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Abstract. The aim of this study was to compare the alterations in three regions of the
airway—nasopharynx, oropharynx, and hypopharynx—in relation to the area of the
midsagittal plane, volume, and minimal axial area after maxillomandibular
advancement (MMA) surgery. Thirty patients who had undergone MMA surgery
were evaluated at four time points: preoperative (T0), immediately postoperative
(T1), 1 year postoperative (T2), and >5 years postoperative (T3). All measurements
were performed using computed tomography, analyzed in Dolphin Imaging 11.0
Premium 3D software. The area in the midsagittal plane presented a mean increase
of 22.0% between TO and T3 (P < 0.001), with the highest increase in the
oropharynx (24.1%, P < 0.001). The total volumetric increase at T3 was 16.7%
(P < 0.001), with the highest increase in the nasopharynx (15.7%; P < 0.001). The
lowest minimal axial area was found for the oropharynx at all time points, and the
highest increase in minimal axial area was found for the nasopharynx (114.9%;
P < 0.001). MMA surgery showed the highest increase in upper posterior airway
between TO and T1, and this was followed by a progressive reduction until T3, but
with a statistically significant increase at T3 compared with TO in all cases.
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Orthognathic surgery has been a success-
ful option for the correction of severe
dentofacial deformities, providing altera-
tions in the upper posterior airways and
gaining the attention of the scientific com-
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munity'?. The aim of orthognathic sur-
gery is to establish harmonious facial
aesthetics, optimal functional occlusion,
and stability. Improvements in upper pos-
terior airway (UPAW) conditions may

also be an important goal of orthodon-
tic-surgical treatment. Maxillomandibular
advancement (MMA) surgery promotes
anteroposterior, vertical, and lateral-later-
al movement due to the displacement of

© 2019 International Association of Oral and Maxillofacial Surgeons. Published by Elsevier Ltd. All rights reserved.
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the bony bases to a new position, generat-
ing tensions in the soft tissues of the region
and usually resulting in a volumetric in-
crease in UPAW®. MMA appears to in-
crease UPAW volume through the
advancement of the maxilla and subse-
quent forward movement of the soft pal-
ate. Furthermore, when a
counterclockwise direction is used, the
soft palate is also moved more downward.
Also, with the advancement of the mandi-
ble, the genioglossus and geniohyoid mus-
cles and the base of the tongue are
repositioned more forward®. Moreover,
genioplasty promotes an additional in-
crease in UPAW by repositioning the
hyoid bone anteriorly and superiorly, with
the greatest effect in the hypopharynx
region’.

Although several studies have already
shown that MMA surgery increases the
UPAW space, some of these studies per-
formed airway evaluations on two-dimen-
sional radiographs, included a
heterogeneous population or a small sam-
ple, or covered a short follow-up
period®>*7 2,

The aim of this study was to evaluate
changes in three specific regions of the
UPAW-—nasopharynx, oropharynx, and
hypopharynx—in relation to the area of
the midsagittal plane, volume, and mini-
mal axial area after MMA surgery, over a
follow-up period of at least 5 years, using
cone beam computed tomography
(CBCT).

Materials and methods

The study was submitted to and approved
by the Ethics Committee for Research
Involving Humans of the Federal Univer-
sity of Ceara — UFC. The medical records
of 428 patients attending a private clinic
were evaluated. From the total sample, the
first 30 patients who met the inclusion/
exclusion criteria for the study were se-
lected.

The inclusion criteria were as follows:
the patient had to be American Society of
Anesthesiologists (ASA) status 1, with a
class II facial pattern and maxillary and
mandibular deficiency, and to have under-
gone orthognathic surgery with MMA,
associated with an advancement genio-
plasty or anti-clockwise rotation of the
occlusal plane; the patient’s age had to
fall within the range of 21-35 years;
CBCT documentation had to be available
for all time points evaluated in the study
(TO, preoperative; T1, immediately post-
operative <30 days; T2, 1 year postoper-
ative; T3, a minimum of 5 years
postoperative); and the bone bases treated
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had to be stable at T3. To evaluate bone
stability at T3, computed tomography
(CT) scans were superimposed on T1
scans using cranial base segments and
the Dolphin Imaging 11.9 superimpose
tool (Dolphin Imaging & Management
Solutions, Chatsworth, CA, USA) and
compared. Linear measurements were per-
formed to evaluate the anteroposterior,
vertical, and axial stability. The criterion
of a maximum 2 mm of difference was
established as showing stability of the
movement at points in the maxilla (anteri-
or nasal spine and the canine eminences)
and the mandible (pogonion and mental
foramen).

The following exclusion criteria were
applied: patients with a transverse maxil-
lary deficiency; patients with severe facial
asymmetry or the presence of a syndrome;
those who experienced some intercurrence
during the orthodontic-surgical treatment,
such as undesirable fracture, or loss of
rigid internal fixation; patients with symp-
toms of a disorder or degeneration of the
temporomandibular joint; and those who
had undergone surgical procedures prior
to the MMA.

All MMA surgeries were performed
by the same surgical team and consisted
of bilateral sagittal osteotomy of the
mandible and Le Fort I osteotomy, fixed
by means of functionally stable internal
fixation.

Three-dimensional (3D) CT scans
were obtained at TO, T1, T2, and T3
using an i-CAT machine (Imaging
Sciences International, Hatfield, PA,
USA) and then loaded into Dolphin Im-
aging 11.0 Premium 3D software (Dol-
phin Imaging & Management Solutions,
Chatsworth, CA, USA). The following
variables were evaluated: (1) area of the
midsagittal plane of the UPAW and of
the nasopharynx, oropharynx, and hypo-
pharynx regions; (2) total volume of the
UPAW and the nasopharynx, orophar-
ynx, and hypopharynx; and (3) the mini-
mal axial area in the nasopharynx,
oropharynx, and hypopharynx.

For the delimitation of UPAW, points
similar to those used by Raffaini and
Pisani (2013)'? and Schendel et al.
(2014)"° were used as a reference. The
superior limit of the UPAW was the line
passing through the root of the soft palate
parallel to the Frankfort plane. The inferi-
or limit of the UPAW was a line between
the hyoid bone and the third cervical
vertebra. The nasopharynx was delimited
superiorly by the upper limit of UPAW
and inferiorly by a line parallel to the
superior one passing through the upper
airway space, touching the lower part of
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the first vertebra. The oropharynx was
delimited superiorly by the inferior border
of the nasopharynx and inferiorly by a line
that crossed the posterior superior airway
space above the base of the epiglottis,
parallel to the upper limit. The hypophar-
ynx was delimited superiorly by the lower
border of the oropharynx and inferiorly by
the lower limit of the UPAW.

Statistical analysis

For intra-examiner calibration, the mea-
surements of five patients were performed
by a single examiner in duplicate (16.7%
of the sample), with a 30-day interval
between measurements (K =0.900). Re-
producibility was estimated by intra-class
correlation coefficient. Data were submit-
ted to the Kolmogorov—Smirnov normal-
ity test, expressed as the mean + standard
deviation value, and analyzed using the
analysis of variance (ANOVA) test fol-
lowed by the Bonferroni post-test
(parametric data). In addition, Pearson
correlation was performed. Data were
analyzed using IBM SPSS Statistics ver-
sion 25.0 (IBM Corp., Armonk, NY,
USA), adopting a 95% confidence level
for all analyses. In the descriptive anal-
yses, the mean and standard deviation of
the initial and final measurements of the
total area, the total volume, and the mini-
mal axial area of the airway in the naso-
pharynx, oropharynx, and hypopharynx
regions were presented. The paired-sam-
ples t-test was performed to verify wheth-
er there was a significant change between
the preoperative values and those
obtained postoperative.

Results

Thirty patients were selected for inclusion
in the study. The male to female ratio was
1:2 and the mean age of the patients was
26.5 years (range 21-35 years). The mean
follow-up time was 76.3 months (range 61—
97 months). Maxillary advancement ranged
from 3.4 mm to 8.1 mm (mean 5.9 mm);
mandibular advancement ranged from
7.3 mm to 13.9 mm (mean 10.4 mm). The
average body mass index (BMI) at TO was
248 +336kg/m’, and at T3 was
25.9 + 3.56 kg/m?, with a statistically sig-
nificant difference (P = 0.0024).

In the quantitative analysis of the total
UPAW area in the midsagittal plane (Table
1, Fig. 1), a mean increase of 6.42 cm? was
observed between TO and T1, which is an
increase of 84.2% (P < 0.001). At T2, the
mean increase compared to TO was
3.04 cm?, which is an increase of 39.9%
(P < 0.001). When compared to TO there
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Table 1. Descriptive analysis of the upper posterior airway (UPAW) area in the midsagittal plane in the preoperative (T0), immediate
postoperative (T1), 1-year postoperative (T2), and >5-year postoperative (T3) periods.

TO Tl T2 T3
Total UPAW
Average (cm?) 7.62 14.04 (84.2%; P < 0.001) 10.66 (39.9%; P < 0.001) 9.30 (22.0%; P < 0.001)
Minimum (cm?) 3.79 7.65 6.43 5.26
Maximum (cm?) 12.26 22.04 16.79 15.22
Nasopharynx
Average (cm?) 3.87 7.18 (85.5%; P < 0.001) 5.17 (33.5%; P < 0.001) 4.50 (16.3%; P < 0.001)
Minimum (cm?) 1.59 3.85 2.68 2.16
Maximum (cm?) 7.08 16.40 8.18 7.74
Oropharynx
Average (cm®) 2.20 3.59 (63.2%; P < 0.001) 2.80 (27.2%; P < 0.001) 2.73 (24.1%; P < 0.001)
Minimum (cm?) 1.14 2.68 1.79 1.42
Maximum (sz) 3.58 4.67 4.18 3.95
Hypopharynx
Average (cm?) 1.51 2.89 (91.3%; P < 0.001) 2.22 (47.0%; P < 0.001) 1.86 (23.1%; P < 0.001)
Minimum (cm?) 0.71 1.87 1.32 0.97
Maximum (cm?) 3.43 4.58 3.93 3.78
2000- the midsagittal plane of 3.31 cm” between
the TO and T1 (P < 0.001). At T2, there
1750- was mean increase of 1.30 cm?
1500- T (P < 0.001) in relation to TO. An average
ab increase of 0.63 cm? was observed at T3 in
1250 comparison to TO (P < 0.001). In the oro-
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Fig. 1. Quantitative analysis of the total upper posterior airway area in the midsagittal plane at
TO (preoperative), T1 (immediately postoperative), T2 (1 year postoperative), and T3 (>5 years

postoperative).

was an average increase of 1.68 cm? at T3,
which is an increase 0f 22.0% (P < 0.001).

On separate evaluation of the nasophar-
ynx, oropharynx, and hypopharynx

regions, they presented behaviour similar
to that of the total area in the midsagittal
plane of the UPAW. There was a mean
increase in the area of the nasopharynx in

pharynx, there was a mean increase in the
area in the midsagittal plane between TO
and T1 of 1.39 cm® (P < 0.001). At T2,
the mean increase was 0.60 cm? in relation
to TO. A statistically significant increase
was also observed at T3 in relation to TO,
with an average increase of 0.53 cm?
(P < 0.001). The area of the hypopharynx
in the midsagittal plane presented a mean
increase of 1.38 cm?® between TO and T1
(P < 0.001). At T2, the mean increase was
0.71 cm? (P < 0.001) in relation to T0. At
T3, a statistically significant increase was
observed in relation to TO, with an average
increase of 0.35 cm® (P < 0.001).

In relation to the total UPAW volume
(Table 2, Fig. 2), there was a mean in-

Table 2. Descriptive analysis of the upper posterior airway (UPAW) volume in the preoperative (T0), immediate postoperative (T1), 1-year
postoperative (T2), and >5-year postoperative (T3) periods.

TO T1 T2 T3
Total UPAW
Average (cm®) 184.30 321.98 (74.7%; P < 0.001) 250.89 (36.1%; P < 0.001) 215.23 (16.7%; P < 0.001)
Minimum (cm®) 78.37 184.34 122.93 101.19
Maximum (cm®) 260.21 512.12 437.69 428.77
Nasopharynx
Average (cm®) 102.04 184.20 (80.5%; P < 0.001) 143.03 (40.2%; P < 0.001) 118.03 (15.7%; P < 0.001)
Minimum (cm?) 37.90 90.18 67.78 48.90
Maximum (cm®) 201.27 252.54 241.80 220.08
Oropharynx
Average (cm®) 50.28 87.66 (74.3%; P < 0.001) 71.29 (41.8%; P < 0.001) 55.73 (10.8%; P < 0.001)
Minimum (cm?®) 20.44 44.834 34.14 24.37
Maximum (cm?) 95.72 140.12 123.19 100.01
Hypopharynx
Average (cm?) 26.99 82.78 (206.7%; P < 0.001) 49.81 (84.5%; P < 0.001) 30.68 (13.7%; P < 0.001)
Minimum (cm®) 11.76 64.59 29.97 16.49
Maximum (cm®) 41.26 98.89 68.93 45.43
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Fig. 2. Quantitative analysis of the total upper posterior airway volume at TO (preoperative), T1
(immediately postoperative), T2 (1 year postoperative), and T3 (>5 years postoperative).

crease of 137.68 cm® between TO and T1,
representing an increase of 74.4%
(P <0.001). At T2, the mean increase
was 66.59 cm®, equivalent to an increase
of 36.1% in relation to TO (P < 0.001). A
statistically significant increase was ob-
served at T3 in relation to T0, with a mean
increase of 30.93 cm?, representing an
increase of 16.7% (P < 0.001).

In the separate analysis of the UPAW
segments, the same pattern of modifica-
tions in volume occurred in the segments
as in the total UPAW. The nasopharynx
presented a mean increase in volume of
82.16cm®>  between TO and TI
(P <0.001). At T2, the mean increase
was 40.99 cm® (P < 0.001) compared
with TO. A statistically significant increase
was observed at T3 in relation to TO, with
an average increase of 1599 cm®
(P <0.001). In the oropharynx, there
was an average increase in volume be-
tween TO and T1 of 37.38cm’
(P <0.001). At T2, the mean increase
was 21.01 cm® (P < 0.001) in relation to
TO. At T3, there was a statistically signifi-
cant increase in relation to TO, with an
average increase of 5.45 cm® (P < 0.001).
The hypopharynx presented a mean in-
crease of 55.79 cm® between TO and T1

(P < 0.001). At T2, the mean increase in
relation to TO was 22.82 cm® (P < 0.001).
A statistically significant increase was
observed at T3 in relation to T0, with an
average increase of 3.69 cm® (P < 0.001).

In the analysis of the minimal axial area
(Table 3), the nasopharynx presented an
average increase of 1.86 cm? representing
an increase of 213.7% (P < 0.001) be-
tween TO and T1. At T2, the mean increase
in relation to TO was 1.32 cm?, an increase
of 151.7% (P < 0.001). An average in-
crease of 1.00 cm? occurred at T3, equiv-
alent to an increase of 114.9%
(P < 0.001). For oropharynx, there was
a mean increase of 1.01 cm? between TO
and TI1, an increase of 138.3%
(P <0.001). At T2, the mean increase
was 0.62 cm?, representing an increase
of 84.9%. A statistically significant in-
crease was observed at T3 in relation to
TO, with a mean increase of 0.35 cm?,
47.9% (P < 0.001). For the hypopharynx,
comparison between TO and T1 showed a
mean increase of 1.32 cm?, equivalent to
an increase of 163.8%, (P < 0.001). At
T2, the mean increase in relation to TO was
0.69 cm?, 85.6% (P < 0.001). There was a
statistically significant increase at T3
compared to TO, with an average increase
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0f0.36 cm?, which is an increase of 44.6%
(P < 0.001).

On analysis of the data obtained, a
positive correlation was found between
the increase in minimal axial area and
the total volume increase of the airway,
but without statistical significance (Fig. 3;
P =0.325). The correlation between the
total volume increase at T1 and the
amount of volume loss at T3 showed
statistical significance (Fig. 4; P = 0.007).

Discussion

CBCT has become a very important tool
for studying the UPAW, allowing 3D
reconstruction of the mineralized tissues
and air spaces of the maxillofacial region
with minimal distortion when compared
with traditional CT. This allows the pre-
cise quantification of the airway morphol-
ogy before and after orthodontic-surgical
treatment for patients with a dentofacial
deformity”'*. The airways are surrounded
by soft tissues (muscles and adipose tis-
sue) as well as hard tissues (cartilage and
bone). All these tissues play a role in the
anatomy and function of the UPAW; thus,
it is normal for the airways to respond to
changes in these tissues. Volumetric anal-
ysis of the airway can be a challenge due to
variability in head position and phase
breathing]S. However, the whole cranio-
facial region is acquired in about 40 sec-
onds using CBCT and this may reduce the
variability due to changes in position of
the head, which are more frequent with
slower techniques, such as magnetic reso-
nance imaging and conventional CT. Nev-

ertheless, standardized head posture
instructions should be given to the
patients.

Previous studies have shown that MMA
leads directly to an increase in the UPAW
in all dimensions, both anteroposterior and
lateral-lateral’” >'>'%!7  However, these
studies are subject to certain limitations,

Table 3. Descriptive analysis of the minimal axial area measurements of the upper posterior airway (UPAW) segments in the preoperative (TO0),
immediate postoperative (T1), 1-year postoperative (T2), and >5-year postoperative (T3) periods.

TO T1 T2 T3
Nasopharynx
Average (cm?) 0.87 2.73 (213.7%; P < 0.001) 2.19 (151.7%; P < 0.001) 1.87 (114.9%; P < 0.001)
Minimum (cm?) 0.20 1.71 1.31 0.57
Maximum (cm?) 2.40 3.89 3.42 3.19
Oropharynx
Average (cm?) 0.73 1.74 (138.3%; P < 0.001) 1.35 (84.9%; P < 0.001) 1.08 (47.9%; P < 0.001)
Minimum (cm? 0.26 0.94 0.58 0.45
Maximum (cm®) 2.54 2.63 3.01 2.71
Hypopharynx
Average (cm?) 0.80 2.12 (163.8%; P < 0.001) 1.49 (85.6%; P < 0.001) 1.16 (44.6%; P < 0.001)
Minimum (cm?) 0.45 1.42 0.86 0.66
Maximum (cm?) 1.29 2.54 2.28 1.59
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Fig. 4. Correlation between the total volume increase at T1 (immediately postoperative) and the
amount of volume loss at T3 (>5 years postoperative).

such as a limited follow-up time, which
may lead to questions regarding the sta-
bility of the airway increase, and also a
large age range, since there are indications
that there is a systematic loss of UPAW
size starting around 35 years of age'®. For
this reason, the present study was restrict-
ed to young adult patients (21-35 years) to
avoid changes in muscle tone or loss of
airway size due to age, and the minimum
postoperative evaluation time at T3 was
5 years.

Controversy remains regarding the sta-
bility of the UPAW increase after MMA,
with some studies claiming that the
changes are stable and others reporting
that the airways adapt to the changes
and return to pre-surgery values”®'?. In
the present study, the area of the midsag-
ittal plane, volume, and minimal axial area
presented a similar trend in all analyses,
with a significant increase from TO to T1
and a progressive reduction to T3 (Figs. 1
and 2), suggesting that adaptation of the
UPAW occurs over a longer time than
reported by other authors’*. However, it
is important to note that even with the
reduction that occurred over the periods
evaluated, there remained a statistically

significant real increase at T3 when com-
pared to TO in the evaluation of the total
UPAW and its segments separately.

Raffaini and Pisani (2013)"? reported in
their research that, after MMA, patients
presented an improvement in UPAW pa-
rameters, with mean increases of 34% for
the total area, 56% for the volume, and
112% for the axial area, as well as a
positive improvement in respiratory func-
tion perceived by patients. Likewise, pos-
itive results were observed in the present
study, since the average total increases
obtained at T3 were 22.0% for area,
16.7% for volume, and 44.6% for the
minimal axial area. The difference found
between the results could be explained by
the timing of postoperative follow-up, as it
is not clear how long this was in the work
by Raffaini and Pisani'”.

Regarding the volumetric analysis of
the isolated segments, the oropharyngeal
region had the lowest total long-term
volume increase (T3). The hypopharynx
had the highest average increase in the
immediate postoperative period (T1) and
was the region that presented the greatest
recurrence in the present study. As
shown in Fig. 4, with a higher volume

increase at T1 there was a higher loss of
volume at T3.

Studies have indicated that there is a
significant relationship between a narrower
cross-sectional area of the upper airway and
the likelihood of obstructive sleep apnoea
syndrome (OSAS)'*?°. Patients who pres-
ent a minimal axial area of the airway
smaller than 52 mm? present a high risk
of developing OSAS, patients with a mini-
mal axial area ranging from 52 mm? to
110 mm? present a moderate risk of devel-
oping OSAS, and patients with a minimal
axial area greater than 110 mm? show a low
risk of developing OSAS. In the present
study, the oropharynx presented the smal-
lest minimal axial area of the airways at all
evaluation times (TO, T1, T2, and T3). At
TO, 17 patients presented a minimal axial
area of less than 52 mm? (eight in the
nasopharynx, eight in the oropharynx, and
one in the hypopharynx) and 13 patients
presented aminimal axial area ranging from
52 mm? to 110 mm? (one in the nasophar-
ynx, six in the oropharynx, and six in the
hypopharynx). At T3, only one patient pre-
sented a minimal axial area of less than
52 mm?, which was located in the orophar-
ynx; 25 patients presented a minimal axial
area ranging from 52 mm? to 110 mm?
(four in the nasopharynx, 17 in the orophar-
ynx, and four in the hypopharynx) and five
patients presented a minimal axial area of
more than 110 m? in the three evaluated
regions of the UPAW, placing them at low
risk of developing of OSAS.

This study, as well as most studies that
have evaluated the surgical effect of MMA
in UPAW, provides quantitative informa-
tion but does not address the qualitative
effects of surgery experienced by the
patients. In this regard, Poiseuille’s flow
rate law”' demonstrates that even a modest
increase in the radius (the minimal axial
area) of a tube (or airway) will result in a
significant decrease in airway resistance,
which will certainly produce improve-
ments in the patient’s airflow. However,
the effect this has on the patient’s quality
of life needs to be better investigated. The
increase in quality of life could be
explained by the decrease in airway resis-
tance, related to a shorter airway (in cases
of maxillary impaction) and a wider air-
way”. Although airway height loss was
not assessed, all cases showed a significant
increase in minimal axial area at T3, prob-
ably leading to a reduction in airway
resistance. In this study, if the height of
the UPAW is considered stable, the esti-
mated increase in airflow at T3 would be
2.9-fold in the nasopharyngeal region, 1.8-
fold in the oropharynx, and 2.1-fold in the
hypopharynx.



Limitations in previous 3D airway
assessment studies in terms of differ-
ences in UPAW delimitation, variabili-
ty in patient age in the population
studied, and a short follow-up time,
make comparisons between these pre-
vious studies and the present study dif-
ficult. A limitation of the present study
is that the average BMI increased from
248 +336kg/m*> at TO to
25.9 +3.56 kg/m? at T3 (P =0.0024).
Although not a large variation in BMI,
this represents an average increase of
1.1-fold in BMI and this may have led to
a reduction in the upper airway in some
patients, generating a possible bias in
the findings of this study. Finally, the
study patients were not investigated
with regard to OSAS, and the sleep
apnoea index was not obtained either
before or after MMA.

In conclusion, MMA surgery provided
an increase in area of the airway in the
midsagittal plane, airway volume, and
minimal axial area of the UPAW and its
segments. The pattern of modification was
similar for each of the assessments, with a
significant increase in the immediate post-
operative period (T1) and a progressive
reduction during the postoperative period
up to >5 years (T3), but with a statistically
significant increase remaining at T3 for all
analyses performed. Through the increase
in minimal axial area of the UPAW, MMA
appears to reduce airflow resistance. New
studies that also include patients diag-
nosed with OSAS, with assessment of
the apnoea—hypopnoea index, are re-
quired. Furthermore, the studies should
include an even longer follow-up time
in order to clarify whether stability of
the UPAW occurs after S years or whether
there is still some degree of reduction.
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