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Purpose: The demand for surgical correction in elderly patients with adult spinal deformity
(ASD) has recently increased with the growth of the aging population. Age-related changes
in spinopelvic sagittal alignment have been recently reported; thus, sagittal realignment
should consider age-related changes. This study aimed to investigate the relationship
between age-specific sagittal spinopelvic radiographic parameters and low back pain (LBP)
to support the establishment of age-specific realignment targets for patients with ASD.
Materials and Methods: A population-based cohort consisting of 1461 subjects (466 men
and 995 women) was used. The participants were divided into five groups based on their age:
(1) younger than 50 years, (2) 50-59 years, (3) 60-69 years, (4) 70-79 years, and (5) 80
years and older. Standing lateral whole-spine radiographs were assessed to measure lumbar
lordosis (LL), pelvic tilt (PT), pelvic incidence (PI), and sagittal vertical axis (SVA). In
addition, all participants were asked if they had LBP or not, using the following question:
“Have you experienced LBP on most days during the past month and/or now?”.

Results: The crucial parameter associated with LBP was the mismatch between PI and LL
(PI-LL). The mean values of all the radiographic parameters increased with age. PI-LL and
PT reached 11.5° and 25.6°, respectively, for women without LBP in the super-aged group
(age >80 years), which did not lie in the range of optimal values reported in the previous
literature.

Conclusion: A new optimal age-related target may be needed for the management of
patients with ASD.
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Introduction

Pain and disability are the most important considerations for the adequate manage-
ment of patients with adult spinal deformity (ASD). Sagittal plane balance has been
demonstrated to be positively associated with pain, physical disability, and reduced
quality of life."* Thus, its assessment is crucial for ASD treatment.” ® Three
parameters that have been widely used to characterize sagittal alignment in ASD
are: 1) regional deformity represented by a mismatch between pelvic incidence (PI)
and lumbar lordosis (LL) (PI-LL), 2) compensatory mechanism represented by
pelvic tilt (PT), and 3) global alignment measured using the sagittal vertical axis
(SVA).>® Among these parameters, PI-LL has emerged as a key parameter since
Schwab et al proposed the formula (LL = PI + 9°) to estimate the optimal sagittal
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alignment required after spinal fusion surgery for ASD
treatment in patients with a mean age of 57 years.>”
However, the demand for surgical correction for elderly
patients (aged 65 years or older) with ASD has recently
increased with the growth of the aging population. In our
previous study, age-related normative values of spinopel-
vic sagittal alignment in adults were demonstrated using
population-based cohorts.” Sagittal realignment should
also consider age-related changes.®® In the present study,
the relationship between age-specific values for sagittal
spinopelvic parameters and low back pain (LBP) was
investigated to support the establishment of age-specific
realignment targets for patients with ASD.

Materials and Methods

This study was conducted in accordance with the
Declaration of Helsinki, and the study design was
approved by the Ethics Committee of the University of
Tokyo.

With the approval of our institutional review board, the
Research on Osteoarthritis/Osteoporosis Against Disability
(ROAD) study was initiated as a nationwide, prospective
study of bone and joint diseases in population-based
cohorts. A detailed profile of the ROAD cohort was pre-
viously reported.”'® In brief, participants of the third visit
of the ROAD study conducted from 2012 to 2013 were
recruited. In addition to the former participants, inhabi-
in the
Wakayama prefecture willing to participate in the ROAD

tants of the mountainous and coastal areas

survey were also included in the third visit. Overall, 1575
individuals (513 men and 1062 women) participated in the
third visit of the ROAD study. Of the 1575 participants,
114 individuals, for whom standing lateral whole-spine
radiographs were not obtained or whose radiographs
were not available for evaluation were excluded. Finally,
1461 participants (466 men and 995 women) were
included in this study. The participants were divided into
five groups based on their age: (1) younger than 50 years,
(2) 50-59 years, (3) 60—69 years, (4) 70-79 years, and (5)
80 years and older. All individuals provided written
informed consent.

For each subject, a standing lateral radiograph of the
whole spine and pelvis was obtained using a 40-inch film.
Each radiograph was aligned so that the edge of the film
was used as a reference for vertical alignment. As
described previously,'' the participants were instructed to
stand in a comfortable position, with their hips and knees
fully extended. The arms were flexed with hands resting

on shoulder-level supports. On the radiographs, the fol-
lowing parameters were measured: LL (°) (the Cobb angle
from the upper endplate of L1 to the lower endplate of S1),
PT (°) (the angle between the line connecting the midpoint
of the sacral plate to the axis of the femoral heads and the
vertical axis), PI (°) (the angle between the line perpendi-
cular to the sacral plate at its midpoint and the line con-
necting this point to the axis of the femoral heads), and
SVA (mm) (the horizontal distance from the C7 plumb line
originating at the middle of the C7 vertebral body to the
posterior superior endplate of S1) (Figure 1). In addition,
experienced board-certified orthopedic surgeons inter-
viewed all the participants regarding their symptoms. The

Figure | Parameters measured on lateral radiographs of the whole spine and pelvis
(A) angular parameters (°); a) lumbar lordosis; the Cobb angle from the upper
endplate of LI to the lower endplate of Sl, b) pelvic tilt, the angle between the line
connecting the midpoint of the sacral plate to the axis of the femoral heads and the
vertical axis; c) pelvic incidence; the angle between the line perpendicular to the
sacral plate at its midpoint and the line connecting this point to the axis of the
femoral heads. (B) Linear parameter (mm); d) sagittal vertical axis; horizontal
distance from the C7 plumb line originating at the middle of the C7 vertebral
body to the posterior superior endplate of SI.
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following question was used to assess the presence of
LBP: “Have you experienced LBP on most days during
the past month and/or now?” Those who answered “yes”

were defined as
12-17

having LBP based on previous
studies.

Chi-square tests were used to analyze the categorical data,
whereas Student’s #-tests were used to compare the radio-
graphic parameters between subjects with LBP and those
without LBP in each age group. Statistical analyses were
performed using JMP version 8 (SAS Institute Inc., Cary,
NC, USA). P < 0.05 was considered statistically significant.

Results

An overview of the participants’ characteristics (n = 1461)
is presented in Table 1. According to the World Health
Organization classification,'® the mean body mass index
was within the normal range (18.5-24.9) in all the groups
except for males in group 1. The prevalence of LBP was

approximately 40% in each group, also when the groups

Table 1 Anthropometric Characteristics of the Participants

were stratified based on sex. There were no statistically
significant differences observed in the prevalence among
the groups in both men and women and between men and
women (Table 2).

According to the radiographic examination shown in
Table 3, all values of PI-LL, PT, and SVA increased with
age in both men and women and were greater in partici-
pants with LBP than in those without LBP. The most
significant radiographic parameter associated with the pre-
sence of LBP was the PI-LL. A significant difference in
PI-LL values was observed between patients with and
without LBP in most of the patients aged over 50 years.
Interestingly, the mean value of PI-LL in women without
LBP aged over 80 years was 11.5°, which exceeds the

previously described normative value of PI-LL (<10°).

Discussion
Based on the present study using an overall healthy popu-
lation-based cohort, the crucial radiographic parameter

Male
No. of Participants Height (cm) Weight (kg) BMI (kg/m?)
Total 466 164.7£7.3 64.2+11.4 23.6+3.4
Age strata (years)
<49 56 171.3£6.8 734118 25.1£5.0
50-59 75 168.3+6.3 68.7+11.9 24.2+3.4
6069 124 166.3+5.4 65.9+9.4 23.8+3.2
70-79 123 162.7+6.1 62.2+9.5 23.5+2.9
280 88 158.1£5.9 55.1+8.4 22.0+2.9
Female
No. of Participants Height (cm) Weight (kg) BMI (kg/m?)

Total 995 151.8+6.7 52.4+8.7 22.7+3.5
Age strata (years)
<49 114 158.3+4.7 54.2+8.7 21.6%3.2
50-59 181 155.3+4.7 55.6+9.4 23.1+4.2
60-69 294 152.3+£5.7 52.6+8.2 22.7+3.3
70-79 284 149.3+£5.9 51.9+7.7 23.3+3.3
280 122 145.2+5.8 46.7+7.8 22.1+£34

Note: Values are presented as meantstandard deviation.

Abbreviation: BMI, body mass index.
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Table 2 Prevalence of Low Back Pain

Age Strata (Years) Overall Male Female p*
<49 66/170 (38.8%) 18/56 (32.1%) 48/114 (42.1%) 0.210
50-59 109/256 (42.6%) 29/75 (38.7%) 80/181 (44.2%) 0415
60-69 163/418 (39.0%) 54/124 (43.5%) 109/294 (37.1%) 0.215
70-79 173/407 (42.5%) 54/123 (43.9%) 119/284 (41.9%) 0.708
280 93/210 (44.3%) 34/88 (38.6%) 59/122 (48.4%) 0.163
p* 0.638 0.571 0.259

Notes: Values are presented as number (percentage). *Chi-square test.
Abbreviations: BMI, body mass index; LBP, low back pain.

associated with LBP in spinopelvic sagittal alignment was
PI-LL. Furthermore, the mean values of PI-LL and PT in
patients without LBP increased with age and reached 11.5°
and 25.6°, respectively, particularly for women in the
super-aged group (older than 80 years). In Scoliosis
Research Society-Schwab ASD classification, PI-LL <
10°, PT < 20°, and SVA < 4 cm have recently been
determined as the ideal goals in the management of
ASD.”> This well recognized formula developed by
Schwab et al was based on the investigation of health-
related quality-of-life measures in ASD patients with the
mean age of 57 years.” Nonetheless, the findings of the
present study suggest that the optimal goal for the manage-
ment of ASD should account for age, and PI-LL > 10°

could be accepted for elderly patients. Recently, some
researchers have reported a formula including age for the
treatment of ASD.*! In addition, Schwab et al also
demonstrated that the targets of operative realignment
should account for age.® Furthermore, ethnic variations
between health-related quality-of-life measures and radio-
graphic parameters in the setting of ASD have also been
reported, suggesting the need for population-adjusted
sagittal modifiers in the management of ASD.*°
However, age-adjusted alignment goals based on PI-
LL, PT, and SVA have yet to yield definitive guidelines for
ASD to high

complications.”' Moreover, it has been recently reported

surgery due rates of mechanical

that restoring the individual normal sagittal shape of the

Table 3 Comparison of Spino-Pelvic Parameters Between Subjects with and without Low Back Pain in Each Age Stratum

PI-LL (°) PT (°) SVA (mm)
Age Strata (Years) | Sex | LBP (-) LBP (+) *p LBP (-) LBP (+) *p LBP (-) LBP (+) *p
<49 M —2.1%6.1 | —0.6£10.8 | 0.4898 10.9+5.7 132 +£88 | 02340 | —11.7£199 | —9.2+293 | 0.7106
F -1.0£89 | -1.0%9.2 0.9932 14.2+6.5 148 £ 69 | 0.6461 | —18.8£24.9 | —18.7x24.6 | 0.9856
50-59 M 0.1+8.8 5.4+£125 | 0.0200 13.4+6.6 150+ 6.6 | 03019 2.9+30.9 8.3£31.1 0.4745
F —1.1£9.8 | 3.7x125 | 0.0035 14.3£7.5 179 £80 | 0.0018 | —11.4£23.8 | —3.3+274 | 0.0359
60-69 M 1.0£9.7 4.819.7 0.0262 14.347.1 16.0 £ 6.8 | 0.1586 42+27.7 13.3+42.0 | 0.1495
F 27117 | 5.1%137 0.1076 17.5£8.4 188 £85 | 0.2239 0.8+29.9 4.0+37.2 04116
70-79 M 0.1£9.7 43£147 | 0.0483 15.0£6.6 175 +85 | 0.0534 | 10.0+32.8 19.8£47.1 | 0.1787
F 6.3x14.1 13.6£14.7 | <0.0001 | 21.5+10.3 | 255+ 10.0 | 0.0010 | 17.3x42.4 | 33.9+424 | 0.0014
>80 M 6.9+132 | 148x19.2 | 0.0207 19.1482 | 22.1 £99 | 0.1174 | 33.3%51.1 49.8+60.3 | 0.1840
F 11.5£14.0 | 15.9+21.1 0.1608 | 25.6+10.1 | 252 + 10.8 | 0.8296 | 37.9+54.7 | 67.0£57.5 | 0.0048

Notes: Values are presented as meantstandard deviation. *Student’s t-test. Bold values are statistically significant.

Abbreviations: Pl, pelvic incidence; LL, lumbar lordosis; PT, pelvic tilt; SVA, sagittal vertical axis; LBP, low back pain; M, male; F, female.
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spine based on PI according to the Roussously classifica-
tion resulted in reducing the potential risk of mechanical
complications.”*** Further studies on the sagittal shape
using our cohort may lead to proposing better guidelines
for the management of ASD.

The present study has several limitations. First, this was
a cross-sectional study; thus, the natural history of spino-
pelvic sagittal alignment or causal relationship between age-
related changes in spinopelvic sagittal alignment and LBP
could not be identified. Second, although the ROAD study
included a large number of subjects, regional selection bias
should be considered.* The participants were recruited
from a limited area of the country, suggesting a possibility
that the study population may not represent the general
population. Third, the definition of LBP is different in
various studies.'? In our cohort study, patient-reported out-
come measurements related to the disability resulting from
low back pain, such as Oswestry Disability Index, were not
included. LBP was evaluated using just one questionnaire,
“LBP present on most days during the past month and/or
now,” which might have led to measurement bias. However,
several previous studies have elucidated the relationship
between radiographic findings and low back pain using
the cohort and low back pain questionnaire same as the
one in this study.'>"'” Therefore, we believe that the effec-
tiveness of this low back pain questionnaire in scientific
reports has already been proven. Fourth, LBP has been
recognized as a multifactorial symptom. Although anthro-
pometric data (height, weight, and body mass index), which
may be associated with LBP,*> were analyzed, activities in
daily life, psychological status, and various anatomical
components of the spine, including intervertebral discs,
facet joints, and paraspinal muscles, were not investigated
in this study.

However, to the best of our knowledge, we have inves-
tigated the largest cohort with a wide range of ages com-
pared to previous studies. The findings of this study may
provide important information to help improve the treat-
ment of elderly patients with ASD.

Conclusion

The radiographic values of spinopelvic sagittal alignment,
consisting of PI-LL, PT, and SVA, increased with age, and
PI-LL emerged as a crucial parameter associated with LBP.
In addition, radiographic values established as non-optimal
in the previous literature® were observed even in elderly
individuals without LBP. A new optimal formula may be
needed for the management of elderly patients with ASD.

Disclosure
The authors report no conflicts of interest in this work.
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