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Abstract

Purpose To investigate coronal plane trunk asymmetry

(TA) and its association with sagittal postural alignment in

healthy subjects before pubertal peak growth.

Methods In this cross-sectional baseline study, 1190

healthy pre-peak growth velocity subjects were included.

Coronal plane TA was evaluated using back surface

topography. Whole-body sagittal alignment (previously

validated and objectively classified as neutral, sway-back

or leaning-forward) and sagittal spinopelvic profile (trunk

lean, lumbar lordosis, thoracic kyphosis, sacral inclination

and length of the posteriorly inclined thoracolumbar seg-

ment) were determined, as were height, proportion of trunk

to body length, body mass index, generalized joint laxity,

and handedness.

Results Logistic regression analysis yielded overall sagittal

posture class to be independently associated with coronal

plane TA: having a leaning-forward posture associated

with a nearly three times higher odds of coronal TA

(p\ 0.001) compared to neutrals. A sway-back was 2.2

times more likely to show TA (p = 0.016) than a neutral,

yet only in boys. Significant associations with coronal TA

were also found for trunk lean, thoracic kyphosis and body

mass index. These correlations, however, were gender and

posture class specific. The spinal region where asymmetry

is seen, varies according to the whole-body sagittal align-

ment type: primary thoracic curves were the most frequent

in leaning-forwards, whereas primary curves in the lumbar

or declive thoracolumbar segment were the most common

in sway-backs.

Conclusions In immature spines without known scoliosis,

coronal plane TA is associated with whole-body sagittal

alignment. It is more often seen in non-neutral than neutral

sagittal posture types. Whether adolescent idiopathic sco-

liosis is related with postural characteristics before pubertal

growth peak, should be addressed in future prospective

studies.

Keywords Posture � Postural balance � Spinal curvatures �
Scoliosis � Growth and development

Introduction

Adolescent idiopathic scoliosis (AIS) is a structural, three-

dimensional curvature of the spine that manifests in

otherwise healthy children at or around puberty [1].

Physiological trunk asymmetry (TA) and AIS form a

continuum of TA with thresholds needed to prescribe

abnormality. The Scoliosis Research Society defines AIS
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as a lateral curvature of more than 10� as measured by the

Cobb technique on a standing anterior-posterior radiograph

of the spine [1, 2]. AIS affects 1–3% of the at-risk popu-

lation (children aged 10–16 years) [1, 3]. While most

curves need no intervention, almost 10% of subjects with

AIS do require treatment [1, 3]. A major concern in the

management of AIS is to identify those (initially small)

curves that will progress into significant deformity and

require treatment. To meet that need, prospective research

among healthy subjects is warranted, with baseline mea-

surements before pubertal peak growth and before AIS

diagnosis. Unfortunately, little of such research has yet

been performed [4, 5].

Obviously, the etio-pathogenesis of AIS remains

unknown due to its multifactorial complexity. It is, how-

ever, well appreciated that the sagittal spino-pelvic align-

ment may play an important role in spinal biomechanics,

rotational stability of the growing spine and the develop-

ment and progression of AIS [6–9]. Two spinal-pelvic

features have typically been incriminated as contributors to

rotational instability and the initiation of scoliosis: poste-

rior inclination of the spine including the impact of pos-

teriorly directed shear loads [8, 10] and (the mechanical

load on) thoracic hypokyphosis [6]. The complexities of

these relationships, however, are not fully understood.

Shortcomings of earlier studies include (1) failure to

directly relate coronal to sagittal plane posture in healthy

subjects at crucial phases of growth since a slight pre-

existent vertebral rotation or mild TA exists in the normal,

non-scoliotic spine [11, 12]; (2) failure to consider the

spinal-pelvic complex in the context of the whole body,

and thus relative to gravity; and (3) studying patients with

already established scoliosis or mixed coronal curve pat-

terns compared to non-scoliotic controls. Therefore, the

present study investigates coronal plane TA and its asso-

ciation with whole-body sagittal alignment in healthy boys

and girls before pubertal peak growth. Since posture fea-

tures at young age—most likely together with other factors

or mechanisms—may be a precursor of AIS in some

individuals [4], the present study might illuminate key

issues for researchers and clinicians to consider in (pro-

gressive) TA and/or AIS.

Materials and methods

Study design and study population

We performed a cross-sectional observational study from

September 2008 to February 2009 in Flanders, Belgium.

Sixty-four schools were selected to represent educational

networks and levels within Flemish mainstream education.

Evaluation was accomplished at schools and local guidance

centers. Ethical approval for the study was obtained from

the ethics committee of the Ghent University Hospital.

The dataset includes data from 1196 healthy subjects

(639 boys, aged 12.6 ± 0.5 years and 557 girls, aged

10.6 ± 0.5 years) and comprises a wide array of physical,

sociodemographic, lifestyle, psychosocial and medical

variables, including (psycho)somatic (pain) complaints

[13, 14]. To investigate a homogenous male and female

population in terms of growth phase, subjects were

recruited according to a maturational benchmark [i.e.,

(predicted) age at PHV] [15]. Therefore, boys in year 1 of

secondary education whereas girls in year 5 of primary

education were eligible to participate. To restrict to healthy

young adolescents, subjects were excluded from the study

if they had neurological conditions, rheumatic disorders,

metabolic or endocrine diseases, major congenital anoma-

lies, skeletal disorders, connective tissue disorders, previ-

ous spinal fracture or previous spinal surgery. Children

with apparent severe spinal asymmetry and known—ra-

diographically confirmed—scoliosis, were excluded too.

Written informed consent for participation in this research

study was obtained from each subject and their parents or

guardians before testing.

Measurements

Coronal plane TA was evaluated using back surface

topography. Previous studies evaluating the validity and

reliability of techniques based on surface topography

demonstrated good accuracy compared with radiographs

and a high reliability in healthy volunteers and AIS patients

[16–18]. In the present study, TA was recorded in a

standing position by evaluating the (deviation of the) pal-

pated spinous process line with respect to central sacral

vertical line on standardized dorsal 2-dimensional photo-

graphic images as shown in Fig. 1. Before photography,

the spinous processes of C7–L5 were marked on the skin

with a pen and reflective markers were placed on bony

landmarks. Palpation and marker placement was done by a

single trained health care professional with experience in

palpation [13, 19]. All images were assessed by a single

trained researcher (qualified as manual therapist and

physical therapist specialized in orthopedic rehabilitation)

who was blinded to the other study results when coronal

plane posture was analyzed. When a visually observed TA

was present, both the area and convexity of the asymmetry

were documented. Similar to the classification of AIS on

radiographs, truncal and spinal asymmetry types were

defined as (1) primary thoracic curves, (2) primary (tho-

raco)lumbar curves, and (3) double [thoracic and (tho-

raco)lumbar] curves. Figure 1 displays a typical member

from each type.
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Sagittal plane posture was analyzed using commonly

used parameters to investigate sagittal spinopelvic align-

ment [4, 6–8, 20]. In addition, a previously validated

classification system for categorization of sagittal postural

alignment in the standing position was used for further

describing overall sagittal profile [21–24], implying that

each subject was classified as having a ‘‘neutral-type’’,

‘‘sway-back type’’ or ‘‘leaning-forward type’’ sagittal

alignment of the body in the upright position. A list of the

nomenclature for all sagittal parameters with their

descriptions is provided in Table 1. Figure 2 illustrates the

clustering method for global body alignment as applied

previously to this study cohort [21, 22]. Further detail on

the procedures for data collection can be found elsewhere

[13, 19, 21], including information concerning reliability

and validity of the sagittal postural measures used.

Body height and the proportion of trunk to body length

were determined using a standardized procedure [13–15].

Body mass index (BMI) was calculated as the ratio of

weight to square height and was transformed into three

categories (thin, normal, and overweight or obese) using

the cut-off points for age and gender defined by Cole et al.

[25, 26]. To assess generalized joint laxity, the Beighton

score was determined. A participant was classified as

hypermobile when a Beighton score of C4/9 was obtained

[27]. Self-reported handedness was recorded.

Statistical analysis

For comparative tests and proportions, the v2 test was used.
Multivariate logistic regression was carried out for boys

and girls, separately, to assess the independent association

Fig. 1 Postural analysis in

posterior view of subjects

standing in their usual, relaxed

posture, equally balanced on

both feet, arms by the sides and

looking straight ahead. Note the

spinous processes of C7–L5

marked on the skin with a pen

and the reflective markers

placed on bony landmarks

before photography [13, 19]:

spinous process of the 7th

cervical vertebra, apex of the

thoracic kyphosis, inflection

point where the spine transitions

from kyphosis to lordosis, apex

of the lumbar lordosis, spinous

process of the 5th lumbar

vertebra, posterior superior iliac

spines. When a visually

observed asymmetry of the

trunk was present, the area of

coronal asymmetry was

determined as follows:

a primary thoracic curve,

b primary (thoraco)lumbar

curve, c double [thoracic and

(thoraco)lumbar] curve. The

side of trunk asymmetry was

defined by the line of spinous

processes with respect to the

central sacral vertical line
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between the presence/absence of TA and its potential

associated factors. A slimmed-down logistic regression

model containing five predictors (trunk lean angle, thoracic

kyphosis, number of vertebrae included in the declive

thoracolumbar segment, sacral inclination, BMI) was built

to focus on factors associated with TA within each of the

three sagittal plane posture clusters. All reported p values

are two-tailed, and are considered significant when less

than 0.05. Analyses were executed with SPSS 22.0 for

Windows (SPSS Inc., Chicago, IL, USA).

Missing values were not addressed in any particular

way, thus leaving a total of 1190 participants included in

analyses.

Results

Description of the study population

Predicted years from PHV, calculated using gender-speci-

fic predictive equations [15], were 1.2 ± 0.7 and

1.2 ± 0.6 years before pubertal peak growth in the male

and female subjects, respectively. A total of 93.6% of the

boys and 96.2% of the girls were classified as pre-PHV.

Coronal plane TA was present in 250 (21.0%) of the

1190 subjects. More specifically, TA was observed in

74/489 (15.1%) of those subjects categorized as sagittal

neutral-type, 96/326 (29.4%) of leaning-forwards, and in

80/375 (21.3%) of subjects with a sway-back posture.

There were no differences in the prevalence of TA between

males and females, neither in the entire cohort, nor in the

sagittal postural categories (Online Resource 1).

The proportions of curve location and the direction of

the curve (left vs. right) for each type of coronal TA is

tabulated in Online Resource 2, taking into consideration

the sex of the child.

Factors associated with coronal plane TA

The results of unadjusted and adjusted effects of overall

sagittal alignment on the prevalence of coronal plane TA

Table 1 Nomenclature and descriptions of body posture parameters in the sagittal plane (standing position)

Parameter Description

Global body alignmenta

Overall posture class Postural subgroups (3 possible categories) based on the overall sagittal profile as determined by

objective categorization procedure [21, 22]: (1) ‘‘Neutral global alignment’’, characterized by

a small trunk lean angle (i.e., limited tilt of the trunk with respect to the vertical), a small

pelvic displacement angle (i.e., little forward translation of the pelvis over the base of support

as measured at the ankle), and an intermediate body lean angle that is close to 0 (i.e., the

vertical projection of the C7 spinous process is close to the lateral malleolus). (2) ‘‘Sway-

back’’, characterized by a large trunk lean angle (i.e., backward trunk lean relative to the hips),

an intermediate pelvic displacement angle (i.e., slight forward carriage of the pelvis relative to

the base of support), and a large (positive) body lean angle (i.e., the C7 spinous process

plumbline passes well behind the lateral malleolus). (3) ‘‘Leaning-forward’’, characterized by

an intermediate trunk lean angle (i.e., slight backward trunk lean), a large pelvic displacement

angle (i.e., marked forward carriage of the pelvis relative to the feet), and a small (negative)

body lean angle (i.e., the vertical projection of the C7 spinous process is anterior to the lateral

malleolus)

Trunk lean angle (�) Angle subtended between the vertical and a line joining C7 to the greater trochanter

Spinal-pelvic characteristicsb

Thoracic kyphosis (�)c Sum of segmental angles of appropriate vertebral sections with the ‘‘thoracic’’ segment of the

spine located between the C7–T1 interspace and the inflection point where the spine

transitions from kyphosis to lordosis; positive when in kyphosis

Lumbar lordosis (�)c Sum of segmental angles of appropriate vertebral sections with the ‘‘lumbar’’ segment of the

spine located between the inflection point and the L5–S1 interspace; negative when in lordosis

Length of the posteriorly inclined spinal

segment (# of vertebrae)d
Number of vertebrae included in the backwardly inclined segment (declive segment) between

the apices of the thoracic and lumbar curves

Sacral inclination (�)c Sacral angle with respect to the vertical; positive when tilted forward with respect to vertical

line

a See Fig. 2 for illustration. Gross body segment orientations with respect to the vertical gravity vector were quantified post hoc on digital

images using ImageJ software (National Institutes of Health, Bethesda, MD)
b See Online Resource 3 for illustration of the parameters, obtained (real-time) through direct postural assessment
c Obtained by the Spinal Mouse (Idiag; Voletswil, Switzerland), a hand-held, skin-surface, computer-assisted electromechanical-based device
d Determined via visual inspection and palpation
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are presented in Table 2. In multivariate regression with

adjustment for other factors, having a leaning-forward

posture associated with a nearly three times higher odds of

TA as compared with neutral overall posture in the sagittal

plane. In boys, a sway-back compared with a neutral was

2.2 times more likely to show spinal and TA. A significant

independent association of trunk lean in habitual standing

with coronal plane TA was also found in boys, with an

increase of 1� backward trunk lean being associated with

an 11% decrease in odds of visually observed asymmetry

of the trunk. In girls, the BMI significantly associated with

coronal plane TA: overweight or obese subjects face a

substantial (58%) decrease in the odds for TA compared to

normal weight subjects (p = 0.04), whereas thinness ten-

ded to increase the odds of coronal TA although statistical

significance was not reached (p = 0.06).

Fig. 2 Schematic illustration of the whole-body postural categoriza-

tion of subjects before pubertal peak growth. The 3-dimensional

scatter plot of the global alignment categorization among pre-peak

height velocity girls [22] and the figure displaying a typical male and

female member from each postural cluster [23] are reprinted by

permission of the publisher. Each point in the scatter plots

corresponds to a subject, classified as either neutral (blue rhombus),

sway-back (green circle), or leaning-forward (red triangle) using

cluster analysis [21, 22]
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The results obtained in boys do not make sense from the

clinical point of view: neutrals, having less backward trunk

inclination compared to leaning-forwards and sway-backs

[21], had the lowest probability of having coronal plane TA

while an independent association between less back-

ward/more forward trunk lean and (higher odds of) coronal

TA was found. Therefore, it was decided to (re)build a

multivariate logistic regression model within each cluster

of sagittal postural alignment, thereby taking into account

the importance of events per variable in logistic regression

[28].

Factors associated with coronal plane TA in neutral,

leaning-forward and sway-back subjects (Table 3)

Within the neutral global alignment cluster, multivariate

logistic regression revealed a significant independent

association between the trunk lean angle (sagittal plane)

and coronal TA in boys: more forward trunk lean was

associated with an increase in odds of TA [odds ratio (OR)

0.82; 95% confidence interval (CI) 0.70–0.96; p = 0.011].

In girls classified as having a neutral sagittal overall

alignment, having high levels of thoracic kyphosis was

associated with an increase in odds of TA (OR 1.04; 95%

CI 1.00–1.09; p = 0.043).

In leaning-forward girls, the adjusted odds of TA was

nearly three times higher in thin subjects than in normal

weight subjects (OR 2.95; 95% CI 1.16–7.51; p = 0.023).

In sway-back girls, a significantly higher odds of TA

was shown for having backward trunk lean in customary

standing, with an increase of 1� backward trunk lean being

associated with a 32% increase in odds of coronal TA (OR

1.32; 95% CI 1.01–1.72; p = 0.042).

Association between whole-body sagittal alignment

and type of coronal plane TA

Shown in Table 4 are the count and percentage of subjects

per sagittal posture type for each coronal curve type. The

v2 statistic revealed a significant association between

overall posture class (sagittal plane) and the area of spinal

and TA [v2(4, n = 250) = 30.55, p\ 0.001]. Within the

46 individuals determined to have (primary) thoracic

coronal asymmetry, sway-back subjects were

Table 2 Association between whole-body sagittal alignment and coronal plane trunk asymmetry with and without adjustment for potential

confounders in boys and girls before pubertal peak growth

Boys (n = 633) TA/no TA: 143/490 Girls (n = 557) TA/no TA: 107/450

OR 95% CI p OR 95% CI p

Unadjusted

Overall posture class 0.027 <0.001

Leaning-forward vs. neutral 1.86 1.18–2.94 0.008 3.18 1.87–5.39 <0.001

Sway-back vs. neutral 1.45 0.92–2.29 0.107 1.66 0.96–2.89 0.072

Adjusteda

Overall posture class 0.003 0.001

Leaning-forward vs. neutral 2.69 1.52–4.76 <0.001 2.81 1.58–5.01 <0.001

Sway-back vs. neutral 2.22 1.16–4.23 0.016 1.39 0.61–3.20 0.435

Trunk lean angle 0.89 0.80–0.99 0.025 1.05 0.91–1.21 0.523

Length of the posteriorly inclined spinal segment 1.19 0.94–1.49 0.143 1.02 0.80–1.30 0.887

Thoracic kyphosis 1.00 0.97–1.02 0.803 1.01 0.98–1.04 0.746

Lumbar lordosis 0.95 0.91–1.01 0.084 0.97 0.91–1.03 0.307

Sacral inclination 0.95 0.89–1.01 0.112 0.98 0.91–1.06 0.601

Body height 1.01 0.99–1.04 0.365 1.02 0.99–1.06 0.243

Proportion of trunk length to body height 0.97 0.81–1.17 0.748 1.02 0.84–1.24 0.832

Body mass index 0.286 0.015

Thinness vs. normal 1.15 0.62–2.13 0.661 1.79 0.97–3.31 0.064

Overweight/obese vs. normal 0.59 0.30–1.18 0.135 0.42 0.18–0.94 0.036

Generalized joint laxity 0.68 0.36–1.32 0.255 0.89 0.50–1.57 0.674

Hand dominance 1.17 0.69–1.99 0.559 1.29 0.68–2.45 0.442

Bold p values—significant at a\ 0.05

CI confidence interval, OR odds ratio, TA trunk asymmetry
a In boys: Hosmer and Lemeshow: v2 = 4.15, df 8, p = 0.84; in girls: Hosmer and Lemeshow: v2 = 5.14, df 8, p = 0.74
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proportionally least represented. In the subset with a pri-

mary curve in the lumbar and/or declive thoracolumbar

segment, sway-back was the most common type of sagittal

plane posture.

From leaning-forward subjects with a coronal asym-

metry of the trunk, 61.5% (59/96) of cases had a combined

thoracic and lumbar curve while 31.3% (30/96) had a

primary thoracic curve. In neutral type subjects with a TA

in the coronal plane, a double thoracic and lumbar curve

and primary thoracic curve was present in 73.0% (54/74)

and 18.9% (14/74) of cases, respectively.

Discussion

This study reports the results of the first population-based

study designed to investigate coronal plane TA and its

association with sagittal standing posture in boys and girls

without known scoliosis, at pre-PHV age. The most

important finding of this work is that coronal plane TA is

seen more frequently in non-neutral than in neutral overall

sagittal profiles. Compared with neutrals, leaning-forwards

are nearly three times more likely to show coronal plane

TA on the eve of pubertal peak growth; Sway-backs are

more than twice as likely to have TA than neutrals, but

only among boys. In non-neutral sagittal configurations

(see Table 1), the rotational stability of the spine could be

suspected to be thoroughly challenged, because of the load

on the posterior parts of the vertebral column and/or the

posterior shear loads affecting the posteriorly inclined

segments [7–10, 29].

Associations of BMI, sagittal plane trunk inclination and

thoracic kyphosis with coronal plane TA are also shown by

the present study. These associations, however, appear to

be gender and posture class specific. More specifically, the

current results convey an increased likelihood of TA with

(1) thinness, in the female leaning-forward subset, (2) more

backward trunk inclination, in the female sway-back sub-

set, (3) more forward trunk inclination, in boys with a

neutral overall sagittal alignment, and (4) increasing tho-

racic kyphosis, in girls with a neutral overall sagittal pos-

ture. Although, evidently, questions regarding the etio-

pathogenesis of AIS cannot be answered by this cross-

sectional study, it is interesting to speculate about how

postural features at pre-PHV age might contribute to ‘‘the

perfect storm’’ of scoliosis establishment or progression

during pubertal peak growth.

Thus far, there has been very little study to discover

whether some type of postural configuration existing in the

immature non-scoliotic spine would have any value in

predicting the development of AIS. The notable exception

is a prospective study of Finnish prepubertal schoolchildren

who were free from scoliosis at entry [4]. In that work, TA

was identified as a predictor of future scoliosis [4], sug-

gesting that an initial coronal plane TA could be of para-

mount importance in the biomechanical mechanism

yielding curve progression. Using a spinal pantograph to

assess sagittal spinal profiles, Nissinen et al. [4] further

found that AIS was predicted by an increased thoracic

kyphosis (only in girls) and an increased lumbar lordosis

(only in boys) at the prepubertal stage. At first sight, these

latter findings differ from biomechanical theories on the

etiology of AIS [7–10, 29] and hardly fit clinical insights

and earlier studies on (progressive) AIS [30]. Crucial for

understanding the true biomechanical challenges that are

posed to the spinal-pelvic complex, however, is that spinal-

pelvic measurements alone may not be sufficient to char-

acterize spinal-pelvic loading. Otherwise put, the meaning

of a certain value of a sagittal spinopelvic parameter (being

thoracic kyphosis, sagittal trunk inclination, lumbar lor-

dosis, or other)—whether or not in the presence of TA—

may vary according to the overall sagittal posture class one

belongs to (i.e., neutral, sway-back or leaning-forward).

What we suggest here, is that whole-body sagittal align-

ment might have been systematically overlooked in

research related to initiation, progression and management

of AIS. The importance of moving beyond analysis of data

aggregated across sagittal whole-body posture types has

recently proven very useful for gaining insights into gender

differences in sagittal plane posture at pre-PHV age [23].

Although the context and research question was different,

the same line of reasoning might apply.

Table 4 Count and percentage of subjects with neutral, leaning-

forward and sway-back sagittal alignment for the three coronal curve

types (n = 250)

Overall posture class Total

Neutral Leaning-forward Sway-back

Coronal curve location

Primary thoracic curve

Count 14a 30a 2b 46

% 30.4 65.2 4.3 100.0

Primary (thoraco)lumbar curve

Count 6a 7a 17b 30

% 20.0 23.3 56.7 100.0

Double [thoracic and (thoraco)lumbar] curve

Count 54a 59a 61a 174

% 31.0 33.9 35.1 100.0

Total

Count 74 96 80 250

% 29.6 38.4 32.0 100.0

Each subscript letter denotes a subset of overall posture categories

whose column proportions do not differ significantly from each other

at the 0.05 level by v2. See Figs. 1, 2 and Table 1 for descriptions of

parameters

Eur Spine J (2018) 27:448–457 455

123



Interestingly, the current results reveal for the first time

that the spinal region where TA is observed differs

according to whole-body sagittal alignment type. As an

example, 65.2% of those subjects with a primary thoracic

curve were classified as having a leaning-forward posture

while only 4.3% were sway-backs. Primary curves in the

declive thoracolumbar region and/or lumbar spine, on the

other hand, were significantly more prevalent in sway-

backs than in neutrals or leaning-forwards. The concept

that different types of AIS probably develop in different

sagittal profiles is not new [20, 31]. The present study,

however, is the first that considers truncal asymmetry types

in relation to sagittal plane posture in healthy young ado-

lescents without known scoliosis, thereby starting from a

whole-body sagittal posture perspective.

Additionally, our data provide further support for the

view that the direction of the deformity in AIS is deter-

mined by the rotational pattern present in the normal spine

[11, 32]. Indeed, the pattern of deviation of the palpated

spinous process line with respect to the central sacral

vertical line observed here (see Online Resource 2) agrees

with the pattern of vertebral rotation in the transverse plane

that has previously been established in the normal adoles-

cent and adult spine using computed tomographic scans

[11, 33] and matches the rotation of the curve as is pre-

dominantly seen in AIS [34].

Several limitations should be acknowledged. The main

limitation of this work is its cross-sectional nature at this

phase which restricts us from drawing any conclusions

regarding temporal or causal relationships between sagittal

and coronal plane posture. Long period observational fol-

low-up is needed to fully appreciate how the initiation and

progression of AIS could be related to baseline postural

characteristics. Revealing an AIS risk profile, where pre-

pubertal posture may play a role among other factors,

provides the framework for (1) early identification of those

individuals at sufficiently increased risk of progressive

AIS, and (2) targeted risk factor management. In such

research, it would be of great interest to extend posture

analysis to posture and movement analysis [35]. Another

concern in this study is that we cannot claim that all par-

ticipants are free from scoliosis (i.e., Cobb angle\10�) as
no radiographs were taken. Neither can we claim that none

of the participants was already at or past his/her PHV at the

time of assessment. To define the children’s phase of

growth, growth velocity was not measured as this would

have required serial data surrounding the occurrence of

peak. Instead, PHV occurrence was predicted using gender-

specific multiple regression equations that take into con-

sideration the differential timing of the adolescent spurt in

body dimensions and their interactions with chronological

age [15]. Nevertheless, we strongly believe that—at the

group level—our study population can be considered

representative of healthy non-scoliotic subjects before

pubertal peak growth. Third, the fact that subjects were not

screened with Adam’s forward bend test and a scoliometer

may be argued upon. However, the small curves that were

usually detected in this study might not lend themselves

well to scoliometer examination and, as Bunnell [36] and

others have shown, rib asymmetry does not always equate

with vertebral column asymmetry. On the other hand,

based on recent research by Schmid et al. [37] in patients

with AIS, spinous process-derived evaluations of coronal

plane posture may be suspected to underestimate the cur-

vature formed by the vertebral body in the frontal plane.

Conclusions

This study demonstrates that whole-body sagittal align-

ment differs between healthy immature subjects with vs.

without coronal plane TA. Having a leaning-forward pos-

ture, in particular, associates with increased odds of having

TA. The lowest odds ratio is for neutrals. Furthermore,

significant associations with coronal plane TA are found

for trunk lean, thoracic kyphosis and BMI. These correla-

tions, however, are gender and posture class specific. The

spinal region where rotational stability is challenged,

appears to vary according to the whole-body sagittal

alignment type. These data support the hypothesis that a

certain biomechanical loading of the spinopelvic complex

in the sagittal plane may predispose a child to the devel-

opment of a deformity in the other planes, in other words

AIS. Nevertheless, temporal or causal relationships

between sagittal and coronal plane posture cannot be

derived from this study. Longitudinal follow-up is war-

ranted to identify risk factors for (progressive) AIS needing

treatment.
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