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Abstract
Objective: The overall sagittal balance of patient with adult spinal deformity (ASD) is crucial for
satisfactory postoperative outcome. SVA is the parameter often used to assess the sagittal balance.
However, pelvis often rotates backward to compensate for sagittal imbalance in patients with ASD. In the
case, SVA cannot re�ect the real sagittal balance. Modi�ed sagittal vertical axis (MSVA) is the parameter
we found to better assess the real sagittal balance in patients with ASD. And we want to explore the
relationship between MSVA and the quality of life.

Methods: We used sample of 60 patients with ASD who underwent long-segment orthopedic surgery (≥4
vertebrae) between the period of 2015 and 2018. The paired-sample t test and Pearson correlation
analysis were used for statistical analysis. P value <0.05 was considered signi�cant.

Results: SVA, TK, TLK, LL, SS, PT, PI-LL and MSVA were signi�cantly changed in 60 patients
preoperatively and postoperatively (p<0.05). The ODI, SRS22, VAS scores were signi�cantly improved
postoperatively (p<0.05). Pearson correlation analysis was used to conclude that postoperative SVA,
postoperative MSVA and postoperative quality of life score were related. Postoperative MSVA has the
strongest correlation with the quality-of-life score.

Conclusions: Through spinal orthopedic surgery, the postoperative spinal parameters and quality of life
of patients with ASD were signi�cantly improved. MSVA is of great signi�cance for evaluating
postoperative sagittal balance and quality of life of patients with ASD.

Instruction
Adult spinal deformity (ASD) is a complex spine disease that involves changes in human bones, muscles,
and biomechanics [1-3]. Generally, it is more common in women. For patients with ASD, sagittal balance
has a greater impact on clinical symptoms than coronal balance [4-5]. In 2009, Schwab et al. proposed
that a satisfactory spine sagittal alignment determines satisfactory postoperative function. Among them,
the sagittal vertical axis (SVA) is particularly important for the evaluation of the patient's sagittal
alignment, and is closely related to the postoperative function of the patient [6]. However, in patients with
ASD, pelvis often rotate backward to compensate. In the case, SVA is a compensated value, which cannot
objectively re�ect the real sagittal imbalance of patients. Therefore, it is important to �nd a new
parameter to evaluate both sagittal balance and pelvis compensation——the modi�ed sagittal vertical
axis(MSVA). This study aims to compare the changes in spine-pelvic parameters after orthopedic surgery
in patients with ASD, and to �gure out the relationship between MSVA and quality of life in patients with
ASD.

Methods
Some important concepts
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TPT-LINE: Vialle et al. obtained the formula PT = 0.37*PI - 7 to predict the theoretical PT value (TPT),
which means the real PT value without pelvis compensation [7]. The difference between PT and TPT is
de�ned as ∆PT, which can re�ect the pelvis compensation. According to the theoretical PT value, the line
drawn from the midpoint of the hip axis is called TPT-LINE (Fig.1).

PNP-LINE: PNP-LINE (Pelvis neutral position line) is the parallel line of TPT-LINE drawn from the posterior
superior corner of the sacrum (Fig.2). 

SVA the distance from C7 to the posterior superior corner of the sacrum is de�ned as SVA, and can re�ect
the sagittal balance (Fig.2). 

MSVA: The distance from C7 to PNP-LINE is called the modi�ed sagittal vertical axis (MSVA), which can
re�ect the real sagittal imbalance. (Fig.2).

The samples of patients

This was a single-institution retrospective study. A total of 60 patients with ASD treated in our hospital
from January 2015 to December 2018 were included in this study. The visual analog scale (VAS),
Oswestry Disability Index (ODI), and SRS22 questionnaire were used to assess HRQOL. (It is worth
mentioning that, according to the actual situation of follow-up, the authors deleted the 5 Questions 4, 6,
10, 14, 19 of the self-image evaluation part in the SRS22 score, because many patients with ASD are
older and cannot answer these questions well, the authors deleted Question 17, because many patients
with ASD no longer go to work or school. The authors also deleted question 21 and 22 to ensure the
consistency of preoperative and postoperative scores. Therefore, the SRS22 score in this article is a
variant of the SRS22 score, which focuses more on the assessment of pain and function).

This clinical study is a retrospective study. It only collects clinical data of patients, does not interfere with
the treatment plan of patients, and will not bring risks to the physiology of patients. The researchers will
try their best to protect the information provided by patients from disclosing personal privacy, hereby
apply for exemption from Institutional Review Board approval.

Imaging parameter measurement

All patients underwent standard standing full-length poster-anterior and lateral X-rays before and after the
operation. The measurements were completed by the same experienced researcher twice and averaged to
reduce error. The following parameters were measured in the surgimap system. Radiographic parameter:
lumbar lordosis (LL), thoracic kyphosis (TK), pelvic incidence (PI), pelvic tilt (PT), sacral slope (SS), SVA
and MSVA.

Statistical analysis

SPSS22.0 software was used for statistical analysis. First, a paired-sample t test was performed on the
spine-pelvic parameters and the quality of life score preoperatively and postoperatively. Then, the
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postoperative ODI and SRS22 scores and the spine-pelvic parameters were analyzed by Pearson
correlation. The difference was statistically signi�cant when p<0.05.

Results
The 60 patients in this study all underwent posterior spinal decompression and internal �xation
orthopedics, with an average �xed segment of 8.15 ± 2.22. Among them, 48 patients (48/60) had the
head end �xed to the thoracic spine, and 42 patients had the caudal end �xed to the pelvis, of which 20
patients (20/60) were �xed to the S1 and 22 patients were �xed to the S2 (22/60). 

SVA, TK, TLK, LL, SS, PT, PI-LL and MSVA were signi�cantly changed in 60 patients preoperatively and
postoperatively (Table1). The ODI, SRS22, low back pain VAS and leg pain VAS scores were signi�cantly
improved (Table2).

Pearson correlation analysis was used to analyze the relationship between preoperative sagittal
parameters and preoperative quality of life scores (Table 3). There is a strong correlation between
postoperative sagittal parameters and postoperative quality of life scores (Table4).

Discussion
Adult spinal deformity (ASD) is a complex spine disease. It is generally believed that the balance of the
coronal and sagittal planes has a clear correlation with the patient’s quality of life. Among them, sagittal
balance has a greater impact on the quality of life of patients with ASD [8, 9]. At present, the evaluation of
sagittal balance is mainly accomplished by measuring SVA. It is generally believed that SVA less than 5
cm can be considered as sagittal balance [6]. However, in patients with ASD, pelvis often rotate backward
to compensate the imbalance trend. When a healthy adult stand in a natural standing position, pelvis is in
the neutral position. For patients with ASD, due to lumbar lordosis decreased and thoracic kyphosis
increased, their body shifts forward. However, to regain trunk balance and reduce energy consumption,
the pelvis will rotate backward to compensate. In the case, SVA is a compensated value, which cannot
objectively re�ect the real sagittal imbalance and the real function. Therefore, it is important to �nd a new
parameter to evaluate both sagittal balance and pelvis compensation——the modi�ed sagittal vertical
axis(MSVA).

MSVA is de�ned as the distance from C7 to PNP-LINE, which can re�ect the real sagittal imbalance.
(Fig.2). PNP-LINE is the parallel line of TPT-LINE drawn from the posterior superior corner of the sacrum
(Fig.2). In the process of compensation, PT increases. The PT value at this time is also a value after
pelvic compensation. Vialle et al. used the formula PT=0.37PI-7 to get theoretical PT value (TPT) through
linear regression analysis to evaluate compensation of pelvis [7]. The TPT value means the real PT value
without pelvic compensation. The difference between the TPT value and PT value is de�ned as ∆PT
,which can re�ect the pelvic rotation compensation. According to the TPT value, the line drawn from the
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midpoint of the hip axis is de�ned as TPT-LINE. Therefore, the author proposes a hypothesis: the MSVA
can better re�ect the sagittal balance.

In this study, the spine-pelvic parameters LL, TK, TLK, SS, PI, and quality of life scores were signi�cantly
improved postoperatively, indicating that orthopedic surgery can signi�cantly improve spine-pelvic
alignment and the patient’s quality of life of patients with ASD. Meanwhile, we found that postoperative
quality of life score was correlated with postoperative SVA and MSVA (Table 4). And MSVA had the
stronger correlation with postoperative quality of life score. Therefore, we thought MSVA can be used as a
new parameter to assess sagittal balance in patients with ASD. For patients with spinal deformity,
satisfactory sagittal alignment is closely related to satisfactory function postoperatively. MSVA has
important clinical signi�cance for assessing the postoperative sagittal balance and the quality of life.

Traditional SVA can re�ect the overall sagittal balance, but cannot describe the compensation of the
pelvis. Pelvis compensation is not only related to a satisfactory spinal alignment, but also related to the
patient's quality of life. MSVA is the parameter which can re�ect the rotation of the pelvis and the overall
sagittal balance of the spine simultaneously. Although, SVA is better than MSVA in ODI scores, MSVA has
stronger correlation and higher signi�cance than SVA in SRS22 scores. Especially for patients with severe
pelvic compensation, SVA value may be satisfactory, but the quality of life is poor. In the case, the MSVA
is huge which may imply the poor quality of life. In Fig 3, we can �nd that the SVA is satisfactory but
MSVA is huge. In the case, the quality of life is not satisfactory. And orthopedic surgery can reduce MSVA
and improve the quality of life of patients. However, we can't simply draw a conclusion that MSVA is
better than SVA. MSVA can be regarded as a powerful supplement to assess the sagittal balance of spine
and pelvis.

There are still many de�ciencies in this study. There were no meaningful results regarding preoperative
MSVA and SVA. The reason may be that the sample size of this retrospective study is limited, and the
inclusion criteria did not exclude patients with lumbar spinal stenosis which can interfere with the
research results. As an innovative spine-pelvic parameter, MSVA still need further study. In the next step,
we hope to get the best range of MSVA by large samples to guide the clinical treatment.

Abbreviations

ASD adult spinal deformity

SVA sagittal vertical axis

MSVA Modi�ed sagittal vertical axis

TPT theoretical PT value

PNP Pelvis neutral position
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Tables
Table 1 comparison of spine-pelvic parameter preoperatively and postoperatively
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  preoperative postoperative P

TK(°) 14.42±13.57 23.76±12.75 0.00

TLK(°) 19.23±18.11 12.17±11.8 0.02

LL(°) 22.43±18.52 37.52±12.16 0.00

SS(°) 18.25±15.23 26.60±9.297 0.00

PT(°) 28.70±1.45 20.39±1.18 0.00

PI(°) 47.47±14.3 47.40±13 0.97

PI-LL(°) 25.05±21.9 9.87±13.3 0.00

PI/LL

SVA(mm)

5.90±26.06

59.09±61.2

1.41±0.62

34.35±28.4

0.19

0.01

RSVA(mm) 205.9±94.7 131.4±58.6 0.00

 

Table 2 Comparison of quality of life scores in patients with ASD preoperatively and postoperatively

  preoperative postoperative P

ODI 51.06±10.51 24.29±16.69 0.00

Lumbar pain VAS 7.28±3.49 1.71±2.40 0.00

Leg pain VAS 3.56±4.22 1.08±2.34 0.00

SRS22 33.67±5.75 53.50±9.45 0.00

Table 3 Correlation analyses between preoperative quality of life scores and spine-pelvic parameters

  PI PT LL PI-LL SVA MSVA

ODI 0.229 0.020 0.005 0.089 0.049 0.113

SRS22 -0.219 -0.130 -0.162 0.003 -0.216 -0.140

Table 4 Correlation analyses between postoperative quality of life score and spine-pelvic parameters

  PI PT LL PI-LL SVA MSVA

ODI 0.205 0.154 -0.047 0.243 0.329* 0.266*

SRS22 -0.137 -0.13 0.208 -0.324* -0.284* -0.338**
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*p<0.05, **p<0.01

Figures

Figure 1

a. When there is no pelvic compensation, the PT value is the real PT value; b. With the increase of age, the
lumbar lordosis decreased, the body shifted forward trend was obvious. In the case, the pelvic rotated
backward to compensate, and the PT value increased. The PT value at this time is a value after pelvic
compensation. Through the formula: theoretical PT = 0.37*PI -7, the theoretical PT (TPT) value of
patients with pelvic compensation can be calculated. The difference between the TPT value and PT value
is de�ned as △ PT ,which can re�ect the pelvic rotation compensation. According to the TPT value, the
line drawn from the midpoint of the hip axis is called is called TPT-LINE (The dotted line).
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Figure 2

a. The C7 plumb line should fall on the posterior upper corner of the sacrum, that is SVA = 0; b. PNP-LINE
is the parallel line of TPT-LINE drawn from the posterior superior corner of the sacrum, ∠1 =∠2 =∆PT; c.
The distance between C7 point and PNP-LINE can re�ect both sagittal balance and pelvic compensation,
which is called modi�ed SVA.



Page 11/11

Figure 3

A 65 years old female patient, pre-operation SVA is 0 mm, pre-operation MSVA is 234 mm, pre-operation
ODI score is 54, pre-operation SRS22 score is 32, pre-operation low back VAS score is 10; post-operation
SVA is 0 mm post-operation MSVA is 134 mm, post-operation ODI score is 36, post-operation SRS22
score is 47, post-operation low back VAS score is 0.


