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Abstract
Purpose Pelvic morphology dictates the alignment and biomechanics of the spine. Recent observations in different types 
of adolescent idiopathic scoliosis indicate that individual pelvic morphology is related to the spinal levels in which scolio-
sis develops: primary lumbar adolescent scoliosis is associated with a higher pelvic incidence (PI) than thoracic scoliosis 
and non-scoliotic controls. We hypothesize that adult degenerative scoliosis (ADS) of the lumbar spine follows the same 
mechanical principles and is associated with a high PI.
Methods This study used an existing CT-scan database, 101 ADS patients were sex and age matched to 101 controls. The 
PI was measured by two observers with multi-planar reconstruction, perpendicular to the hip-axis according to a previously 
validated technique.
Results The PI was 54.1° ± 10.8° in ADS patients and 47.7° ± 10.8° in non-scoliotic controls (p < 0.001). The median ADS 
curve apex was the disc L2-3 and median curve length was 4 vertebral levels. The mean supine Cobb angle was 21° ± 8° 
(ranged 10°–47°). There was no significant correlation between PI and the apex level (p = 0.883), the curve length (p = 0.418) 
or the Cobb angle (p = 0.518).
Conclusions ADS normally develops de novo in the lumbar spine of patients with a higher PI than controls, similar to primary 
lumbar adolescent idiopathic scoliosis. This suggests a shared mechanical basis of both deformities. Pelvic morphology 
dictates spinal sagittal alignment, which determines the segments of the spine that are prone to develop scoliosis.

Keywords Adult degenerative scoliosis · Sagittal pelvic morphology · Spino-pelvic alignment · Pelvic incidence · Sex-age 
matched controls

Introduction

The unique upright sagittal profile of the human spine and 
its consequences for human spinal biomechanics provide an 
important mechanical basis for the development of spinal 
deformities [1–5]. Spinal alignment and consequent bio-
mechanics are to a large extent determined by the pelvic 
incidence (PI), first described by Duval-Beaupère et al. 
[6]. The PI describes position-independent sagittal pelvic 
morphology and is strongly related to the sagittal spinal 
configuration, making it ideal for studying and comparing 
spino-pelvic alignment [7]. Also, the PI is not influenced 

by potential spinal deformity and is therefore a pre-existent 
parameter, facilitating the study of cause-and-effect relation-
ships. The PI can be measured on conventional lateral spinal 
radiographs that include both femoral heads. Recent studies 
show that the inaccuracy of the projection plane accounts 
for a variability of 3°–6° in PI when measured on conven-
tional radiographs, compared to 0.8° when measured on 3D 
computed tomography (CT) images [8–11]. CT measure-
ments, however, are acquired in a horizontal position and 
will never become popular for general assessment due to the 
high radiation burden, but existing databases of CT-scans 
obtained for indications such as polytrauma screening or 
malignancies, can be used for study purposes.

Earlier studies observed a higher PI in primary lumbar 
adolescent idiopathic scoliosis patients compared to pri-
mary thoracic curve types and to non-scoliotic controls [7, 
12–14]. In adolescents, pelvic morphology dictates the spi-
nal alignment, where a higher PI corresponds with a more 
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pronounced curvature of the spinal profile in the sagittal 
plane, including a steeper dorsally inclined segment of the 
thoracolumbar spine [15]. This dorsally inclined segment 
appears to be of causal importance. A recently published 
study demonstrated that the inclination and magnitude of 
this dorsally inclined area in the years before the onset of 
scoliosis, differs between those that will and will not develop 
scoliosis [16].

Also in adults, it has been shown that the sagittal profile 
plays a role in the development of adult degenerative scolio-
sis (ADS) of the lumbar spine, suggesting the importance of 
spino-pelvic alignment also in this type of lumbar scoliosis 
[2, 17, 18]. We hypothesize a similar mechanical basis of 
both adolescent and adult de novo lumbar scoliosis. Plain 
radiography studies have already suggested the relationship 
of a slightly higher PI in ADS patients compared to either 
patients with milder ADS, poorly defined controls and/or 
a literature standard PI value [19–21]. The purpose of this 
study was to provide a thorough determination of the rela-
tionship between PI and ADS, by measuring the PI in an 
existing CT-scan database and compare ADS patients to a 
sex and age matched control population.

Methods

Study population

The Institutional Review Board (IRB) exempted patient 
informed consent for this retrospective cross-sectional 
comparative study (IRB number 19/642). All patients aged 
40–80 that had received a full body CT-scan between 2011 
and 2019 in our clinic and had a diagnosis of ADS with a 
Cobb angle > 10° according to the Scoliosis Research Soci-
ety guidelines were included [22]. Patients were included 
only if there was no history of spinal surgery, no previ-
ous hip arthroplasty, both femoral heads were visible on 
the CT-scan, no pelvic or vertebral fractures and no other 
spinal deformities, such as idiopathic scoliosis, were pre-
sent. From the same hospital, patients aged 40–80 that had 
received a full-body CT-scan between 2011 and 2019 for 
indications not related to the spine were used as potential 
control patients and screened for the same criteria as the 
ADS patients except the presence of a scoliotic curve with 
a Cobb angle > 10°. Before further analysis of the CT-scans 
and blinded for all baseline characteristics except sex and 
age, every included ADS patient was matched to a control 
patient of first the same sex, and thereafter of the closest age. 
Of the ADS patients and sex-age matched controls, basic 
characteristics of the spine were determined on digitally 
reconstructed radiographs of the CT-images: supine coro-
nal Cobb angle, curve convexity, apex level and the curve 
length recorded as the number of vertebral bodies in the 

curve from Cobb-to-Cobb end vertebrae, following the Sco-
liosis Research Society guidelines [22].

Three‑dimensional pelvic incidence measurement

In the current study, we used a previously validated, accurate 
3D method that uses sagittal plane reconstructions perpen-
dicular to hip-axis [9, 14]. The PI is measured as the angle 
between the line from the femoral-heads-axis to the mid-
point of the sacral endplate, and the line perpendicular to 
the sacral endplate (Fig. 1). The supine full body CT-scans 
of every included ADS patients and sex-age matched con-
trol were analysed by multi-planar reconstruction (MPR) to 
measure the PI (Fig. 2).

Statistical analysis

The required sample size was calculated based on an ear-
lier study that measured the pelvic incidence with the same 
method on CT-scans of an asymptomatic control population 
(47.1° ± 10.0°) [9]. To detect a difference of 5 degrees in 
PI or more with 80% power and a two-sided alpha of 5% in 
two equally sized groups (sampling ratio of 1), a required 
sample size of 63 per group was calculated [23]. All descrip-
tive statistics were tested for normality with a Shapiro–Wilk 
test. For normally distributed parameters the mean, range 
and standard deviation (SD) were calculated and for not 

Fig. 1  A three-dimensional (3D) CT reconstruction of the femoral 
heads, pelvis and lower lumbar spine. The pelvic incidence is shown 
in the light blue lined plane. PI is defined as the angle between the 
line from the femoral-heads-axis to the mid-point of the sacral end-
plate, and the line perpendicular to the sacral endplate
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normally distributed parameters the median and interquartile 
range (IQR) were calculated. Percentages were shown for 
the categorical variables. The difference in PI between the 
two groups was analysed with an independent samples t test. 
A linear regression analysis between age and PI in both ADS 
patients and sex-age matched controls was performed. For 
curve characteristics, a Pearson’s correlation test between 
the apex level and curve convexity was performed, also the 
association between PI and the apex level, curve length and 
Cobb angle were analysed with an ordinal regression analy-
sis. Statistical analyses were performed with SPSS 25.0 for 
Windows (IBM, Armonk, NY, USA). The statistical signifi-
cance level was set at 0.05.

Results

A total of 101 ADS patients were sex and age matched to 
101 controls. The median age was 69 in ADS patients and 
68 in the matched controls, 57% were female (Table 1). In 
ADS patients, the median apex level was the disc L2-3, the 
mean coronal Cobb angle was 21° ± 8° and ranged from 10° 
to 47° (Table 1). Furthermore, all ADS curves had their apex 
in the lumbar area, in concurrence with earlier observations 
of de novo ADS, and 56% of these primary lumbar curves 

were left convex (Table 1) [24]. A higher lumbar apex level 
correlated significantly with a right convex curve (R = 0.282; 
p = 0.004).

The PI was 54.1° ± 10.8° in ADS patients and 
47.7° ± 10.8° in sex-age matched controls (p < 0.001; 
Table 1). Furthermore, there was a weak and slightly sig-
nificant correlation between age and PI in both the ADS 
group (R = 0.225; p = 0.024) and the sex-age matched con-
trols (R = 0.197; p = 0.048; Fig. 3). There was no significant 
correlation between PI and the specific level of the apex 
(p = 0.883), the length of the scoliotic curve (p = 0.418) or 
the Cobb angle (p = 0.518).

Discussion

The mechanical basis of scoliosis is becoming more and 
more understood. The human spine has a unique sagittal 
profile, that renders certain spinal segments prone to decom-
pensate into a scoliotic deformity [2, 4, 5]. How, why and 
when this decompensation starts is still matter of continuing 
investigations, however, not yet fully understood mechanical 
properties of the maturing as well as the degenerating disc as 
the primary passive stabilizer of the spine likely play a role 
in the pathogenesis of scoliosis [4, 25, 26]. Pelvic morphol-
ogy influences the sagittal spinal profile, e.g. a higher PI typ-
ically results in a more pronounced sagittal spinal curvature 
and a steeper dorsal inclination of the lumbar spine [6, 7, 
15]. Furthermore, a higher PI has been shown to be related 
to primary lumbar adolescent idiopathic scoliosis, whereas 
a lower PI was associated with primary thoracic curves and 
non-scoliotic controls [7, 12–14]. In de novo adult spinal 

Fig. 2  Full body CT-scans of all included patients were analysed by 
multi-planar reconstruction (MPR) to get a three-dimensional (3D) 
image rotatable in all planes. The femoral heads were aligned and 
encircled by the observer to get the exact axis through the femoral 
heads. After selecting the sacral endplate, the pelvic incidence was 
measured as the angle between the line from the femoral-heads-axis 
to the mid-point of the sacral endplate, and the perpendicular line 
from the mid-point of the sacral endplate

Table 1  Demographics and results

Demographics and results: A total of 101 adult degenerative scolio-
sis (ADS) patients were compared to 101 sex and age matched con-
trol patients. L2-3: the intervertebral disc between vertebral body L2 
and L3. IQR: interquartile range. *: statistically significant difference, 
p < 0.001

ADS Control

N 101 101
Median year of age 69 68
Female 57% 57%
Mean Cobb angle (± SD) 21° ± 8°
Range 10° to 47°
Convexity of lumbar curve 56% left-sided
Median apex L2-3
IQR L2 to L3
Median curve length (included 

number of vertebrae)
4

IQR 3 to 5
Pelvic incidence* 54.1° ± 10.8° 47.7° ± 10.8°
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deformities, the curvature normally develops in the lum-
bar spine during a phase in life when the torsional stiffness 
of the intervertebral disc decreases [18, 24, 25, 27–29]. If 
mechanical characteristics, dictated by the sagittal pelvic 
morphology, play a role in the development of scoliosis, we 
expect a similar phenomenon of a higher PI in ADS as was 
observed in primary lumbar adolescent idiopathic scoliosis. 
So far, three radiographic studies indicated a slightly higher 
PI in ADS patients compared to either patients with milder 
ADS, controls and/or a literature standard PI value [19–21].

This CT-based study with sex and age matched controls 
demonstrated that the PI was indeed higher in ADS than in 
non-scoliotic controls (54° vs 48°; Table 1). Since PI is not 
affected by the spinal deformity, this confirms the role of 
sagittal spino-pelvic alignment in the development of both 
idiopathic adolescent and adult degenerative de novo scolio-
sis. Using the same CT-based method for PI measurements, 
a similar but slightly larger PI difference of 51° in (thoraco)
lumbar adolescent idiopathic scoliosis and 41° in matched 
controls was observed [14]. These overall lower PIs com-
pared to the current observations of 54° in ADS and 48° 
in controls, are explained by the fact that children and ado-
lescents are known to have a lower PI than adults [30–33]. 
This ageing effect was also observed in the current study 
(Fig. 3). Furthermore, all ADS curves had their apex in the 
lumbar area, which is consistent with data from the literature 
[24, 25, 28] (Table 1). And a higher lumbar apex correlated 
significantly with a right-convex curve, which is in concur-
rence with observations that scoliotic curve convexity tends 

to follow the slight pre-existent rotational pattern present in 
the non-scoliotic spine [34].

The three main strengths of the current study are: First, 
the comparison between ADS patients and a sex-age 
matched control population. Second, the study was pow-
ered to detect a difference of 5 degrees in PI or more [9, 23]. 
And third, the use of 3D CT-scan images and a validated 
measurements method of the PI, which is more accurate 
than radiographic measurements [8–11]. Due to the inevi-
table nature of the CT-scans, made supine in contrast to the 
upright position during standard full spine radiography, a 
potential limitation is that some smaller ADS curves may 
have dropped below the 10-degree threshold in the supine 
position, and were therefore not included in the ADS group. 
Furthermore, it is possible that patients with an unknown 
history of adolescent idiopathic scoliosis with only a lumbar 
curve (Lenke 5), or similarly for adult idiopathic scoliosis, 
that developed a degenerative lumbar spine over time, were 
included in this study as ADS patients. However, the preva-
lence of this occurrence is likely to be very small compared 
to the reported ADS prevalence of 30–60%, and therefore 
the influence on the results is insignificant [25].

The current and earlier studies again confirm the interac-
tion between the sagittal spinal profile as dictated by the PI 
and the occurrence of scoliosis [1–7]. This strengthens the 
hypothesis of a causal relationship between sagittal spinal 
morphology and development of both idiopathic adolescent 
and adult degenerative scoliosis [7, 12–14]. In this causal 
mechanism, the individual’s PI in itself is not a sufficient 

Fig. 3  This scatter-plot shows 
the pelvic incidence and age 
for all males and females in 
the adult degenerative scoliosis 
(ADS) group and sex-age 
matched control group. Linear 
regression analysis showed a 
weak but significant correla-
tion between age and pelvic 
incidence in both the ADS 
group (R = 0.225; p = 0.024) and 
the sex-age matched controls 
(R = 0.197; p = 0.048), indicated 
by the dashed lines in figure
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cause or ‘trigger’, but a component cause, predisposing 
patients with a specific spino-pelvic alignment to develop 
scoliosis in different areas of the spine, dependent of the 
sagittal profile, during two separate phases of life. In both 
adolescence and in later adulthood, important changes to 
spinal biomechanics occur [4, 25, 26]. We propose that the 
‘trigger’ is a relative loss of equilibrium between the passive 
stabilizers, mainly the intervertebral discs, on the one hand 
and the spinal loading on the other. During adolescence, an 
imbalance can occur between rapidly increasing loads on 
the spine and the mechanical properties of the still maturing 
disc, where initially a cartilaginous insertion of the annulus 
fibrosus fibres changes into a bony insertion during puberty, 
with ossification and fusion of the ring apophysis to the ver-
tebral endplate [35–37]. Similarly at later age, degeneration 
related loss of torsional stiffness can induce a segmental 
spinal instability under relatively constant spinal loading, a 
process potentially sped up by a high PI itself, by dictating 
a more pronounced lumbar lordosis, increasing local stress 
on intervertebral discs and therefore uneven degeneration 
may take place [18, 29, 38].

However, for both phases in life, the spinal level where 
this (relative or absolute) loss of mechanical properties of 
the intervertebral discs will become manifest, appears to be 
dictated by the sagittal spinal profile. Explained by the Rous-
souly classification, a higher PI is associated with a more 
pronounced curvature of the spinal profile in the sagittal 
plane, including a steeper dorsally inclined segment of the 
lumbar spine [15]. The resultant dorsal shear forces in these 
sections are known to decrease rotational stability [2, 17]. 
And already before scoliosis onset, this dorsally inclined 
segment was observed to be different between those that 
later developed a primary thoracic or a lumbar curve, or did 
not develop a scoliosis at all [16]. This suggests an important 
role for sagittal spino-pelvic alignment in a general mecha-
nism of scoliosis development during two separate phases 
of life, characterized by a change in the balance between 
mechanical properties of the disc in relation to the spinal 
loading.

Conclusions

Adult degenerative scoliosis develops de novo in the lum-
bar spine of patients with a higher PI than controls, similar 
to lumbar adolescent idiopathic scoliosis. This suggests a 
shared mechanical basis of both deformities. It is known 
that pelvic morphology dictates spinal sagittal alignment, 
which determines the segments of the spine that are prone 
to develop scoliosis. We hypothesize that whether and 
during which phase in life this will occur, depends on the 
mechanical properties of the passive stabilizers of the spine, 

predominantly the discs, either during maturation, or during 
degeneration.
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