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Abstract

Background: Maxillary expansion is a common orthodontic procedure that could have a positive effect also on
airway patency. The aim of the present study was to evaluate the long-term effects of rapid maxillary expansion
(RME) on nasopharyngeal area and cranio-cervical angulation in growing patients, compared to controls treated
with a function-generating bite appliance (FGB).

Material and Methods: Sixty patients aged 6-14 consecutively treated with RME or FGB were selected retrospecti-
vely and divided into two groups. Lateral cephalograms taken before and after treatment were retrieved, and the na-
sopharyngeal area, delimited superiorly by a sella-posterior nasal spine (PNS) line and inferiorly by a basion-PNS
line, and the cranio-cervical angulation were measured.

Results: The mean observation time was 17.6 £ 8§ months. No differences were present between the two groups
regarding age and gender. The nasopharyngeal area increased significantly in both groups after treatment, but with
no statistically significant difference between them. The cranio-cervical angulation showed no differences within
or between groups.

Conclusions: Maxillary deficiency treatment with either RME or FGB was followed by a comparable increase in
nasopharyngeal area.
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Introduction

A reduced transversal width of the maxilla is a common
skeletal problem that affects the craniofacial complex,
and it is frequently observed in children with abnormal
breathing (1). A narrow palate is in fact a characteristic
often found in patients with adenoid face (2-4). The rou-
tine treatment for transverse maxillary deficiency invol-
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ves rapid maxillary expansion (RME): a fixed appliance
with two or four bands and a jackscrew that applies a dis-
placing force that leads to an opening of the midpalatal
suture and outdistances the two maxillary halves (1,5). It
has been postulated that opening of the midpalatal suture
will result in a lateral displacement of the nasal cavity’s
lateral walls, with a consequent increase in nasal airway
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volume and a reduction in airway resistance (6). For this
reason, some authors (7,8) have suggested the use of
RME to improve breathing in growing children; howe-
ver, others have demonstrated the presence of an increa-
se in nasal cavity width after RME (9), which remained
stable after 5 years (10). Other authors recognized the
change in tongue posture as another possible benefit for
airway volume increase after RME (11). In addition, na-
sal obstructions are followed by changes in head posture
that elevates the nose relative to the true vertical (12),
and recovers rapidly when decongestants are adminis-
tered to relieve the obstruction (13). On the other hand,
it is not absolutely clear if this increased volume always
results in improved breathing: some authors have sug-
gested that this procedure would be helpful when the
airway obstruction is located in the anteroinferior part of
the nasal cavity, although others also reported beneficial
effects in cases where the obstruction was located pos-
terosuperiorly (14). In general, despite some evidence,
no strong recommendations can be made for the use of
RME with the sole purpose of improving breathing (15).
Most studies that investigated airway patency after
RME used volumetric images from cone-beam compu-
ted tomographies (CBCTs); however, despite the value
of 3D data, some authors have questioned the reliability
of such types of measurements, since segmentation pro-
cedures, patient positioning and other factors can greatly
influence the final outcome (16). Therefore, the value of
data retrieved from conventional lateral cephalograms is
still relevant for screening purposes, in particular when
evaluating the adenoids, which have a simpler morpho-
logy, and thus less information is lost on compression in
two dimensions (17), especially considering that those
exams are routinely needed for orthodontic diagnosis
and in light of the As Low As Reasonably Achievable
(ALARA) principle (17,18). However, most studies that
evaluated the nasopharyngeal space on lateral cepha-
lograms used linear distances from the posterior nasal
spine (PNS) to other landmarks (19-22), which do not
reflect properly the complexity of the adenoidal and rhi-
nopharyngeal space (17).

The aim of the present study was, therefore, to retrospec-
tively evaluate the change in the adenoidal dimensions
and in the cranio-cervical angulation after treatment
with RME in growing patients, compared to an acti-
ve control of matched patients treated with functional
appliances. The null hypothesis was that no difference
exists in terms of changes in airway space and head po-
sition between the two types of treatment for maxillary
constriction.

Material and Methods

This manuscript was prepared according to the STROBE
guidelines. The records of all orthodontic patients that
were treated from January 2011 to December 2019 at
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the Orthodontic Clinic, Department of Biotechnological
and Applied Clinical Sciences - University of L’ Aquila,
were screened for the following inclusion criteria:

- Age between 6 and 14 years;

- Diagnosis of a transverse maxillary deficiency;

- Treatment with either an RME or a “function-genera-
ting bite” appliance (FGB);

- Lateral cephalograms taken pre- and post-treatment.
Exclusion criteria were allergies in their anamnestic re-
cords or previous surgical interventions for airway obs-
truction. A sample size calculation (G*Power version
3.1.9.2, Franz Faul, Universitét Kiel, Germany) revealed
that to be able to reject the null hypothesis with a 90%
probability and a type I error rate of 0.05, considering
a difference between means of 0.25 with a standard de-
viation of 0.4 (20), a sample size of 55 patients would
be needed in each group. Therefore, it was decided that
the first 60 subjects that fulfilled the inclusion criteria in
chronological order would be included in each group.
All procedures were carried out in accordance with the
Helsinki Declaration of 1975 and subsequent revisions.
All possible attempts were made to contact the patients
whose records were selected for inclusion in the study
sample, in order to obtain their written informed con-
sent. If this was not achieved after all possible attempts
had been made, the need for consent was waived by
the Ethics Committee. All the procedures that were fo-
llowed were approved by the Ethics Committee of the
University of L’ Aquila (protocol no 42104, ID 13/2020).
Patients treated with an RME appliance were assigned
to the study group (RME group), while patients treated
with a FGB appliance were assigned to the control group
(FGB group). The choice to include an active control
group treated with a functional device instead of an inac-
tive control group was due to ethical concerns over de-
laying orthodontic treatment in a group of growing pa-
tients, which would pose a high risk of poorer outcomes.
Patients in the RME group were treated with a two-band
bonded Hyrax expander, activated by one turn per day
until the desired transversal correction was achieved.
After that, the screw was blocked with flowable com-
posite and left in situ for stabilization. Patients in the
FGB group were instructed to wear the appliance for 16
hours a day.

For all included subjects, the pre- (TO) and post-treat-
ment (T1) lateral cephalograms taken in a natural head
(Fig. 1) position were retrieved and anonymized with a
numerical sequence. The nasopharyngeal area, the A/N
ratio and the cranio-cervical angulation were measured
on each image.

-Measurement of adenoidal space

All the measurements were performed by a single opera-
tor who was blinded to the type of treatment the subjects
received. The TO and T1 cephalograms were imported
into an image elaboration software program (Adobe
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Fig. 1: Function generating bite (FGB) appliance, lower occlusal
view.

Photoshop CS2, Adobe, San Jose, CA, USA) to draw
three points: S, the point located at the centre of the se-
lla turcica, PNS, the posterior nasal spine point and Ba,
the basion point or the most anterior point of the fora-
men magnum. Subsequently, two planes were traced on
each image: the plane passing through PNS and S, and
the plane passing through PNS and Ba (Fig. 2). At this
point, the images with the two planes drawn were impor-
ted into another software program (ImageJ version 1.5,
National Institutes of Health, USA) and calibrated to the
actual dimensions using a 30 mm segment positioned
on the ruler present in the craniostat of the radiographic

Fig. 2: Measurement of nasopharyngeal area. S,
sella point; Ba, basion point; PNS, posterior nasal
spine point; yellow dotted lines, contour of the soft
tissue walls delimiting the nasopharyngeal space.
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appliance. Then, the nasopharyngeal area, delimited by
the PNS-S plane, the PNS—Ba plane and the anterior
and posterior contour of the upper airways, was measu-
red in mm2 and recorded.

After that, for measurement of the A/N ratio,(23) the
images were imported again into the first software pro-
gram (Adobe Photoshop CS2, Adobe, San Jose, CA,
USA) to draw a line (B) tangent to the straight part of
the basiocciput and a second line (A) perpendicular to
the B line and passing through the A’ point (the point
of maximal convexity of the inferior part of the adenoi-
dal shadow. The images with the lines A and B drawn
on them were then imported into the Image]J software
program, calibrated to the actual dimensions following
the procedure described before, and used to calculate the
A/N ratio: the perpendicular distance between the B line
and the A’ point, and the distance (N) between PNS and
the D’ point (the anteroinferior limit of the sphenoba-
sioccipital synchondrosis, or the intersection between
the posteroinferior margin of the pterygoid plates and
the inferior margin of the basiocciput) were measured in
mm (Fig. 3) and a ratio was calculated dividing the value
of A by the value of N.

-Measurements of the cranio-cervical angulation

The same blinded operator, after importing and calibra-
ting the TO and T1 images into a measurement software
program (ImageJ version 1.5, National Institute of Heal-
th, USA) following the already described method, traced
three additional planes: NSL, the plane passing throu-
gh the S point and the nasion point (the most anterior
point of the fronto-nasal suture), OPT, the plane tangent
to the odontoid process (CV2tp point) passing through
the CV2ip point (the most inferior and posterior point
of the body of the second cervical vertebra), and CVT,
the plane tangent to the odontoid process (CV2tp point)
passing through the CV4ip point (the most inferior and
posterior point of the body of the fourth cervical ver-
tebra) (24). Subsequently, the angle between the NSL
and OPT and the angle between the NSL and CVT were
measured in arc degrees and recorded (Fig. 4).

-Error of the method

Twenty-five cephalograms were randomly selected using
an online tool, (www.randomizer.org) and the measure-
ments of the nasopharyngeal area and the cranio-cervi-
cal angulation were repeated by the same operator at a
30-day interval. The Dahlberg formula was used on the
two set of measurements to evaluate the random error,
while the presence of systematic errors was evaluated
using Bland-Altman plots.

-Statistical analysis

Descriptive statistics for all the variables were calcu-
lated. A Shapiro-Wilk normality test was computed to
evaluate the data distribution. To evaluate the demogra-
phic characteristics of the two samples at baseline, an
independent samples t-test or a Mann-Whitney U-test,
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Fig. 3: Measurement of the A/N ratio. B, line tan-
gent to the straight part of the basiocciput; A’, the
point of maximal convexity of the inferior part of
the adenoidal shadow; A, line perpendicular to B
and passing through the A’ point; D’, the anteroinfe-
rior limit of the sphenobasioccipital synchondrosis,
or the intersection between the posteroinferior mar-
gin of the pterygoid plates and the inferior margin
of the basiocciput; PNS, posterior nasal spine point;
N, the line connecting the D’ and the PNS points.

depending on data distribution, was used to compare
the age distribution in the RME and FGB groups at TO0,
while a Chi-squared test was used to compare the gen-
der distribution between the two groups. To evaluate the
within-group T1-TO difference, an independent samples
t-test or a Mann-Whitney U-test, depending on the data
distribution, was calculated for each variable. Then, an
independent samples t-test or a Mann-Whitney U-test
was used for each variable to evaluate the presence of
statistically significant differences at T1 between the
two groups. The type I error rate was set as 0.05 for each
test. The statistical analysis was run using SPSS softwa-
re (SPSS for Windows v 26, IBM Corp., Armonk, NY,
USA).

Results

The demographic characteristics of the included sam-
ple are described in Table 1. There were no differences
in age between the two groups (Mann-Whitney U =
1643.5, p = 0.958), and the gender distribution across
the two groups showed no significant differences (y =
0.48, p = 0.488). The T1 records were taken by mean
after 17.6 + 8 months.

Regarding the error of the method, the random error
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Fig. 4: Measurements of the craniocervical angulation.
S, sella point; N, nasion point; CV2tp, the most poste-
rior point of the odontoid process; CV2ip, the most in-
ferior and posterior point of the body of the second cer-
vical vertebra; CV4ip, the most inferior and posterior
point of the body of the fourth cervical vertebra; NSL,
the plane passing through the S point and the nasion
point; OPT, the plane tangent to the odontoid process
(CV2tp point) passing through the CV2ip point; CVT,
the plane tangent to the odontoid process (CV2tp point)
passing through the CV4ip point.

measured with the Dahlberg formula was 0.88 mm?2 for
the nasopharyngeal area, 0.18 mm for the measurement
of A distance and 0.24 mm for the measurement of N
distance, and 0.17° and 0.11° for the measurements of
OPT-NSL and CVT-NSL, respectively. The Bland-Alt-
man plots revealed the absence of any systematic errors.
The descriptive statistics for all the variables are repor-
ted in Table 2. The nasopharyngeal area increased from
TO to T1, and this change was statistically significant in
both groups (Table 3). The A/N ratio decreased in both
groups from TO to T1, with a statistically significant di-
fference (Table 3). On the other hand, the measurements
of OPT-NSL angle remained stable in both groups, while
the CVT-NSL angle measurements showed a significant
increase in the RME group, but not in the FGB group
(Table 3).

There were no differences between the two groups re-
garding nasopharyngeal area, A/N ratio and cranio-cer-
vical angulation at TO and at T1 (Table 4), therefore the
null hypothesis was accepted.
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Table 1: Demographic characteristics of the study sample.

Males Females Total
FGB group (n=60) 8.7£1.2 (n=25) | 8.8+1.2 (n=35) 8.8+0.2
RME group (n=60) 8.841.3 (n=22) | 8.9£1.4 (n=138) 8.9+0.2

Mean + standard deviation in years.

Table 2: Descriptive statistics for the adenoidal space and the cranio-cervical angulation.

FGB group (n= 60) RME group (n= 60)

TO T1 TO T1
Nasopharyngeal areat | 102.06 +40.0 133.56 + 53.9 100.81* £ 48.8 120.31* £43.2
A/N Ratio 0.58+£0.12 0.55+0.13 0.58*+0.14 0.55+0.13
OPT-NSL} 99.04 £10.2 98.43 £8.6 98.99* + 8.8 100.14 £ 9.4
CVT-NSL} 107.09 + 11.1 107.09 £ 9.6 106.38 9.0 108.80 + 9.7

*Shapiro-Wilk normality test statistically significant with p<0.05; ¥mean + standard deviation, expressed in
mm?; fmean + standard deviation, expressed in arc degrees.

Table 3: Within groups comparisons (T1-T0) for the adenoidal space and the cranio-cervical angulation.

FGB group (n= 60) RME group (n= 60)

Statistics p value Statistics p value

Nasopharyngeal area* 515.0* <0.001 1114.0%* <0.001
A/N Ratio 0.041* £ 0.09 0.002 532.0%* 0.005
OPT-NSL} 2940.0 0.993 2771.0 0.152
CVT-NSLY 2779.0 0.415 2363.0* 0.010

*Statistically significant with p<0.05; tmean difference + standard error of the mean from paired sam-
ples T-test; }test statistics from related samples Wilcoxon Signed Rank test.

Table 4: Between groups comparisons for the adenoidal space and the cranio-cervical angulation.

TO T1
Statistics p value Statistics p value
Rhinopharinx area 1540.0% 0.527 1349.0% 0.089
A/N Ratio 1736.0% 0.737 0.0011 + 0.02 0.978
OPT-NSL 1629.0% 0.893 17t +£1.2 0.151
CVT-NSL 0.871 £ 1.9 0.644 -1.6T+1.8 0.387

*Statistically significant with p<0.05; tmean difference + standard error of the mean from indepen-
dent samples T-test, assuming equal variances; fU-statistics from Mann-Whitney U-test.

Discussion

There is still no consensus as to whether the use of
CBCTs to calculate airway volume can provide better
indications of breathing function than measurements
taken on lateral cephalograms (25-29). Measurements
made on CBCTs are subject to several confounders,
such as the head, body and jaw position at the time of
scan acquisition; the respiratory phase and the tongue
position. But above all, manual orientation of CBCT
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images, slice selection, threshold sensitivity and the
segmentation protocol are all factors that greatly in-
fluence the final measurements and that are seldom
considered in the published literature (16,30). For
example, inter-examiner differences up to 27% of the
measured value were observed for the evaluation of na-
sopharyngeal volume and minimal cross-sectional area
(16). There are many lines of evidence supporting the
use of 2D images instead of taking CBCT scans for
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airway assessment (17,31,32). Sagittal measurements
on lateral cephalograms and sagittal slices on CBCT
were highly correlated (32) and showed a good corre-
lation with the corresponding evaluated arcas on the
axial plane (33).

Different types of measurements of adenoidal section
and nasopharyngeal space have been proposed in the
literature (17), but only one study by Vig et al. evalua-
ted the specificity and sensitivity of McNamara’s linear
measurement (34) and Schulholf’s area (35) (which is
very similar to the area measurement used in the pre-
sent study, with the only difference being that instead
of an S-PNS line, Schulholf used a line perpendicular to
the palatal plane passing through the PNS point) in re-
cognizing airway obstruction, reporting a sensitivity of
0.318 and a specificity of 0.833 for McNamara’s linear
measurement, and a sensitivity of 0.182 and a specificity
of 0.666 for Schulholf’s area (36). However, the low
sensitivity shown by Vig et al. was probably due to their
use of the measurement of nasal resistance as a referen-
ce; this way, patients could be considered as having ade-
noid problems when they actually have rhinosinusitis or
simply small nasal cavities. If a patients has no problems
with nose breathing, the probability of having hyper-
trophic adenoids is consequently low, and this will lead
to a higher specificity (17). All these results suggest the
use of 2D images as a useful guide to the corresponding
airway volume for screening and recommending further
in-depth otorhinolaryngologic evaluation (31).
According to the results of this study, the nasopharyn-
geal area increased from TO to T1 in both groups and the
A/N ratio decreased, suggesting the presence of smaller
adenoids at T1 (Table 3). Nevertheless, it is possible that
this decrease could be due to growth rather than an effect
of the two appliances used. Indeed, there is evidence that
the coronal and sagittal diameter of the nasopharynx are
correlated to age (37), and that the adenoid volume chan-
ges with age: their development increases until reaching
a peak at 4-5 years of age, then continues until another
peak is reached around 9-10 years, following which they
start to decrease progressively up to 14-15 years of age
(23). The mean age of the present sample at TO was less
than 9 years, and the T1 records were taken a mean of 18
months later; therefore, the likelihood that those patients
were in a phase of adenoidal tissue growth peak and that
the increase in nasopharyngeal area observed was due
to treatment is high. Of course, the only way to prove
this statement would be to include a control group of
untreated patients; however, it is unethical to postpone a
treatment of maxillary expansion in 9-year-old patients
by one-and-a-half years with the certainty that the outco-
me would be worsened because the successful opening
of the midpalatal suture is age-dependent (38), and treat-
ment should be carried out ideally with the appliance
bonded on deciduous teeth (39).
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When the two groups were compared, a comparable in-
crease in nasopharyngeal area and decrease in A/N ratio
were observed (Table 4). This result seems to suggest that
increasing the diameter of the maxillary arch with either
RME or FGB leads to a similar outcome in terms of the
adenoidal dimension. While the treatment of RME results
in the correction of the transverse occlusal relationship by
a high force that acts in a short timespan on both skeletal
and dental structures, the FGB promotes a slow expansion
using the force of a palatal spring but also the action of
the masticatory muscles on the metallic bite planes. Studies
have shown that the FGB appliance is able to correct the
dental crossbite but also to normalize the masticatory func-
tion (40). Therefore, it can be argued that a rapid maxillary
expansion and a slow functional expansion can lead to si-
milar outcomes in terms of increasing the nasopharyngeal
area. Contradicting results regarding the effects of RME on
airways have been found in the literature: while some stu-
dies denied a positive effect (19,41), others confirmed an
airway increase (15). Anyway, it is difficult to evaluate the
clinical significance of such cephalometric changes, even
though some authors reported a benefit in terms of the brea-
thing pattern after RME (42).

Concerning cranio-cervical angulation, no differences
were found in the OPT-NSL angle before and after treat-
ment and between the two groups (Tables 3 and 4). The
CVT-NSL angle showed a significant increase between
TO0 and T1 only in the RME group, but there were no sig-
nificant differences when the two groups were compared
at both timepoints. This finding is in partial agreement
with the results of previous studies, where a more upri-
ght head position was observed after RME (15,21,24).
A possible explanation could be that since patients with
severe respiratory problems were excluded, despite the
T1 increase in the nasopharyngeal area, the breathing
pattern was not impaired before treatment and did not
display noticeable changes.

Regarding the limitations of the present study, the re-
trospective nature of the protocol should be mentioned,
although care was taken to retrieve the samples in a rigid
chronological order. The absence of an inactive control
group is surely another limitation; however, as mentio-
ned earlier, this methodological choice was dependent
on ethical issues.

Conclusions

Both rapid expansion with RME and slow functional
expansion of the maxillary arch with FGB resulted in
a post-treatment decrease in adenoidal dimensions and
increase in the nasopharyngeal area in growing patients
from 6 to 14 years of age, without significant differences
between them. The cranio-cervical angulation measured
through the CVT-NSL angle increased after treatment
only in the RME group but did not display any signifi-
cant variation between the two groups.
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