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Abstract
Introduction. It is well known that previously has been demonstrated a correlation between respiratory function and
the harmonious craniofacial development and head posture respectively.
Aim of the study. The purpose of this study was to investigate the correlation between rapid maxillary expansion
(RME) and the change in natural head position (NHP) resulting from the consequent change in airway resistance and
to elucidate how RME influences NHP in terms of cephalometric angles in children with nasal obstruction.
Material and methods. The study included 12 girls and 8 boys who had a history of mouth breathing, as confirmed by
the parents and ORL specialist and due to this fact, they underwent RME as part of orthodontic treatment. Dental
casts, clinical photographs and lateral skull radiographs exposed in natural head position were obtained at the first
visit (T1) and 8-10 months (T2) later for all subjects. In order to evaluate the patient’s lateral skull radiographs, I used
AudaxCeph software, within which I created a new type of analysis. Student T test and Pearson correlation test were
used to statistically analyze the results.
Results. Our findings demonstrate that no significant changes in any of the variables are observed in patients treated
with rapid maxillary expansion, however a positive correlation was observed in the variables measured before and
after the treatment, respectively between the anomaly and the measured values. Positivity can also be detected when
examining the correlation between the patient’s gender and the measured values.
Conclusions. Based on the obtained results, we cannot state that there is a correlation between rapid maxillary
expansion and cervical posture.
Keywords: head posture, children, nasal obstruction, rapid maxillary expansion, rapid palatal expansion.

helps to keep the ability of the nasopharyngeal
airways. Nasal obstruction is compensated by
an altered position of tongue and soft palate
which facilitates oral respiration [7].
Longitudinal studies, for example LinderAronson and co-workers have shown that
patients with enlarged adenoids, tonsils, or
other forms of airway obstruction have
different craniofacial growth than patients who
do not present airway obstruction in their
history. Two months after adenoidectomy,
Solow and Greve, as well as Woodside and
Linder-Aronson, found a 2-degree decrease in
craniocervical angle and the postural
discrepancies between the control group and
the children with various respiratory diseases
were eliminated [8-11].The typical extraoral
appearance of children with respiratory
impairment
caused by
chronic
nasopharyngeal obstruction is called ‘’adenoid
facies’’, which includes open mouth posture,
hypotonic lips, compression of the upper arch,

Introduction
In the last few decades, the relationship
between airway and the head posture was
intensively examined by numerous researchers
[1-3]. Clinicians are in complete agreement
about the fact that, an important etiologic
factor of the growth of the craniofacial
structure is the respiratory function. In the
orthodontic
literature,
Melvin
Moss
introduced, for the first time, the “functional
matrix”. He claimed that the facial
development and growth of the individual is
correlated to the functional activity of various
structures of the head and neck, then it can be
stated that oral respiration results in
physiological changes of the facial skeleton and
in addition in malocclusions [4-6].
In 1968 Ricketts has elucidated a
connection between head posture and
respiratory functional needs, demonstrating
that head extension is a defensive
compensatory functional mechanism that
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decreased transverse dimension of the maxilla,
high palate vault, lateral occlusal bite and
increased lower facial height [5]. Given that the
typical
malocclusion
associated
with
respiratory obstruction is characterized by a
transverse decrease in the palatal dimension,
the primary method used to treat the
insufficient transverse dimension of the
maxillary base is rapid maxillary expansion
(RME), which was introduced by Angell in the
1860s to treat maxillary compression [12-14].
RME is an effective procedure for correcting
transverse discrepancies of the maxilla,
exerting its enlargement effect on the jawbone
through the “rupture/opening” of the medial
palatine suture, resulting in the separation of
the two maxilla halves to achieve true
orthopedic expansion [15-17].
The use of RME was used by Derichsweiler
and Korkhaus to increase airway patency.
Gerlach advised that although RME is useful in
nasal stenosis, not all mouth breathers can be
treated this way [1, 18]. Linder-Aronson and
Aschan, Hershey et al., Loreille and Béry
showed evidence of an improvement in nasal
respiration in patients treated with RME,
revealing an average 13.6 percent increase in
nasal permeability [19, 4]. In a study of 26
patients, Timms observed a 36.2 percent
decrease in airway resistance after RME [20,
21].
The aim of the study was to evaluate the
cephalometric points, planes and angles
determining the head posture on the lateral
radiographs of the selected patients with upper
jaw compression, and to evaluate and compare
the measured results of the initial state and the
changes in the angular values after RPE.

diagnostic included maxillary compression.
The orthodontic treatment included rapid
maxillary expansion, and a history of oral
respiration was confirmed, in all of the cases.
All of the patients parents signed an informed
consent
The device was a Hyrax or a Haas type
expander, activated 2 times a day by adjusting
1/4 turn on the screw in the middle of the
device with the special activation key in the
direction of the arrow on the screw until the
desired maxilla expansion was achieved.
Activation of the device took an average of 10–
14 days, after which the screw was blocked, and
the device was left in place for 3 months to
achieve the callus mineralization in the area of
the median palatine suture.
Clinical recordings
The lateral head skull radiographs of all the
20 patients, were achieved at the first visit (T1)
and the second record 8-10 months later. The
heads of the patients were fixed in a
cephalostat when the radiographs were taken.
The mentioned digital X-rays were taken with
a Pax Flex 3D +, Vatech X-ray machine with
an exposure time of 12.9 seconds, 80 kVp and
9.0 mA. The dental imaging software used was
EasyDent at DR X-RAY in Târgu Mureș. The
orthodontic cephalometric program used in
the study was AudaxCeph software.
A dossier was prepared for every patient
and includes the personal data and the x-rays
taken before and after the treatment was
finalized. Since not all analysis types included
in the software analysis type list contain all the
elements needed to evaluate head posture, a
new type of analysis was created for the study
within the AudaxCeph software. The analysis
included the angular and linear measurements
suggested by Tecco et al.[4]. The X-ray images
were calibrated using the cephalostat that
appears on them. For the analysis of the head
posture, the necessary cephalometric points
based on the corresponding anatomical
structure were first traced. As a second step,
the planes and lines necessary for the analysis
from the various combinations of the

Materials and methods
The sample
The observational, retrospective study
included lateral skull radiographs of 20 patients
with ages between 8-13 and a gender
distribution of 60% female and 40% male. The
radiographs of the patients were selected taking
into consideration that the patients had no
previous orthodontic treatment and the
8
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cephalometric points listed above were created
and diverse variables resulting from the union
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of the cephalometric lines were measured
(Figure 1).

Figure 1. The cephalometric points traced on the lateral skull radiographs.

The points mentioned above: S (Sella
Turcica), N (Nasion), PNS (Posterior Nasal
Spine), ANS (Anterior nasal spine), Go
(Gonion), Me (Menton), Cv2tg: the tangent
point of the superior, posterior extremity of the
odontoid process of the second cervical
vertebra. Cv2ip: the most inferior and posterior
point on the corpus of the second cervical
vertebra. Cv4ip: the most infero-posterior
point on the body of the fourth vertebra.
The cephalometric lines traced on the lateral
skull radiographs were those defined and cited
by Tecco et al.”CVT: the upper part of the
cervical spine. A line through cv2tg and cv4ip.
OPT: odontoid line. A line through cv2tg and
cv2ip. SN: anterior cranial base. A line through
point S and point N. PP: palatal plane. A line
through posterior nasal spine (PNS) and
anterior nasal spine (ANS). MP: mandibular
plane. A tangent line to the inferior border of
the mandible. VER: true vertical plane.
OPT/VER: odontoid angle. The downward
opening angle between the OPT and true
vertical lines. EVT/VER: lower cervical
column angle. The downward opening angle
between the lower part of the cervical spine

and true vertical lines. CVT/VER: upper
cervical column angle. The downward opening
angle between the CVT and true vertical lines.
SN/VER: the downward opening angle
between the SN and true vertical lines.
PP/VER: the downward opening angle
between the palatal lines and true vertical lines.
MP/VER: the downward opening angle
between the mandibular lines and true vertical
lines. SN/OPT: the downward opening angle
between OPT and SN lines. SN/CVT: the
downward opening angle between CVT and
SN lines. PP/OPT: the downward opening
angle between OPT and palatal lines. PP/CVT:
the downward opening angle between CVT
and palatal lines. MP/OPT: the downward
opening angle between OPT and mandibular
lines. MP/CVT: the downward opening angle
between CVT and mandibular lines” [4].
Completing these, the different variables
were grouped, the first group being the cervical
inclination, including OPT / VER and CVT /
VER variables, while the second group
contained the craniofacial inclination angles,
these are SN / VER, PP / VER, and MP /
VER. The craniocervical angles represent the
9
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third group constituted by the angles SN /
OPT, SN / CVT, PP / OPT, PP / CVT, MP
/ OPT, and MP / CVT. Once the setup and
analysis were performed, the software
provided the results (the values obtained from
that patients). All the cephalometric analysis
were made by an experienced and trained
orthodontist.
Using the saved measurements, the pre- and
post-treatment angle values were analyzed for
the patients both individually and collectively.
Statistical analysis was performed using the
Student T test and Pearson correlation test, at

a level of significance p≤0.05. Descriptive
statistics was also performed using GraphPad
Prism 5.0 for Windows.
Results
The 20 patients (12 females, 8 males) who
enrolled in the study had a cephalometric
radiograph taken before and after the
treatment (8-10 months later).
The
measurements obtained in cephalometric
analyses are presented in Tables 1-4.

Tabele 1. Changes with Treatment.

Pretreatment
Mean
SD
Cervical inclination
OPT/Ver (°)
7.24
5.07
CVT/Ver (°)
7.73
5.37
Craniofacial inclination
SN/Ver (°)
97.64
8.63
PP/Ver (°)
93.29
5.77
MP/Ver (°)
72.11
17.85
Craniocervical inclination
SN/OPT (°)
100.83
11.69
SN/CVT (°)
104.64
11.13
PP/OPT (°)
93.08
10.52
PP/CVT (°)
96.84
9.88
MP/OPT (°)
67.11
9.34
MP/CVT (°)
70.33
9.17

Posttreatment
Mean
SD

Change with Treatment
Mean SD
Minimum

Maximum

Significance

7.46
9.57

5.89
6.06

-0.22
-1.83

5.71
5.47

-4.3
-6.04

3.86
2.37

0.91
0.34

96.64
92.13
66.33

9.16
2.87
4.7

1
1.16
5.78

5.17
5.3
17.76

-2.7
-2.63
-6.92

4.7
4.95
18.48

0.56
0.51
0.33

101.67
106.53
93.78
98.36
67.99
71.97

12.37
12.86
9.68
9.72
9.01
8.74

-0.84
-1.89
-0.7
-1.51
-0.88
-1.63

6.37
5.67
6.26
5.39
7.47
6.46

-5.4
-6.24
-5.18
-5.66
-6.22
-6.6

3.72
2.47
3.78
2.63
4.46
3.33

0.69
0.35
0.73
0.42
0.72
0.47

Table 1 shows the mean and standard
deviation of each variable measured at the
beginning (Pretreatment) and end of treatment
(Posttreatment). It also describes the changes
which occurred with the treatment.
The cervical inclination angles, OPT/Ver
and CVT/ Ver, both increased mildly when
measured at the end of the treatment, but this
change was not statistically significant.
Craniofacial inclination angles, represented by
SN/Ver, PP/Ver, MP/Ver, showed a slightly
decreasing between pre- and posttreatment,
but neither of the changes were found to be
statistically relevant. A slight increase can also
be observed in the angles of craniocervical
inclination (SN/OPT, SN/CVT, PP/OPT,
PP/CVT, MP/OPT, MP/CVT), however

these angulations were not found to be
significant statistically. The results of our study
shows that for the patients treated with RME
there is no significant change in any of the
variables, however in the study of the longterm effects of RPE on nasopharyngeal airway
size, head posture, and cervical curvature angle
of Tecco et al from pre- to posttreatment, the
study group had a significant (p< .001) 3.67°
backward inclination of the upper cervical
column (OPT/ Ver angle). Twenty-three
female patients were included in the study
group. For the girls with nasal obstruction
under active treatment there was a statistically
significant flexion of the head, this is evidenced
by the decreased craniofacial inclination angles
(5.25°, P< .0001 for SN/Ver angel; 5.04°,
10
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P<.0001 for PP/Ver angle; 4.40°, P<.0001 for
MP/Ver). A significant decreased of 5.1°,
4.36°, and 5.12° in the mean craniocervical
angles (SN/OPT, PP/OPT, and MP/OPT)
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was also observed. Our research has succeeded
to shown that a positive correlation exists in
the variables measured before and after the
treatment (Table 2).

Table 2. Correlations between the variables measured before and after the treatment.
Correlation

Significance

Cervical inclination
OPT/Ver (°)
CVT/Ver (°)
Craniofacial inclination
SN/Ver (°)
PP/Ver (°)
MP/Ver (°)
Craniocervical inclination
SN/OPT (°)
SN/CVT (°)
PP/OPT (°)
PP/CVT (°)
MP/OPT (°)
MP/CVT (°)

Of the craniofacial inclination angles, the
SN/Ver (r=0.833, at P<0.003) angle is the one
at which the positive correlation can be
detected, while all the craniocervical
inclinations angles show a significant
correlation, SN/OPT (r=0.861, P<0.001),
SN/CVT (r=0.898, P<0.001), PP/OPT

0.466
0.547

0.174
0.127

0.833
0.407
0.15

0.003
0.244
0.679

0.861
0.898
0.811
0.849
0.669
0.741

0.001
0.001
0.004
0.004
0.034
0.022

(r=0.811, P<0.004), PP/CVT (r=0.849,
P=0.004), MP/OPT (r=0.669, P<0.034), and
MP/CVT (r=0.741, P<0.022). Positivity can
also be detected when examining the
correlation between the anomaly and the
measured values (Table 3).

Table 3. Correlations between the anomaly and the measured values.
Correlation
Cervical inclination
OPT/Ver (°)
CVT/Ver (°)
Craniofacial inclination
SN/Ver (°)
PP/Ver (°)
MP/Ver (°)
Craniocervical inclination
SN/OPT (°)
SN/CVT (°)
PP/OPT (°)
PP/CVT (°)
MP/OPT (°)
MP/CVT (°)
11

Significance
0.439
0.56

0.277
0.149

0.723
0.396
0.099

0.043
0.331
0.815

0.896
0.914
0.873
0.867
0.824
0.83

0.003
0.914
0.005
0.005
0.012
0.011
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The downward opening angle between the
SN and true vertical lines is correlated with
nasal obstruction (r=0.723, p<0.043). Among
the angles of craniocervical inclination that
show a positive correlation with the anomaly,
we can mention the SN/OPT (r=0.896,
P<0.003), PP/OPT (r=0.873, P<0.005),
PP/CVT (r=0.867, P<0.005), MP/OPT
(r=0.824, P<0.012), MP/CVT (r=0.83,
P<0.011).
There is a positive correlation between the
patient's gender and the measured values
(Table 4), which is evidenced by the SN/ Ver
(r=0.853, P<0.007) from the craniofacial
inclination angles shown in Table 4,
respectively SN/OPT (r=0.878, P<0.004),
SN/CVT (r=0.905, P<0.002), PP/OPT
(r=0.852, P<0.007), PP/CVT (r=0.858,
P<0.006), MP/OPT (r=0.726, P<0.041), and
MP/CVT (r=0.751, P<0.032) angles, which
represent the group of craniocervical
inclination.

The objective of this study was to evaluate
the effects of rapid maxillary expansion on
head posture. Changes in pretreatment and
posttreatment were measured using lateral
cephalometric radiographs. Both pre- and
posttreatment radiographs were taken in
natural head position, with the appliance
removed.
The result of our study shows no significant
changes after the RME in angles which are
used to determine head posture. Our findings
are not in accordance with those of Tecco et al,
who studied the changes of cervical posture
following palatal expansion in 45 mouth
breathing girls. In Tecco study patients from 8
to 15 years of age were included: 23 subjects in
the study group and 22 children in the control
group. Lateral cephalograms were obtained at
the first visit, respectively 6 and 12 months
later for all subjects. 6 months after expansion
of the palate, there was a significant backward
inclination of the cervical column in the study
group (mean increase of 3.67°; P<0.05). The
changes observed in flexion of the head after
one year in the test group were also significant
(5.25° for SN/Ver angle, 5.04° for PP/Ver
angle, 4.40° for MP/Ver; all P<0.05).
Craniocervical angles, measured by SN/OPT,
PP/OPT, and MP/OPT, decreased by 5.1,
4.36 and 5.12 degrees in the study group after
6 months (P<0.05) [4].
Kjurchieva-Chuchkova et al. observed a
statistically significant change in the head
posture and decrease in craniocervical
angulation, especially at the downward opening
angle between OPT and palatal lines (4.07, for
PP-OPT angle) and angle interaction between
the upper part of the cervical spine and palatal
plane (4.95 degrees for PP/CVT angle). The
findings of this study are not in accordance
with our investigation [5].
Our results are corresponding with those of
longitudinal studies of Yagci et al, who have
investigated the effects of rapid palatal
expansion on natural head position in 38
subjects. The treatment group comprised 23
patients and the control group 15 patients. The

Discussion
One of the most researched topics of the
current orthodontic literature is the treatment
results of the rapid maxillary expansion on the
dentofacial morphology. The increase in palatal
width may result in enlargement of the
pharyngeal airway space, improved respiratory
function, and changes of the head posture on
the cervical column, with an increase in the
cervical curvature angle and a decrease in
craniocervical angulation, according to a
potential hypothesis for the role of RME in
postural alterations [1, 22, 23].
Following different forms of treatments
that enhance nasal respiratory function, several
researchers have documented substantial
improvements in head position and
craniocervical angulation. In a recent case
report the authors theorized that the changes
in palatal width acquired with RME appliances
might influence additional bone structures
such as the tongue’s muscles and the
suboccipital muscles [24, 25].
12
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NHP data was collected using an inclinometer
and a portable data logger. Both the study and
control group had NHP recordings taken at the
beginning of appliance placement and at the
completion of RME therapy. Similar to our
results, was no statistically significant
difference between initial and final NHP, the
mean difference pre-and posttreatment for
NHP was 0.31° [26].
The findings of our study confirmed a
positive correlation between the measured
variables and the gender of the patient,
evidenced by the angles SN/Ver, SN/OPT,
SN/CVT, PP/OPT, PP/CVT, MP/OPT,
MP/CVT, respectively between the anomaly
and the measurements, proved by the SN/Ver,
SN/OPT, PP/OPT, PP/CVT, MP/OPT, and
MP/CVT variables.
Although there is a modification in head
position after RME, it cannot be assessed
objectively since the few studies that have been
published do not adopt the same evaluation
approach. One of the shortcomings of our
study is the reduced number of patients. To
provide a more accurate result, more wellcontrolled long-term clinical trials utilizing the
most accurate methods to determine
craniocervical morphology and function, as
well as a longer observation time, are needed.
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