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Abstract There is a wide variation in the regional

parameters used to describe the spine and sacro-pelvis in

children and adolescents. There is a slight tendency for

thoracic kyphosis and lumbar lordosis to increase with age.

Pelvic incidence and pelvic tilt also tend to increase during

growth, while sacral slope remains relatively stable. Strong

knowledge of the close relationships between adjacent

anatomical regions of the spine and sacro-pelvis is the key

when evaluating and interpreting sagittal spino-pelvic

alignment. The scheme of correlations between adjacent

regional parameters needs to be preserved in order to

maintain a balanced posture. The net resultant from these

relationships between adjacent anatomical regions is best

represented by parameters of sagittal global balance. C7

plumbline tends to move backwards from childhood to

adulthood, where it stabilizes or slightly moves forward

secondary to degenerative changes. C7 plumbline in front

of both hip axis and center of the upper sacral endplate

occurs in 29% of subjects aged 3–10 years, 12% of sub-

jects aged between 10 and 18 years, and 14% of subjects

aged 18 years or older. Therefore, although most normal

subjects stand with a C7 plumbline behind the hip axis, a

C7 plumbline in front of both hip axis and sacrum can be

seen in normal individuals. However, progressive forward

displacement of C7 plumbline should raise a suspicion for

the risk of developing spinal pathology.

Keywords Morphology � Pelvis � Posture �
Sagittal alignment � Sagittal balance � Spine

Introduction

Sagittal spinal alignment has been reported in several

studies because thorough knowledge of the normal anat-

omy is the key when evaluating patients with spinal

pathologies. More recently, major efforts have also been

devoted to the study of sagittal sacro-pelvic alignment, in

accordance with the intimate link that exists between the

spine and sacro-pelvis. The purpose of this review is to

characterize the sagittal spino-pelvic alignment in the

normal pediatric population.

Background data

Recently, Kuntz et al. [1] have provided pooled estimates of

the mean and variance of parameters used to assess upright

sagittal alignment in the normal pediatric population, based

on a literature review. They have observed wide variations

in the parameters, especially those used to evaluate regional

spinal curves. In addition to normal individual variations in

sagittal alignment observed in the general population, it is

important to realize that the wide variability seen between

previous studies is also highly influenced by the use of

different measurements techniques.
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Sagittal spinal alignment

Thoracic kyphosis (TK) and lumbar lordosis (LL) are

usually used to describe sagittal spinal alignment. Vouts-

inas and MacEwen [2] assessed the sagittal spinal align-

ment of 670 normal subjects aged 5–20 years by measuring

TK and LL using the most tilted vertebrae except for the

upper endplate of S1, which was defined as the lower limit

for measuring LL. TK was, respectively, 37� ± 7�,

38� ± 8�, and 39� ± 8� in subjects aged 5–9 years,

10–14 years, and 15–20 years. Bernhardt and Bridwell [3]

studied the lateral radiographs of the spine in 102 normal

subjects aged 4.6–29.8 years (mean: 12.8 years). TK

measured from T3 to T12 was 36� ± 10� (range 9�–53�),

while LL from T12 to L5 was 44� ± 12� (range: 4�–69�).

Boseker et al. [4] evaluated 121 normal children aged

5–19 years and observed a mean TK of 33� (range

17�–51�) measured from the most tilted vertebrae. Using

±2 standard deviations (SD) from the mean as the defini-

tion of a normal TK, a normal range of 20�–50� was pro-

posed. Cil et al. [5] assessed TK from T1 to T12 and LL

from L1 to S1 in 151 children aged 3–15 years. TK

was 45� ± 11�, 48� ± 11�, 46� ± 11�, and 53� ± 9� in

3–6 years, 7–9 years, 10–12 years, and 13–15 years

age groups, respectively. LL was 44� ± 11�, 52� ± 12�,

57� ± 10�, and 55� ± 10� in 3–6 years, 7–9 years,

10–12 years, and 13–15 years age groups, respectively.

Mac-Thiong et al. [6] used a computer-assisted technique

to generate a geometric model of the spine for which TK is

calculated from the whole kyphotic segment of the spine

while LL is represented by the lordotic segment down to

the inferior endplate of L5. Mean TK and LL in 341 normal

subjects aged 3–18 years were, respectively, 44� ± 11�
and 48� ± 12�. Recent unpublished data from the current

authors on 646 asymptomatic children aged 3–18 years

provide the range of values for TK (complete kyphotic

segment) and LL (lordotic segment down to S1) expected

in the normal pediatric population (Table 1). TK and LL

values are similar between males and females.

Sagittal sacro-pelvic alignment

In addition to the spinal alignment, sagittal sacro-pelvic

alignment is also recognized as being an important aspect

to consider in the evaluation and treatment of spinal

pathologies. Appropriate knowledge of sacro-pelvic mor-

phology is also important due to its close relationship with

sacro-pelvic alignment. Sacro-pelvic alignment refers to

the orientation of the sacro-pelvis in space while sacro-

pelvic morphology refers to the anatomical features of the

sacro-pelvis and is therefore unaffected by the position of

the individual. Sagittal sacro-pelvic alignment is most

commonly assessed in children from the pelvic tilt (PT)

and sacral slope (SS). As for sacro-pelvic morphology,

pelvic incidence (PI) is the most widely used parameter

because it is directly related to PT and SS (PI = PT ? SS).

[7] In their evaluation of 341 normal children and adoles-

cents, Mac-Thiong et al. [6] have found mean values of

49� ± 11� for PI, 8� ± 8� for PT, and 41� ± 8� for SS.

Recent unpublished data from the current authors on 646

asymptomatic children aged 3–18 years are provided in

Table 1 for PI, PT and SS. PI, PT, and SS values are

similar between males and females.

Sagittal alignment and growth

While many studies have attempted to characterize sagittal

spinal and sacro-pelvic alignment during growth, the con-

clusions remain limited since longitudinal studies with

prospective cohorts are still lacking. However, it seems that

discrete changes in sagittal alignment occur during growth,

in order to accommodate for physiological and morpho-

logical changes. Vedentam et al. [8] compared the sagittal

alignment of 88 asymptomatic adolescents aged 13 ±

8 years with that of 100 asymptomatic adults aged

57 ± 11 years. The adolescent and adult cohorts presented

similar LL (64� ± 10� in both groups), but slightly

increased TK in adolescents (38� ± 10� vs. 34� ± 11�).

Voutsinas and MacEwen [2] reported a slight increase in

TK (1.8� mean difference) and LL (4.4� mean difference)

from 5 to 20 years old groups. Cil et al. [5] also observed a

tendency for increasing TK and LL between different age

groups (3–6 vs. 7– vs. 10–12 vs. 13–15 years). However,

Mac-Thiong et al. [6, 9] have shown that the correlation

between age and TK or LL, although statistically signifi-

cant, remains modest clinically (r \ 0.3).

As for sacro-pelvic morphology, previous studies

[10–12] suggested that PI increases after the acquisition of

Table 1 Parameters of sagittal alignment in 646 children and adolescents

Age group Number of

females:males

Age

(years)

Thoracic

kyphosis

Lumbar

lordosis

Pelvic

incidence

Pelvic tilt Sacral slope

3–10 years 103:64 8.1 ± 2.0 42.0� ± 10.6� 53.8� ± 12.0� 43.7� ± 9.0� 5.5� ± 7.6� 38.2� ± 7.7�
[10 and \18 years 267:212 13.6 ± 1.9 45.8� ± 10.4� 57.7� ± 11.1� 46.9� ± 11.4� 7.7� ± 8.3� 39.1� ± 7.6�
All 370:276 12.1 ± 3.1 44.8� ± 10.6� 56.7� ± 11.4� 46.0� ± 10.9� 5.2� ± 8.2� 38.9� ± 7.6�
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bipedalism in children and stabilizes during adulthood.

Accordingly, Mac-Thiong et al. [9] have shown that the

increase in PI with age is small and that this trend is similar

before and after 10 years of age in the pediatric population

after the acquisition of bipedalism. This increase in PI

mainly results in a proportional increase in PT, while

maintaining a relatively stable SS.

Sagittal spino-pelvic alignment: underlying concepts

A balanced posture is obtained when the spine and sacro-

pelvis are aligned so that energy expenditure is minimized

and horizontal gaze is preserved. There are two basic

concepts underlying this principle. First and foremost,

adjacent anatomical regions of the spine and sacro-pelvis

are interdependent, and their relationships result in a stable

and balanced posture [6, 13]. More important than knowing

normative values of regional parameters of the spine and

sacro-pelvis, understanding the close relationships between

these parameters is the key when evaluating and inter-

preting sagittal spino-pelvic alignment. Although regional

spinal and sacro-pelvic parameters differ between pediatric

and adult subjects, the scheme of correlations between

parameters is similar in pediatric and adult subjects. Sec-

ond, the net resultant from these relationships between

adjacent anatomical regions is best represented by param-

eters of sagittal global balance. As shown by Kuntz et al.

[1], parameters of global balance are maintained in a nar-

rower range than regional parameters in the normal popu-

lation. The importance of sagittal global balance is also

supported by studies [14, 15] demonstrating its significant

relationship with health-related quality of life in spinal

deformity.

Relationships in sagittal spino-pelvic alignment

From the correlations between parameters of adjacent

anatomical regions of the spine and sacro-pelvis, Mac-

Thiong et al. [6] have presented an overview of the sagittal

posture in the normal pediatric population (Fig. 1). Based

on observations made in the sagittal alignment of children

and adolescents with spondylolisthesis [16], it is assumed

that this scheme of correlations needs to be preserved in

spinal pathology in order to maintain a balanced posture.

The most clinically relevant correlation involves PI and LL

since this normal relationship needs to be restored or pre-

served when instrumenting the lumbar spine. PI can be

used to estimate the LL that needs to be set intraoperatively

because PI is a true morphological parameter (not affected

by the positioning). As shown in Fig. 2, the regression line

between PI and LL can be used as a guide to estimate the

magnitude of LL that should be expected by the surgeon

with respect to a specific PI value. Alternatively, the

logistic regression equation provided can also be used.

Assessment of sagittal global balance

Global balance refers to the overall alignment of the

spine—generally using center of C7 vertebral body as a

reference point—with respect to another landmark on the

sacro-pelvis. Assessment of global balance provides

information on existing relationships between parameters

describing the sacro-pelvis, lumbar spine, thoracic spine,

and cervical spine. Clinically, global spinal balance is an

important aspect of the evaluation of patients with spinal

pathology and of surgical planning, and to minimize

complications such as adjacent segment disease, sagittal

imbalance, pseudarthrosis, and progressive deformity.

Vedentam et al. [8] compared the sagittal global balance

between adolescents and adults based on the assessment of

the horizontal distance between C7 plumbline (vertical line

from the center of C7 vertebral body) and the antero-

superior corner of S1 vertebral body. They observed a

significantly forward displacement of C7 plumbline from

-5.6 ± 3.5 cm in adolescents to -3.2 ± 3.2 cm in adults.

More specifically, Cil et al. [5] noted progressive backward

displacement of C7 plumbline with respect to the postero-

superior corner of S1 vertebral body during growth, with

mean values of 2.5 ± 4.3 cm, 0.7 ± 4.6 cm, -0.1 ±

4.1 cm, and -0.9 ± 4.4 cm, respectively, for 3–6 years,

7–9 years, 10–12 years, and 13–15 years age groups. In

comparison, Jackson and McManus [17] reported values of

Fig. 1 Overview of statistically significant correlations between

parameters of adjacent anatomical regions of the spine and sacro-

pelvis. Moderate (0.3 B r \ 0.5) and strong (r C 0.5) correlations are

shown in dotted and full arrows, respectively. The mathematical

relationship between pelvic tilt and sacral slope is also shown.

Thoracic tilt and lumbar tilt refer to the orientation of the kyphotic

and lordotic segments of the spine. (Adapted from Mac-Thiong et al.

Eur Spine J 2007; 16:227–234)
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-0.1 ± 2.5 cm for a cohort of 100 asymptomatic adults

aged 38.9 ± 9.4 years (range 20–63 years).

Linear parameters of global balance are, however, subject

to measurement errors that can limit comparisons between

different studies. Consequently, angular or descriptive

parameters of global balance are preferred. Angular

parameters also provide the advantage of considering the

spinal length. The use of the three following angular

parameters of sagittal global balance is suggested (Fig. 3):

1. Spino-sacral angle or SSA angle subtended by the

upper sacral endplate and the line from the center of

C7 vertebral body to the center of the upper sacral

endplate, as described by Roussouly et al. [18].

2. Spinal tilt or ST angle subtended by the horizontal line

and the line from the center of C7 vertebral body to the

center of the upper sacral endplate. A value greater

than 90� indicates that the center of C7 vertebral body

is behind the center of the upper sacral endplate, while

for values less than 90�, the center of C7 vertebral

body is in front of the center of the upper sacral

endplate.

3. Spino-pelvic tilt or SPT angle subtended by the

horizontal line and the line from the center of C7

vertebral body to the hip axis (midpoint of the line

joining the center of the femoral heads). A value

greater than 90� indicates that the center of C7

vertebral body is behind the hip axis, while for values

less than 90�, the center of C7 vertebral body is in front

of the center of the hip axis.

Alternatively, a classification system can be used to

describe sagittal global balance from the position of C7

plumbline relative to both sacrum and hip axis (Fig. 4)

[19]. This technique is easier to use clinically because it

does not require any calculation or measurement.

Mac-Thiong et al. [20] recently evaluated sagittal global

balance in asymptomatic cohorts of 646 pediatric and 715

adult subjects. SSA and ST were, respectively, 130� ± 10�
and 92� ± 6� in subjects aged 3–10 years, 133� ± 8� and

94� ± 4� in subjects between 10 and 18 years, and

131� ± 8� and 91� ± 3� in adults 18 years or older. In

accordance with observations from Cil et al. [5], C7

plumbline therefore tends to move backwards until adult-

hood, where it stabilizes or slightly moves forward sec-

ondary to degenerative changes. As for sagittal global

balance type (Fig. 4), a C7 plumbline in front of both hip

axis and center of the upper sacral endplate (types 3 or 6)

occurred in 28.7% of subjects aged 3–10 years, 12.0% of

Fig. 2 Logistic regression

illustrating the relationship

between lumbar lordosis and

pelvic incidence, based on the

study of 646 normal children

and adolescents

Fig. 3 Measurement of sagittal global balance. a Spino-sacral angle,

b spinal tilt, and c spino-pelvic tilt
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subjects aged between 10 and 18 years, and 14.1% of

subjects aged 18 years or older. Therefore, although most

normal subjects stand with a C7 plumbline behind the hip

axis, a C7 plumbline in front both hip axis and sacrum can

be seen in normal individuals. However, progressive for-

ward displacement of C7 plumbline should raise a suspi-

cion for the risk of developing spinal pathology.
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