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Cephalometric Evaluation of Stability of Airway Changes
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A b s t r ac t
Background: Mandibular retrognathism or functional mandibular retrusion is commonly associated with the reduced pharyngeal airway.
Functional appliances that are used to treat mandibular retrusion have been found to improve airway dimensions. However, this improvement
in the airway has never been assessed in the long-term. Therefore, the purpose of this study was to assess the effects of standard twin-block
appliance on pharyngeal airway space in subjects with skeletal class-II pattern and the maintenance of changes achieved after debonding.
Materials and methods: Twenty-five subjects (14 females and 11 males) in the age-group of 10–14 (mean 12.08 ± 0.91) underwent treatment
of a class II division 1 malocclusion via standard twin-block appliance followed by fixed orthodontic therapy. Pre-treatment (T1), post-twin
block (T2), and post-fixed appliance (T3) lateral cephalograms were taken and skeletal and soft tissue landmarks were hand-traced. A pairwise
comparison was used to assess whether there were any significant differences in the cephalometric variables of the upper and lower pharyngeal
airway between each phase of treatment (T1, T2, T3).
Results: There was a significant increase in sagittal dimensions of upper and lower pharyngeal space with a mean increase of 1.34 and 1.26 mm,
respectively, following twin-block therapy. There was a significant increase in upper pharyngeal space from pre-treatment till the end of the
fixed appliance phase (p < 0.003) and the change in lower pharyngeal space from pre-treatment till the end of the fixed appliance phase was
non-significant (p = 0.13).
Conclusion: Correction of mandibular retrusion in class II malocclusion subjects by twin-block therapy increased the sagittal dimension of the
upper and lower pharyngeal space. This significant improvement in the upper pharyngeal space was maintained till the end of fixed orthodontic
treatment. However, the improvement in the lower pharyngeal space was found to be unstable post-debonding.
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I n t r o d u c t i o n
Altered morphology of different orofacial structures like shortened
mandible, enlarged adenoids, tonsillar hypertrophy, and
macroglossia play a vital role in reducing the airflow through the
nasopharynx and the oropharynx. In addition, a retro-positioned
mandible or maxilla can push an enlarged tongue posteriorly
to impinge on the retropharyngeal area resulting in breathing
difficulties.1
A growing child diagnosed with a class II skeletal pattern due to
mandibular micrognathism or retrognathism is ideally treated with
functional orthopedic appliances, whereas orthognathic surgeries
to advance the mandible is the only viable option of correcting a
skeletal deformity in a non-growing adult.
Robin was the first to use an intraoral appliance to bring the
lower jaw forward in newborns with mandibular deficiency, thereby
preventing posterior relocation of the tongue during sleep and the
occurrence of oropharyngeal collapse.2 This concept of positioning
the jaw forward to stimulate mandibular growth led to new areas
of research.
Growth-modifying functional appliances can redirect the
mandibular growth in a favorable direction, markedly augment the
facial esthetics and prevent oropharyngeal collapse by modifying
the posterior position of the tongue.3,4
Previous studies have reported significant improvement in
few parameters of pharyngeal dimensions with multiple growthmodifying appliances but very few studies have evaluated the
stability of this effect on the nasopharyngeal area and pharyngeal
airway dimensions over time.
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The study aimed to assess the upper pharyngeal airway
(UA) and lower pharyngeal airway (LA) in subjects with class II
malocclusion undergoing functional appliance therapy with
standard twin-block appliance and subsequent fixed orthodontic
treatment.
Additionally, this study was used to compare the changes in
the airway from pre-treatment to post-twin block to post-fixed
appliance treatment.

M at e r ia l s

and

M e t h o d s

Lateral cephalograms of 25 patients treated with twin block
therapy were taken from record collection at the institute.
Patients in cervical vertebral maturity index (CVMI) 3 and 4
with Angle’s class II div 1 malocclusion having normal maxilla
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and retrognathic mandible with A point, nasion, B point (ANB)
>4° were included in this study. Patients with any history of
respiratory illness, previous orthodontic treatment or orthopedic
treatment, abnormal phenotypes (clefts or syndromes), and
Angles class II malocclusion due to prognathic maxilla were
excluded from the study.
All patients were fitted with the standard twin-block appliance
(with appropriate sagittal advancement). The orthopedic phase
(functional appliance therapy) was continued till the required
sagittal advancement was attained, followed by a retention phase
of 6 months. This was followed by fixed appliance therapy. The mean
total treatment duration was 25.5 ± 2.4 months. All cephalometric
radiographs were obtained before the initiation of treatment, at
the end of a twin-block phase, and at the end of fixed orthodontic
treatment with the Sirona Galileos imaging unit. The digital lateral
cephalograms were traced manually and the linear measurements
were recorded (Fig. 1).

Pharyngeal Airway Analysis
The McNamara’s pharyngeal airway analysis was performed to
obtain the routine linear measurements of the UA and LA. Upper
pharyngeal width is measured from a point on the posterior outline
of the soft palate to the nearest point on the pharyngeal wall. This
measurement is taken on the anterior half of the soft palate. The LA
is measured from the point of intersection of the posterior border
of the tongue and the inferior border of the mandible to the closest
point on the posterior pharyngeal wall.5

Statistical Analysis
Data comprising of linear upper and lower pharyngeal space
measurements were evaluated with the pairwise comparison test
and repeated one-way analysis of variance (ANOVA) was used for the
comparison of airway dimension changes over time. Post hoc test
(Bonferroni test) was used for multiple comparisons of dimensions
between different time intervals. A probability (p value) of <0.05
was considered statistically significant. All data were evaluated
using statistical software (IBM SPSS V23.0, IBM Corp., Armonk, NY,
USA).

Fig. 1: Upper pharyngeal space marked in orange color. Lower
pharyngeal space marked in blue color

R e s u lts
The mean values and the standard deviations for the UA and LA
in the studied population at pre-treatment (T1), post-twin block
(T2), and post-fixed orthodontic time intervals (T3) are presented
in Table 1 and Figure 2.
One-way ANOVA was used to compare the upper and lower
pharyngeal space over time (T1, T2, T3). There is a significant change
in the UA and LA at different time intervals as shown in Table 1. The
mean increase in the UA from pre-treatment to post-twin block
phase is 1.34 mm and for LA is 1.26 mm. The mean increase in the
UA from post-twin block phase to post-fixed appliance phase is 0.44
mm and the mean decrease for LA from post-twin block phase to
post-fixed appliance phase is 0.36 mm.
There was a highly significant increase in the LA from T1 to T2
(p = 0.003) and no significant difference was observed from T2 to
T3 (p = 1) as shown in Table 2.
For the UA, there was a significant increase from T1 to T2 (p
= 0.01) and from T2 to T3 was non-significant (p = 1) as shown in
Table 2.
From T1 to T3, in the lower pharyngeal measurement, the
change was not significant (p = 0.13). The change in the UA from
T1 to T3 was highly significant with p = 0.003 (Table 3).

D i s c u s s i o n
Mouth-breathing habit is a common finding in children in the
younger age-group and is often associated with mandibular
retrusion and maxillary constriction. Small pharyngeal dimensions
established early in life may predispose one to sleep-disordered
breathing later when subsequent soft tissue changes caused by
age, obesity, or genetic background further reduce the available
oropharyngeal airway.6 These children often show symptoms
such as attention deficit disorder (ADD) which is linked to poor
performance at school and nocturia. Therefore, it can only be
regarded as beneficial if functional appliance treatment in children
results in a permanent increase in posterior airway dimensions.
Even in children with no constriction of maxilla with the presence of
mouth breathing habit requires intervention by maxillary expansion
which has been found to increase nasal floor volume and promote
nasal breathing in these children.
Lateral cephalograms are a routine part of an orthodontic
evaluation for diagnosis and treatment planning. The use of lateral
cephalograms for airway analysis is an established tool.7 Airway
dimension and tongue- and hyoid-position measurements are
highly reproducible on natural-head-position cephalograms. 8
Although three-dimensional imaging has been proven to be most
accurate for the evaluation of posterior airway dimension, but the
technique is not available in all centers and results in a relatively
high radiation dose. For this study, only lateral cephalograms that
have been taken for diagnosis and treatment planning were used
and patients were not exposed to any other means of radiation.
In this study, we evaluated the airway dimensions in class II
subjects who have undergone standard twin-block therapy and
subsequent fixed-appliance therapy at the institute. Upper and
lower pharyngeal space according to McNamara analysis was
measured on manually-traced lateral cephalograms at different
time intervals.
The results from this study show that there was a significant
increase in upper and lower pharyngeal space immediately after
twin-block therapy. Overall, the upper pharyngeal space showed
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Table 1: Comparison of pharyngeal space between different time intervals
Group
Upper

Lower

Stage
Pre-treatment
Post-twin block
Post-fixed
Pre-treatment
Post-twin block
Post-fixed

N
25
25
25
25
25
25

Mean
9.96
11.30
11.74
7.92
9.18
8.82

Std. deviation
3.31
3.07
3.00
2.00
2.55
2.85

F
7.28

p value
0.002*

4.79

0.01*

Repeated measures ANOVA
*p < 0.05 significant, p > 0.05 non-significant, NS

Fig. 2: Mean and standard deviation for the upper and lower pharyngeal
airway for the studied population at different time intervals (T1, T2, T3)

a highly significant increase in linear measurement from pretreatment to the end of fixed appliance therapy, but the change in
the lower pharyngeal space was not sustained till the end of fixed
appliance therapy.
This is in accordance with several studies that have found
an increase in oropharyngeal and nasopharyngeal airway
dimensions immediately after functional appliance therapy in class
II malocclusion patients treated during the peak of an adolescent
growth spurt with different class II correction appliances.9–17
However, only three of these studies found that the quantified
pharyngeal airway changes may be relatively stable in the longterm.9,10,14
In contrast, the study by Lin et al. found no significant changes
in the sagittal dimensions of the pharyngeal airway in growing
retrognathic patients treated with a modified Bionator.13 According
to Hänggi et al., improved tongue posture caused by increased
genioglossal muscle tonus or other soft tissue changes may play
an important role in increasing pharyngeal airway space during
Fränkel-2 treatment. But none of the studies have reported longterm stability of airway changes in subjects treated with twin-block
appliance.10
Jena et al. found out that in subjects with mandibular
retrognathism the length of the soft palate increases as a result
of the backward position of the tongue. He also found that
the inclination of the soft palate was more horizontal among
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subjects with mandibular retrognathism.4 Jena et al. also found
that subjects in whom class II correction was accomplished by
twin-block appliance, had improved soft palate dimensions and
inclination, caused more anterior traction of the tongue away
from the soft palate.16 This might be the reason for the sustenance
of upper pharyngeal space changes even after fixed appliance
therapy. Another possible explanation is that as the age increases,
the thickness of the pharyngeal tonsil reduces, which results in a
subsequent increase in the upper airway.
This study reports that although the mean lower pharyngeal
space increased significantly immediately after twin block therapy,
there was no significant difference in the LA space from pretreatment to the end of fixed orthodontic treatment. This signifies
that there was a relapse of the lower airway increase during the
post retention phase. Almeida et al.18 and Battagel et al.19 reported
that the length and height of the tongue increases after treatment
with the functional appliance. Kollia and Krogstad20 and Cohen
and Vig21 reported an increase in tongue dimension with age.
Yassaei et al. showed increased dimensions of the tongue even
after completion of functional appliance therapy.9 This increase in
tongue dimension may be the reason for the non-significant lower
pharyngeal space results.
Another possible explanation for the lower pharyngeal space
relapse could be that the hyoid bone is displaced anteriorly during
active treatment with any kind of functional appliance, but reverts
to its original position when the appliance is removed.18,19,22–25 The
hyoid bone does not have any articulations with other bones and
is held in position only by muscles and ligaments. It can be said
that the position of the hyoid bone in rest position is affected by
the balance between suprahyoid and infrahyoid muscles and any
change in this balance will affect its position.
Sleep produces changes in airway physiology, which, in
association with abnormal anatomy, leads to sleep-disordered
breathing events and the syndrome of obstructive sleep apnea/
hypopnea. Reduced dimensions of upper pharyngeal space have
been linked to sleep-disordered breathing in children. In our study,
it was found that the upper pharyngeal space increased significantly
with twin-block therapy and the improvement was maintained
till the end of fixed appliance therapy. This finding is significant
and adds credibility to the treatment of class II malocclusions with
retrusive mandible in growing children. The ever-ongoing debate
of whether functional appliances grow mandibles may also be
laid to rest if the emphasis is placed on improving the airway and
hence subsequently function and followed by favorable growth.
This could become a treatment modality for improving the airway
in children suffering from sleep apnea.
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Table 2: Pairwise comparison of pharyngeal space between different time intervals
Pharyngeal
space
Upper
Lower

Mean difference
(I) Time
(J) Time
(I–J)
Pre-treatment
Post-twin block −1.34
Post-twin block Post-fixed
−0.44
Pre-treatment
Post-twin block −1.26
Post-twin block Post-fixed
0.36

95% Confidence interval for difference
Std. error
0.43
0.54
0.34
0.48

p value
0.01*
1.00 (NS)
0.003*
1.00 (NS)

Lower bound
−2.45
−1.84
−2.13
−0.88

Upper bound
−0.23
0.96
−0.39
1.60

Bonferroni post hoc test
*p < 0.05 significant, p > 0.05 non-significant, NS

Table 3: Comparison of pharyngeal space from pre-treatment to post-fixed therapy
Pharyngeal
space
Upper
Lower

(I) Time
Pre-treatment
Pre-treatment

(J) Time
Post-fixed
Post-fixed

Mean difference
(I–J)
−1.78
−0.90

95% Confidence interval for difference
Std. error
0.48
0.42

p value
0.003*
0.13 (NS)

Lower bound
−3.01
−1.99

Upper bound
−0.56
0.19

Bonferroni post hoc test
*p < 0.05 significant, p > 0.05 non-significant, NS

C o n c lu s i o n
Breathing is a complex function in which oropharyngeal dimensions
are only one of the factors to be considered and an increase in upper
airway dimensions does not automatically imply better breathing
function. The following conclusions were drawn from the study:
•

•

Twin-block therapy lead to an increase in the sagittal dimension
of the upper and lower pharyngeal space immediately posttreatment.
This significant increase in the upper pharyngeal space was
stable while, the improvement in the lower pharyngeal space
was found to be unstable in the long-term.
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