.000 0.000 0.495 38+£423
cSVA 214+£104 234 +£107 212+ 114 0.082 0.169 0.876 —02+105
T1-SLOPE 167 +£123 188 +£80 19.7 £9.0 0.120 0425 0.022 38+£108
CL —31+164 —404+121 —51+ 146 0.521 0.573 0.154 —214+135
McGS 32+£86 52+73 54+£216 0.045 0.977 0.502 24+£22.1
Table 3 Univariate analysis between Group K and Group L
Intergroup GROUP K vs. GROUP L
Comparison
measurement Pre-op Post-op Last follow-up /\parameter
MTA 49.8+16.2v5.49.7£19.3 130£11.8vs. 162£11.3 162+£112vs. 160116 —33.7+£132vs.-33.7£168
Pl 478+144vs.440£116 47.7£153vs.40.7 £12.3% 483£136vs.414£123% 0549.2vs.-59£12.5%
PT 11.14£16.2vs. 43 +£9.0%* 103£114vs.7.74+10.0 10.8£10.2 vs. 4.1 £9.3** —03+£130vs.-05+6.38
SS 40.0£9.2vs.39.7£9.2 374£92vs.33.14+£82*% 376+8.1vs.374+88 —25+7.1vs.-33£9.2
LL —526+11.7vs.-582+11.9% —433£125vs.-449+£126 —518£11.1vs.-542+11.1 09+9.8vs.41+£99
TK 1894129 vs. 37.8 1705 182£6.9vs. 29.7 £12.1%** 22.5£9.8vs. 32.8412.2%** 36£12.2vs. -49411.4%**
PrTK 51£63vs.82+104 814+83vs.81£109 77£71vs.115£116 28+66vs.32+138
GTK 23.0+£12.2v5.39.9417.3%** 20.7£89vs. 334 £10.7%** 269£9.8vs. 41.2+10.9%** 434+11.7vs. 124125
SVA —23.7+42.1vs.-15.7£386 11.7£282vs. 127374 —19.0£294 vs.-12.5£29.2 4.7+37.0vs.32+459
CSVA 2354+12.1vs5.200+9.2 25649.7vs.220+11.1 2314102 vs. 200£12.1 —04+£74vs.-0.1£12.1
T1-slope 92£9.0vs. 2124+ 11.9%* 145£6.5vs. 2154 7.8*** 12.7 £64 vs. 24.1 £7.4%** 43+£9.1vs.35£118
CcL 1054129 vs.-11.1 £12.5%%% 37£10.1vs.-89410.7%%* 9.1+£76vs.-140410.3*** —05+139vs.-3.1£133
McGS 42+£69vs.26+96 70£55vs.42+8.1 11.3£33.1vs. 1.7 +£74* 7.5£33.7vs.-08£85

Method: independent t-test, chi-square test. *P<0.10, **P <0.05, ***P<0.01

Since this study aimed to identify factors affecting the
ultimate outcome of cervical alignment, only preop-
erative, postoperative, and /\parameters were useful
variables for our purposes. In our multivariate logistic
regression model, we included these potential risk fac-
tors as covariates while treating final cervical kyphosis or
cervical alignment deterioration as dependent factors. As
the model revealed, preoperatively larger cervical kypho-
sis or smaller cervical lordosis (P=0.008, OR=1.267,
95%CI: 1.064~1.515), as well as postoperatively smaller
GTK (P=0.006, OR=0.806, 95%CI: 0.692~0.940),
were independent factors for final cervical kyphosis,

while smaller /AAT1-slope was an independent risk fac-
tor for a kyphotic trend of the cervical spine (P=0.002,
OR=0.766, 95%CI: 0.647 ~0.907). Some of the lumbar,
pelvic and global spinal parameters also had an impact
on the final cervical alignment in single variate analysis,
however, were eliminated as subsidiary risk factors by the
stepwise multivariate logistic regression.

We applied the ROC curve analysis to these three risk
factors, which proved that both preoperative CL and
postoperative GTK were good predictive parameters
for final cervical kyphosis, with an area under the curve
(AUCQ) of 0.912 for the former and an AUC of 0.811 for
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Intergroup Comparison GROUP D vs. GROUP |

measurement Pre-op Post-op Last follow-up /\parameter

MTA 51.7£21.5vs.485+153 15.6+149vs. 145+87 174£133vs.1524+10.0 —343+£153vs.-333+£156
PI 470£122vs.445£132 446+£115vs.425+154 441£106vs.443£150 —29+68vs.-3.8+£14.2

PT 6.1+£81vs.7.5£149 794+78vs.93+£11.8 62+60vs. 731124 0.1£60vs.-08+11.5

SS 409+£10.6vs.39.1£80 36.7+9.1vs.333+84 380+£9.0vs.37.1£82 —3.0+7.7vs.-3.0£9.0

LL —570£11.7vs.-555+124 —453+£146vs.-436+£110 —=536+£116vs.-53.0£108 34£110vs.25£93

TK 31.3£205vs.298+16.3 244+£135vs.258+106 263+£12.1vs.305+124 —50+£134vs.07£11.2%
PrTK 72£91vs5.69+9.2 51+£114vs. 1024£83% 9.8+85vs. 10.1£11.3 294+88vs.3.1£13.0

GTK 39.04£17.6vs.30.1£169* 264£11.1vs.30.1£12.1 3324+114vs.37.24£132 —49+115vs.7.0£10.34**
SVA —186+£356vs.-19.0£428 174£26.0vs.9.0+38.1 —170+£29.7vs.-13.8£292 1.6%39.0vs. 52+£44.7
CSVA 229£11.7vs.204+96 228+£11.2vs.23.8+104 226+£10.7vs5.202+119 —03+£85vs.-02£11.6
T1-slope 21.5£125vs.13.6+£11.3% 178£7.6vs.195+84 17.6+£80vs.21.1£94 —23+£11.2vs.80£84**

CL —120+£143vs. 26 £ 152%**
McGS 244+98vs.36+79

—64+£134vs.-25£11.1
59488vs.48+6.5

004142 vs. -85414.1%
10.34+£329vs.2246.7

11.0£82vs. -11.0£7.8%*
814333 vs.-14+72

Method: independent t-test, chi-square test. *P<0.10, **P < 0.05, ***P<0.01

the latter. As for the acceptable predictive power of
A\Tl-slope for the kyphotic trend, the AUC was 0.761
(Figs. 1, 2 and 3). ROC curve analysis also determined that
preoperative CL >2.35°, postoperative GTK<27.15°, and
A\ Tl1-slope<4.80°, were the preferred cut-off value for
risk stratification with the best sensitivity and specificity.

Discussion

Postoperative change of radiographic parameters

The results of this study indicated a satisfactory surgi-
cal outcome, with a correction rate of 67.70% at the last
follow-up, which is consistent with former reports [4].
Some scholars believed that on the sagittal plane, cervical

0.8+

0.6

sensitivity

0.4+

0.2

00 T T
0.0 0.2 04

1 - specificity
Fig. 1 ROC curve displaying the predictive power of preoperative CL for final cervical kyphosis
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Fig. 2 ROC curve displaying the predictive power of postoperative GTK for final cervical kyphosis
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Fig. 3 ROC curve displaying the predictive power of /\T1-slope for a kyphotic trend of cervical alignment
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alignment was correlated to thoracic alignment as a com-
pensation mechanism to keep a horizontal vision [17].
Hence, we must understand the surgical impacts on the
thoracic spine prior to analyzing the postoperative com-
pensation of the cervical spine.

So far, the postoperative change of thoracic kyphosis
in Lenke 1 patients is still controversial. Most studies
reported decreased TK after all-pedicle-screw instru-
mentation. Legarreta et al. [4] observed that curve
correction significantly reduced TK in preoperative
normal-kyphotic (20°~40°) and hyper-kyphotic groups
(>40°). Likewise, Hwang et al. [14] proposed that surgery
with all pedicle screws constructs could flatten the tho-
racic sagittal curvature in Lenke types 1 and 2 patients. In
our research, both TK and GTK significantly decreased
in the early postoperative period, which was in line
with previous studies. AIS is a three-dimensional spi-
nal deformity, and more correction on the coronal plane
in surgeries with all pedicle screws may account for the
reduction of thoracic kyphosis on the sagittal plane [23].
Additionally, there were other researches suggesting that
TK could remain unchanged or even increase after cor-
rectional surgeries [9, 19, 20]. The variance in outcomes
might be accounted for by the mixed Lenke types or dif-
ferent surgical techniques in these studies.

Nonetheless, loss of thoracic kyphosis did not neces-
sarily lead to cervical decompensation. Our results sug-
gested that PrTK and T1-slope both had a remarkable
increase by 3.0° and 3.8°, although TK decreased post-
operatively. The cervical spine was subsequently subject
to an increased lordosis. Similarly, we not only observed
corresponding changes in PrTK, T1-slope, and CL, but
also found a significant correlation between PrTK and
T1-slope immediately after the operation. In previous
studies, Charles et al. [19] observed a significant improve-
ment in PrTK and T1-slope, along with an associated
improvement in CL. Ketenci et al. [9] found that the
change of CL was consistent with that of PrTK. They pro-
posed that PrTK could affect T1-slope, thereby triggering
changes in CL. We considered our results of the change
of PrTK, T1-slope, and CL reliable. On the one hand, the
consistency among the changes of these three param-
eters echoed with former researches [9, 19] as well as
the results of our correlation analysis, on the other hand,
despite the small amount of change in these parameters,
the standard posture, the two-men measurement pro-
cedure and a large cohort with over 120 patients could
assure the significance of results. The small enlargement
of cervical lordosis (2.1°) could be explained by the rela-
tively close preoperative CL value to asymptomatic teen-
agers (—3.09° vs. —4.8° [24]).

Throughout the whole study period, PI, PT, SS, LL, TK,
GTK, SVA, and cSVA all initially decreased (or increased)
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and then increased (or decreased). The synchronous
changes of these parameters reflected the cone of the
economy in the maintaining of sagittal balance described
by Pepke et al. [25]. Interestingly, a positive correlation
between T1-slope and SVA was also observed in all three
measurements, which was in line with the conclusion of
Knott et al. [26] and indicated that T1-slope was a great
indicator for sagittal balance. Furthermore, despite the
temporal anterior displacement of SVA after surgery,
the upper thoracic-cervical curvature showed steady
improvement in the immediate and long-term postoper-
ative period, further proving the reliability of our results.

These results suggested that an unfused upper thoracic
segment and the cervical-thoracic junction played a more
vital role in the improvement of CL, compared to the
global or instrumented thoracic segment.

Independent factors for kyphosis of cervical spine

We identified the risk factors for cervical kyphosis, which
could facilitate the prevention of cervical sagittal decom-
pensation. Compared to the patients in Group L, those
in Group K showed smaller preoperative TK, GTK, and
T1-slope. This result was in line with previous studies,
suggesting that the degree of preoperative TK was sig-
nificantly related to the occurrence of postoperative CK
[7]. Specifically, patients with larger TK tend to have bet-
ter restoration of CL [15]. Hayashi et al. [8] noted that
patients with final hyper-CK had significantly smaller TK
and larger CK preoperatively. We found that immedi-
ate postoperative GTK <27.15° was a risk factor for final
CK and that in the early postoperative period, segmen-
tal instrumentation had a flattening effect on thoracic
kyphosis. Although TK was generally restored at the last
follow-up, we need to pay extra attention to the correc-
tion of thoracic curvature during the surgery to prevent
the occurrence of small GTK.

Through logistic regression, we confirmed that pre-
operative CK>2.35° was an independent risk factor for
final CK. Studies have shown that the preoperative value
of CL can predict the final value of CL [11] and that
smaller preoperative CL may increase the risk of final CK
[8]. These findings, along with our results, suggest that
patients with larger CK should be cautiously corrected
due to the risk of postoperative cervical decompensation.

Intergroup comparison between Group I and Group D
finally identified /\T1-slope<4.8° as an independent risk
factor for a kyphotic trend of the cervical spine. Previ-
ously, Cho et al. [7] observed a significant difference in
T1-slope between patients with postoperative CSA res-
toration and those with CSA aggravation. Therefore, our
study confirmed that cervical alignment and its postop-
erative change were significantly affected by T1-slope,
suggesting that the surgeon should pay attention to the
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restoration of T1-slope to facilitate that of a normal cer-
vical curvature.

Limitations

There are a few limitations of this study. Firstly, our study
largely relied on the radiographs of the patients and we
had no access to the clinical outcomes. We assume that
the improvement of cervical lordosis showed in this
study could lead to a lower incidence of neck pain and
other poor life-quality-related outcomes. Secondly, the
two-year follow-up period was relatively short. Last, due
to the lack of bending radiography in some patients, we
didn’t access the flexibility of the instrumented spine. To
verify our conclusions, a prospectively designed cohort
study with long-term follow-up, assessment of the flex-
ibility of the spine, and clinical outcomes (VA, OD],
SE-36, JOA scoring, etc.) is needed. Regardless, this study
was among the first attempts to identify independent risk
factors affecting postoperative cervical alignment and to
analyze the sagittal compensatory mechanism of the cer-
vical spine in Lenke 1 AIS patients who received surgi-
cal corrections using all pedicle screws. Our results may
contribute to surgical planning and prognosis predicting.

Conclusions

Postoperative restoration of thoracic kyphosis, espe-
cially proximal thoracic kyphosis, and T1-slope play
a central role in cervical sagittal compensation. Pre-
operative CK>2.35°, postoperative GTK<27.15°, and
A\ T1-slope<4.80° are all independent risk factors for cer-
vical decompensation.
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