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Purpose: To retrospectively evaluate the characteristics of spino-pelvic parameters after long-segment fixation in patients with
Lenke—Silva type 5 or 6 adult degenerative scoliosis and analyze the correlation between spino-pelvic parameters and health-related
quality of life (HRQL).

Methods: Thirty-two patients with degenerative scoliosis underwent long-segment posterior fixation were included. The spino-pelvic
parameters were evaluated after surgery, and the HRQL scores were determined using the Scoliosis Research Society-22 (SRS-22),
Oswestry Disability Index (ODI), and visual analog scale (VAS). Linear regression was used to analyze the correlation between
changes in spino-pelvic parameters and improvements in HRQL.

Results: Except for PI and TK, the other parameters showed significant differences after surgery (P < 0.05). All the scores of HRQL
showed significant differences after surgery. The coefficient of correlation between ASVA and AVAS is 0.687 (P = 0.003), the
coefficient of correlation between ASVA and AODI is 5.828 (P < 0.001). The coefficient of correlation between ALL and AVAS is
—0.089 (P < 0.001), the coefficient of correlation between ALL and AODI is —1.553 (P = 0.003). The VAS score between the SVA >
4cm and SVA < 4cm group have no significant difference, but have a significant difference in ODI. In PI-LL > 20°and PI-LL < 20°
group, the VAS and ODI all have a significant difference between the two groups.

Conclusion: SVA and LL have an important role in maintaining the overall balance of the spine and closely related to the
postoperative HRQL, better HRQL may be achieved by reducing SVA and increasing LL. Good preoperative design will help achieve
the best clinical efficacy.
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Introduction

Adult degenerative scoliosis (ADS) is characterized by an abnormal spine curvature of >10° after skeletal maturity that is
generally not observed in children and adolescents." ADS is common in individuals over 40 years. With the increase in
the aging population, the incidence of ADS has also been gradually increasing, making ADS an important public health
problem. In patients older than 40 years, the incidence of ADS increases with age (6-68%).” Previous studies have
focused on the etiology, patient statistics, clinical features, imaging findings, and treatment methods of ADS. Recent
studies have suggested that sagittal imbalance, coronal changes, and vertebral rotation in ADS have a great impact on
patients’ health-related quality of life (HRQL).>™®
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The treatment strategies for ADS include simple decompression and post-decompression fixation fusion, which
involves short-segment and long-segment. Short-segment fixation and fusion cannot prevent further scoliosis and
postoperative complications such as scoliosis progression and proximal segment degeneration, whereas long-segment
fixation and fusion ensures complete decompression while restoring spinal stability to prevent further scoliosis devel-
opment. The advantages of long-segment fixation and fusion have gradually emerged, especially in patients with Lenke—
Silva type 5 or 6. Long-segment fixation improves the overall balance of the spine and reduces the incidence of
postoperative complications.” In a recent study comparing long-segment with short-segment, Zhang et al® suggested that
long-segment is superior in terms of correction and restoration of sagittal balance. Kasten et al’ followed up 78 patients
for 2 years and found that long-segment posterior fixation corrected scoliosis from an average curvature of 61° before
surgery to an average curvature of 29° after surgery and achieved good lumbosacral fusion through posterior spino-pelvic
1'% found that the visual
analog scale (VAS) scores decreased from 6.5 to 2.0 for lower extremity pain and from 7.83 to 2.67 for low back pain

fixation, thereby reducing the incidence of postoperative pseudarthrosis. Further, Schroeder et a

after long-segment surgery, at the same time Oswestry Disability Index (ODI) decreased from 22.2 to 10.5.

Previous studies have focused on the advantages and disadvantages of long-segment fixation versus short-segment
fixation and on the improvement in postoperative pain and function. To the best of our knowledge, the characteristics of
postoperative spino-pelvic parameters and the correlation between the improvement in these spino-pelvic parameters and
the HRQL scores have not been investigated to date, and whether these parameters are as closely related to HRQL
remains to be verified. Therefore, our study aimed to analyze the characteristics of spino-pelvic parameters and their
correlation with the HRQL scores after long-segment fixation to develop a more reasonable surgical correction strategy.

Methods
Data

This study conducted a retrospective analysis of patients with degenerative scoliosis who were admitted to our hospital
between March 2013 and May 2018. All the patients underwent long-segment posterior spinal fixation. (a typical case is
shown in Figure 1). This study has been reviewed and approved by the Ethics Committee of Henan Provincial People’s
Hospital, and all the included patients have signed the consent form.

Figure | Preoperative and postoperative X-ray images of a 69-year-old elderly woman with degenerative scoliosis. Preoperative SVA was |1.7 cm, preoperative Cobb’s
angle was 34.2°, and preoperative LL was —21.7°. After long-segment posterior spinal fixation and fusion, segment T10-S2 was fixed. Postoperative SVA was 3.4 ¢m,
postoperative Cobb’s angle was 7.4°, and LL was 32.4°.
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Inclusion and Exclusion Criteria

Inclusion criteria were as follows: (1) age >60 years; (2) ADS is classified as Lenke—Silva type 5 or 6;” (3) fusion/fixation
for three or more segments; (4) available standing full-length X-ray images of the spine; (5) available Scoliosis Research
Society-22 (SRS-22) score, ODI, and VAS scores; (6) the operation was successful and no complications occurred.
Exclusion criteria were as follows: (1) spinal surgery history; (2) neurodegenerative diseases; (3) other serious systemic
diseases.

HRQL Score Evaluation

All patients completed the SRS-22 questionnaire in a quiet environment. The SRS-22 questionnaire comprises 22
questions and is divided into five domains: function, pain, self-perceived image, mental health, and satisfaction with
treatment. Each question is scored on a scale of 1-5, 1 is the worst score and 5 is the best score. The score for each
domain is the sum of the scores of the corresponding questions, and the total score in the SRS-22 questionnaire is the
sum of scores for all questions. Simultaneously, ODI and the VAS scale were used to evaluate the patients” HRQL.

Imaging Parameter Evaluation

Preoperative and postoperative imaging indicators were evaluated using the Picture Archiving and Communication
System (PACS), including sagittal vertical axis (SVA); thoracic kyphosis (TK), Cobb’s angle for T4-T12; lumbar
lordosis (LL), Cobb’s angle between the upper L1 endplate and upper S1 endplate; sacral slope (SS), angle between
the endplate on S1 and the horizontal line; pelvic incidence (PI), angle from the midpoint of the bilateral femoral head
central line to the center of the upper S1 endplate and the double perpendicular line. All imaging indicators were
independently measured by two physicians and then averaged for analysis (Figure 2).

At the same time, the Cobb angle and trunk shift was also included in this study. Cobb angle: the angle between the
cervix and caudal vertebral body with maximum oblique angle in the posterior and anterior full spine X-rays. Trunk shift:
the distance between C7 plumb line (C7PL) and center sacral vertical line (CSVL). All imaging indicators were
independently measured by two physicians and then averaged for analysis.

Statistical Analysis
SPSS version 20.0 (IBM Corp, Armonk, New York, USA) was used for statistical analysis. All values are presented as
mean + standard deviation. Comparisons of means between variables were performed using independent Student’s #-test.

Figure 2 A schematic diagram of the measurement of spino-pelvic parameters: (1) thoracic kyphosis (TK), (2) lumbar lordosis (LL), (3) sacral slope (SS), (4) pelvic incidence
(PI), and (5) pelvic tilt (PT).
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Linear regression was used to analyze the correlation between postoperative changes in spino-pelvic parameters and
improvements in HRQL. The significance level for all statistical tests was set as P<0.05.

Results

A total of 32 patients with degenerative scoliosis treated at our hospital from March 2013 to May 2018 were analyzed
retrospectively, these patient cohort comprised 10 men and 22 women aged 60.2—73.4 years (average age 64.0 = 3.5
years). The fixed fusion segments were 7.2 + 1.9 and the decompression segments was 3.1 = 1.7. The estimated blood
loss (EBV) was 1236.5 + 461.7cc (%EBV is 17.1 + 4.6¢cc/kg), and the operation time was 230.5 £ 34.1 mins (Table 1).

The characteristics of the preoperative and postoperative imaging parameters are summarized in Table 2. Except for
PI, TK and trunk shift, the other parameters showed significant differences after surgery (P<0.05).With SVA have a
change of —4.4 + 1.4 cm, LL have a change of 9.4 + 4.7°, PT have a change of —11.7 £ 5.3°, SS have a change of 13.2 +
3.7°, the Cobb angle corrected from 36.7 + 12.1 to 10.2 + 5.7°.

Four parts of SRS-22 score changed except for the part of satisfaction with management, the function score changed
from 12.5 £ 2.1 to 21.6 &+ 7.1, the pain score changed from 14.2 + 6.0 to 19.4 £ 3.7, the self-image score changed from
13.7 £ 3.1 to 22.1 £ 5.6, the mental health score changed from 16.3 + 4.7 to 21.6 + 8.2 (Table 3). All the scores showed
significant differences after surgery. And the ODI have a change of —46.2 + 4.2, the VAS have a change of —3.9 + 2.6.
The ODI and VAS have a significant differences before and after surgery (Table 4).

The linear correlation between postoperative changes in spino-pelvic parameters and improvements in HRQL was
made. The ASVA and ALL have a significant correlation with AVAS andAODI. The coefficient of correlation between
ASVA and AVAS is 0.687 (P=0.003), the coefficient of correlation between ASVA and AODI is 5.828 (P<0.001) (Figure 3A
and B). This means that the smaller the SVA, the more significant the HRQL improvement. The coefficient of correlation
between ALL and AVAS is —0.089 (P<0.001), the coefficient of correlation between ALL and AODI is —1.553 (P=0.003)
(Figure 3C and D). This means that the larger the LL, the more significant the HRQL improvement (Table 5). And the

Table | The General Information of the

Patient

Male/Female(n) 10/22
Age 64.0£3.5
BMl(kg/m?) 29.7£5.0
Fixed fusion segment(n) 6.2%1.9
Decompression segment(n) 3017
Operation time(mins) 230.5+£34.1
Estimated blood loss(cc) 1216.5+461.7
Estimated blood loss(cc)/kg 17.1+4.6
Inpatient days(days) 14.5+3.2

Table 2 Changes of Imaging Parameters Before and After Surgery

Parameters Preoperation Postoperation Change(A) P value
SVA (cm) 10.5£3.7 6.1£3.1% —44+14 0.003
TK () 12.1+4.8 14.4£7.9 22+1.2 0.741
LL (°) 17.2£10.7 26.7+5.1% 9.4+4.7 0.023
Pl (°) 45.8+17.1 44.7x16.4 —0.4+0.2 0.642
PT (°) 32.1£10.6 20.1+4.3% —11.7£5.3 0.031
SS (%) 17.1£11.0 30.7£7.2% 13.243.7 0.011
Cobb angle(°) 36.7x12.1 10.2+5.7 26.3+9.7 0.032
Trunk shift(mm) 32.4x12.1 29.7+10.4 3.1£9.7 0.748

Note: AChange between postoperative and preoperative.
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Table 3 Preoperative and Postoperative SRS-22 Score

Preoperation | Postoperation P value
SRS-22
Function 12.5£2.1 21.6%7.1 0.041
Pain 14.2+6.0 19.4+3.7 0.001
Self-image 13.7£3.1 22.1+5.6 0.032
Mental health 16.3+4.7 21.68.2 0.015
Satisfaction with management - 74140

Table 4 Preoperative and Postoperative VAS and ODI Score

Preoperation Postoperation Change(A) | P value
oDl 71.6x1.4 24.145.1* —46.214.2 0.014
VAS 7.1£42 3.2+3.0% —3.9£2.6 0.027

coefficient of correlation between ACobb angle and AVAS is 0.312 (P>0.05), the coefficient of correlation between ACobb
angle and AODI is 4.362 (P>0.05), the coronal balance is not an important factor affecting HRQL.

To further verify the above results, the patients were divided in SVA > 4cm and SVA < 4cm group according to
postoperative spino-pelvic parameters. The VAS score between the two groups have no significant difference, but have a
significant difference in ODI (Figure 4A). Then the patients were divided in PI-LL>20°and PI-LL<20°group, and the
VAS and ODI all have a significant difference between the two groups (Figure 4B). Which means improving SVA and
LL will benefit to obtain better postoperative HRQL.
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Figure 3 (A) correlation between ALL and AVAS. (B) correlation between ALL and AODI. (C) correlation between ASVA and AVAS. (D) correlation between ASVA and
AODI.
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Table 5 Correlation Between Postoperative Changes in Imaging Parameters
and Improvements in HRQL

AVAS AODI
B P value ] P value

ASVA 0.687 0.003 5.828 <0.001
ATK —0.147 0.642 7.356 0.895
ALL —0.089 <0.001 —1.553 0.003
APT 0.471 0.072 2.564 0.643
ASS —0.311 0.712 6.149 0.081

ACobb angle 0.312 0.741 4.362 0.873

Note: AChange between postoperative and preoperative.

Discussion

ADS is a spinal deformity caused by degeneration of intervertebral discs and facet joints, it is often accompanied by
rotation and lateral displacement of the vertebral body. ADS is generally accompanied by an increase in Cobb angle as
well as by changes in spino-pelvic parameters. Previous studies have shown that the symptoms of degenerative scoliosis
are strongly correlated with the sagittal plane balance in patients.® Spino-pelvic parameters are critical for maintaining
spinal biomechanical stability. Spinal and pelvic sequences affect each other, making the human body relatively stable
with minimum energy consumption and reducing the impact on and concussion of the spine and spinal cord.> Therefore,
spino-pelvic parameters are closely related to HRQL, and the correlation between spino-pelvic parameters and HRQL
can guide the improvement of orthopedic strategies.

Previous studies have found that the risk of scoliosis increases greatly when the coronal Cobb angle is >30°, often
requiring surgical treatment. Recently, it has been suggested that short-segment fixation for degenerative scoliosis must
be limited to the following conditions: spinal stenosis of no more than three segments, scoliosis with a Cobb’s angle of
<30°, no sagittal or coronal imbalance, and no significant progression of scoliosis.'' For patients with a Cobb angle of
>30° and with sagittal imbalance, Lenke et al proposed long-segment posterior spinal fixation.” The Lenke-Silva
classification for ADS suggests that patients with type 5 or 6 ADS should undergo long-segment posterior spinal fixation
with osteotomy.”

In our study, postoperative changes in SVA and improvements in HRQL is closely related, the coefficient of
correlation between ASVA and AVAS is 0.687, the coefficient of correlation between ASVA and AODI is 5.828 which
means that the smaller the SVA, the more significant the HRQL improvement. Previous studies have shown that SVA is
an important parameter for sagittal balance, and SVA of >5 cm indicates sagittal imbalance. In the results of subgroup

analysis, we found that SVA < 4cm group may have a better HRQL scores, which has come to the similar conclusions
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Figure 4 (A) the VAS and ODI in SVA=4cm and SVA < 4cm group(*P<0.05). (B) the VAS and ODI in PI-LL>20°and PI-LL<20°group (*P<0.05).
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with other studies. Takemoto et al'? found that SVA was closely related to the postoperative HRQL scores evaluated
using multiple linear regression analysis for the spino-pelvic parameters and HRQL. Similarly, Ogura et al'* found that
SVA was negatively correlated with postoperative efficacy and HRQL scores and that the HRQL scores with SVA>50
mm was significantly lower than that with SVA<50 mm.

We found that LL was closely related to HRQL, and appropriate LL can help in improving lumbar mobility and
reducing lower back pain. The coefficient of correlation between ALL and AVAS is —0.089, the coefficient of correlation
between ALL and AODI is —1.553. Theoretically, a decrease in LL will stretch the lumbar paravertebral muscles and
require muscular strengthening to maintain the stability of the spine, which will more likely cause muscle overstrain,
decrease the muscle support function, and aggravate spinal degeneration. Based on evaluation of healthy asymptomatic
adults, Schwab et al simplified the relationship between LL and PI as follows: LL = PI + 9°. As Pl is a constant anatomic
parameter, theoretical LL can be deduced by using PI, which has guiding significance for the correction of LL angle.
Yang et al'® retrospectively analyzed 56 ASD patients with long-segment posterior spinal fixation and concluded that

restoration of LL greatly improved the HRQL. Simon et al'?

concluded that LL was closely associated with the 36-Item
Short Form Survey scores after a 6-year follow-up analysis and proposed that the correction of sagittal balance by can
achieve long-term clinical efficacy.

Many studies have demonstrated that pelvic parameters have an important role in maintaining the overall balance of
the spine. In patients with scoliosis, posterior rotation of the pelvis is often used to compensate for the sagittal imbalance.
This compensatory mechanism plays an important role in maintaining the patient’s center of gravity above the femoral
head and in maintaining the patient’s upright position. Although no correlation with HRQL was found, many studies still
conducted that pelvic parameters may influence the sagittal sequence of the spine. Protopsaltis et al'® conducted that
decompensation occurs when the posterior rotation of the pelvis leads to lower back pain and discomfort. PI is equal to

117

the sum of PT and SS, and LL can be dynamically adjusted by adjusting PT. Zhang et al * concluded that the occurrence

probability of degenerative scoliosis increased by 1.465 times with a 0.1 increase in PT/SS. All these factors would

eventually increase the incidence of scoliosis with the increase in PT. Sabou et al'®

proposed that preoperative PT and age
were closely related to the postoperative clinical efficacy and that younger patients and patients with a smaller PT were
more likely to achieve clinical satisfaction. Eguchi et al'® concluded that a deceased PT leads to the progression of
scoliosis and increases back pain scores.

PI-LL is a new index proposed by Schwab to evaluate the sagittal balance of the spine. Previous studies have
suggested that the spine and pelvic sequences are not coordinated when the PI-LL is >9°, which is the basis of spinal
imbalance and degeneration. However, recent studies suggest that a smaller LL is more consistent with the changes in the
physiological curvature of the spine, and some studies indicate that patients with scoliosis can obtain more satisfactory
clinical efficacy when the PI-LL is 20°.> We subdivide the patients into PI-LL > 20°and PI-LL < 20°group, and found
that the patients with PI-LL > 20°achieved better clinical outcomes. This may be related to the fact that after long-
segment fixation, the overall center of gravity of patients with PI-LL > 20°moved forward, which is more conducive to
bending and other activities in daily life.

Many studies have confirmed our conclusion, in a retrospective study conducted by Zhang et al.?® PI-LL was divided
into three groups: PI-LL <10°, PI-LL >20°, and 10° < PI-LL < 20°. The analysis of postoperative Japanese orthopedic
association score, VAS score, and ODI showed that the 10° < PI-LL < 20° group had the best quality of life. At the same
time, a previous study indicated that maintaining a PI-LL with the range of 10° to 20° can achieve the best clinical
efficacy and can effectively prevent the occurrence of proximal borderline scoliosis.?' Ky et al® used the SRS-Schwab
classification system and found that among all parameters, PI-LL was most closely related to postoperative clinical
efficacy. Sun et al* reviewed ADS patients after long-segment fixation and found that patients with PI-LL of 10° to 20°
had better clinical efficacy and a lower incidence of proximal junctional kyphosis.

At the same time, we found that coronal balance was not an important factor affecting HRQL. On the one hand, the
coronal imbalance of ADS is generally not serious and can be well corrected by surgery, on the other hand, spino-pelvic
parameters affect the daily activities of patients through force line changes. In patients with degenerative scoliosis,
degeneration of the discs and facet joints can lead to spinal stenosis. Therefore, good clinical efficacy can be achieved by
sagittal balance restoration and precision decompression in the treatment of degenerative scoliosis.
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Conclusion

In our study, SVA and LL have an important role in maintaining the overall balance of the spine and closely related to the
postoperative HRQL, better HRQL may be achieved by reducing SVA and increasing LL. Good preoperative design will
help achieve the best postoperative clinical efficacy. This study has some limitations, including the limited number of
patients and the lack of further discussion on fixed segment positions, the distal and proximal fixed vertebrae, the
osteotomy position, and the osteotomy method. Further studies on the influence of various factors on the postoperative
HRQL in patients with ADS are needed.
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