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Three-dimensional airway changes after
adenotonsillectomy in children with
obstructive apnea: Do expectations
meet reality?
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Introduction: The assessment of the volumetric changes of the airways after adenotonsillectomy has gained
popularity among orthodontists, but the validity of such evaluation is not clear. Methods: Thirty patients with
obstructive sleep apnea diagnosed with the use of polysomnography (PSG) were evaluated according to the
Apnea and Hypopnea Index (AHI), the obstructive apnea index (OAI), the oxygen desaturation index (ODI),
the lowest oxygen saturation (LSpO2), and the average oxygen saturation (ASpO2). The volume and theminimal
cross-section of lower (oropharynx and velopharynx) and upper (nasopharynx) spaces of the airways were
calculated. Patients were adenotonsillectomized; posttreatment data were collected after 12 months. Thirty
comparison patients also had the volume of airways evaluated. Results: A statistically significant improvement
(P\0.05) of most PSG parameters was observed after adenotonsillectomy: AHI from 14.5 to 5.2, OAI from 9.4
to 5.5, ODI from 14.6 to 6.5, and LSpO2 from 77% to 94%). A significant increase in airway volume of the lower
space (from 2571.5 mm3 to 5276.3 mm3) and the upper space (from 726 mm3 to 1056.9 mm3), as well as in the
minimal cross-section of the airways (from 98.5 mm2 to 335.8 mm2) was found in adenotonsillectomy patients.
No significant volumetric changes of the airways were observed in the comparison patients. No
significant correlation was found between PSG parameters and the dimensions of the airways before
adenotonsillectomy. No significant correlation was found between changes of the PSG parameters and
changes of the dimensions of the airways 12 months after the adenotonsillectomy. Conclusions: Adenotonsil-
lectomy contributed to the increase of the airway volume and minimal cross-section, and to the improvement of
the PSG parameters, but there was no correlation between the magnitude of the anatomic changes and the
improvement of the breathing mode. (Am J Orthod Dentofacial Orthop 2019;155:791-800)
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Obstructive sleep apnea (OSA) is a disorder condi-
tion that affects 1%-4% of children.1,2 In
growing individuals, OSA might be associated

with cor pulmonale,3 growth failure,4 behavioral prob-
lems,5,6 neurocognitive deficit,6 secondary enuresis,7

mouth breathing,8 and poor quality of life.9 Owing to
the association between pediatric mouth breathing and
dentofacial abnormalities,10,11 OSA has awakened
interest among orthodontists.12,13 Although it seems
reasonable to think that a more severely obstructed
child would present a more severe apnea condition,
and that the greater the volumetric improvement of
the airway after adenotonsillectomy, the greater would
be the improvement of the polysomnographic (PSG)
parameters, that assumption has not been validated.

In growing individuals, OSA is primarily caused by
naso- and/or oropharynx obstruction due to hypertro-
phic adenoids and tonsils,14 which are most prominent
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during childhood, when the size of the pharyngeal space
is not yet fully developed.15 The involution of the
lymphoid tissue begins around puberty, and in old age
there is very little lymphoid tissue remaining.15 But
despite the physiologic regression of the size of the
lymphatic tissues along the aging process, in cases of
recurrent throat infections and OSA, the American Acad-
emy of Otolaryngology–Head and Neck Surgery clinical
practice guideline16 recommends adenotonsillectomy.
Thus, adenotonsillectomy is considered to be a common
procedure during childhood17,18 and represents one of
the most frequent indications for surgery in children,19

with more than a half-million procedures performed
annually.20

In nonobese children, high clinical therapeutic effec-
tiveness for OSA has been reported after adenotonsillec-
tomy,21 and there is evidence of improvements of
oximetry as well. Because the treatment of OSA in chil-
dren is mainly focused on the surgical removal of the
tonsils and adenoids, the visualization of the airways
before and after adenotonsillectomy is an intuitive
method to quantify the morphologic changes provided
by adenotonsillectomy and thus to infer that corre-
sponding improvements of the breathing parameters
are likely to happen. Recently,22 it was shown that the
gain of volume and of the area of the smallest cross-
section of the airways after the use of removable
mandibular advancement devices in adults, despite
providing clinical improvement for the sleeping disorder,
did not correlate well with the Apnea and Hypopnea In-
dex (AHI).

The clearance of the pharynx after adenotonsillec-
tomy of growing patients has been documented in the
past with the use of lateral cephalometric radio-
graphs,23,24 and in the recent years several cone-beam
computed tomography (CBCT) reports have illustrated
the changes in the volume of the airways and in the min-
imal constricted area.25-27 Thus, much commercial
interest has been raised in dentistry about the
volumetric assessment of the airways. Nevertheless, the
validation of the correlation between the 3-
dimensional (3D) morphologic changes of the airways
with PSG parameters has not been reported yet. Despite
the fact that the use of 3D imaging warrants a new ho-
rizon of diagnostic possibilities, the need for valid diag-
nosis of the airways is a must. What we see and measure
should represent the truth. Some questions still do not
have objective answers: Do children with a greater gain
of the volume of the airways after adenotonsillectomy
respond better in terms of the OSA condition? Do the
various degrees of enlargement of the constricted mini-
mal cross-section passage for the airflow provide a better
recovery of OSA signs and symptoms? Is it possible to
June 2019 � Vol 155 � Issue 6 American
correlate the adenotonsillectomy-derived morphologic
changes of the pharynx with the improvement of OSA?

Therefore, the purpose of the present retrospective
study was to correlate the volumetric change of the air-
ways and of the minimal cross-section airflow after ad-
enotonsillectomy with 5 objective PSG parameters: the
AHI, the obstructive apnea index (OAI), the oxygen desa-
turation index (ODI), the lowest oxygen saturation
(LSpO2), and the average oxygen saturation (ASpO2).
MATERIAL AND METHODS

Based on the volumetric data of the pharynxes of a
population of 8-year-olds provided by Chiang et al,28

with the power set at 0.8, the effect size at 0.5, and
the significance level at 0.05, the required sample size
was calculated to be 30 patients.

Therefore, the data of 30 children (15 boys, 15 girls)
with a mean age of 8.9 years (ranging from 7.3 to
11 years) treated at the Department of Orthodontics of
the S~ao Paulo State University (Araçatuba, Brazil), and
who presented with a previous diagnosis of OSA (AHI
greater than 5 in the PSG exam before adenotonsillec-
tomy), were collected for the current investigation, and
composed the OSA group (OSAG). Ethical approval was
given by the Institutional Review Board of the S~ao Paulo
State University (89821218.1.0000.5420). Following the
clinical guidelines of the university's protocol, the
parents of all of the patients signed informed consents
at the beginning of the children's dental treatment
authorizing the use of the examinations for research
purposes.

Records from a group of orthodontic growing pa-
tients (23 boys and 7 girls) who had received conven-
tional dental treatments (traction of impacted teeth,
marsupialization of cysts, teeth alignment and leveling)
were retrieved to compose a comparison group (CG). The
mean age before treatment was 10.8 years (ranging from
8 to 15 years). Patients were treated both at the Depart-
ment of Orthodontics of the Positivo University (Curi-
tiba, Brazil), and at Department of Orthodontics of the
Pontifical Catholic University of Minas Gerais (Belo Ho-
rizonte, Brazil). A second time-point orthodontic record
was available 12-18months later (T1) for all CG patients.

The inclusion criteria included: (1) clinical symptoms
of breathing disorder, such as snoring, respiratory
pauses, restless sleep, and mouth breathing; (2) diag-
nosis of OSA with the aid of PSG examination; (3)
AHI.5 before treatment; (4) palatine tonsil hypertrophy
classified by means of mouth examination according to
the grading criteria of Brodsky29; (5) adenoid hypertro-
phy assessed by means of flexible nasoendoscopy or
lateral cephalometric radiographic reconstruction from
Journal of Orthodontics and Dentofacial Orthopedics



Fig 1. Reconstructed sagittal view of CBCT scan: dashed line limits the anatomic boundaries of the
lower space (oropahrynx and velopharynx; yellow) and the continuos line limits the anatomic bound-
aries of the upper space (nasopharynx; blue) for the computer identification of the airways based on
the preset threshold values.
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CBCT scan with a cutoff point of 75%; (6) adenotonsil-
lectomy performed aiming the improvement of the
airflow; and (7) CBCTs available before treatment (T0)
and 12 months after adenotonsillectomy (T1). Exclusion
criteria included (1) craniofacial anomalies, (2) previous
orthodontic treatments, and (3) systemic diseases.

A certified radiologist from the S~ao Paulo State Uni-
versity Radiology Department acquired all of the OSAG
CBCT scans with the use of a Scanora 3D device (Sore-
dex, Tuusula, Finland) under an extended field of view
mode (14.5 cm 3 13.0 cm). The overall effective radia-
tion dose was 125 mSv, with a 0.35-mm isotropic voxel
size, a total scanning time of 20 seconds, and an effec-
tive radiation time of 4.5 seconds. CG individuals had
their scans acquired by certified radiologists with the
use of an iCat machine (Imaging Sciences International,
Hatfield, Pa), with a 40-second scan, a 233 17-cm field
of view, and a voxel size of 0.3 mm. Patients sat upright
with a natural head position. Mandible position was sta-
bilized with the use of a chin holder, keeping the Frank-
fort plane horizontal to the ground. The teeth were
occluded in centric occlusion, with facial muscles
relaxed. The patients were asked to breathe normally
and to not swallow. The CBCT images were saved as
American Journal of Orthodontics and Dentofacial Orthoped
DICOM files and then transferred to Dolphin 3D
Imaging software (version 11.0; Dolphin Imaging and
Management Solutions, Chatsworth, Calif). The patient's
head was oriented with the palatal plane parallel to the
horizontal plane in the sagittal view and centered on
the coronal and axial axes. This established a reference
plane so that all scans could be standardized to this po-
sition before measuring the airway. Then the best para-
sagittal view of the airway that allowed clear
visualization of the posterior nasal spine and of the sec-
ond cervical vertebra was identified. The patient's airway
was identified by viewing sequential slices of the volume
and placing seed points in the voids on the image that
are part of the patient's airway. Based on the seed points,
the software automatically selected the adjacent empty
areas and identified the patient's airway. The airway
was divided into 2 spaces: the lower space, correspond-
ing to the oropharynx and velopharynx, and the upper
space, corresponding to the nasopharynx (Fig 1). The
most inferior boundary of the lower space of the airway
was determined to be the plane drawn through the most
anterior-inferior point of the second cervical vertebra
and parallel to the Frankfort plane. The most superior
boundary of the lower space of the airway, and the
ics June 2019 � Vol 155 � Issue 6



Fig 2. Measurement of the volume and minimal cross-section of the upper and lower spaces of the air-
ways with the use of Dolphin Imaging software.
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most inferior boundary of the upper space, was deter-
mined to be a plane connecting the posterior nasal spine
and the most superior point of the anterior arch of Atlas.
The posterior-superior-anterior boundaries of the upper
space of the airway was defined by lines connecting the
Atlas, basion, spheno-occipital synchondrosis, superior
and anterior edges of the Vomer bone, and posterior
nasal spine, as illustrated in Figure 1.

To ensure that the anteroposterior and lateral borders
of the airway were identified and measured, axial and
coronal views were opened and the field-of-interest
airway was always fully highlighted. The threshold
ranges were arbitrarily standardized to 60 units after
observing consecutively that this provided the most
comprehensive airway selection for OSAG and to 33
for CG patients. Once the portion of the field of interest
was selected, the software automatically calculated the
pharyngeal volume in cubic millimeters and the cross-
sectional area in square millimeters (Figure 2). In the
cross-sectional sagittal view it is possible to visualize
the airway shape and the smallest area of the airway
(Figure 3). Figure 2 illustrates the volumetric assessment
of the upper and lower airway spaces.

Trained and calibrated investigators (A.P.M.B. and
P.M.O.) identified the 3D landmarks on the axial,
sagittal, and coronal planes. To improve accuracy and
to test agreement, all measurements were repeated at
least 1 week later. A third reader assessed the data of
June 2019 � Vol 155 � Issue 6 American
20 randomly selected patients for the test of interrater
agreement.

The criteria used for the scoring of the PSG were
those of the American Academy of Sleep Medicine.30

The patients underwent sleep assessment with the
use of a level 3 portable monitoring device (Philips
Stardust II) at nighttime, without technical supervision
at home. Data of the sensors were considered to be
valid when there was at least 4 hours of sleeping
recording for the report. The device has 7 sensor chan-
nels and consists of 2 inductance bands for thoracic
and abdomen measurement, a nasal cannula pressure
transducer airflow signal, finger pulse oximetry, and a
body position sensor. The airflow sensor measures the
breath rate. The oximeter measures the pulse rate and
oxygen saturation. The effort sensors measure the chest
and abdominal effort. The patient's event monitor con-
trols the lighting of the room and visits to the bath-
room, and the position monitor controls the supine
and nonsupine sleep positioning. The scoring
was based on the following criteria. Apnea events
were required to show an airflow cessation of
$10 seconds (central, obstructive, or mixed). Hypopnea
was defined as a decrease (.50%) from baseline in the
amplitude of the nasal cannula during sleep or a clear
amplitude reduction of the nasal cannula during sleep
(\50%) but associated with an oxygen desaturation
of .3%. The hypopnea event lasts $10 seconds. For
Journal of Orthodontics and Dentofacial Orthopedics



Fig 3. Minimal cross-section of the airways. Most frequent site in (A-C) multiplanar views and (D) 3D.
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the analysis, total recording time, AHI, obstructive ap-
nea index (OAI), oxygen desaturation index (ODI),
lowest oxygen saturation (LSpO2), and average oxygen
saturation (ASpO2) were considered.

Statistical analysis

All CBCT and PSG data were analyzed with the use of
SPSS software (version 22; IBM, Armonk, NY). Normal
distribution of the data was tested with the use of the
Kolmogorov-Smirnov test. Because the only variable
that showed normal distribution was total nasal volume,
Wilcoxon signed rank test was used for the comparison
of the changes along the observational period in each
American Journal of Orthodontics and Dentofacial Orthoped
patient. Spearman coefficients and scatter plots were
used in the correlation analysis between the PSG param-
eters (AHI, OAI, ODI, SpO2, ASpO2) and the CBCT volu-
metric and minimal cross-section changes between T0
and T1 reconstruction of the airways. Intra- and inter-
examiner reliability coefficients were calculated with
the use of the intraclass correlation coefficient (ICC).
All analyses were based on a significance level of 0.05.

RESULTS

Intra- and interexaminer agreements (ICC)
were .0.81 for the measurements of the volume of
the upper space 0.95 for the measurement of the volume
ics June 2019 � Vol 155 � Issue 6



Table I. Descriptive data before surgery (T0) and 1 year after surgery (T1): polysomnographic parameters

Parameter

T0 T1

Wilcoxon PMean SD Min Max Median Mean SD Min Max Median
AHI 18.2 10.0 7.2 44.3 14.5 5.2 2.4 3.1 13.1 4.1 \0.001
OAI 11.2 8.8 1.6 34.7 9.4 5.5 9.0 2.7 12 5.5 \0.001
ODI 13.9 8.0 2.6 33.2 14.6 6.5 2.8 3.2 13 6.5 \0.001
LSpO2 76.2 9.0 49 93 77 94.2 1.2 49 96 94 0.025
ASpO2 95.0 1.95 89 97 96 95 1.2 90 97 94 0.053

AHI, Apnea And Hypopnea Index; OAI, obstructive apnea index; ODI, oxygen desaturation index; LSpO2, lowest saturation of oxygen; ASpO2,
average saturation of oxygen.
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of the lower space, and 0.91 for the minimal cross-
section of the airways.

At baseline, �50% of the patients had scores at or
above the cutoff value of 15 for AHI and ODI, indi-
cating at least a moderate degree of apnea/hypopnea
and desaturation of oxygen, respectively31 (Table I).
Twenty-five percent of the patients had at least a mod-
erate degree of apnea itself, as indicated by the OAI.
Normal blood oxygen levels in humans are considered
to be 96%-99% and ideally should be .94%. If the
level is \90%, it is considered to be “low,” resulting
in hypoxemia. Blood oxygen levels \80% may
compromise organ function, such as the brain and
heart, and should be promptly addressed. In the present
sample, the LSpO2 values were below this cutoff point
(mean 76.2% and median 77%). But ASpO2 was within
the normal range (96%). One year after adenotonsillec-
tomy, clinically and statistically significant changes
were observed (P \ 0.001). AHI was reduced more
than threefold, and OAI and ODI were reduced almost
twofold from the original values (medians: AHI 14.5
vs 4.1, AOI 9.4 vs 5.5, ODI 14.6 vs 6.5). LSpO2 improved
to normal levels (94%), with a statistically significant
change (P\ 0.005), and ASpO2 was maintained within
normal values (Table I).

Table II presents statistically significant changes be-
tween T0 and T1 of the 2 airways spaces (P \ 0.001)
of the OSAG patients. The volume of the lower space
increased 51.5% (5205.3 mm3 to 7886.6 mm3) after
tonsil removal, the upper space increased 67.5%
(683.6 mm3 to 1146.9 mm3) after adenoid removal,
and the minimal cross-sectional area increased more
than twofold (186.9 mm2 to 444.2 mm2). Moreover,
the CG patients presented no significant volumetric
changes along the observation period (P . 0.05) of
the lower (9809.5 mm3 to 8789.2 mm3)or upper
(4465.5 mm3 to 4468.2 mm3) spaces. The minimal
cross-sectional area of the airways of CG patients did
not present statistically significant differences
(P. 0.05) between T0 and T1 (83.1 mm2 to 72.4 mm2).
June 2019 � Vol 155 � Issue 6 American
Table III presents the Spearman correlation coeffi-
cients between anatomic measurements and PSG pa-
rameters at T0. The volume of upper space at T0
showed moderate negative correlation with ODI
(r 5 �0.583; P\ 0.05). All other interactions between
obstructions of the airways at T0 and apnea parameters
did not show statistical significance (r\ 0.5; P .0.05).

Table IV presents the Spearman correlation between
the T0 to T1 volumetric changes of the upper and lower
spaces and the improvement of PSG parameters. Low
negative correlation coefficient was found, with no sta-
tistical significance.
DISCUSSION

In the present sample, following adenotonsillectomy
a significant improvement in the breathing pattern of all
the children was reported by the parents, as well as
measured with the use of mean PSG parameters. Reduc-
tion of AHI by more than threefold (14.5 vs 4.1), reduc-
tion of OAI and ODI by approximately twofold (OAI 9.4
vs 5.5, ODI 14.6 vs 6.5), and increase of LSpO2 by
more than 20% (77% vs 94%) are encouraging aspects
in the indication of surgery for children with severe
airway obstruction. However, it should be noted that
some children still had altered PSG parameters
12 months after breathing “normalization.” This finding
is in agreement with those previously described in the
literature. Mitchell and Kelly21 evaluated adenotonsillec-
tomized children and found a mean reduction of AHI
from 23.4 to 3.1 in obese and from 17.1 to 1.9 in non-
obese children, although several children remained with
some degree of apnea after surgery. Schendel, Broujerdi,
and Jacobson32 reported that patients submitted to or-
thognathic surgery with maxillary and/or mandibular
advancement generally improved their obstructive con-
dition, although some patients remained with some de-
gree of apnea as measured by AHI.

Although AHI is the criterion standard for the diag-
nosis of OSA, and some patients present with AHI above
Journal of Orthodontics and Dentofacial Orthopedics
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Table III. Spearman correlation coefficients (r) be-
tween polysomnographic parameters and pharyngeal
measurements before adenotonsillectomy (T0)

Parameter Lower space Upper space Minimal cross-section
AHI �0.054 �0.102 0.264
OAI �0.248 �0.008 �0.149
ODI �0.214 �0.583 0.085
LSpO2 0.194 0.195 0.077
ASpO2 0.08 0.053 �0.023

Table IV. Spearman correlation coefficients (r) be-
tween polysomnographic parameters and pharyngeal
measurements 1 year after adenotonsillectomy (T1)

Parameter Lower space Upper space Minimal cross-section
AHI 0.039 �0.070 0.148
OAI 0.092 0.006 0.066
ODI 0.158 0.208 �0.058
LSpO2 0.137 �0.054 0.263
ASpO2 �0.032 0.440* �0.354

*P 5 0.015.
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the cutoff point for “mild degree of apnea,” in daily clin-
ical life the report is practically unanimous from pa-
tients' parents that adenotonsillectomy causes an
improvement in the breathing pattern and quality of
life of their children.33 Similarly, studies using question-
naires on quality of life and level of daytime sleepiness
have shown high sensitivity, indicating that after adeno-
tonsillectomy there is a strong tendency of clinical
improvement of patients.34 There is also evidence that
after adenotonsillectomy, patients will gain more weight
and will grow more,35 will behave better,36 and will
improve in oximetry parameters.37 The fact that AHI
has been shown to be a poor indicator of actual clinical
changes in young patients in some way helps to explain
the absence of moderate or strong correlation between
the increase in airway volume after adenotonsillectomy
of our patients and the PSG parameters.

In this study, the volume of the airways and the min-
imal cross-section increased significantly (P\0.001) af-
ter adenotonsillectomy, which was expected and has
been previously described.38 On the other hand, in the
comparison group of patients, no significant volumetric
changes could be observed. We expected an involution
of the lymphatic tissues, as well as the increase in the
size of the oropharyngeal space with normal growth,
leading the growing nonsurgical patients to an increase
of the volume of the airways, but that did not happen.
Because patients of the comparison group had no ob-
structed airways due to the increased size of the
ics June 2019 � Vol 155 � Issue 6
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lymphatic tissues, significant changes of the airways did
not take place. Ideally, the comparison group should be
composed of untreated OSA patients, but because of the
retrospective design of this investigation, and because of
ethical issues of collecting prospectively data of impaired
subjects, such comparison is unlikely to be possible.
However, we think that the volumetric gain in OSAG
was achieved not only by the removal of the hyperplastic
lymphatic tissues, but also by the extension of the walls
of the respiratory tract after increasing the airflow
permeability. Di Francesco and Kreibich39 demonstrated
that the objective size of the palatine tonsils is not corre-
lated with the increase in the volume of the pharynx after
tonsillectomy. The improvement in patency favors the
extension of the walls of the aerial tract, increasing
also the minimal cross-sectional area, which is located
in the region of greater collapse of the walls. The mini-
mal cross-section is the area where the upper airway is
theoretically most constricted. The smallest cross-
section of the upper airway is a limiting factor for airflow
because it causes maximum resistance to airflow, and it
is a site for the greater obstruction of the airway during
sleep in patients with OSA.

As upper airway tract is a highly elastic tube; its walls
are not rigid and suffer plastic collapse and significant
narrowing when there is an internal negative pressure.
Such an effect can be compared with that of a very dense
milkshake plastic straw. Due to the high resistance to the
flow of the milkshake, during the forced suction, a
collapse of the straw occurs. But after the milkshake
melts, the resistance to flow is greatly reduced and the
walls of the straw are extended. Thus, it is suggested
that after the adenotonsillectomy, the entire path of
the upper respiratory tract undergoes a significant in-
crease, even in regions distant from the adenotonsillec-
tomy site. In the present study, we observed that after
adenotonsillectomy the volume of the lower space of
the airways (oropharynx and velopharynx) increased
twofold; whereas in the upper space the volumetric
gain was 1.45-fold.

We observed variability among patients regarding the
percentage of improvement of the volume of the airways
after adenotonsillectomy. This significant variability has
been also reported by Schendel, Broujerdi, and Jacob-
son,28 with some patients gaining retroplatal volume
by 13% and others showing .1600% increase. This
huge interpatient volumetric variation is probably one
of the explanations for the low correlation between
AHI and airway volumetric changes. The volumetric var-
iations among different patients can be explained not
only by the individual response to the patency
June 2019 � Vol 155 � Issue 6 American
improvement, but probably also as due to some meth-
odologic bias, such as: (1) the seated position during im-
age acquisition; (2) CBCT being a static examination in a
region where dynamism is the main feature; (3) the long
time needed to acquire the scan, thus including inspira-
tion and expiration cycles during the capture; (4) the
facial type of the individuals, with long-face patients
presenting less gain of patency after the adenotonsillec-
tomy than brachycephalic ones; and (5) CBCT volumetric
analyses having been shown to vary widely within the
same patient from one day to the next and from one
moment to the next.40

However, contrary to what we had hypothesized, a
greater degree of increase in the volume of the upper
and lower spaces of the airways did not correspond to
a greater improvement of the PSG indices. Alsufyani
et al8 found that conventional measures of the airways,
such as the ones we used, did not explain the changes of
clinical symptoms. The authors suggested new airway
measures.

The volume of the upper space of the airways at T0
had a moderate negative correlation with ODI. This
means that the smaller the free nasopharynx airflow,
the higher the desaturation index, which is not good
for the patient. No other morphologic aspect of the air-
ways showed moderate or strong correlation with PSG
parameters at T0. At T1, no correlation was found be-
tween volume and minimal cross-section area and the
PSG parameters.

A full-night in-laboratory PSG (level 1) is the criterion
standard for OSA diagnosis, but it is an expensive and
complex procedure. Thus, there is a universal tendency
to simplify diagnostic procedures through the use of
portable monitors that are classified as level 2, level 3,
or level 4 depending on their complexity and the number
of signals they record. The diagnostic yield of each of
these systems varies compared with the criterion stan-
dard. In 2007, the American Academy of Sleep Medicine
(AASM) reviewed studies evaluating the use of portable
monitoring equipment to diagnose OSA, particularly un-
attended level 3 monitors. The AASM recommended
portable monitors to diagnose OSA in patients with a
high pretest probability of OSA and without comorbid-
ities.30 Level 3 portable monitors are not accepted as a
definitive diagnostic tool. Although level 3 portable
monitors were developed as a means of preliminary
screening patients with suspected OSA, they are now
used for specific diagnosis of sleep breathing disor-
ders.41,42 They offer a number of advantages: they are
accessible, they normally perform automatic analyzes,
they do not need to be managed by highly skilled
Journal of Orthodontics and Dentofacial Orthopedics
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personnel, and they can be used to perform sleep
disturbance studies at the patient's home. Level 3
monitors accurately identified patients without OSA
and had high sensitivity to moderate-to-severe OSA. In
the present investigation patients had been evaluated
with the use of a level 3 monitor, so the PSG parameters
were limited to those offered by these devices. The abso-
lute values of AHI and OAI provided by level 3 monitors
are not comparable with those collected from level 1
monitors, and the cutoff points for the classification of
apnea are different between methods, but the assess-
ment of the differences from T0 to T1 with the use of
the same device in the present investigation showed a
dramatic change of values. In the other hand, our data
clearly showed that the volumetric changes of the air-
ways did not correlate well with the important parame-
ters AHI, OAI, ODI, and SpO2.

The present retrospective study has limitations that
need discussion. The airway measurements were
collected from orthodontic records with the use of con-
ventional dental CBCT equipment while the patients
were awake in a seated position, which did not reflect
the actual dimensions that are likely to occur during
snoring in a sleeping child. The follow-up period was
also relatively short. It is possible that, over a period of
years, the natural reduction of the size of the lymphatic
tissues might affect the volumes of the airways of pa-
tients who had a smaller surgical gain. The present sam-
ple was extracted from a population of children referred
for surgical therapy because of severe OSA, so in an or-
dinary orthodontic population the findings would be
different.

In future studies, the use of new measurements from
CBCT scans, or the use of new methodologies using
computational fluid dynamics could provide different
views about the efficacy of using 3D assessment of air-
ways to quantify improvements. But at this point, based
on the findings of the present investigation, as well as
those collected previously by other researchers, it is not
recommended to use volumetric changes of the airways
after adenotonsillectomy of children as a valid and reli-
able aspect to quantify breathing improvement. If so,
most of the patients will show a degree of airway volu-
metric change that will not correlate to the quantitative
breathing improvement.
CONCLUSION

Adenotonsillectomy contributed to the increase of
airway volume and minimal cross-section and to the
improvement of the PSG parameters, but there was no
correlation between the magnitude of the anatomic
changes and the improvement of the breathing mode.
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ACKNOWLEDGEMENTS

This study was financed in part by the Coordenaç~ao
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