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Abstract

Study Design: Retrospective review; literature comparison.
Objectives: To review the literature on the relationship between lumbar lordosis (LL) and pelvic incidence (PI) and evaluate this rela-
tionship in asymptomatic adolescents while testing the validity of previously reported adult correlation models between LL and PI in an
adolescent population.
Summary of Background Data: Accurate understanding of the normal spinopelvic relationship is critical when considering surgical
fusion of the lumbar spine. Many studies have reported relationships between pelvic measurements and LL in adult populations, but data in
pediatric populations is lacking.
Methods: A literature search was performed to identify previously reported relationships between pelvic parameters and LL in adults and
pediatric patients. A cohort of 125 asymptomatic adolescent patients evaluated at our institution was evenly split into two cohorts for model
development and validation. Linear regression between LL and PI was performed. The resultant regression model was tested in the
validation cohort along with previously reported formulae with LL as a function of PI. Mean absolute error (MAE) was calculated and
compared between prior models and the newly developed adolescent model using analysis of variance and post-hoc testing.
Results: In our adolescent cohort (mean age: 13 � 2), there was a strong correlation between PI and LL (r 5 0.53). Regression analysis in
the development cohort produced the following predictive model: LL 5 0.66(PI) þ 24.2. Testing in the validation cohort revealed a good
correlation between predicted and actual LL (r 5 0.51) and an MAE of 8.3. All but three previously reported models functioned with
similar accuracy in the adolescent population, with only two methods having an MAE over 10.
Conclusions: The majority of previously published formulae for predicting LL as a function of PI developed in adults can be extrapolated
to adolescent populations. These relationships are important in understanding how to surgically restore the sagittal alignment in adolescents
with spinal deformity.
Level of Evidence: Level IV.
� 2018 Scoliosis Research Society. All rights reserved.
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Introduction

Deformity and imbalance of the spine can lead to
profound disability and loss of independence both in the
pediatric and adult population, and there is great value to
clinicians in understanding normal alignment of the spine
and pelvis in order to facilitate the best realignment of
spinal deformities [1,2]. Although the determination of
normal coronal and axial spinal alignment is straightfor-
ward, determination of the ‘‘normal’’ sagittal profile of the
spine is quite complex. Segmental sagittal curvatures vary
between patients and are complicated by interdependence
of the spine and pelvis. Patient-specific variation in sagittal
spinal contour leads to challenges in characterization and
quantification of sagittal spinal deformity.

The spine has a substantial capacity to accommodate
deformity in the sagittal plane while maintaining overall
balance, but with increasing derangement of sagittal
alignment comes increasing energy requirements to main-
tain such balance. This was first outlined by Dubousset with
his description of the ‘‘cone of economy,’’ a range within
which compensatory mechanisms could efficiently
maintain standing balance [3]. As compensatory mecha-
nisms are stressed to failure, requirements for external
support increase. Prior work has shown that loss of global
sagittal alignment negatively impacts a patient’s quality of
life [1,4-6]. Accurate understanding of the normal
relationship between the lumbar spine and pelvic geometry
is critical when considering instrumented fusion of the spine
as surgical fixation of a region of the spine restricts flexi-
bility and induces compensatory changes of the remaining
spine in attempts to achieve global sagittal balance.

Many prior studies have sought to delineate the
relationship between parameters of pelvic geometry and
lumbar lordosis (LL) for calculation of patient specific
surgical targets [7-25]. As pelvic incidence (PI) is a pelvic
parameter that is unaffected by patient posture, this
measurement has been a primary focus for many such
investigations [7-9,11,13-15,17-21,24-26]. Nearly all of
this work has been in the adult population, whereas there
are few studies on the subject in pediatric populations.
Given the frequency of surgical fusion treatment of pedi-
atric spinal deformity, an adequate characterization of the
relationship between LL and pelvic sagittal morphometry is
of critical importance. Although fusion to the sacrum or
pelvis is less common in the pediatric patient than in the
adult, long fusions to lumbar vertebrae, the sacrum, and the
pelvis remain a component of the treatment algorithm for
pediatric and adolescent scoliosis. A recent analysis of
sagittal alignment following posterior fusion for adolescent
idiopathic scoliosis identified that patients undergoing long
fusion to L3 through L5 had significantly altered post-
operative lumbar lordosis, which resulted in a relationship
to pelvic incidence outside of that recommended in the
management of adult spinal deformity [27]. Such findings
not only provide evidence of the potential impact of long

fusion on global sagittal alignment but also rely on the
validity of adult surgical correction target models in the
adolescent population. No work to date has examined these
previously reported adult models in pediatric and adoles-
cent cohorts.

Explorations of spinopelvic relationships in the pediatric
and adolescent patient have an additional layer of
complexity given prior studies that have identified
substantial changes in the sagittal plane of adolescent
idiopathic scoliosis patients when assessed in 3D [28] as
well as age-related changes in LL and PI. However, results
of these analyses have been mixed, with some studies
reporting stability of PI after age 10 and others reporting a
change in PI throughout adolescence [29,30]. Inconsistency
in these reported findings further highlights the importance
of assessing the validity of use of adult-derived sagittal
alignment models in the pediatric or adolescent patient.

This study aimed to review previously published work
on the relationship between LL and PI in adult and pedi-
atric populations, and in addition present an analysis of this
relationship in a population of ‘‘normal’’ adolescent pa-
tients evaluated at our institution. Finally, we sought to
compare previously reported models established to predict
LL from PI to test extrapolation of adult-derived formulae
to the adolescent population.

Methods

A Medline search of key words including ‘‘lumbar
lordosis’’ and ‘‘pelvic incidence’’ was performed in an
attempt to identify articles published in the English language
pertaining to the relationship of sagittal alignment and pelvic
sagittal parameters, specifically PI. All articles reporting a
statistical correlation between LL and PI, a prediction of
global sagittal alignment on the basis of PI, or a predictive
model for LL with an input variable of PI were reviewed.
Both single-input and multi-input models were included.

As a part of an IRB-approved study, 125 patients
referred to our institution for evaluation of scoliosis or back
pain and subsequently found to be free of spinal or pelvic
pathology on clinical and radiographic evaluation were
included. Each patient underwent upright posterior-anterior
and lateral radiographic imaging with an EOS imaging
system (EOS Imaging, Paris, France). Two-dimensional
measures of LL (T12eS1) and PI were made by a single,
trained individual. Linear regression analysis was
performed and Pearson correlation coefficients were
calculated for the relationship between LL and PI as well as
between each of these values and patient age. Patients were
subsequently divided into two cohorts for model develop-
ment (n 5 63) and validation (n 5 62) using the holdout
method for cross validation. Given the general lack of
validation analyses in previously reported models in both
adult and pediatric patients, all previously reported methods
for determining LL on the basis of PI were also tested in
our validation set. Mean absolute error (MAE) values were
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