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Abstract The aim of this study was to analyze the cor-
relation ratios between the sagittal back contour (fleche
cervicale and lombaire, trunk inclination) and selected
parameters of craniofacial morphology in children. The
patient sample consisted of 66 healthy children with a
mean age of 11.2 years (SD 1.6 years), of which 34 were
male (mean age 11.5 years, SD 1.3 years) and 32 were
females (mean age 10.9 years, SD 1.9 years). The children
were recruited during the preparation of the initial ortho-
dontic treatment records. Craniofacial morphology was
analyzed by six angular measurements: facial axis, man-
dibular plane angle, inner gonial angle, lower facial height,
facial depth and maxilla position. Rasterstereography was
used for reconstruction of the spinal back sagittal profile.

C. Lippold - T. Moiseenko - G. Danesh
Department of Orthodontics, University of Miinster,
Waldeyerstr.30, 48129 Munster, Germany

e-mail: lippold @uni-muenster.de

T. Moiseenko
e-mail: tdm@uni-muenster.de

G. Danesh
e-mail: siamak @uni-muenster.de

E. Segatto (D<) - A. Végh

Department of Orofacial Orthopedics and Orthodontics,
Heim Pél Children’s Hospital, Budapest,

Zoltan str.10, 1054 Budapest, Hungary

e-mail: dr.segatto@chello.hu

A. Végh
e-mail: aveghdr@chello.hu

B. Drerup

Klinik und Poliklinik fiir Technische Orthopédie &
Rehabilitation, Universtiatsklinikum, Albert-Schweitzer-Str.33,
48129 Munster, Germany

e-mail: drerup @uni-muenster.de

From the profile fleche cervicale, fleche lombaire and trunk
inclination were determined and the correlations with the
craniofacial morphology were calculated (Pearson and
Mann—Whitney U test). Significant correlations were found
with respect to the inner gonial angle and the fleche cer-
vicale, the mandibular plane angle and the fleche lombaire,
the inner gonial angle and the fleche lombaire, and the
angular lower facial height and the fleche lombaire, as well
as the inner gonial angle and the trunk inclination. The
craniofacial vertical growth pattern, presented by mandi-
bular plane angle, inner gonial angle and the angular lower
facial height, and the correlation to fleche cervicale and
lombaire as well as trunk inclination reveal correlations
between growth pattern and sagittal back contour.

Keywords Body posture - Rasterstereography -
Craniofacial morphology - Cephalometry

Introduction

Orthodontic literature contains descriptions of correlations
between the craniofacial morphology and the body posture
[1-3]. In our own recent studies, we used lateral cephalo-
metric radiographs to analyze the craniofacial morphology
and the jaw position in relation to the skeletal growth
pattern in adults and found correlations to selected body
posture parameters analyzed by means of video raster-
stereography [4]. Patients with a higher degree of vertical
craniofacial morphology and mandibular retrognathism
showed higher kyphotic and lordotic angles compared to
patients with a smaller degree of vertical craniofacial
morphology and mandibular prognatism. On the basis of the
documented correlations, we concluded that the mandibula
is more closely correlated to the muskuloskeletal anatomy
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of the cervical spine than the maxilla [4]. Similar findings
were reported by Segatto et al. [5, 6] in studies carried out
on children with different spinal deformities. Michelotti
et al. [3] also reported correlations between the upper spine
sections and mandibular position. They did not find evi-
dence of correlations between the jaw position and further
caudally located spinal sections. Festa et al. [2] analyzed the
correlations between the sagittal jaw position and cervical
lordosis using lateral skull radiographs on 70 Caucasian
adult women (mean age 27.4 years) and observed signifi-
cant correlations between an increased cervical lordosis
and mandibular retrognathism. Similarly, D’ Atillo et al. [7]
established correlations between the cervical lordosis and
craniofacial parameters such as the overjet and the man-
dibular position, length and divergence. In another study,
D’ Atillo et al. [8] observed significant associations between
the cervical spinal lordosis and the sagittal craniofacial
morphology by analyzing lateral skull radiographs of 120
children (average age 9.5 years). The study showed
decreased cervical lordosis angles in children revealing
skeletal class III and an extension of the head in children
with class II morphology. The authors concluded that the
“posture of the neck seems to be strongly associated with
the sagittal as well as the vertical structure of the face”.

Assessment of spinal shape is generally done by lateral
X-rays [9]. However, to avoid radiation hazard, estimation
of spinal shape from back surface measurements is an
alternative. By developing objective methods for the
analysis of the back shape, it is possible to assess the
sagittal contour of the back and to determine shape
parameters such as kyphotic and lordotic angle. These
angles have been shown to provide a reliable description of
the back shape and, intraindividually, to be highly corre-
lated with the pertinent radiological parameters, with sub-
jects standing in their typical relaxed standing posture [10,
11]. Besides angle measures, also horizontal distance
measures, such as fleche cervicale and fleche lombaire,
may be used to characterize sagittal back shape [12].
Therefore, using back surface measurements and the
assessment of back shape parameters, it seems to be pos-
sible to assess the correlations between the craniofacial
morphology and the sagittal contour in the cervical, tho-
racic, lumbar lordotic and pelvic regions in children
without using spinal radiography [4, 13]. Although these
optical methods provide highly accurate objective results
without resorting to ionizing radiation, they are rarely used
in orthodontic research [10, 14].

We conducted a prospective study to substantiate the
observations in literature. Our working hypothesis was that
there was an interrelation in preadolescents between the
craniofacial morphology and the body posture. Here, we
report in our study, correlations between cephalometric
parameters and the fleche cervicale and fleche lombaire,
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virtually being parameters that quantify the sagittal devi-
ation of the back contour, as well as the trunk inclination,
which represents the sagittal inclination of the back surface
measured from the real vertical line.

Materials and methods
Subjects

The sample consisted of 66 children with a mean age of
11.2 years (SD 1.6 years; minimum 8.0 years, maximum
15.8 years), of which 34 were male (mean age 11.5 years,
SD 1.3 years; minimum 9.3 years, maximum 14.2 years)
and 32 were female (mean age 10.9 years, SD 1.9 years;
minimum 8.0 years, maximum 15.8 years).

The children were recruited during their first visit to the
Department of Orthodontics, University of Miinster when
the initial orthodontic treatment records were prepared.
Anamnestically, none of the examined children exhibited
motor or neurological problems, internal diseases, ortho-
pedic trauma or impairments. There was no history of spinal
disorders or spinal surgery and all parents of the patients
gave their informed consent to the study design according to
the local ethics committee and the Helsinki criteria.

Cephalometric examination

A standardized lateral skull radiograph (24 x 30 cm films,
Planex Regular, Kodak, Germany) was taken (film—focus
distance 3.2 m; final enlargement 1%; exposure data 15—
25 mAs, 72-81 kV) of each patient. The radiographs were
digitized (Scanner: Power Look III, Umax Systems, Wil-
lich, Germany; resolution 300 dpi) and a cephalometric
tracing was performed by means of a cephalometric ana-
lysis software (Onyx Ceph Version 2.7.8, Image Instru-
ments, Chemnitz, Germany) (Fig. 1).

Six angular skeletal parameters were considered to be
the most relevant for this study (facial axis, inner gonial
angle, mandibular plane angle, lower facial height, facial
depth and maxilla position) and were determined according
to Fig. 1 and Table 1 [4, 15].

Rasterstereography

To measure spinal shape in the sagittal plane, the optical,
contact-free method of rasterstereography was selected. To
avoid radiation hazards, this method has been favoured to
radiography, although it does not provide intrinsic radio-
logical measures to be correlated with radiological cra-
niofacial measurements. However, optical back shape
measurement and analysis have been shown to be in good
correlation with radiological findings [10, 11].
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Fig. 1 Lateral cephalometric reference points, lines and angles
determined in this study (1-6)

Table 1 Cephalometric reference points: lines and measurement
values (1-6)

1 Ba-N-Pt-Gn Facial axis

2 P-Or—Me-hT Mandibular plane angle

3 Xi-DC-Xi-Pm Inner gonial angle

4 Xi-Spa—Xi- Lower facial height
Pm

5 P-Or-N-Po Facial depth

6 Ba-N-N-A Maxillary position

Rasterstereography (Formetric 2, Diers International
GmbH, Schlangenbad, Germany) is a photogrammetric
method to measure 3D back shape in a single shot of only
0.04 s [16, 17]. Following the recommendations of the
supplier, the record is taken with the patient standing free
without any trunk fixation. Motion artifacts due to postural
sway therefore must be considered. During measurement, a
bundle of light sections is projected on the patient’s back
and is recorded from a different direction. Thus, image data
allow accurate reconstruction of the back providing a
digital model of the back ready for geometrical analysis
(Fig. 2) [14]. Additionally, orientation data giving refer-
ence to the measurement lab, particularly to the vertical
direction, are provided.

Sophisticated geometric analysis of the digital back
model comprises automatic localization of three different
anatomical landmarks and reconstruction of the sagittal
back contour. The anatomical landmarks are the vertebra

Fig. 2 Rasterstereography is a three-dimensional analysis method for
the back shape profile. A multitude of light sections is projected on
the patient’s back from a different direction than that of the optical
measurement unit, thereby compiling shape information along the
section line

prominens (“VP”’) and the left and right spina iliaca in the
pelvic region. A further landmark is calculated as the
geometric midpoint between the spinae (“SI”). Together
with the VP landmark, it defines the localization of the
sagittal profile on the back surface.

Geometric analysis of the sagittal profile is performed
automatically and provides a set of different parameters
to characterize body posture and the shape of the profile
[18, 19]. To characterize the kyphotic and lordotic
curves, the parameters of “fleche cervicale” and “fleche
lombaire” are selected. These parameters measure the
horizontal distance from a virtual plumb line to the apex
of cervical and lumbar lordosis, respectively, instead of a
real plumb line as described by Stagnara [20, 21]. For
calculation, this plumb line is positioned to run along the
kyphotic apex (Fig. 3a). To characterize body posture,
the parameter of “trunk inclination” is calculated. It
provides the angle spanned by the vertical direction and
the connecting line between VP and SI (Fig. 3b). If the
vertebra prominens is just above the midpoint between
the spinae, this angle will be zero. It is positive in the
case of leaning forward and negative in the case of
leaning backward.
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Fig. 3 a Fléche cervicale and fleche lombaire presenting the sagittal
alignment of the patient’s back. Both variables are measured as the
sagittal distance between the lowest point of the cervical and lumbar
spine, respectively, toward the plumb line. b Trunk inclination is
measured as an angle between the line connecting the vertebral point
(VP) and the midline of the right (DR) and left (DL) dimple points
representing the spina iliaca (SI) of the upright standing patient
toward the plumb line

Statistics

The patient’s data were blinded before the cephalometric
analysis was carried out. The method error in determining
the cephalometric measurements was assessed using
Dahlberg’s formula (mean square error (SE2) = d2/2n
(d = difference  between repeated measurements;
n = number of recorded radiographs) [22]. For the lateral
cephalometric analysis, the method error was determined
by repeating the measurements for six variables on ran-
domly chosen radiographs at 2-week intervals by the same
operator.

Data analysis was performed with the software SPSS
14.0 (Lead Tech., Chicago, IL, USA). A descriptive ana-
lysis was used to determine mean values, standard devia-
tions (SD) and range. Further analysis was done by
calculating Pearson’s correlation coefficient. For differen-
tiation into different craniofacial types, the following
threshold values for the cephalometric parameters were
defined: facial axis, 90°; inner gonial angle, 150°; man-
dibular plane angle 23°; lower facial height, 45°; facial
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depth, 90°; and maxillary position 64°. Horizontal growth
pattern was determined for facial axis values greater than
90°, inner gonial angle values less than 150°, mandibular
plane angle less than 23° and lower facial height angles less
than 45°. Vertical growth pattern was determined when the
facial axis value was less than 90°, inner gonial angle
greater than 150°, mandibular plane angles greater than 23°
and lower facial height angles greater than 45°. To assess
the direction and the strength of the interdependency
between the detected cephalometric and body posture
correlations, the R? values were calculated in the range
diagram. The Mann—Whitney U test was applied to test for
significant differences between the craniofacial types in
terms of the parameters of back shape and posture.
P < 0.05 was set as the level of significance in all tests. For
the angular and distance measurements, the error of method
was calculated according to Dahlberg [22]. The error levels
were set at 0.5° and 0.5 mm according to Trpkova et al.
[23].

Results

In the case of the cephalometric measurements, the stan-
dard errors of the mean values were less than 0.5° and
0.5 mm, respectively.

The cephalometric analysis of the lateral cephalometric
radiographs revealed the following values:

e for the facial axis, a mean value of 90.6° (SD 4.3°;
minimum 82.1°, maximum 100.2°);

e for the mandibular plane angle, 20.2° (SD 4.7°%
minimum 12.3°, maximum 32.5°);

e for the inner gonial angle, 149.5° (SD 6.0°; minimum
135.2°, maximum 165.2°);

e for the angular lower facial height, 44.3° (SD 4.2°
minimum 36.1°, maximum 54.6°);

e for the face depth, 89.8° (SD 3.4°; minimum 83.8°,
maximum 96.1°);

e for the maxilla position, 62.2° (SD 3.5°; minimum
54.8°, maximum 69.4°).

The analysis of the rasterstereographic parameters
characterizing back shape and posture revealed:

e for the fleche cervicale, a mean value of 23.7 mm (SD
8.5 mm; minimum 8.5 mm, maximum 40.3 mm);

o for the fleche lombaire, 30.7 mm (SD 10.8 mm;
minimum 10.4 mm, maximum 58.1 mm);

e for the trunk inclination, 1.2° (SD 2.9°; minimum —4.4°,
maximum 7.3°).

Correlation coefficients between cephalometric and
rasterstereographic parameters are given in Table 2. Sta-
tistically significant correlations were found between the
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Table 2 Statistics: cephalometric measurement values (mean, SD, minimum and maximum) in relation to the orthopedic variables (P value, r2)

Statistics Fléche Cervicale Fléche Lombaire Trunk Inclination

Mean SD Minimum Maximum P value P P value P P value 7
Facial axis 90.6° 4.3° 82.1° 100.2° 0.97 0.014 0.579 0.005 0.254 0.02
Mandibular plane angle 20.2° 4.7° 12.3° 32.5° 0.330 0.0001 0.028* 0.073 0.173 0.029
Inner gonial angle 149.5° 6.0° 135.2° 165.2° 0.025%* 0.0001 0.002%:* 0.146 0.003*3* 0.127
Lower facial height 44.3° 4.2° 36.1° 54.6° 0.233 0.006 0.008%:* 0.106 0.426 0.01
Facial depth 89.8° 3.4° 83.8° 96.1° 0.591 0.003 0.929 0.001 0.961 0.001
Maxilla position 62.2° 3.5° 54.8° 69.4° 0.101 0.03 0.354 0.013 0.870 0.001

* Significant, **highly significant

inner gonial angle and the fleche cervicale, the mandibular
plane angle and the fleche lombaire, the inner gonial angle
and the fleche lombaire, and the angular lower facial height
and the fleche lombaire, as well as the inner gonial angle
and the trunk inclination.

The * values were as follows:

e For the relationship of the parameter fleche cervicale,

—  with respect to the inner gonial angle, * = 0.0001.

e For the fleche lombaire,

— with respect to the mandibular plane angle,
r = 0.073;

— with respect to the inner gonial angle, r* = 0.146;

— angular lower facial height, > = 0.106.

e For the trunk inclination:

—  with respect to the inner gonial angle, r* = 0.127.

Craniofacial morphology and body posture (Table 3)

Regarding the cephalometric parameter facial axis, the
patients in the horizontal (n = 40) and vertical group
(n = 26) revealed no significant differences in the body
posture.

The mandibular plane angle concerning the fleche lomb-
aire showed differences between the patients in the horizontal
and vertical groups (P = 0.007). Patients with a horizontal
growth pattern had smaller mean values (28.6 mm; n = 46)
compared to the vertical ones (35.5 mm; n = 20).

The group differences regarding the inner gonial angle
were significant with respect to the fleche cervicale
(P = 0.04); the horizontal group of patients revealed sig-
nificantly lower (21.8 mm; n = 38) values than those in
the vertical group (26.2 mm; n = 28). Likewise, the fleche
lombaire was significantly lower (P = 0.001) in the case of
the horizontal group (26.3 mm; n = 38) compared to the
vertical group of patients (36.6 mm; n = 28). Similarly,
the two groups differed significantly (P = 0.004) in the

trunk inclination angle, indicating that patients from the
horizontal group lean slightly forward by 2.2° in contrast to
the vertical group, where perfect vertical alignment (—0.1°)
is observed.

The fleche lombaire was different (P = 0.017) in the
case of the lower facial height, indicating that horizontal
patients reveal smaller (32.4 mm; n = 36), and vertical
patients greater, values (36.6 mm; n = 30).

Sagittal jaw position and body posture

No significant differences were detected regarding the
sagittal position of the upper or lower jaw and fleche
cervicale, fleche lombaire or the trunk inclination,
respectively.

Discussion

The patient sample in this study consisted of a specific
orthodontic patient group. There was no control group
because of ethical reasons: avoiding X-ray exposure of the
patients when producing lateral cephalometric radiographs.
This resulted in a wide range of cephalometric measure-
ment values in the vertical and sagittal craniofacial mor-
phology. The variance in cephalometric variables was the
same as the variance seen in previous studies [24]. The
cephalometric analysis of the patient’s lateral X-rays
revealed different groups of craniofacial morphology:

e mandibular prognatism or retrognathism;
e maxillary prognatism or retrognathism;
e vertical growth pattern;

e horizontal growth pattern.

As described in literature, the authors are not aware of
an objective and reproducible examination method for the
documentation of body posture [1, 3]. Lateral thoracic and
pelvic X-rays could have been used for the analysis of
posture, but would have involved radiation exposure for the
patients. Therefore, rasterstereography was applied due to
its accuracy and easy integration into a scientific protocol
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£ . lg § § é [10, 14]. The implementation of rasterstereography in
S . = . orthodontic and orthopedic studies has been described in
2 - i j i former studies [4, 13, 25]. The sagittal curvature reliability
'a';a =R o g of rasterstereography was demonstrated by Hackenberg
E R & B et al., when compared with X-rays [26, 27].

§ 2 ~ @ S & The present study reveals correlations between the
) 2|z ﬁ ; g g angular cephalometric parameters describing the vertical or
< s lsz|x% d s horizontal growth pattern of the mandibula related to the
3 El IS 2 & cranium (angular lower facial height), as well as the ver-
2 R I - - tical type of the mandibula itself (mandibular plane angle
g . % 5 ﬁ and inner gonial angle), the back shape parameters, fleche
& E Tl s 5 ® cervicale and lombaire, and trunk inclination.

.§ as)A f - We conclude that our working hypothesis about an
;é’ £ 3 @ z existing correlation between different craniofacial mor-
.E % 3 ﬁ g ; ; pl\lological types and sa.gittal spinal posture wi.th respect to
! @ =2 | A @ - fleche cervicale/lombaire and trunk inclination is valid
E g g E g within the limitations of the methods of this study. Fur-
o R e s thermore, by a sophisticated analysis of the correlations,
§ - & % & we were able to separate two different groups of patients
‘_§ . § 'ﬁ g g g exhibiting correlated spinal and craniofacial morphology.
£ 3 RO d - Patients with a vertical growth pattern in the mandibula
:» E o 5 & exhibit a more pronounced sagittal curvature manifested by
i - : A larger values for the fleche cervicale as well as for the
> z = | N o — N . . .

g Sl 8 . fleche lombaire parameters. In contrast, children with a
El . i e more horizontal growth pattern reveal a flattened sagittal
’q&:’) 3| Z g g curvature with smaller values of the fleche parameters.

£ = 3 2 However, the analysis of neurologically or muscularly
E ‘g: 2| 3 " H balanced interactions is beyond the scope of this study,
2 . é L § g = which is limited to the statistical description of morpho-
%" _? = o 2 logical correlations between craniofacial growth patterns in
g é) =8 5 ﬁ A preadolescents. Motion artifacts due to postural sway may
5 5 (g0 2 g g affect the parameters of trunk inclination and of spinal
”g = j; - : ‘ curvature. Generally, the effect is stronger on postural
3 E g % 3 parameters, such as trunk inclination, than on sagittal shape
k= = © ° c parameters such as kyphotic and lordotic angle or fleche
E s 3 g 2 parameters [19, 28]. In addition, postural sway results in a
= i ; § § broadening of the statistical distribution, thus weakening
L: 2 £ |4 & - the acuity of the statistical decision. Using pads to align the
._% _g ~ 2 g 3 patients might have resolved this problem, however, at the
5 e - a by expense of reflectory artifacts.

2 S 12s] s “ s Further investigations on the interaction and the indi-
£ 2% € z vidual spinal development in association with craniofacial
g T j ; j growth seem to be necessary to understand these correla-
2 P 5 i a tiogs. No si.g.niﬁcant correlat.ions were de.termi.ned between
g g Tz o 2 sagittal position of the mandibula or maxilla with respect to
3 28| 4 @ ° the cranium and the examined orthopedic parameters. The
E 2 A § 2 E trunk inclination showed relevant connections only to the
g = é % ; g g go inner gonial angle. Possible explanations can be found in
52 212=|a g - z studies by Solow et al. and Huggare et al. It can be sum-
% g . & g g 2 £ & f marized as the “soft tissue stretching hypothesis”, indi-
o3| é 5 § g g E g g ; é : g cating that an increased force level produced by bending
= g HERE é : g = 2 g s 3§ £ the head backward results in an increased stretching of the
Ex 121882 gESTEEET 270 soft tissues of the head and the neck layers, influencing the

@ Springer



Eur Spine J (2010) 19:427-434

433

craniofacial growth and leading to a more vertical growth
pattern [24, 29, 30]. This would explain the increased fle-
che cervicale values in our vertical patient group. Possibly,
the increased fleche cervicale leading to a more curved
cervical lordosis resulted in an increased thoracic and
lumbar curvature. This sagittal alignment would therefore
be developmentally connected to the craniofacial complex.
Possible interactions by changing the craniofacial growth
pattern, as it is possible to a certain extent by the functional
appliance treatment in orthodontics, should be analyzed in
further randomized clinical trials.

Our results agree with Nobili et al., who showed cor-
relations between the sagittal jaw position and the body
posture in the thoracic and cervical region [31]. The results
of our study are at variance with Michelotti et al. [3] who
stated that there were no statistically significant correla-
tions between craniofacial morphology and trunk posture
with the exception of a positive correlation between cer-
vical curvature and craniofacial morphology.

Conclusions

e Contrary to the craniofacial sagittal growth pattern, the
vertical growth pattern determined by the mandibular
plane angle, the inner gonial angle and the angular
lower facial height is in close correlation with the
sagittal body posture described by the fleche cervicale,
fleche lombaire and trunk inclination.

e In the case of the three craniofacial parameters showing
this close correlation, the groups established on the
basis of the different growth patterns were differenti-
ated by the sagittal back contour indicators of the lower
spine sections.

e The rasterstereography used to determine the sagittal
body posture at several levels proved to be an
appropriate (radiation free) examination method for
observation of similar correlations.

Conflict of interest statement None.
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