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Trunk and craniofacial asymmetry are 
not associated in the general population: a 
cross‑sectional study of 1029 adolescents
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Abstract 

Background:  The literature did not show clearly if a correlation between trunk and facial asymmetry exists. The aim 
of this study was to verify the association between trunk and facial asymmetries, and trunk and facial sagittal configu-
ration in adolescents.

Methods:  This is a cross-sectional screening study. It was carried out in a small town in Northern Italy, from February 
to April 2014. Healthy children met the inclusion criteria. Exclusion criteria were subjects with physical and cognitive 
disability, genetic disease, and polymorphism. All subjects underwent a three phases for postural screening program.

Results:  1029 healthy children were 491 females and 538 males with mean age: 12 (range 11–16) years. The associa-
tion of facial and trunk asymmetry had a point prevalence rate around 1% for the various regions of the spine, the 
association on the sagittal plane of almost 1.3% for hyperkyphosis and hyperlordosis. Overall, results showed a very 
low sensitivity, specificity, and predictive values of facial anomalies for trunk asymmetry and sagittal spinal posture.

Conclusion:  While correlations between jaw position and body posture for cervical spine can exist, our study denied 
association with trunk and back in a general population: postural compensatory mechanism may have minimized the 
effects of one area on the other, if any existed.
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Background
Trunk asymmetry (TA) is a common phenomenon at 
adolescence and can be considered the clinical presenta-
tion of scoliosis [1, 2]. TA also has been shown to predict 
future scoliosis in children but it is not clear if prevalence 
of TA is linked with peak of growth in adulthood [3]. The 
diagnosis of idiopathic scoliosis is based on the detection 
of an angle of trunk rotation (ATR) in forward bending 
position (FBP) [4], with cut-off of 7°, the most useful for 
scoliosis detection [4–7]. Lower levels of ATR are consid-
ered to define TA (ATR > 4°) [8, 9]. This is the primary 
screening procedure and an early diagnosis of TA could 
reduce spinal deformity surgeries and consequently, the 

cost-effectiveness [7]. Correlation between bone deform-
ities of the head and trunk has been advocated by some 
for years, such as the position of spine can influence the 
craniomandibular system and viceversa [10–12], but 
never proven [13]. Some studies have been performed 
with different means, but usually on small populations 
due to the invasive methodologies required [14]. Never-
theless, a bone deformity causes external signs that can 
be checked through tools that were developed for screen-
ing purposes [6, 15] and that could be applied in large 
populations [16].

Recently, TA has been systematically studied [17] and 
an asymmetric growth pattern was found for the entire 
thoracic area, for the vertebral body, as for the neuro-
central junction at different ages in a cohort of 199 non-
scoliotic children investigated through CT scan. During 
human growth, the mechanical load on the spine changes 
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due to motor development and physical changes (stature, 
weight, and shift in body proportions). An a-synchronic-
ity of this process was hypothesized as a possible etio-
logical factor of idiopathic scoliosis [18]. A relationship 
between preexistent rotation and organ anatomy was 
previously demonstrated [19].

Abnormal body posture has long been hypothesized 
to be responsible of various craniofacial orthopedic and 
orthodontic conditions, but scientific literature is not able 
yet to support these assumptions [20]. Pathological cur-
vatures induce in some cases the formation of compensa-
tory curvatures elsewhere along the spine and may result 
also in compensatory head posture. Therefore, non-phys-
iological curvatures in the frontal axis may cause tilt-
ing of the head to either side, whereas curvatures in the 
sagittal axis may result in forward or backward tilts [21, 
22]. Previous studies reported that spine and facial sag-
ittal configurations are related: subjects with a long face 
tended to have longer and straighter cervical vertebrae, 
whereas those with a short face have more curved cervi-
cal vertebra [11].

The literature does not show clearly if a correlation 
between trunk and facial asymmetry in sagittal plane 
configurations exists. So, the aim of the present study was 
to verify the association between trunk and facial config-
uration in sagittal and coronal planes, screening a large 
population of healthy adolescents.

Methods
Participants
Recruitment was done in a secondary school with stu-
dents’ mean age 12 (range 11–16) years, located in 
Brescia, Italy, from February to April 2014. We consid-
ered all the school classes to maintain a similar distribu-
tion of ages and genders. We screened a total of 47 school 
classes. Exclusion criteria were subjects with disability, or 
any other associated pathology.

Study design
This is a cross-sectional study performed within a scolio-
sis school screening program.

The evaluation was based on a postural examination 
divided in three phases, performed once by two different 
physiotherapist examiners that used the same protocol of 
evaluation [23].

Phase 1: collecting demographic and clinical charac-
teristics and previous postural exercise or orthodontic 
therapy.

Phase 2: clinical evaluation of the coronal and trans-
verse plane. The evaluation was performed from the back 
side of the subjects that maintained the same position: 
natural upright posture with feet together, extension of 
the knees and hands at their sides. In the sagittal plane, 

the plumbline distance of C7, L3, and S1 from the apex 
of kyphosis was measured and the Sagittal Index C7 + L3 
calculated [24]. The transverse plane was evaluated 
through Adam’s test: the subject was required to bend 
the spine forward, while standing with knee extended 
and both arms and head totally relaxed. The presence of 
a prominence was assessed with a scoliometer (an instru-
ment able to measure in degrees the ATR).

Phase 3: we took four face photos (two in the coronal 
plane and two in sagittal plane) with upright subject with 
feet together, in knee extension and arms at their sides, 
without dental contact. Then, an oro-maxillo-facial sur-
geon evaluated all the pictures, to define the facial asym-
metry and facial morphology in the coronal and sagittal 
plane.

Outcome measurements
Patients were evaluated for trunk and facial asymmetry 
through clinical assessment.

Trunk Asymmetry with ATR was measured through a 
Bunnell Scoliometer that evaluated presence of rib prom-
inence and scoliosis convexity [25]. Normal values are 
ATR = 0° Bunnell, ATR ≥ 4° Bunnell is considered trunk 
asymmetry, ATR ≥ 7° Bunnell is considered scoliosis [6].

The evaluation of sagittal plane decompensation 
was made using frontal plane decompensation with 
plumbline distance of S1 from inter-gluteus cleft above 
measurement error of 1 cm [26], sagittal trunk morphol-
ogy with plumbline distances in terms of Sagittal Index 
C7 + L3 (cut-off 95 mm), and L3 (cut-off 50 mm) and S1. 
Facial asymmetry was evaluated through clinical assess-
ment and photography, while transverse asymmetry 
used an actual size (1 × 1) clinical photo [27]. Reference 
Lines were drawn connecting each external canthus and 
lip commissure, designated as horizontal reference line 
(HRL) and lip line (LL), respectively. The soft tissue mid-
sagittal line (STML) was set as the line perpendicular to 
the HRL, passing through the center of both midpoint of 
pupil (Pm) and the ridge of the nose. Distance from refer-
ence lines was considered [28].

Sagittal morphology was measured through visual 
inspection of the entire face, palpation to differentiate 
soft tissue and bony defects, comparison of the dental 
midline with the facial midline, inspection of symmetry 
between the bilateral gonial angle and mandibular body 
lower border. The profile as convex, plain, or concave was 
defined [28].

Statistical analysis
Data were analyzed using SPSS version 21.0 (SPSS Inc, 
Chicago, IL, USA). The results were expressed as means, 
standard deviations, and/or 95% confidence inter-
vals. Sensitivity, specificity, positive (PPV) and negative 
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predictive values (NPV), accuracy, and positive likelihood 
ratio (LR = sensitivity/1-specificity) of each maneuver to 
detect facial and trunk asymmetry was calculated using a 
2 × 2 table. PPV was used to check the probability that in 
case of a craniofacial positive test the subject really had 
the corresponding trunk morphology (asymmetry or sag-
ittal plane morphology). In all analyses, p < 0.05 was con-
sidered statistically significant.

The sample size was calculated. The literature shows 
that only 1.6% of high-school students have a completely 
symmetric posture [29]. The commonly reported preva-
lence of idiopathic scoliosis is between 2 and 4% [4], 
while that of TA was 91% in the study by Nissinen [30] 
and around 70% according to Burwell et  al. [31]. Con-
sidering alpha = 5% and a power of 80%, we estimated a 
sample size of a minimum of 1000 subjects with TA. We 
included all the subjects of the school classes of one sec-
ondary school whose total composition allowed to reach 
the required power size.

Results
The overall characteristics of the included population are 
reported in Table 1.

Out of the 1029 subjects included in our sample, 96.1% 
of boys and 93.5% of girls were symmetric (ATR ≤  3°) 
in the thoracic region; for thoracolumbar and lumbar 
regions, the corresponding percentages were 94.6–89.4 
and 96.1–89.2%, respectively. The total percentage of sco-
liosis (ATR > 7°) was 2.72%.

ATR mean values in the participants with a TA were 
4.8 ± 1.1, 5.3 ± 1.6, and 5.1 ± 1.5 in the thoracic, thora-
columbar, and lumbar spine, respectively, as shown in 
Table 1. No significant differences were detected between 
subjects with or without a facial and trunk asymmetry 
with respect to sex.

The association of facial and trunk asymmetry was esti-
mated to have a point prevalence rate of 0.90, 0.61, and 
1.38% for thoracic, thoracolumbar, and lumbar curves, 
respectively. There is no possibility to consider the facial 
asymmetry as a predictor of trunk asymmetry and vice-
versa, due to the very low sensitivity, specificity, positive 
and negative predictive values, and likelihood ratios, as 
shown in Table 2.

The concerns for the facial sagittal morphology, the 
clinical diagnostic test (Sagittal Index C7 +  L3 and L3) 
values, and confidence interval are shown in Table  3. 
Again, it was not possible to predict trunk morphology 
due to facial sagittal plane morphology.

The association of facial sagittal morphology and 
sagittal spinal posture was estimated to have a point 
prevalence rate of 1.20 and 1.38% for C7 +  L3 and L3, 
respectively. The possibility to predict a bad trunk sagit-
tal posture due to the presence of an anomalous sagittal 

facial morphology had very low sensitivity, specificity, 
positive and negative predictive values, and likelihood 
ratios (Table 3).

Discussion
The present study unrolled a large sample of 1029 healthy 
subjects evaluated through screening procedures to 
check the association between head and trunk asym-
metries, suggestive of possible underlying bone deformi-
ties. For this reason, we chose significant cut-off to 
define scoliosis (7° ATR) and asymmetry (4° ATR). The 

Table 1  Baseline demographics

Data are expressed as means ± standard deviations (SD)

Variable Participants, (n = 1029)

Demographics characteristics

 Age (years) 12.4 ± 0.9

 Gender, female: male [n (%)] 491 (47.7%):538 (52.30%)

 Weight (m) 49.0 ± 11.0

 Height (m) 157.4 ± 10.2

Predominant side

 Write, right [n (%)] 923 (89.7%)

 Throw, right [n (%)] 952 (92.5%)

 Foot, right [n (%)] 905 (87.9%)

 Eyes, right [n (%)] 768 (74.6%)

Trunk asymmetric (> 4°)

 Thoracic 53 (5.2%); 4.8 ± 1.1

 Thoracolumbar 81 (7.9%); 5.3 ± 1.6

 Lumbar 74 (7.2%); 5.1 ± 1.5

Trunk asymmetric (> 7°)

 Thoracic 6 (0.6%)

 Gender, female [n (%)] 2 (0.4%)

 Thoracolumbar 13 (1.3%)

 Gender, female [n (%)] 10 (2.0%)

 Lumbar 9 (0.9%)

 Gender, female [n (%)] 8 (1.6%)

Facial sagittal morphology

 Flat [n (%)] 512 (49.8%)

 Convex [n (%)] 215 (42.1%)

 Concave [n (%)] 18 (1.7%)

 Biprotuso [n (%)] 19 (1.8%)

 Harmonious [n (%)] 47 (4.6%)

Facial asymmetric

 Female [n (%)] 215 (20.9%)

 Male [n (%)] 197 (19.1%)

Age

 11 years, female [n (%)] 101 (49.5%)

 12 years, female [n (%)] 169 (45.3%)

 13 years, female [n (%)] 167 (50.3%)

 14 years, female [n (%)] 54 (45.0%)
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prevalence of scoliosis and asymmetries in our sample, 
was small, any relationship between facial asymmetry 
and trunk asymmetry was found, and the same for sagit-
tal facial morphology and sagittal spinal posture.

Kim et  al. [14] found no apparent relation between 
the severity of scoliosis and facial form variations in idi-
opathic scoliosis patients. Various factors can determine 
the facial asymmetry, such as a distortion of the mandi-
ble, the maxilla, and other portions of the face can pro-
duce facial asymmetry and a distortion of the entire face.

The study did not focus on patients, but on general 
population. In fact, to eventually hypothesize a causal 
relationship, any possibly existing correlation should be 
found at the very early stage of diseases, rather than in 
already established deformities because the probability 
of secondary adaptations increases. Nevertheless, the 
study confirms the results of Kim in a totally different 
population.

Concerning the sagittal plane, many more relation-
ships were found. The cervical spine is primarily respon-
sible for the location of the head over the body as well 
as the level of horizontal gaze [32]. The natural curvature 
of the cervical spine maintains a lordotic shape because 
of the wedge-shaped cervical vertebrae and the need of 
compensation for the kyphotic curvature of the thoracic 
spine. Cervical lordosis may depend on the anatomy of 

the Cervical Thoracic Joint; the site at which lordosis of 
the cervical spine changes to kyphosis in the thoracic 
spine [33]. The sagittal alignment of the cranium and cer-
vical spine may be influenced by the shape and orienta-
tion of the thoracic inlet to maintain a balanced, upright 
posture and horizontal gaze, similar to the relationship 
between the pelvic incidence and lumbar lordosis [34]. 
Each segment of the spine is related to the adjacent one 
and multiple significant correlations among them were 
found [35]. Moreover, the global sagittal alignment can 
be influenced by the sagittal shape of the cervical seg-
ment [36]. In fact subjects with a positive sagittal vertical 
axis (SVA) demonstrated an increase in cervical lordosis. 
This cervical adaptation to sagittal global alignment is a 
compensatory mechanism to maintain a horizontal gaze. 
Therefore, cervical lordosis can be considered, similar 
to thoracic kyphosis and lumbar lordosis, as an adaptive 
spinal segment to global alignment [33].

This could be linked to Dolphens et al. study [3], which 
demonstrated that whole-body sagittal alignment differs 
between healthy immature subjects with and without 
coronal plane TA, with significant associations between 
coronal plane TA and trunk lean, thoracic kyphosis and 
BMI. In particular, it is demonstrated that in healthy 
subjects, spinopelvic balance has a significant influence 
on cervical spine sagittal balance. These data support the 

Table 2  Physical examination findings in facial asymmetry

T true, F false, P positive, N negative, PPV positive predictive value, NPV negative predictive value

Result 2 × 2 table Sensitivity Specificity PPV NPV OR (95% CI) +LR (95% CI) −LR (95% CI)

Trunk asymmetry TP FP

TN FN

Thoracic 20 33 37.7 59.8 4.9 94.7 0.9 (0.51–1.6) 0.94 (0.56–1.34) 1.04 (0.84–1.294)

392 584

Thoracolumbar 24 57 29.6 59.1 5.8 91.0 0.61 (0.37–1.0) 0.74 (0.52–1.04) 1.18 (1.01–1.37)

388 560

Lumbar 35 39 47.3 60.5 8.5 93.7 1.38 (0.86–2.21) 1.2 (0.93–1.54) 0.87 (0.7–1.01)

377 578

Table 3  Physical examination findings in facial sagittal morphology

T true, F false, P positive, N negative, PPV positive predictive value, NPV negative predictive value

Result 2 × 2 table Sensitivity Specificity PPV NPV OR (95% CI) +LR (95% CI) −LR (95% CI)

Sagittal spinal posture TP FP

TN FN

Kyphosis line C7 + L3 69 87 44.2 60.7 16.7 85.9 1.23 (0.87–1.73) 1.13 (0.93–1.37) 0.92 (0.79–1.07)

343 530

L3 142 206 40.8 60.4 34.5 66.6 1.05 (0.86–1.37) 1.03 (0.88–1.20) 0.98 (0.88–1.09)

270 411
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hypothesis that a certain biomechanical loading of spin-
opelvic complex in the sagittal plane may predispose a 
child to develop a deformity in other planes [37].

According to the results, since trunk sagittal configu-
ration does not correlate with facial sagittal morphology, 
the link found with cervical lordosis is not confirmed 
with the trunk.

Results do not deny any possible correlations between 
sagittal facial configuration and body posture for the 
cervical spine, even if we can conclude that such asso-
ciations do not exist for the trunk and low back. In low 
degree asymmetries, postural compensatory mechanism 
may have minimized the effects of maxillofacial charac-
teristics on the trunk, and viceversa [13].

The major limitations include the following: the screen-
ing procedures used that precluded a real study of the 
bones, even if they are well established in the literature 
for trunk asymmetries study; the cross-sectional design 
that suppose any causal relationship, even if this could be 
the first stage before going to a longitudinal approach; the 
low prevalence of scoliosis and asymmetries in our sam-
ple that led to study relatively few scoliosis subjects, but 
really representative of a general population.

Conclusions
No correlation between TA and facial asymmetry was 
found as probably TA is correlated with spinopelvic bal-
ance and not with facial asymmetry. Strengths of this 
study include the wide sample representative of a nor-
mal adolescent population and the use of pre-definite 
significant cut-offs to define scoliosis and asymmetries 
[38, 39]. Considering the very well-known low prevalence 
of structural deformities, the need for a large sample is 
clear. In this view, the cross-sectional design is the most 
feasible way to assess a rare condition, as scoliosis can be 
considered in a population of healthy adolescent, even if 
it does not allow any cause–effect inferences. This is the 
first study of such a wide sample.

Abbreviations
TA: trunk asymmetry; ATR: angle of trunk rotation; FBP: forward bending posi-
tion; PPV: sensitivity, specificity, positive; NPV: negative predictive values; SVA: 
sagittal vertical axis; HRL: horizontal reference line; LL: lip line; STML: soft tissue 
midsagittal line; Pm: midpoint of pupil.

Authors’ contributions
Each author has contributed to manuscript, as follows: SN led to editing 
assistance; CA designed the study and wrote the drafting of manuscript with 
the support of RB; SD and FZ reviewed the manuscript; and JHV made the 
statistical analysis. All authors discussed the results and commented on the 
manuscript interpretation of the data. All authors had full access to all the data 
in the study and can take responsibility for the integrity of the data and the 
accuracy of data analyses. All authors have approved the submitted version of 
this article. The corresponding author confirms that such written permission 
has been obtained. All authors read and approved the final manuscript.

Author details
1 IRCCS Don Carlo Gnocchi Foundation, P.le Morandi, 8, 20121 Milan, Italy. 
2 ISICO, Italian Scientific Spine Institute, Milan, Italy. 3 Department of Clinical 
and Experimental Sciences, University of Brescia, Brescia, Italy. 

Acknowledgements
The authors thank Scalvini F. and Tortelli S for their assistance to the study.

Competing interests
The authors declare that they have no competing interests.

Availability of data and materials
The datasets used and analyzed during the current study are available from 
the corresponding author on reasonable request.

Consent for publication
Consent for publication was obtained from the parents of the children.

Ethics approval and consent to participate
The study was conducted in accordance with the Helsinki Declaration, and 
written informed consent was obtained from the parents of the children and 
was specifically approved by IRCCS Don Gnocchi Foundation Ethic Committee 
in Milan.

Funding
Not applicable.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Received: 9 January 2017   Accepted: 20 September 2017

References
	1.	 Grivas TB, Vasiliadis ES, Mihas C, Triantafyllopoulos G, Kaspiris A. Trunk 

asymmetry in juveniles. Scoliosis. 2008;3:13.
	2.	 Isgro M, Buraschi R, Barbieri C, Baruzzi E, Imperio G, Noro F, Villafane JH, 

Negrini S. Conservative management of degenerative disorders of the 
spine. J Neurosurg Sci. 2014;58(2 Suppl 1):73–6.

	3.	 Dolphens M, Vleeming A, Castelein R, Vanderstraeten G, Schlosser T, 
Plasschaert F, Danneels L: Coronal plane trunk asymmetry is associated 
with whole-body sagittal alignment in healthy young adolescents before 
pubertal peak growth. Eur Spine J. 2017.

	4.	 Negrini S, Aulisa AG, Aulisa L, Circo AB, de Mauroy JC, Durmala J, Grivas 
TB, Knott P, Kotwicki T, Maruyama T, et al. 2011 SOSORT guidelines: ortho-
paedic and rehabilitation treatment of idiopathic scoliosis during growth. 
Scoliosis. 2012;7(1):3.

	5.	 Bunnell WP. The natural history of idiopathic scoliosis. Clin Orthop Relat 
Res. 1988;229:20–5.

	6.	 Bunnell WP. Selective screening for scoliosis. Clin Orthop Relat Res. 
2005;434:40–5.

	7.	 Grivas TB, Vasiliadis E, Savvidou OD, Triantafyllopoulos G. What a school 
screening program could contribute in clinical research of idiopathic 
scoliosis aetiology. Disabil Rehabil. 2008;30(10):752–62.

	8.	 Labelle H, Richards SB, De Kleuver M, Grivas TB, Luk KD, Wong HK, 
Thometz J, Beausejour M, Turgeon I, Fong DY. Screening for adolescent 
idiopathic scoliosis: an information statement by the scoliosis research 
society international task force. Scoliosis. 2013;8:17.

	9.	 Castelein RM, Veraart B. Idiopathic scoliosis: prognostic value of the 
profile. Eur Spine J. 1992;1(3):167–9.

	10.	 Shapiro IJ. Relation between vertical facial asymmetry and pos-
tural changes of the spine and ancillary muscles. Optom Vis Sci. 
1994;71(8):529–38.

	11.	 Goldberg CJ, Dowling FE. Idiopathic scoliosis and asymmetry of form and 
function. Spine. 1991;16(1):84–7.



Page 6 of 6Arienti et al. Eur J Med Res  (2017) 22:36 

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

	12.	 Ohlendorf D, Seebach K, Hoerzer S, Nigg S, Kopp S. The effects of a 
temporarily manipulated dental occlusion on the position of the spine: a 
comparison during standing and walking. Spine J. 2014;14(10):2384–91.

	13.	 Hong JY, Suh SW, Modi HN, Yang JH, Hwang YC, Lee DY, Hur CY, Park YH. 
Correlation between facial asymmetry, shoulder imbalance, and adoles-
cent idiopathic scoliosis. Orthopedics. 2011;34(6):187.

	14.	 Kim TH, Kim JH, Kim YJ, Cho IS, Lim YK, Lee DY. The relation between idi-
opathic scoliosis and the frontal and lateral facial form. Korean J Orthod. 
2014;44(5):254–62.

	15.	 Grivas TB, Wade MH, Negrini S, O’Brien JP, Maruyama T, Hawes MC, Rigo 
M, Weiss HR, Kotwicki T, Vasiliadis ES, et al. SOSORT consensus paper: 
school screening for scoliosis. Where are we today? Scoliosis. 2007;2:17.

	16.	 Rainoldi L, Zaina F, Villafane JH, Donzelli S, Negrini S. Quality of life in 
normal and idiopathic scoliosis adolescents before diagnosis: reference 
values and discriminative validity of the SRS-22. A cross-sectional study of 
1,205 pupils. Spine J. 2015;15(4):662–7.

	17.	 Schlosser TP, Vincken KL, Attrach H, Kuijf HJ, Viergever MA, Janssen MM, 
Castelein RM. Quantitative analysis of the closure pattern of the neuro-
central junction as related to preexistent rotation in the normal immature 
spine. Spine J. 2013;13(7):756–63.

	18.	 Chu WC, Lam WM, Ng BK, Tze-Ping L, Lee KM, Guo X, Cheng JC, Burwell 
RG, Dangerfield PH, Jaspan T. Relative shortening and functional tether-
ing of spinal cord in adolescent scoliosis—result of asynchronous neuro-
osseous growth, summary of an electronic focus group debate of the 
IBSE. Scoliosis. 2008;3:8.

	19.	 Kouwenhoven JW, Bartels LW, Vincken KL, Viergever MA, Verbout AJ, Del-
haas T, Castelein RM. The relation between organ anatomy and pre-exist-
ent vertebral rotation in the normal spine: magnetic resonance imaging 
study in humans with situs inversus totalis. Spine. 2007;32(10):1123–8.

	20.	 Lippold C, Segatto E, Vegh A, Drerup B, Moiseenko T, Danesh G. Sagittal 
back contour and craniofacial morphology in preadolescents. Eur Spine J. 
2010;19(3):427–34.

	21.	 Segatto E, Lippold C, Vegh A. Craniofacial features of children with spinal 
deformities. BMC Musculoskelet Disord. 2008;9:169.

	22.	 Nault ML, Allard P, Hinse S, Le Blanc R, Caron O, Labelle H, Sadeghi H. 
Relations between standing stability and body posture parameters in 
adolescent idiopathic scoliosis. Spine. 2002;27(17):1911–7.

	23.	 Grosso C, Negrini S, Boniolo A, Negrini AA. The validity of clinical exami-
nation in adolescent spinal deformities. Studies Health Technol Inform. 
2002;91:123–5.

	24.	 Patias P, Grivas TB, Kaspiris A, Aggouris C, Drakoutos E. A review of the 
trunk surface metrics used as scoliosis and other deformities evaluation 
indices. Scoliosis. 2010;5:12.

	25.	 Amendt LE, Ause-Ellias KL, Eybers JL, Wadsworth CT, Nielsen DH, 
Weinstein SL. Validity and reliability testing of the scoliometer. Phys Ther. 
1990;70(2):108–17.

	26.	 Zaina F, Donzelli S, Lusini M, Negrini S. How to measure kyphosis in every-
day clinical practice: a reliability study on different methods. Stud Health 
Technol Inform. 2012;176:264–7.

	27.	 Lenke LG, Betz RR, Bridwell KH, Clements DH, Harms J, Lowe TG, Shuf-
flebarger HL. Intraobserver and interobserver reliability of the classifica-
tion of thoracic adolescent idiopathic scoliosis. J Bone Joint Surg Am. 
1998;80(8):1097–106.

	28.	 Trpkova B, Major P, Prasad N, Nebbe B. Cephalometric landmarks iden-
tification and reproducibility: a meta analysis. Am J Orthod Dentofac 
Orthop. 1997;112(2):165–70.

	29.	 Bunnell WP. Outcome of spinal screening. Spine. 1993;18(12):1572–80.
	30.	 Nissinen M, Heliovaara M, Ylikoski M, Poussa M. Trunk asymmetry and 

screening for scoliosis: a longitudinal cohort study of pubertal schoolchil-
dren. Acta Paediatr. 1993;82(1):77–82.

	31.	 Burwell RG, James NJ, Johnson F, Webb JK, Wilson YG. Standardised trunk 
asymmetry scores A study of back contour in healthy school children. J 
Bone Joint Surg Br. 1983;65(4):452–63.

	32.	 Gomes Lde C, Horta KO, Goncalves JR, Santos-Pinto AD. Systematic 
review: craniocervical posture and craniofacial morphology. Eur J Orthod. 
2014;36(1):55–66.

	33.	 Scheer JK, Tang JA, Smith JS, Acosta FL Jr, Protopsaltis TS, Blondel B, 
Bess S, Shaffrey CI, Deviren V, Lafage V, et al. Cervical spine alignment, 
sagittal deformity, and clinical implications: a review. J Neurosurg Spine. 
2013;19(2):141–59.

	34.	 Segatto E, Segatto A, Braunitzer G, Kirschneck C, Fanghanel J, Danesh G, 
Lippold C. Craniofacial and cervical morphology related to sagittal spinal 
posture in children and adolescents. Biomed Res Int. 2014;2014:638238.

	35.	 Mac-Thiong JM, Roussouly P, Berthonnaud E, Guigui P. Sagittal param-
eters of global spinal balance: normative values from a prospective 
cohort of seven hundred nine Caucasian asymptomatic adults. Spine. 
2010;35(22):E1193–8.

	36.	 Lee SH, Kim KT, Seo EM, Suk KS, Kwack YH, Son ES. The influence of tho-
racic inlet alignment on the craniocervical sagittal balance in asympto-
matic adults. J Spinal Disord Tech. 2012;25(2):E41–7.

	37.	 Lee SH, Son ES, Seo EM, Suk KS, Kim KT. Factors determining cervical 
spine sagittal balance in asymptomatic adults: correlation with spinopel-
vic balance and thoracic inlet alignment. Spine J. 2015;15(4):705–12.

	38.	 Bissolotti L, Donzelli S, Gobbo M, Zaina F, Villafane JH, Negrini S. Associa-
tion between sagittal balance and scoliosis in patients with Parkinson 
disease: a cross-sectional study. Am J Phys Med Rehabilit. 2015;95:39–46.

	39.	 Bissolotti L, Gobbo M, Villafane JH, Negrini S. Spinopelvic balance: new 
biomechanical insights with clinical implications for Parkinson’s disease. 
Eur Spine J. 2014;23(3):576–83.


	Trunk and craniofacial asymmetry are not associated in the general population: a cross-sectional study of 1029 adolescents
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Participants
	Study design
	Outcome measurements
	Statistical analysis

	Results
	Discussion
	Conclusions
	Authors’ contributions
	References




