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Abstract
Background Given that the pelvis is the pedestal on which relationship between the pelvic morphology and lumbar
the spine lies, its morphology has been observed to be lordosis still remains poorly defined. We hypothesized that

associated with specific sagittal spinal shapes and should the shape of the lumbar lordosis and its relationship with
therefore be taken into account when dealing with patho- the pelvis could be described using anatomic parameters,
logic conditions of the spine. However, the exact independently of posture.
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Questions/purposes (1) What is the variation of lumbar
segmental lordosis in an asymptomatic adult population?
(2) Is there an association between increasing magnitude of
pelvic incidence (PI) and segmental lordosis? (3) How does
the position of the apex of lordosis change with increasing
magnitude of PI value?

Methods This retrospective study used data drawn from
a longitudinally maintained database; between March 2014
and January 2015, 119 asymptomatic volunteers between 18
and 79 years old were enrolled in the study. Mean age was 51
years; there were 81 women and 38 men. Both segmental and
cumulative lordosis were measured and used to describe the
shape of the lumbar spine. We defined cumulative lordosis as
the angle between L1 and S1, proximal lordosis as the angle
between L1 and the superior endplate of L4, and distal lor-
dosis as the angle between the superior endplates of L4 and
S1. Plis defined as the angle between the line passing through
the center of the femoral head and the center of the sacral
endplate and a line perpendicular to the sacral endplate.
Pearson’s correlation was performed to analyze the relation-
ship among PI, proximal and distal lordosis. Stratification by
PI was performed (low, < 45°; average, 45°-60°; and high,
> 60°) and the proportions of distal and proximal lordosis
were then compared using an analysis of variance test.
Results In the whole cohort, proximal lordosis accounted
for 38% of total lordosis, whereas distal lordosis accounted
for 62%. PI revealed a positive correlation with proximal
lordosis (r = 0.546; p < 0.001). However, there was no
correlation with distal lordosis (r = 0.087; p = 0.346).
Stratification by PI showed that proximal lordosis increased
across PI groups (16.6° [ 10] versus 21.6° [* 9] versus
30.1° [+ 9]; p < 0.001), whereas distal lordosis remained
relatively constant (34.8° [ 8] versus 36.7° [+ 7] versus
35.9° [+ 10]; p = 0.581). Apex position was overall more
proximal as PI increased (r = -0.199; p = 0.034).
Conclusions Our study demonstrated that PI influences
only the proximal part of the lordosis, but not the distal part in
an asymptomatic adult population. The proximal part of the
lumbar spine had the most variability across individuals and
appeared to accommodate to pelvic morphology (incidence).
Further studies using a larger cohort size are encouraged not
only to refine this relationship, but also to investigate the
effect of restoration of normal lordotic shape of the lumbar
spine on the functional outcomes after spinal fusion.
Clinical Relevance Our findings may be useful for surgical
planning in an era of patient-specific care. The findings sug-
gest that surgeons should aim for a patient-specific lumbar
shape rather than simple global lordosis matched to the PI.

Introduction

In the past two decades, the role of sagittal alignment in
pathologic conditions has been repeatedly demonstrated.
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One of the main parameters used to assess the role of the
pelvis in sagittal alignment is the pelvic incidence (PI).
This parameter reflects the sagittal orientation of the sacral
endplate within the pelvis with regard to the femoral heads
(Fig. 1). It is now established that sagittal alignment is
correlated to health-related quality-of-life scores (HRQoL)
[2, 5, 7, 10]. In adult spinal deformity, previous studies
have highlighted that postoperative residual sagittal mala-
lignment results in lower HRQoL, higher revision rates,
and residual pain [5, 7]. In degenerative conditions, it has
been shown that the correction of sagittal malalignment,
quantified by the pelvic incidence-lumbar lordosis (PI-LL)
mismatch, is a predictor of success after short-segment
fusions [2, 10]. On the other hand, a greater postoperative
PI-LL mismatch leads to a higher risk of adjacent-segment
disease and decreased HRQoL scores [12, 14].

The relationship between pelvic morphology and the
spine has been well established [4, 9]. A chain of correla-
tion exists among PI, pelvic tilt, sacral slope, and lumbar
lordosis. Because the sacral slope is the pedestal of lumbar
lordosis, as sacral slope becomes more vertical, lumbar
lordosis will increase accordingly; thus, sacrum orientation
will mediate the overall shape of the lumbar spine. Al-
though sacral slope represents the connection between the
pelvis and lumbar lordosis, PI quantifies anatomic pelvis
morphology, defining sacrum orientation within the pelvis.
Because PI is an anatomic parameter, it does not change
with sagittal pelvis rotation. In the past, the values of
lumbar lordosis and PI have been demonstrated to show
a strong positive association [4].

However, the relationship between pelvic morphology
and the detailed contour of the lumbar lordosis remains
unclear. Been et al. [3] demonstrated that the lordosis within
each lumbar level was not homogenous, but the authors did
not investigate the potential influence of the pelvis.
Laouissat et al. [8] and Roussouly et al. [13] presented the
variation in lumbar, sagittal shape in the normative pop-
ulation. They proposed a classification based on the sacral
slope and the apex position of lordosis and defined five
morphologic types. With their method, they divided the
lordosis into an upper and lower arc, separated by a hori-
zontal line, with the lower arc equal to the sacral slope. They
demonstrated that higher values of PI, and in turn, higher
sacral slope, are strongly associated with larger lumbar lor-
dosis in the distal segments (L4-L5, L5-S1). In other words,
the distal lumbar lordosis showed a variation across the PI
spectrum. They concluded that the PI was the best parameter
to describe lordosis shape. It appears that taking the hori-
zontal plane as a reference is a major limitation. Spinal
conditions are likely to induce several changes in spinal
alignment, and pelvic position (tilt) will therefore change to
compensate for spinal malalignment. It is thus misleading to
use this classification in the setting of spinal pathology. To
the best of our knowledge, the independent impact of pelvic

Copyright © 2018 by the Association of Bone and Joint Surgeons. Unauthorized reproduction of this article is prohibited.



Volume 476, Number 8

Segmental Lordosis and Pelvic Incidence 1605

ME FEe

e

(]
&

e

Proximal
Lordosis

=
)

&
O

Total

Lordosis
Distal

Lordosis

’Segmental Lordosis‘

Cumulative Lordosisl

Lumbar Lordosis

e @E@@@\

\Thoracolumbar Junction|

Pelvic Parameters

IApex Measurement|

Fig. 1 List detailing radiographic parameters. Total lordosis was defined as the angle be-
tween the superior endplate of L1 and the superior endplate of S1. Proximal lordosis was
defined as the angle between the superior endplate of L1 to the superior endplate of L4.
Distal lordosis was defined as the angle between the superior endplate of L4 and the superior
endplate of S1. Segmental lordosis was defined as the sagittal angle between the superior
endplate at a given level and the superior endplate of the level below. The thoracolumbar
junction was the angle between the superior endplate of T10 and the inferior endplate of L2.
Cumulative lordosis was defined as the sagittal angle between the superior endplate at
a given level and the superior endplate of S1. The apex of lordosis was calculated according
to the tangential radiographic assessment of the lumbar lordosis method [6].

morphology on the distribution of lumbar lordosis has not
been clarified based on previous work.

In this study, we asked: (1) What is the variation of
lumbar segmental lordosis in an asymptomatic adult pop-
ulation? (2) Is there an association between increasing
magnitude of PI and segmental lordosis? (3) How does the
position of the apex of lordosis change with increasing
magnitude of PI value?

Patients and Methods

After institutional review board approval, we conducted
a retrospective review of a longitudinally maintained da-
tabase of asymptomatic volunteers ages 18 and 79 years
with no neck, back, or leg pain from March 2014 to January
2015. Individuals with a history of prior spine surgery,

previous hip or knee arthroplasty, or lower limb re-
alignment (because of trauma or osteotomy) were excluded
from the study as were patients with disabling back
pain, degenerative spine conditions requiring intervention
(physical therapy, corticosteroid injection), patients who
could not walk, and those with a history of neuromuscular
or inflammatory conditions and pregnancy. Informed
consent was obtained from each individual before study
enrollment. In total, 119 asymptomatic volunteers were
recruited at a single center (Washington University School
of Medicine, St Louis, MO, USA). Mean age was 50.7
years old (* 17; range, 22-78 years). There were 81 women
and 38 men (sex ratio = 2.1:1).

Demographic parameters were collected: weight,
height, and age. Standing full-body biplanar (AP and lat-
eral) low-dose radiographs were taken (EOS Imaging,
Paris, France). For radiographic acquisition, individuals
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were asked to stand naturally and then place their fists on
their shoulders with mild shoulder flexion.

Two trained independent observers (RL, JCE) measured
radiographic parameters using validated software (Spine-
view; ENSAM Laboratory of Biomechanics, Paris, France)
[L1]. The two observers evaluated all radiographs and
reached consensus for every measurement. They measured
the segmental lordosis, defined as the angle between the
superior endplate at a given level and the superior endplate of
the level below; as well as the cumulative lordosis, defined as
the angle between the superior endplate at a given level and
the superior endplate of S1. The total lordosis was defined as
the angle between the superior endplate of L1 and the su-
perior endplate of S1. The proximal lordosis was the angle
between the superior endplate of L1 to the superior endplate
of L4. The distal lordosis was the angle between the superior
endplate of L4 and the superior endplate of S1. The thor-
acolumbar junction was assessed by the angle between the
superior endplate of T10 and the inferior endplate of L2.
Pelvic parameters were also measured (PI, pelvic tilt, and
sacral slope). The lordosis apex was defined using the tan-
gential radiographic assessment of the lumbar lordosis
method [6]. To calculate the apex, first a line was drawn from
the posterosuperior aspect of L1 to the posterosuperior as-
pect of S1. Subsequently, the perpendicular distance con-
necting the midpoint of the posterior wall of the vertebrae to
the L1-S1 line was measured. The vertebral level with the
greatest distance was then defined as the apex (Fig. 1).

Primary and Secondary Study Outcome Variables

To answer the first research question, the distribution of
lordosis was assessed with the measurement of the seg-
mental lordosis at each level of the lumbar spine. The in-
fluence of PI on the shape of the lumbar spine (question 2)
was assessed with correlation analysis between PI value
and proximal and distal lordosis. Further analysis involved
stratification of our cohort into three groups by the PI value
(low PI, <45°; average PI, 45°-60°; high P1 < 60°). Finally,
the position of the apex of lordosis was measured and
compared across three PI groups.

Statistical Analysis

We performed statistical analyses with SPSS (IBM, Chi-
cago, IL, USA). Data are presented as mean * SD. Com-
parison of means was performed using an analysis of
variance. Post hoc analysis was performed using a Bon-
ferroni correction. We assessed the relationship between
parameters with Pearson correlation tests. The relationship
of the proximal and distal lordosis with PI was analyzed
using a linear stepwise regression through the origin.
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Stepwise multilinear regression was performed to assess
the association of PI and age with the proximal and distal
lordosis. For discrete values, comparisons were performed
with a chi-square test. For all statistical tests, the signifi-
cance threshold was set at p < 0.05.

Results

Variation of Lumbar Segmental Lordosis in
Asymptomatic Adults

The mean lordosis was 58.1° (£ 13; Table 1). The mean
proximal lordosis was 22.1° (% 10.1°) and accounted for
38% of the total lordosis, whereas the mean distal lordosis
was 36° (= 8.1) and accounted for 62% of the total lordosis.
The proportion of lumbar lordosis given by every level in-
creased gradually, from 4% for L1-L2 to 35% for L5-S1.

Influence of PI Value on Segmental Lordosis

PI was correlated to proximal lordosis (r = 0.546; p <
0.001) (Fig. 2) but not to distal lordosis (r = 0.087; p =

Table 1. Radiographic data for the whole cohort*

Minimum-
Parameters Mean SD maximum Proportion
Total lordosis 581 13 10-89 100%
Proximal lordosis 221 10.1 -5.7 to 43.3 38%
Distal lordosis 36 8.1 145-56.9 62%
Cumulative lordosis
L2-S1 555 115 12.7-86 96%
L3-S1 476 99 147-68.2 82%
L4-S1 36 8.1 145-569 62%
L5-S1 202 6.1 5.5-339 35%
Segmental lordosis
L1-L2 2.6 4 -6.6t0 11.8 4%
L2-13 79 43 -59to017.8 14%
L3-L4 116 48 -4to216 20%
L4-L5 158 44 55-244 27%
L5-S1 202 6.1 5.5-339 35%
Thoracolumbar junction -3.6 9.5 -37to 30
Pelvic parameters
Pelvic incidence 52 114 25-84.7
Sacral slope 38 88 13.8-654
Pelvic tilt 14 7.7 -641to35.1
PI-LL -6.1 125 -36to 25

*Negative values indicate kyphosis; the proximal lordosis
accounted for 38% of the total lordosis, whereas the distal
lordosis accounted for 62%; the proportion of lumbar lordosis
given by every level increased gradually, from 4% for L1-L2 to
35% for L5-S1; PI-LL = pelvic incidence-lumbar lordosis.
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Volume 476, Number 8 Segmental Lordosis and Pelvic Incidence 1607

@ s Proximal
@ 22.1° ’ Lordosis
@ ‘ Distal
.' Lordosis r=0.546
&y s r=0.087"% Pt
62% p=0.346 & Pelvic
Incidence
Total cohort Correlations

@ 165°  32% @
Q 34.8°
68%

f

Low Pelvic Incidence Average Pelvic Incidence High Pelvic Incidence

63% 54%

Fig. 2 This figure represents the shape of the lumbar spine and segmental lordosis in the
whole cohort and according to stratification by PI. The proximal lordosis increased with PI,
whereas the distal part remained constant. There was a correlation between Pl and proximal

lordosis.

0.346; Table 2). The proximal lordosis increased
throughout the PI groups (17° [£ 10] versus 22° [ 9]
versus 30° [ £ 9], respectively; p<0.001; Table 3), whereas
the distal lordosis did not vary (35° [= 8] versus 37° [£ 7]
versus 36° [ 10], respectively; p=0.581; Fig. 3). Post hoc
analysis (Bonferroni) showed that proximal lordosis was
different between PI groups (low PI versus average PI, 17°
versus 22°, p = 0.03 [95% confidence interval {CI}, 0.3°-
9.8°°]; low PI versus high PI, 17° versus 30°, p < 0.001
[95% CI, 7.7°-19.3°]; and average PI versus high PI, 22°
versus 30° [95% CI, 3.3°-13.6°], p < 0.001). There was no

Table 2. Results of the correlation analysis*

difference between PI groups regarding distal lordosis (low
PI versus average PI, 35° versus 37° [95% CI, -6.1° t0 2.5°],
p = 0.90; low PI versus high PI, 35° versus 36° [95% ClI,
-6.3° to 4.1°], p = 0.99; and average PI versus high PI, 37°
versus 36° [95% CI, -3.8° to 5.4°], p = 0.99). Linear re-
gression showed that PI represented 43% of the proximal
lordosis (* = 0.879, proximal lordosis = 0.428 x PI, p <
0.001) (Fig. 4). After exploring other variables such as age,
we found that only PI was associated with proximal lordosis
(p <0.001). On the other hand, only age was associated to
distal lordosis (p = 0.02).

Parameters Age PI SS PI-LL Total lordosis Proximal lordosis Distal lordosis
Age 1 0.144 -0.165 0.345% -0.205" 0.043 -0.384*

PI 1 0.740% 0.416" 0.480% 0.546% 0.087

SS 1 -0.136 0.784* 0.691* 0.393*

PI-LL 1 -0.598% 03121 -0.512%

Total lordosis 1 0.783* 0.626*
Proximal lordosis 1 0.006

Distal lordosis

1

*Pl was positively correlated to every parameter except distal lordosis.

tsignificance < 0.05.

significance < 0.001; Pl = pelvic incidence; SS = sacral slope; LL = lumbar lordosis; PI-LL = pelvic incidence-lumbar lordosis mismatch.

Copyright © 2018 by the Association of Bone and Joint Surgeons. Unauthorized reproduction of this article is prohibited.
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Table 3. Stratification by pelvic incidence*

Low PI (< 45°)

Average PI (45°-60°)

High PI (< 60°)

Parameters
(n=32) (n=61) (n =26)
Mean SD 95%Cl Percent Mean SD 95%Cl Percent Mean SD 95% Cl Percent

Age (years) 45.7 169 40-52 524 17.2 48-57 53.2 15.8 47-60
Total lordosis (°) 514 139 46-56 100 583 11.3  55-61 100 66.0 111 61-70 100
Proximal lordosis (°) 16.6 10.0 13-20 32 21.6 9.0 19-24 37 30.1 8.6 27-34 46
Distal lordosis (°) 34.8 83 32-38 68 36.7 7.2 35-39 63 359 9.7 32-40 54
Cumulative lordosis (°)

L2-S1 50 12.1 46-54 97 56 104 53-59 96 61 10.7 57-65 93

L3-S1 442 10.5 40-48 86 48.3 9.1 46-51 83 50.3 10.1  46-54 76

L4-S1 34.8 8.4 32-38 68 36.7 7.2 35-39 63 359 9.7 32-40 54

L5-S1 20.2 57 1822 39 20.5 57 19-22 35 19.4 75  16-22 29
Segmental lordosis (°)

L1-L2 14 38 0-3 3 2.3 38 1-3 4 49 42 37 7

L2-L3 5.7 4 4-7 11 7.7 4 7-9 13 10.8 3.7 9-12 16

L3-L4 94 4.8 8-11 18 11.6 4.6 10-13 20 14.4 39 13-16 22

L4-L5 14.6 4.8 13-16 28 16.2 3.9 15-17 28 16.5 4.5 15-18 25

L5-S1 20.2 57 18-22 39 20.5 5.7 19-22 35 194 7.5 16-22 29
Thoracolumbar junction (°)

T10-L2 -6.9 8.7 -10to -4 -4.3 8.8 -7 to -2 2.1 9.9 -2t0 6
Pelvic parameters (°)

Pl 39.1 4.8 37-41 51.7 4.1 51-53 68.6 6.9 66-71

SS 311 79 28-34 37.7 6 36-39 47.2 7.1 44-50

PT 8 6.8 6-10 14 5.8 13-15 214 6.3 19-24

PI-LL (°) -123 133 -17to-8 -6.6 11 9to-4 26 10 -1to7

*Negative values indicate kyphosis; the proximal lordosis increased gradually according to Pl value, whereas the distal lordosis remained
constant; sacral slope, pelvic tilt, PI-LL mismatch, and thoracolumbar junction angle also increased with PI; the thoracolumbar junction
ranged from kyphotic in the low and average Pl groups to lordotic in the high Pl group; Pl = pelvic incidence; LL = lumbar lordosis.

Lordosis Apex Position Change and PI Value

There was a correlation between PI and the apex position
(r=-0.199; p = 0.034), meaning that as PI increased, the

Lordosis (°)
70 4
[ Proximal Lordosis ()
60 - [ oistal Lordosis (%)

50 | 46%  p<0.001
40 -
30
20

54% p=0.581

10 +

[

Low Pelvic Incidence Average Pelvic Incidence High Pelvic Incidence

Fig. 3 This bar plot shows the proportion of proximal and distal
lordosis by Pl groups. The proximal lordosis increased through-
out Pl groups, whereas the distal part remained constant.
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location of the apex was increasingly proximal. In the low
PI group, the apex position was L3 in two of 32 patients,
L3-L4 in 23 patients, L4 in five patients, and L4-L5 in two
patients. In the average PI group, the apex position was L3
in five of 61 patients, L3-L4 in 48 patients, L4 in six
patients, and L4-L5 in two patients. Finally, in the high PI
group, the apex position was L2-L3 in one of 26 patients,
L3 in one patient, and L3-L4 in 24 patients (Table 4).

Discussion

Because spinal fusion aims to restore the natural profile
of the spine, a deeper understanding of the distribution of
lordosis across the entire lumbar spine is needed. Most of
the studies investigating the relationship between the pelvis
and lumbar spine did not explore the shape of the lumbar
spine in relation to PI [4, 9]. The present study provided
a cohort of 119 asymptomatic individuals to identify the
relationship between pelvic morphology and the shape of

Copyright © 2018 by the Association of Bone and Joint Surgeons. Unauthorized reproduction of this article is prohibited.
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Fig. 4 This plot shows the linear regression for prediction of
proximal lordosis with PL. It shows that Pl accounted for 43% of
the proximal lordosis (proximal lordosis = 0.428 x PI; r* = 0.879;
p < 0.001).

the lumbar lordosis. We were able to demonstrate an as-
sociation between the segmental lordosis, particularly in
the proximal portion, with the pelvic anatomy. Patients
with larger PI revealed accompanying larger proximal
lordosis in the lumbar region.

The present study has several limitations. First, the co-
hort size is limited and a larger series may provide a more
detailed analysis of the relationship between pelvic mor-
phology and lumbar lordosis. Second, including more PI
groups and assessing the influence of age and sex could be
of interest but would require a larger cohort. Finally, this
analysis was conducted in two dimensions (sagittal only)
and did not investigate the potential association between
the lower limbs and lordosis shape. Despite a limited
sample, we were able to find relationships between pelvic
anatomy and lumbar spine shape.

Our results suggest that lordosis is not homogenously
distributed across the different lumbar levels. The L4-S1
segment was overall responsible for 62% of lordosis,
whereas the three other levels accounted for 38%. These
results are in line with those reported by Been et al. [3].

Segmental lordosis has previously been explored by Anwar
et al. [1]. They reported their results on a much younger
cohort than ours with a mean age of 17 years. With a mean
age of 51 years old, our cohort is likely more representative
of the patients seen in the setting of adult spinal deformity.
In addition, the cohort of Anwar et al. [1] was mainly
composed of women (sex ratio 8:1), whereas our 2:1 sex
ratio is likely more representative of the expected patient
population with adult spinal deformity. However, our
results are in line with theirs. We found that as PI increased,
proximal levels were recruited to increase lordosis. The
lordosis within the proximal portion of the lumbar spine
increased throughout the different PI. In patients with high
PI, proximal lordosis was responsible for almost half of the
total lordosis.

We found that the lordosis within L4-S1 was nearly
constant and independent of the PI (Fig. 5). The L4-S1
lordosis was approximately 35° in the three different
groups and was not correlated to PI. Contrary to the present
notion, this finding implies that the shape of the global
lordosis cannot be characterized by the distal lordosis.
These results contradict those reported by Laouissat et al.
[8] and Roussouly et al. [13]. In their studies, they postu-
lated for the lower arc to show more variation across their
cohort, and they based their classification on this parame-
ter. As defined by the authors, the lower arc was the lor-
dosis measured between a horizontal line located at the
apex and the superior endplate of S1. We based our anal-
ysis on anatomic landmarks, which seems more reasonable
because measuring the distal lordosis by taking the hori-
zontal plane as a reference makes it a positional parameter.
Because the relationship between PI and sacral slope is
static, individuals with a larger PI will have an increased
inclination of the sacral slope. Consequently, a forward
rotation is induced in the entire spine. The magnitude of the
lower arc will then increase, whereas the distal lordosis
(within L4-S1) will not necessarily change. Given that the
spine may rotate in pathologic conditions, the use of a po-
sitional parameter is then questionable. A pathologic de-
crease of lumbar lordosis will induce pelvic retroversion
and therefore an increase in pelvic tilt as a compensatory
mechanism for loss of spinal curvature. Following the

Table 4. Position of the apex of lordosis in the total cohort and according to Pl stratification*

Total cohort Low Pl (n = 32) Average Pl (n = 61) High PI (n = 26)
Apex Position Number Percent Number Percent Number Percent Number Percent
L2-L3 1 1 0 0 0 0 1 4
L3 8 7 2 6 5 8 1 4
L3-L4 95 80 23 72 48 79 24 92
L4 11 9 5 16 6 10 0 0
L4-L5 4 3 2 6 2 3 0 0

*The position of the apex was overall more proximal as pelvic incidence increased (r = -0.199; p = 0.03); Pl = pelvic incidence.
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Fig. 5 A-C Herein are presented clinical examples of segmental lordosis according to Pl. In
patients with low (A) and average (B) Pl, the main part of the lordosis occurs within the distal
vertebrae, whereas in patients with high Pl (C), almost 40% of the total lordosis is located
within the proximal vertebrae. Of note, the distal lordosis was almost constant in these three

patients, independent of the PI value.

geometric relationship between pelvic parameters, an in-
crease of pelvic tilt is necessarily associated with a decrease
in sacral slope. These compensatory mechanisms within
the pelvis will lead to a decrease in the lower arc of lordosis
as defined by Roussouly et al. [13], whereas the driver of
the deformity is not necessarily located in the distal lor-
dosis. Using this classification may therefore be misleading
in patients with spinal pathology because it may fail to
determine the location of the loss of lordosis and
reconstruction.

Our results suggest that an increase of PI is associated
with a proximal migration of the apex. There was a corre-
lation between PI and apex position (eg, larger PI was
associated with more proximal location of the apex of
lordosis). Although this relationship was weak, we believe
this finding can serve as a guideline on the location of
restoration of lordosis (distal over proximal location) in the
setting of realignment surgery. The apex was in the distal
lordosis in 22% of the patients with a low PI, whereas none

{J}‘@Wolters Kluwer

of the patients with a high PI had the apex located in the
distal lordosis. These results correspond with those repor-
ted by Roussouly et al. [13] and support that an increase of
PI is associated with an increase of proximal lordosis; as
the proportion of lordosis resulting from the proximal
lumbar spine increases, the apex will necessarily migrate
proximally.

Using anatomic landmarks, we were able to define
normative values of segmental lordosis at each level
according to PI. Surgeons may be able to analyze the
segmental lordosis and accurately determine the levels
involved in the malalignment. Lumbar spine fusions may
be able to be planned with a more accurate approach that
allows personalized realignment considering segmental
angular goals based on pelvic morphology. PI strongly
influences the proximal portion of lumbar lordosis. Al-
though distal lordosis is responsible for the major part of
the total lordosis, it remains constant across individuals and
independent of the PI. The proximal portion exhibits the
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most variability to adjust the total lumbar lordosis to pelvic
anatomy. The normative values provided by this study al-
low accurate analysis of sagittal malalignment and identi-
fication of the location of the deformity. Surgeons should
consider the distribution of the segmental lumbar lordosis
while planning its restoration in realignment surgery when
seeking to restore a proper lumbar shape rather than just the
global lordosis. Focusing on the value of segmental lor-
dosis at each level, further research could investigate the
consequences of different spinal conditions on lordosis
shape. Such an investigation would enable an un-
derstanding of the mechanisms of decreasing lordosis in
both patients with degenerative spine and those with adult
spine deformity. For example, in degenerative spondylo-
listhesis it is still unclear if the loss of lordosis only occurs
at the listhesis level or if it extends to other levels. Fur-
thermore, in long fusions, this could elucidate the effect of
a proper segmental lordosis restoration versus restoration
of the overall lordosis. It is still unclear what should be the
ideal shape of a fused spine, but this study provides the
basis to investigate this particular question and its impact
on long-term function as well as junctional disease.
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