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Evaluation of the posterior airway space
following orthopaedic treatment of mandibular
deficient Class II malocclusion — a pilot study
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Background: The use of Twin Block therapy is a wellaccepted functional treatment option for the correction of a Class I

malocclusion. In addition to skeletal and dental changes, its use may also promote changes in airway structure and dimension,

including the size of the posterior airway space [PAS). This may be of importance in reducing the risk of developing obstructive

sleep apnoea syndrome (OSAS).

Materials and methods: Sixteen (106) subjects (eight females and eight males) underwent freatment of a Class Il division 1
malocclusion via the use of a Sydney Bonded Twin Block (SBTB| appliance followed by full fixed orthodontic therapy (FFOA).
Prefreatment (T1), postwin block (T2) and postfixed appliance (T3] lateral cephalograms were taken and skeletal and soft tissue

landmarks were hand fraced. A pairwise comparison was used fo assess whether there were any significant differences in the
cephalometric variables between each phase of freatment (T1, T2, T3).

Results: The skeletal variables SNB and ANB revealed a significant change between T1-T2 [p < 0.01). The sagiffal size of the
nasopharynx (RPAS] also recorded a significant change between T1-T3 p < 0.05). There was no significant change in the PAS
at any stage of freatment. There was an average reduction in the ANB angle of 2° (p < 0.01) between T1-T3.

Conclusions: There was no significant change in the size of the PAS following SBTB treatment. However, an increase in RPAS was
recorded following SBTB treatment which continued fo improve during FFOA therapy.
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Introduction

A Class II malocclusion, especially as a result of
a mandibular deficiency, has been implicated in
contributing to the severity of Obstructive Sleep
Apnoea Syndrome (OSAS)." It has been hypothesised
that this is a result of a concomitant reduction in the
posterior airway space (PAS) in Class II patients.’

Treatments available for OSAS involve either surgical
or non-surgical alterations in the relationship of
the maxillo-mandibular complex. A mandibular
advancement splint (MAS) is a common initial line of
treatment used to achieve forward repositioning of the

mandible. Studies have shown that the use of MAS

has the potential to significantly enlarge the PAS*?
and improve the apnoea-hypopnea index.* Similarly,
anterior repositioning of the mandible using various
surgical techniques has been claimed to increase the
PAS while demonstrating a 50% effectiveness rate in
eliminating the symptoms of OSAS.

The correction of a Class II malocclusion through
functional appliance therapy occurs as a result of
changes to the jaw musculature and soft tissues to
maintain the appliance-generated anterior reposition
of the mandible. This has been reported to result
in a reduction of the anteroposterior apical base
discrepancy, an increase in effective mandibular
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Figure 1. SBTB clinical photographs.

length, an increase in length of the facial axis, an
increase in facial height and a reduction in facial
convexity.® As functional appliance therapy promotes
anterior mandibular repositioning during adolescent
growth, it appears reasonable to suggest that there
may be an associated increase in the size of the PAS
as a result.

The Twin Block is a commonly-used Class II func-
tional appliance. It can either be removable or fixed,
and its versatility allows the incorporation of active
components such as expansion screws. It is a two-
piece appliance, comprising acrylic blocks made for
the upper and lower arches. The design incorporates
a guide plane that only allows the patient to close in a
protrusive fashion, and it has the benefit of allowing
the patient to function with the appliance in place.”

The aim of the present study was to evaluate the ef-
fects of the Sydney Bonded Twin Block (SBTB) on
the PAS following orthopaedic treatment of Class 11
division 1 malocclusions. The size of the PAS was also
assessed at the completion of fixed appliance (FFOA)
therapy to investigate the stability of the changes.

Materials and methods
Subjects

The sample consisted of 16 (eight females and eight
males) Class II division 1 malocclusion patients
with mandibular deficiency who received functional
appliance therapy at the Discipline of Orthodontics,
University of Sydney. All subjects were treated with
SBTB as a first phase of treatment (nine months) and

FFOA therapy in the second phase. Pretreatment (T'1),
end of SBTB therapy (T2) and end of FFOA therapy
(T3) records, which consisted of lateral cephalograms,
were obtained within 21 days prior to appliance
placement and on the day of appliance removal. The
mean ages of the patients at pretreatment, end of
SBTB therapy and end of FFOA therapy were 12.24
+ 1.05 years, 12.98 + 1.08 years and 15.30 + 1.45
years, respectively.

Appliance design
The SBTB is a modification of the original Clark

Twin block®’ and cemented onto the maxillary and

mandibular dentition with glass ionomer cement

(Unitek™ Multi-Cure Glass Ionomer Band Cement,
3M Unitek™, CA, USA) (Figure 1). The construction
bite was taken with the mandible postured to an edge-
to-edge and/or a super Class I molar relationship. The
maxillary bite block was not trimmed and no com-
pensatory transverse expansion or incisor alignment
was performed during the SBTB phase. Immediately
after SBTB therapy, FFOA were placed. A self-ligat-
ing SPEED® (Strite Industries, Cambridge, Ontario,
Canada) 0.022 inch slot bracket system was applied
during the fixed appliance therapy to standardise the
method of ligation.

Cephalometric analysis

Skeletal and soft tissue changes were assessed on
lateral cephalograms. All radiographs were taken
with the subjects in natural head position using the
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same Cephalostat (Cranex Tome, Soredex, Orion
Corporation Helsinki, Finland) with the left side of
the patients face orientated towards the tube. The
exposure factors, kVp, mA, exposure and time were

kept constant for the T1, T2 and T3 films.

Radiographs were hand traced on 0.03 matte
acetate paper with a 0.5 mm HB pencil over a one-
week period by the same operator (JS). The T1,
T2 and T3 radiographs were traced simultaneously.
Measurements were recorded to the nearest 0.5 mm.

Measurement landmarks
Standard cephalometrics

Changes in the sagittal skeletal relationships were
assessed using the standard cephalometric variables of

SNA, SNB and ANB.

Cephalometric soft tissue measurements

Changes in airway dimension were assessed using soft
tissue cephalometric variables that included H-MP,
PAS, RPAS and NPAS (Figure 2).

Statistical analysis

The means and standard deviations were calculated
for all cephalometric variables at T1, T2 and T3. A
statistical analysis was undertaken using SPSS (IBM
SPSS Statistics for Windows, Version 23.0, IBM
Corp, NY, USA). P-values less than 0.01 were deemed
to be significant (**) and those between 0.01 and 0.05
marginally significant (*) as this was due to the large
number of tests undertaken. The statistical analysis
consisted of repeated measure Analysis of Variance,
partitioned into linear and quadratic forms and used
to test within subject contrasts. A pairwise comparison
was applied to determine any significant differences
between pretreatment (T1) to end of SBTB (T2), end
of SBTB (T2) to end of FFOA (T3) and pretreatment
(T1) to end of FFOA (T3). Resultant p-values
were adjusted for multiple comparisons using the
Bonferroni correction. Profile plots were also created
to illustrate data trends over time.

Method error

Tracings were repeated on 10 of the original 48
radiographs selected at random. To quantify the level
of random errors, all hand-tracings were replicated

Cephalometric Variables

Figure 2. Cephalometric landmarks and measurements.
Definitions of cephalometric landmarks and measurements.

Anatomical landmarks: A point = deepest midline point on the maxillary
alveolus between ANS and maxillary alveolar crest. B point = deepest
midline point between the mandibular alveolar crest and the gnathion.

N = Nasion, the most anterior part of the frontonasal suture. S = Sella,
the centre of the sella turcica. Gn = Gnathion, the most anteroinferior
point on the bony mandibular symphysis. Go = Gonion, the most lateral
external point at the junction of the horizontal and ascending rami of the
mandible. H = Hyoidale, the most superior-anterior point on the body of
the hyoid bone. Me = Menton, the lowest point on the bony outline of the
mandibular symphysis. spt = fangent point on a line parallel fo the long
axis of the soft palate at the maximum width. Phw = Posferior pharyngeal
wall, the point on the posterior pharyngeal wall af the same horizontal
level as spt. MP = Mandibular plane, line joining Me and Go.

Measurements: SNA (degrees) = angle from S to N to A point. SNB
[degrees) = angle from S to N to B point. ANB (degrees) = angle from
Ato N to B point. HMP (mm) = perpendicular distance from the MP

fo H. RPAS [mm) = width of nasopharynx from Phw to spt. PAS [mm) =
distance between the posterior pharyngeal wall and the dorsal surface
of the base of the tongue, measured on the line that infersects Go and B
point. NPAS = The most narrow region of the posterior airway above the
epiglottis and below the soft palate.

and measured under the same conditions one month
later. The method error in locating landmarks,
superimposing and measuring the variables was

evaluated by the coefficient of variation (CV). The

CVs for all re-measurements were less than 1%.

Results

Table I displays the marginal mean, standard error
and standard deviation for the cephalometric variables
calculated at the three time-points (T1, T2 and T3).
There was a reduction in the ANB angles from
T1-T2 and T1-T3. SNB, however, demonstrated
an increase from T1-T2 followed by a statistically
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Table I. Descriptive data of the result.

Marginal mean Std. error
Variable T 12 T3 T1 12 T3
SNA (9) 82.44 82.56 81.84 0.84 0.93 1.08
SNB [°) 75.25 77 .41 76.63 0.67 0.72 0.88
ANB [°) 719 516 5.22 0.39 0.52 0.60
H-MP {mm) 17.28 18.31 17.75 1.29 1.76 1.50
RPAS (mm) 13.66 15.38 15.56 0.75 0.96 0.85
PAS (mm) 11.25 11.94 11.63 0.93 1.13 0.86
NPAS {mm) 8.34 Q.84 Q.34 0.58 0.88 0.87
Table II. Pairwise comparison between time-points (T1-T2, T2-T3, T1-T3).
T1-12 T2-T3 T1-T3
Mean Diff. Std. Error e’ Mean Diff. Sid. Error  p? Mean Diff. Std. Error e’

Variable (T2-T1) (T3T2) (T3T1)

SNA () 0.13 0.42 ns 0.72 0.53 ns 0.59 0.53 ns
SNB () 2.15 0.42 *x 0.78 0.46 ns 1.38 0.43 *
ANB (°) 2.03 0.35 o 0.06 0.46 ns -1.97 0.42 o
H-MP (mm) 1.03 1.34 ns 0.56 1.57 ns 0.47 1.27 ns
RPAS (mm) 1.72 0.77 ns 0.19 0.82 ns 1.91 0.61 *
PAS  (mm] 0.69 0.81 ns -0.31 1.00 ns 0.38 0.80 ns
NPAS (mm) 1.50 0.66 ns -0.50 1.12 ns 1.00 0.96 ns
*p=<0.05 **p=<001 ***p=<0.001 ns=notsignificant = Bonferroni correction

insignificant decrease. The soft tissue measurement,
NPAS, indicated an increase from T1-T2 and a
continued increase during T2-T3. The other soft
tissue measurements, H-MP and PAS, showed an
increase from T1-T2 and a relapse back towards values
calculated before treatment commenced.

Table II is a summary of the pairwise comparison
analysis between the time-points. There was a
statistically significant (**) difference from T1-T2 for
SNB and ANB. Of the soft tissue variables, only RPAS
demonstrated a marginally significant (*) difference
between T1-T3. In a consideration of all variables,
there was no significant difference between T2-T3,
except the ANB angle was shown to have decreased
significantly (**) between T1-T3, by an average of
2.0°, and a marginally significant increase in the SNB
angle between T'1-T3, by an average of 1.4°.

Figure 3 provides a graphical representation of the
trend found in the marginal mean of RPAS over the
course of treatment. There was an increase in the
sagittal size of the nasopharynx following the use of

Marginal Means of RPAS

Depth of RPAS {mm)

Treatmant time-points

Figure 3. Marginal Means of RPAS.

SBTB appliance that was statistically insignificant.
However, following FFOA therapy there was a
continual increase in nasopharyngeal width, which
made the change in RPAS from T1 to T3 statistically
significant.
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Discussion

Although SNA did not demonstrate a statistically
significant change from T1 to T3, there was a
significant reduction in the ANB angle by an average
of 2° and a marginally significant increase in the
SNB by 1.4°, which suggested a correction of the
pretreatment maxillo-mandibular discrepancy. Several
previous studies have found that patients with large
ANB angles have a reduced PAS compared with
control subjects.'”" In addition, maxillomandibular
retrognathia appears to be a contributing factor
related to airway constriction.” Tangugsorn et al.'
demonstrated that patients with severe sleep apnoea
compared with non-severe sleep apnoea tended to
display increased maxillo-mandibular retrognathism
and a reduced airway space as a result. This suggested
that the degree of retrognathia may be correlated with
the severity of OSAS symptoms.

The results of the present study indicated that there
was no statistically significant change in the size of
the PAS following functional appliance therapy.
This correlated with the results found in a study by
Kinzinger et al.," in which insignificant change in PAS
depth was detected with both Herbst and Functional
Mandibular Advancement appliances. However, this
differed from the results of an earlier study by Ozbek
et al.,"” who demonstrated a significant increase of
approximately 20% in the PAS following treatment
with an activator device (p < 0.001). The findings of
this study were also at variance to those of Singh et
al.,'* who found that the use of a Bioblock resulted
in an 8-9% increase in the PAS (p < 0.01). The
difference in result could be explained by the different
types of functional appliance used, and occipital high
pull headgear was also used in the Ozbek et al. study.
In addition, it was conceded that these studies could
not accurately account for any increase that may have
occurred because of normal growth. The present
study cannot make the same distinction, and further
investigation is needed with an age matched control
group. In fact, the Cochrane Database of Systemic
Reviews showed that there was a lack of evidence to
confirm that oral or functional orthopaedic appliances
are effective in the treatment of OSAS in children."”
However, oral or functional orthopaedic appliances
are indicated in children with craniofacial anomalies

who are at risk of OSAS.!718

The sagittal size of the nasopharynx as described
by the variable RPAS was shown to significantly

increase from T'1 to T3. The net result demonstrated
an increase of approximately 2 mm compared with
pretreatment measurements. Recent studies using
two-dimensional or three-dimensional imaging have
shown similar results.'”?® This indicated that the use
of SBTB could alter the sagittal dimension of the
nasopharynx, similar to MAS used in OSA patients.
There seemed to be a continued increase in RPAS
during the FFOA. This could be due to the use of
Class II mechanics during FFOA and/or the corrective
normal growth. Long-term follow-up is required to
assess whether this increase remains stable over time.
This may be of clinical importance for future sleep
apnoea risk reduction efforts in growing patients.

A significant limitation of the present study was
the inability to three-dimensionally assess the size
of the PAS via the use of cone beam computerised
tomography (CBCT) or magnetic resonance imaging
(MRI). These resources would have provided a much
more accurate appreciation of the effects of SBTB
treatment on the PAS and other airway variables. These
imaging techniques have been widely used to assess
differences between non-OSAS and OSAS patients,”!
and should similarly be used to determine the effects
that orthopaedic correction of a malocclusion can
have on airway size. Moreover, the three-dimensional
scans should be conducted with the patient in a supine
position, which is of more clinical significance when
investigating the potential for OSAS risk reduction.
This was confirmed by Pae et al.,”> who found that
the thickness of the soft palate increased and the
oropharyngeal cross-sectional area decreased when
patients changed from an upright to a supine position.

The potential that the SBTB has for initiating a long-
term increase in the posterior airway space and reduc-
ing the risk and/or symptoms of OSAS needs to be
evaluated in young patients who suffer from the con-
dition. A study by Robertson® found that, in OSAS
patients who underwent mandibular advancement
therapy, the posterior airway space increased by 1.28
mm over 12 months. The current study was only able
to assess the effects of SBTB for a mean treatment time
of approximately nine months and the patients were
not diagnosed with OSAS. Perhaps a study of longer
duration with a larger patient base and age-matched
controls would provide further insight into the clini-
cal relevance of SBTB treatment and OSAS risk
reduction. Further studies should also assess the airway
three-dimensionally via the use of CBCT or MRI.
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Conclusion

The Sydney Bonded Twin Block appliance used in the
correction of mandibular deficiency:

1. Significantly reduced ANB;
2. Did not significantly change the size of the PAS;

3. Increased significantly the nasopharyngeal width
(RPAS) following the orthopaedic and FFOA

treatment.
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