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Objective: To retrospectively analyze the risk factors for adding-on phenomena (AOP) after posterior hemivertebral resection (PHR)
and pedicle screw fixation for the treatment of congenital scoliosis (CS) caused by hemivertebral (HV) malformation.
Methods: Patients with CS who underwent surgery and were followed up for more than five years were included in this study. The
d general data, such as gender, age, HV segment, Risser sign, and triangular cartilage, postoperative complications, and imaging data at
different periods, including the standard anteroposterior and lateral x-rays of the total spine were collected.
Results: In total, 58 patients were included in this study, of which 10 experienced AOP and 48 did not. The results of the single-factor
analysis showed that there were statistically significant differences between the patients with AOP and those without in terms of the HV
direction, lowest instrumented vertebra (LIV)–upper instrumented vertebra (UIV) (P < 0.05), and postoperative trunk shift (P < 0.05). The
results of the logistic regression analysis showed that the HV direction and the postoperative trunk displacement distance were the main risk
factors for postoperative AOP. The area under the receiver operating characteristic curve was 0.842 (P < 0.001). The best cut-off value of the
adding-on index as an indicator of the occurrence of AOP after surgery was 0.67. When the adding-on index was >0.67, the incidence of
postoperative AOP was 90.0%, and the non-occurrence rate was 22.9%.
Conclusion: PHR and pedicle screw fixation is an effective way to treat HV malformation in CS. The HV direction, LIV–UIV, and
postoperative TS are risk factors for AOP in patients with CS treated with PHR and pedicle screw fixation. The adding-on index has
a high degree of accuracy for the prediction of the occurrence of AOP after PHR and pedicle screw fixation.
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Introduction
The most common cause of congenital scoliosis (CS) is hemivertebral (HV) malformation, which is caused by unilateral
vertebral defects. There are three main types of scoliosis: CS (most common), congenital kyphosis, and congenital lordosis
(least common).1 Aside from some unsegmented or incarcerated hemivertebrae, most hemivertebrae have normal growth
plates. Therefore, as a patient grows, the malformation of their spine becomes increasingly serious. As the spine grows, it is
difficult to control the progression of CS. Without treatment, 85% of patients will suffer from scoliosis of >41°,2 and non-
surgical treatment is not effective. Among CS cases, 75% are of the progressive type, and 5–10% can be treated using
braces.3

The purpose of surgical intervention is to correct the abnormal development of the chest and abdominal cavity and
control the progression of spine malformation. HV resection is a safe and effective surgical treatment for CS and has
achieved good clinical results. Moreover, posterior HV resection is associated with a shorter operation time, less blood
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loss, and a lower incidence of complications.4 In a multicenter trial, Yaszay et al5 compared three surgical methods:
hemiepiphysiodesis or in situ fusion, internal fixation fusion (the hemivertebra is not excised), and hemivertebra resection
with internal fixation and fusion. For young patients, the correction effect of the posterior HV resection is better than the
other two surgical methods, and it can improve the condition of the malformation, but it has an increased risk of
complications over the other two surgical methods, including an increased incidence of neural injury.

The distal adding-on phenomenon (AOP) manifests as the loss of correction after scoliosis, the offset and rotation of
the lumbar vertebrae, and wedging changes of the distal fixation of the vertebral discs.6 This phenomenon is most
common in adolescent patients with idiopathic scoliosis, but it can also occur after surgery for CS. Chang et al first
reported AOP after HV resection. During postoperative follow-up, two patients exhibited a distal AOP, with the
progression of scoliosis exceeding 10°, and treatment with a brace was required.7 Avoiding the distal AOP is an
important consideration in surgery for scoliosis.

There is controversy surrounding the incidence of and factors that increase the risk of AOP. Due to its high incidence
and poor radiological and clinical prognosis, the risk factors and predictive indicators of AOP have been widely studied
and evaluated. However, research on the incidence of the distal AOP and its risk factors is based on adolescent idiopathic
scoliosis (AIS). At present, there is no research related to risk factors for the AOP after posterior hemivertebral resection
(PHR) and pedicle screw fixation. The purpose of this research is to retrospectively analyze these risk factors to minimize
the incidence of these complications.

Materials and Methods
This study included patients with CS who underwent PHR and pedicle screw fixation at our spine center from
January 2007 to January 2015 and were followed up for more than five years. All surgeries were completed by the
corresponding author. Before data collection and analysis, this study was approved by the ethics committee.

Inclusion criteria were as follows: (1) congenital spinal deformity caused by hemivertebra requiring surgical
treatment (a curve magnitude >25° and/or with fast progression, including documented progression of a curve of >5°
at the six-month follow-up and/or failure of conservative treatment); (2) more than five years of radiographic follow-up
after initial surgery; (3) no arthropathy or discrepancy of the lower limbs.

Exclusion criteria were as follows: (1) anterior approach; (2) operated by using hooks as anchors; (3) more than one
hemivertebra or combination with other congenital spinal deformity; (4) previous spinal surgery.

Diagnostic criteria for AOP were as follows: the postoperative deterioration of the curve below spinal fusion
instrumentation associating; (1) increase in the Cobb angle of the lumbar curve; (2) and/or an increase in the number
of vertebrae included in this curve; (3) a deviation of more than 5 mm in the lowest instrumented vertebra (LIV) from the
central sacral vertical line; (4) an increase in the narrowing of the first vertebra below instrumentation of more than 5°.6

Data Collection and Statistical Analysis
General data, including gender, age, HV segment, Risser sign (≤3 or >3), and triangular cartilage (open or closed), were
collected. Postoperative complications, including the AOP, proximal junctional kyphosis, formation of pseudoarticula-
tion, crankshaft phenomenon, postoperative progression of scoliosis, offset of the internal fixation, wound infection, and
injury to the great vessel, were recorded. Doctors analyzed the standard anteroposterior and lateral X-rays of the full-
length spine before surgery, after surgery, two years after surgery, and during the last follow-up (≥5 years after surgery).

The orthographic X-ray of the patient’s full-length spine was measured (see Figure 1). The measurement indicators
included segmental scoliosis (SeS), total main scoliosis (TmS), trunk shift (TS), and apical vertebral translocation (AVT).
Full-length lateral X-rays of the patient’s spine were measured (Figure 2), including segmental kyphosis (SK) and sagittal
balance (SB). SeS is the angle formed by the upper endplate of the vertebral body above the hemivertebra and the lower
endplate of the vertebral body below the hemivertebra. TmS is the maximum scoliosis angle between the two most
inclined vertebrae in the main bend. TS is the vertical distance from the center of the sacrum to the vertical line from the
midpoint of the C7 vertebral body. AVT is the vertical distance from the center of the sacrum to the midpoint of the
hemivertebra. SK is the angle from the upper endplate of the upper hemivertebra to the lower endplate of the lower
hemivertebra. SB is the distance drawn from the perpendicular of C7 to the posterior upper angle of the sacrum. When
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the C7 plumb line is in front of the posterior upper angle of the sacrum, it is specified as positive (+); upper instrumented
vertebra (UIV) and LIV are specified as negative values (−) when the C7 plumb line is located behind the posterior upper
corner of the sacrum. LIV–UIV is the number of segments between the upper and lower fixed vertebrae. The upper end
vertebra (UEV) and lower end vertebra (LEV) are the vertebral bodies with the largest tilt at the end and end of the
structural elbow, respectively. LEV–UEV is the number of vertebral bodies involved in lateral bending. Figure 3 shows
a typical case of a nine-year-old girl with congenital scoliosis. The hemivertebra is located in L2. The patient showed
AOP at the two-year follow-up. According to the measurements of preoperative and postoperative scoliosis and kyphosis,
the correction rate of the main curve and kyphosis were calculated. The correction rate of the main curve is calculated as
(preoperative TmS − postoperative TmS) ÷ preoperative TmS × 100 (%). The correction rate of kyphosis is calculated as
(preoperative segmental kyphosis [SK] − postoperative SK) ÷ preoperative SK × 100 (%). The apical vertebral
translocation before and after the surgery was expressed using ΔAVT.

All parameters were obtained twice by two independent surgeons, and the average of the four measurements was
calculated. Data analysis was performed using the SPSS 25 software (IBM, USA). Univariate analysis was performed
using the χ2, Student’s t-test, or nonparametric test. Multivariate linear analysis was used to determine independent risk
factors for AOP. From this, the regression equation was obtained, and the adding-on index was determined. A P value of
<0.05 was considered statistically significant.

Results
General Data
A total of 58 patients were included in this study (23 males and 35 females). The mean age of the study cohort was 12.2
years old (range from 3 to 39 years), with a mean follow-up of 68 months (range from 60 to 122 months). The general
data and imaging parameters of all patients are shown in Table 1.

Postoperative Complications
Of the 58 patients, 10 experienced postoperative AOP and six suffered from proximal junctional kyphosis. The
intraoperative and postoperative complications are shown in Table 2.

Figure 1 Measurement of the coronal index: segmental scoliosis, total main scoliosis, trunk shift, and apical vertebral translocation.
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Univariate Analysis
Of the 58 patients, 10 patients experienced AOP after surgery (add-on group) and 48 had no AOP at the last follow-up
(non-add-on group). The results of the univariate analysis showed that the HV direction influenced the incidence of AOP
after surgery. The incidence of AOP after surgery for the left hemivertebrae was 9.5% and for the right hemivertebrae
was 37.5% (P < 0.05). After surgery, the LIV–UIV was 3.90 ± 1.20 in the add-on group and 5.44 ± 2.28 in the non-add-
on group (P < 0.05). The postoperative TS was 28.10 ± 14.53 in the add-on group and 16.59 ± 16.07 in the non-add-on
group (P < 0.05).

No statistically significant differences were observed between the add-on and non-add-on groups in terms of age,
gender, HV segment, Risser’s sign, triangular cartilage (open or closed), preoperative TS, preoperative and postoperative
TmS, AVT, SK, sagittal balance distance, correction rate of the postoperative main curve, correction rate of kyphosis,
LEV–UEV, and ΔAVT (P > 0.05; see Table 3).

Logistic Regression Analysis of Risk Factors for Adding-on Phenomena After Surgery
Logistic regression analysis of the above three factors showed that the HV direction (OR: 95% confidence interval (CI):
1.29–40.13; P = 0.025), LIV–UIV (OR: 95% CI: 0.27–0.99; P = 0.045), and the postoperative TS (95% CI: 1.00–1.11;

Figure 2 Sagittal measurement index: segmental kyphosis and sagittal balance.
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Figure 3 A nine-year-old girl with congenital scoliosis is shown. The hemivertebra is located in L2. The standard standing long cassette anterior–posterior (AP) and lateral
(L) radiographs were performed preoperatively (A), at the two-year follow-up (B), and at the 10-year follow-up visit (C). The patient showed adding-on phenomena at the
two-year follow-up.
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P = 0.039) were the main risk factors for postoperative AOP (see Table 4). According to the regression equation, the adding-on
index was defined as −0.61 − 1.97 × the HV direction (R = 1, L = 0) − 0.66 × (LIV–UIV) + 0.05 × postoperative TS.

Receiver Operating Characteristic Curve
The receiver operating characteristic (ROC) curve is shown in Figure 4. The results show that the area under the curve is
0.842 (95% CI: 0.708–0.975; P < 0.001), indicating that the ROC curve effectively predicts the occurrence of post-
operative AOP. According to the ROC curve, the best cut-off value for the adding-on index as an indicator of the

Table 1 General Data of Included Patients

Statistical Indicators Maximum Value Minimum Value Mean Value Standard Deviation

Age (years) 39 3 12.22 8.36
Gender (male/female) 23/35

Risser sign (≤3 /> 3) 41/17

Triangular cartilage (open/closed) 35/23
Hemivertebra segments (T3-T9/T10-L2/L3-L5) 14/33/11

Hemivertebral direction (left/right) 42/16

LIV-UIV 13 2 5.17 2.39
LEV-UEV 10 2 4.19 1.57

Preoperative measurements
Segmental scoliosis (SeS) 88.3 4.6 41.96 16.51

Total main scoliosis (TMS) 109.8 15 48.39 19.84

Trunk shift (TS) 48.72 0 14.49 12.61
Apical vertebra translocation (AVT) 88.8 4.64 29.73 17.92

Segmental kyphosis (SK) 130.6 0 38.24 29.85

Sagittal banlance (SB) 105.75 −75.9 5.96 42.48
Postoperative measurements
Total main scoliosis (TMS) 67.1 1.3 15.70 14.07

Trunk shift (TS) 62.11 0 18.57 16.87
Apical vertebra translocation (AVT) 44 0 13.80 17.63

Segmental kyphosis (SK) 53.2 −2.6 18.04 15.12

Sagittal banlance (SB) 56.37 −95 −1.39 38.40
Correction rate of main curve 97.50% 14.67% 67.08% 21.72%

Correction rate of kyphosis 104.86% −81.51% 39.79% 40.33%

Change of apical vertebra translocation (Δ AVT) 63.33 1.00 22.29 15.74

Note: Distance is expressed with millimeter (mm) and angle with degrees (°).

Table 2 Intraoperative and Postoperative Complications
for Patients

Complications Value

Internal fixation shift 2 (3.44)

Wound infection 0
Injury of large blood vessels 0

Nerve injury 0

Progression of scoliosis after surgery 2 (3.44)
Adding-on phenomenon 10 (17.2)

Proximal junctional kyphosis 6 (10.34)

Pseudarthrosis 0
Crankshaft phenomenon 0

Note: The value is expressed with the number of patients (percentage) n (%).
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occurrence of AOP after surgery is 0.67. When the adding-on index is >0.67, the incidence of postoperative AOP is
90.0%, and the non-occurrence rate is 22.9%.

Discussion
PHR and pedicle screw fixation is a safe and effective surgery. The surgical indications for HV resection for children
older than 18 months are half-segmented and fully segmented hemivertebrae; thoracic, lumbar, or lumbosacral hemi-
vertebrae; isolated defects; and unbalanced trunks.8

In recent years, research has shown that an increasing number of surgeons are using simple posterior HV resection to
treat HV deformities. In 2017, Erturer et al4 evaluated the radiological and clinical effects of PHR and pedicle screw
fixation in treating congenital spinal deformities. The correction rate of the malformation of the spinal coronal plane was
31%, and the average kyphotic angle was 45.7° preoperatively and 2.7° during follow-up. Huang et al9 evaluated the
effectiveness and safety of the one-stage posterior HV resection for the treatment of multiple hemivertebrae. The

Table 3 Comparison of General Data and Imaging Indicators of Patients with and without Additional Phenomena After Surgery

Statistical Indicators With Additional
Phenomenon After
Surgery (N = 10)

Without Additional
Phenomenon After
Surgery (n=48)

χ2/t P

Age (years) 13.70±8.65 11.92±7.67 −0.655 0.515

Gender

Male 4 (17.4) 19 (82.6) <0.001 1.000

Female 6 (17.1) 29 (82.9)

Hemivertebral segment

T3-T9 2 (13.3) 13 (86.7) 0.697 0.710

T10-L2 7 (21.2) 26 (78.8)

L3-L5 1 (10.0) 9 (90.0)

Hemivertebral direction

Left 4 (9.5) 38 (90.5) 4.546 0.033

Right 6 (37.5) 10 (62.5)

Risser sign

≤3 7 (17.1) 34 (82.9) <0.001 1.000

>3 3 (17.6) 14 (82.4)

Triangle cartilage

Open 6 (17.1) 29 (82.9) <0.001 1.000

Closed 4 (17.4) 19 (82.6)

LIV-UIV 3.90±1.20 5.44±2.28 −3.066 0.005

LEV -UEV 4.00±0.94 4.23±1.49 −0.465 0.644

Preoperative measurements

Segmental scoliosis (SeS) 39.0100B114.09 42.58±15.43 −0.674 0.503

Total main scoliosis (TMS) 47.62±17.94 48.55±18.59 −0.145 0.885

Trunk shift (TS) 12.42±5.87 14.92±13.02 −0.591 0.557

Apical vertebra translocation (AVT) 34.27±15.27 28.79±16.72 0.995 0.344

Segmental kyphosis (SK) 40.16±34.89 37.86±26.66 0.237 0.814

Sagittal banlance (SB) 22.19±46.59 2.58±38.78 1.405 0.165

Postoperative measurements

Total main scoliosis (TMS) 18.69±17.01 15.08±11.79 0.814 0.419

Trunk shift (TS) 28.10±14.53 16.59±16.07 2.091 0.041

Apical vertebra translocation (AVT) 15.00±12.72 13.54±9.72 0.409 0.684

Segmental kyphosis (SK) 18.85±17.11 17.88±14.32 0.189 0.850

Sagittal banlance (SB) 2.90±33.00 −2.29±38.00 0.401 0.690

Correction rate of main curve 64.16±23.61 67.69±20.62 −0.480 0.633

Correction rate of kyphosis 25.20±49.26 42.83±34.49 −1.361 0.179

Change of apical vertebra translocation (Δ
AVT)

27.84±14.83 21.14±15.05 1.284 0.204

Notes: Counting data is expressed with S, while measurement data with N (%). Distance is expressed with millimeter (mm), angle with degrees (°) and correction rate with
percentage (%). Boldface letter indicates that the difference is statistically significant (p<0.05).
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correction rate of scoliosis was 73.3%, with correction rates of the proximal and distal compensatory curves of 70.0%
and 79.1%, respectively, and a correction rate of segmental kyphosis/lordosis of 65.5%. Subsequently, Huang et al10

studied the effect of posterior HV resection of the upper thoracic segment. The average correction rate of segmental
scoliosis was 80.2%, and the overall correction rate of scoliosis was 73.9%. The correction rates of the distal
compensatory curve and segmental kyphosis were 64.9% and 65.5%, respectively. During the last follow-up, the
Scoliosis Research Society (SRS)-22 scores of all patients had improved significantly over their preoperative scores.

Postoperative AOP are a common idiopathic complication for adolescents after scoliosis surgery, with an incidence
reported in the literature of 2–51% (Lehman: 2%,11 Cao: 13.8%,12 Matsumoto: 18.8%,13 Kwan: 25%,14 Suk: 33.3%,15

Wang: 51.1%)5 AOP can also occur after surgery for CS. The incidence of postoperative AOP in this study was 17.2%,
and it was the most common postoperative complication in this group of patients. This article first studied the risk factors
for AOP after HV resection treated with PHR and pedicle screw fixation. Through univariate and logistic regression
analysis, it was concluded that the HV direction, LIV–UIV, and postoperative TS were risk factors for AOP after treating
CS with PHR and pedicle screw fixation.

Table 4 Logistic Regression Analysis of Risk Factors for Patients with Additional Phenomena After Surgery

Variable B SE Wald p Exp (B) 95% CI

Lower Upper

Hemivertebra direction 1.97 0.88 5.04 0.025 7.18 1.29 40.13

LIV-UIV −0.66 0.33 4.02 0.045 0.52 0.27 0.99
Postoperative trunk shift 0.05 0.03 4.27 0.039 1.06 1.00 1.11

Constants −0.61 1.36 0.20 0.657 0.55

Note: Boldface letter indicates that the difference is statistically significant (p<0.05).

Figure 4 The receiver operating characteristic curve obtained after using the adding-on index to predict the occurrence of postoperative AOP is shown. The area under the
curve is 0.842.
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The occurrence of AOP is closely related to the selection of fixed segments. Scholars such as Ilharreborde16 analyzed
the influence of the length of posterior fusion on the clinical and imaging results of AIS. Although short-segment fusion
can ensure a higher functional score, the incidence of AOP using this method is higher than selective fusion because the
fused segment is shorter. Nohara et al17 compared the surgical effects between patients treated with anterior selective
fusion (ASF) and posterior spinal fusion (PSF). During the 10-year follow-up, the incidence of distal AOP in the PSF
group was lower than in the ASF group. They believed that the shorter length of the fused segments in the ASF group led
to the higher incidence of AOP. The results of this study showed that LIV–UIV was a risk factor for postoperative AOP,
indicating that short-segment fusion causes AOP after surgery in patients with CS.

The present study also shows that HV direction is a risk factor for postoperative AOP in patients with CS. The
incidence of postoperative AOP in patients with malformation in the right hemivertebrae was 37.5%, which was
significantly higher than 9.5% in patients with malformation in the left hemivertebrae. In this study, all patients with
malformation in the right hemivertebrae had their main curves on the right side, which caused the L4 vertebra to tilt to
the right; this may be the reason for the higher incidence of postoperative AOP in these patients. Miyanji et al18

suggested that, for adolescent patients with idiopathic scoliosis whose L4 tilted to the right, selecting NV-1 or NVas LIV
can avoid AOP after surgery. Erdemir et al19 and Suk et al20 also suggested choosing NV-1 or NV as LIV to avoid
postoperative AOP. Therefore, we suggest that for patients with a malformation in the right hemivertebrae, the fusion
segment can be extended correspondingly to prevent the occurrence of postoperative AOP.

Postoperative coronal balance is a risk factor for AOP. The results of this study show that postoperative total main
scoliosis is not a risk factor for postoperative AOP in patients with CS but postoperative TS is an important indicator of
postoperative coronal balance. The average postoperative TS of patients in the add-on group was 28.10 mm and in the
non-add-on group was 16.59 mm. For patients with postoperative coronal balance, the incidence of AOP was 10.3%. If
HV resection and PHR and pedicle screw fixation are to be adopted, it is advisable to, as far as possible, reduce the TS
and restore the coronal balance postoperatively to avoid AOP.

Previous studies on adolescent patients with idiopathic scoliosis have shown that the occurrence of AOP is related to
their age and the maturity of their bones. Luk et al21 analyzed the risk factors of distal AOP in Lenke type 1A AIS, and
the age of patients with postoperative AOP was significantly lower than patients without AOP. However, it is not only
age but also bone maturity that is a factor in the incidence of distal AOP. Clinically, Risser’s sign and triangular cartilage
(open or closed) are used to evaluate bone maturity. Wang,22 Bai,23 and Schlechter24 studied the causes of the distal AOP
in AIS. The results of these studies showed that, as bone maturity increases, the incidence of postoperative AOP
decreases. However, the results also showed that age, Risser’s sign, and triangular cartilage are not indicators of the risk
of AOP in patients with CS. When compared with patients with AIS, in patients with CS caused by HV malformation,
the segments are more localized and primarily located in some part of the hemivertebra, resulting in the risk of further
progression of the deformity after HV resection being relatively small.

The regression equation for the adding-on index is −0.61 − 1.97 × the HV direction (R = 1, L = 0) − 0.66 × (LIV–UIV) +
0.05 × postoperative TS. The results of the ROC curve analysis show that the best cut-off value for the adding-on index to
predict the occurrence of AOP after surgery is 0.67.When the adding-on index is >0.67, the incidence of postoperative AOP is
90%. These findings indicate that the occurrence of postoperative AOP is predictable, and the adding-on index is suitable for
this prediction.

Based on the results of this study, we recommend the following: (1) When selecting the fused segment, in addition to
considering the size of the scoliosis angle, the influence of the HV direction on the selection of the fixation or fusion
segment should also be considered. (2) The fixation or fusion segment should be selected in a proper manner to reduce
the occurrence of postoperative AOP. (3) For patients with a malformation in the right hemivertebrae, the fused segment
can be appropriately extended. (4) When correcting a malformation with surgery, reduce the TS and try to restore the
coronal balance as much as possible to decrease the likelihood of postoperative AOP.

In this study, during the follow-up, none of the patients with postoperative AOP needed to undergo repeat surgery,
which we believe is attributable to the compensation of the unfused segments, shoulders, pelvis, and lower limbs.
However, postoperative AOP should be avoided if possible.
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This study had some limitations. First, it was a retrospective study, and due to the limitations in the study design, the
incidence of complications may be underestimated. The accuracy of the data in a forward-looking study is higher than in
a retrospective one. Second, this study does not include the clinical results relating to patients’ quality of life during
follow-up. Future research is needed to further analyze the relationship between clinical results (including the SRS-24
and Oswestry Disability Index) and postoperative AOP. Finally, the sample size of this study was relatively small, and
a large-scale study is needed.

Conclusion
PHR and pedicle screw fixation is an effective method for treating CS caused by HV malformation. The direction of the
hemivertebrae, LIV–UIV, and TS are risk factors for AOP after PHR and pedicle screw fixation. According to the regression
equation, the adding-on index is defined as −0.61 − 1.97 × the HV direction (R = 1, L = 0) − 0.66 × (LIV–UIV) + 0.05 ×
postoperative TS. The adding-on index has a high predictive accuracy for the occurrence of AOP after PHR and pedicle screw
fixation. In patients with problems in the right hemivertebrae, when using PHR and pedicle screw fixation to treat CS caused
by hemivertebrae, the fused segment should be appropriately extended, postoperative TS should be minimized, and the
balance of the coronal position should be restored. With these measures, the occurrence of postoperative AOP can be avoided.
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