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ABSTRACT

Objectives: Natural head position is recommended to be optimal at cone-beam computed tomography acquisition. For stan-
dardization purposes in control of treatment outcome, it is clinically relevant to discuss, if a change of posture from natural
head position may have an effect on the pharyngeal airway dimensions and morphology, during computed tomography, cone-
beam computed tomography or magnetic resonance imaging acquisition. This was the aim of the present literature review
study for purposes of valid evidence, which was hypothesized, to be present.

Material and Methods: This systematic literature review has been registered in PROSPERO database with following number:
CRD42015024567. A systematic literature search performed in PubMed, Embase and Cochrane was carried out in order to
evaluate if the effect of human head or tongue posture has an effect on upper airway dimensions and morphology in CT, CBCT
or MRI. Study quality assessment was performed. Predictor variable was head and tongue posture. Endpoints were numerical
values of upper airway dimensions and morphology.

Results: Overall 1344 articles (Embase 1063, PubMed 269, and Cochrane 12) resulted in four included publications. Quality
assessments revealed poor quality and low-level evidence by 46 - 67% of the maximum achievable score. Heterogeneous
methodology made a meta-analysis impossible, consequently a narrative synthesis was performed.

Conclusions: Limited, poor quality and low evidence level literature is available on the effect of head posture on upper airway
dimensions and morphology in three-dimensional imaging. Valid evidence requires a standardized method of head and tongue
posture during image acquisition in future studies.
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INTRODUCTION

Upper airway evaluation includes nasopharyngoscopy,
cephalometrics, computed tomography (CT),
magnetic resonance imaging (MRI) and cone-beam
computed tomography (CBCT) in visualization
and measurement of the pharyngeal airway volume
[1-7]. Three-dimensional imaging evaluation supplies
important information on the possible effect of
orthognathic surgery in obstructive sleep apnea (OSA)
[4,6,8-10].

In particular, CBCT has become today’s method
of choice and is considered a reliable X-ray tool in
diagnostics, treatment planning and outcome control
in respect to different treatment modalities [4,6,7,
11-14].

CBCT is characterized by a lower effective radiation
dosage, lower cost, easy accessibility and somehow
shorter acquisition time compared to CT and MRI
[6,8,9,12].

Studies of the upper airway based on CBCT scans
are considered to be reliable in defining the border
between soft tissues and void spaces (i.e. air)
thus providing important information about the
morphology (i.e. cross-sectional area and volume) of
the pharyngeal airway [4,11]. However, CBCT has its
limitation, compared to MRI and CT, in distinguishing
between different types of soft tissues bordering the
upper airway (i.e. muscles, connective tissue, fat, etc.)
[4].

Instructions from the manufacturers of the
CBCT X-ray equipment, define the natural head
position (NHP) to be the optimal posture at CBCT
acquisition. For purposes of standardization and
for outcome control after surgical procedures
comprising orthognathic surgery due to maxillofacial
abnormalities or in conjunction with OSA, it is of
utmost importance to be able to perform repeatable
acquisitions of CBCT X-rays. Numerous publications
[4,8-10,12] discussed the importance of control of
head posture at CBCT imaging of the upper airway
and they also suggested studies for comparison of
qualitative- and quantitative evaluations of the effect
of head posture on upper airway measures.

The effect of orthognathic surgery on changes of
upper airway dimensions and volume was evaluated
by three-dimensional imaging techniques in several
studies  [15-18].  Surgical = maxillomandibular
advancement is an effective treatment modality
of OSA, possibly due to enlargement of the upper
airways [19-21]. Results on the effect of maxillary
advancement and mandibular setback on the
pharyngeal airway volume are somehow conflicting

http://www.ejomr.org/JOMR/archives/2016/1/e1/v7nlelht.htm

[22-24]. The total upper airway volume changes were
reported to be statistically significant smaller in the
studies by Hong et al. [24] and Lee et al. [22] while
Jakobsone et al. [23] found an increase in the upper
airway volume 6 months after surgery.

Upper airway dimension and morphology is
dependent on the patient’s head posture and the
cranio-cervical inclination during two-dimensional
radiographic image acquisition [25-27]. Back
in 1958, Moorrees and Kean [28] strained the
importance of head posture in the interpretation of
cephalograms, and Solow and co-authors [29-31]
have claimed the influence of airway obstruction on
head posture.

On lateral cephalograms Hellsing [26] reported that a
change from NHP to 20 degrees extension resulted in
an increase of the pharyngeal cross-sectional airway
dimension, and Muto et al. [27] found similar results
when he reported that an increase of 10 degrees in the
cranio-cervical inclination subsequently increased the
pharyngeal airway space by about 4 mm.

However, lateral cephalograms suffer from
different limitations: distortion, magnification, and
superimposition of bilateral craniofacial structures
which is in contrast to three-dimensional assessment,
which is able to overcome the classical drawbacks
characterizing the lateral radiography [4].

Although changes of head posture and tongue posture
have been reported after orthognathic surgery, the
possible influence of tongue or head posture on the
upper airway dimensions and morphology has not yet
been focused on [32-35].

In order to perform repeatable acquisitions of CBCT
X-rays comprising comparable measures, qualitative
and quantitative studies ought to systematically
include evaluation of how head posture was controlled
since it may affect such results.

For this reason the aim of this study was to review
the literature regarding: 1) if standardization exists
using three-dimensional imaging (CT, CBCT
or MRI) and 2) if studies exist on the influence
of head and tongue posture on the pharyngeal
airway dimensions and morphology using three-
dimensional imaging.

MATERIAL AND METHODS
Protocol and registration

This systematic literature review has been
registered in PROSPERO database (www.crd.
york.ac.uk/PROSPERQO) with following number:
CRD42015024567.
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Focus question

The focus question developed according to the
population, intervention, comparison, outcome and
study design (PICOS) is presented in Table 1.

Information sources

The search was performed in PubMed (National
Library of Medicine, NCBI) (www.ncbi.nlm.nih.
gov/pubmed/), Embase and Cochrane databases on
December 1, 2015.

Search strategy

The search sequence comprised several keywords
and MeSH terms for a broad coverage of the subject.
The search consisted of a combination of the
following three headlines: 1) three-dimensional
imaging, 2) upper airway and 3) head and tongue
posture as presented in Table 2.

The predictor variable was head posture/tongue
posture, and the primary outcome was dimensional
and morphological changes of the upper airway
measured in numerical values as an effect of altered
head - or tongue posture.

Study selection
Inclusion and exclusion criteria

Exclusively English-language was the restriction of
the search. The obtained references from the three
databases were subjected to a screening process,
where titles and abstracts were reviewed to discover
papers regarding the effect of head and tongue posture
on the upper airway dimensions and morphology, and
evaluated by three-dimensional imaging (CT, CBCT
or MRI).

An article were included if it contained human studies
in that aspect.

Table 1. PICOS table

Component Description
Population Clinical patient studies that evaluate the effect of specific head posture on the volume of the upper airway.
Intervention | Altered head position/inclination.
Comparison | Valid numerical measurement of the airway volume.
QOutcome Changes in the head position and airway volume.
Study design | Randomized and non-randomized controlled trials, and cohort studies. No restriction.

Table 2. Search in PubMed database (National Library of Medicine, NCBI) performed on December 1, 2015

Three-dimensional imaging:

(cone-beam computed tomography OR volumetric radiography OR volumetric tomography OR digital volumetric radiography OR digi-
tal volumetric tomography OR digital volume tomography OR cbct OR cone-beam ct OR cone beam imaging OR cone-beam OR “cone
beam” OR volumetric ct OR conebeam OR cb-ct OR volumetric computed tomography OR X-ray computed tomography OR X-ray
computerized tomography OR “CT scans” OR “CT scan” OR “CAT scan” OR “CAT scans” OR (magnetic resonance imaging) OR MRI
OR 3D OR 3-D OR 3-dimensional OR three-dimensional

Upper airway:
(upper airway OR upper airways OR “respiratory tract” OR pharynx OR pharyngeal OR oropharynx OR oropharyngeal OR nasopharynx
OR nasopharyngeal OR hypopharynx OR hypopharyngeal))

Head posture/tongue posture:

(((((Head posture) OR (head postures) OR (head position) OR (head positions) OR (head rotation) OR (head positioning) OR (tongue
position) OR (tongue posture) OR (hyoid bone position) OR (position of the hyoid bone) OR (jaw position) OR (jaw positions) OR
(mandibular position) OR (mandibular positions))))

Combined keywords and MeSH for the search in PubMed database (National Library of Medicine, NCBI) performed on De-
cember 1, 2015:

(cone-beam computed tomography OR volumetric radiography OR volumetric tomography OR digital volumetric radiography OR digi-
tal volumetric tomography OR digital volume tomography OR cbct OR cone-beam ct OR cone beam imaging OR cone-beam OR “cone
beam” OR volumetric ct OR conebeam OR cb-ct OR volumetric computed tomography OR X-ray computed tomography OR X-ray
computerized tomography OR “CT scans” OR “CT scan” OR “CAT scan” OR “CAT scans” OR (magnetic resonance imaging) OR MRI
OR 3D OR 3-D OR 3-dimensional OR three-dimensional AND (upper airway OR upper airways OR “respiratory tract” OR pharynx
OR pharyngeal OR oropharynx OR oropharyngeal OR nasopharynx OR nasopharyngeal OR hypopharynx OR hypopharyngeal)) AND
(((((Head posture) OR (head postures) OR (head position) OR (head positions) OR (head rotation) OR (head positioning) OR (tongue
position) OR (tongue posture) OR (hyoid bone position) OR (position of the hyoid bone) OR (jaw position) OR (jaw positions) OR
(mandibular position) OR (mandibular positions))))
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Inclusion criteria:

e English language;

e Study on humans;

e Three-dimensional studies (CT, MRI or CBCT);

e Evaluation of the effect of head or tongue posture
on the upper airway dimensions and morphology.

Exclusion criteria:

e Two-dimensional lateral cephalogram evaluations;

*  Case report;

* Literature review.

Data collection process

The included articles were reviewed in detail by the
first two authors (SFG and GDC). Information from
each study regarding year of publication, number of
patients, gender, mean age, any disorder related to the
upper airway, population, intervention, comparison,
outcome and study design (PICOS table) as presented
in Table 1 were extracted. Additional information
about the three-dimensional imaging type, description
of the study and main finding of the article, were
plotted in Table 3 for further comparison of the
studies and assessment of the quality of the obtained
articles.

Quality assessment

In order to assess the quality of the studies, we
created a methodological scoring system (Table 4),
which constituted different scoring systems validated
by Lagravere et al. [36], van Vlijmen et al. [10] and
Roscoe et al. [37].

This resulted in Table 4 with 17 criteria applicable
and suitable for our topic with focus on study design:
time, randomization assignment, control group,
sample size, sample gender, objective and selection
criteria, study measurements: segmentation method,
part of airway, type of airway measurements, airway
measurements adjusted, method of acquisition, and
blinding measurements method and data analysis:
statistical analysis, validation of measurements and
data presentation.

Subsequently the studies were scored by the two
authors (SFG and GDC) independently and compared
and finally discussed in forum with all the authors to
reach a consensus (Table 5).

According to van Vlijmen et al. [10], the mean quality
(mQ) of the studies can be rated as: mQ < 60% =
poor quality; 60% < mQ < 70% = moderate quality;
mQ > 70% = good quality.

Consequently, the methodological quality scores were
calculated as percentages of the maximum achievable
score (24 points) for each study as presented in Table 5.

http://www.ejomr.org/JOMR/archives/2016/1/e1/v7nlelht.htm

RESULTS
Study selection

The initial search yielded 1344 references, a result of
1063 articles from Embase, 269 articles from PubMed
and 12 articles from Cochrane databases, respectively.
In the stage of identification, according to the article
selection process ‘PRISMA 2009 Flow Diagram’ as
presented in Figure 1, the duplicate references were
removed by a “duplicate finder” tool from EndNote
X7 and manually as well, resulting in 1197 references
to 147 duplicate references removal.

In the screening process, titles and when relevant,
abstracts from 1197 references were reviewed with the
attention to study terms: head posture/tongue posture
or head position/tongue position in relation to the
pharyngeal airway/upper airway dimensions, evaluated
by three-dimensional radiographic imaging/analysis.
This screening resulted in the exclusion of 1193
references leaving 4 full-text articles.

Study characteristics

In Table 3, information from the 4 included articles
were extracted and plotted in the PICOS table
(Table 1) where data regarding participants,
interventions, comparisons, outcomes, study designs
(PICOS), type of imaging technique and a short
summary of the study and main findings are presented.
The four included articles were published between
2000 and 2015, counted between 12 - 60 subjects
each, three studies were prospective studies performed
exclusively by MRI, one study was retrospective
and exclusively performed by CBCT imaging. The
outcome variable in two papers was published in
figures, and subsequently the authors were contacted
by mail [38,39]. Regarding Ono et al. [38], the
numerical values were not obtainable since the study
was 15 years old and charts not kept. In the study
by Pirild-Parkkinen et al. [39], data were obtained
but however they did not define a specific degree
from NHP of head extension or flexion related
to airway volume changes. A meta-analysis was
therefore not possible to perform due to lack of
numerical values of the included 4 articles; hence
a narrative study was performed.

Results of quality assessment

The results of methodological quality score are shown
in Table 5, where the scores ranged from 46 to 67% of
the maximum achievable score with a mean quality
score of the studies 54%, which is categorized as poor
quality by van Vlijmen et al. [10] and thus low level of
evidence. The hypothesis was subsequently rejected.
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Table 3. PICOS, three-dimensional imaging type, description of the study and main findings of the included articles

Study Participants Interventions Comparisons QOutcomes Study design |,. Thre.e— Short description of the study M_am findings regarding
dimensional airway volume changes
Three head/body ' Effects of head/ This study deals w1th'tl'1e effects The study shows a §1gn1ﬁcant
12 adult males, ., Morphologic, o\ . of head and body position changes | increase in volume in the
positions were . . body positions on  |Non-randomized . . : .
mean (SD) age: 27.8 . dimensional and . (supine, supine with the head retroglossal region of oropharynx
Ono et al. . " |evaluated: supine, . the morphology, controlled trial. . .
(3.19) years, no sign . . volume changes in . . . MRI rotated and lateral recumbent) when the subject rotated his head
[31] . supine with the head . dimension and Prospective . . . . . .
of disorders related relation to head/ body on upper airway dimension and  |to left in the supine position and
. rotated and lateral .. volume of the upper |study. . . . . .
to the upper airway. recumbent positions. airwa volume in patients examined with |when changed from the supine to
) Y- three-dimensional MRI. the lateral recumbent position.
é?jlcghl(lg?o“;]ﬂ; 5 This study deals with patients in | The hypopharyngeal airway in
itls) meany(S’D) Three different Changes of pharyngeal Effects of different | Non-randomized different head postures (neutral, |the SDB group was significantly
Pirila- § o 7’ 3(1.37) head postures were |cross-sectional airway head postures on the |controlled trail extension and flexion) in MRI increased with head extension
Parkkinen ia;s ;m d a; control evaluated: neutral, |area (mm?) in relation har I:] cal airwa Prospective ' MRI and the effect on the pharyngeal |compared to neutral head posture
et al. [32] yrou of 29 ace- and extension, and to changes of head Size yng Y st dp airway in 29 children with SDB  |and the increase was higher
gen dgr—matchge q flexion. postures. ’ Y- and 29 asymptomatic control for the SDB group than in the
healthy children. children. asymptomatic group.
The study looks at the effect of
4 different jaw, head Effects of different altering head and body position
. and body positions |Changes in jaw, head Jaw, head and body on the orop haryngeal airway.
12 subjects (8 male were evaluated: iaw |and body positions in positions on the A-P dimension and volume examined |The results of the study show
and 4 female), mean . -J odyp . dimension, lateral ~ |Non-randomized by MRI. The four different jaw, |that jaw protrusion increases the
Zhan S . protrusion, supine |relation to changes in . . ) . e 3
g (SD) age: 26.13 o . . . dimension, cross controlled trail. head and body positions: volume (cm?) of oropharynx at
. |with jaw protrusion, | A-P dimension, lateral . . MRI . . . . .
et al. [38] |(3.21) years, no sign supine-head rofation | dimension. cross- sectional areal and | Prospective 1) supine without jaw protrusion, |the level of retropalatal region and
of disorders related wirt)h W protrusion | sectional a’rea and volume cm® of the  |study. 2) supine with jaw protrusion, retroglossal region compared with
to the upper airway. Jawp . ’ pharyngeal airway at 3) supine with head rotation and |nonprotruded positions.
and lateral decubitus | volume of oropharynx. . .
with jaw protrusion the retropalatal and jaw protrusion and 4) laterally
’ retroglossal region. recumbent position with jaw
protrusion.
Changes in open and
closed jaw position in .
60 female subiects relation to This study looked at the influence 3;126: Zesel;lt.s agon;stil:il(s);t:ggl s;lroevged
mean (SD) a '; o Closed and open volume of the nasal Effects of open and |Non-randomized of open and closed jaw positions o cloIs) od 'Jaw p osition causga
Glupker 40,4 (17.8) ge a.rs W ositionspwere cavity, nasopharynx, closed jaw positions |controlled trail. CBCT |0 the upper airway dimensions sioni ﬁcath inclz case in nasopharvix
et al. [39] A e)years, \jawp and oropharynx; the soft|on the volume of the | Retrospective in patients who were undergoing & . phary
no airway pathology |evaluated. . . . . whereas the nasal cavity volume,
palate; the soft-tissue  [upper airway. study. diagnosis and treatment of

noted on CBCT.

thickness of the airway;
and the most constricted
area of the airway.

temporomandibular disorders.

oropharynx volume, and soft
palate area decrease.

SDB = sleep-disordered breathing; MRI = magnetic resonance imaging; CBCT = cone-beam computed tomography; SD = standard deviation.
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Table 4. Methodological scoring system

Criteria assessed

Score

I. Study design

(maximum score = 11 points)

A. Time

Retrospective, 1 point; prospective, 2 point.

B. Randomized sample

If stated, 1 point.

C. Control group

If present, 1 point.

D. Sample size

Subjects > 29, 1 point; power of the study estimated before collection of data, 1 point.

E. Sample gender

Both gender included and divided into different groups, 2 points; only male or female, 1 point;
both gender included but not divided, 0 point.

F. Objective

Clearly formulated, 1 point

G. Selection criteria

If they are clearly described and relevant to the topic of the paper, 1 point.

H. Baseline characteristics

Similar baseline characteristics, 1 point.

I1. Study measurements

(maximum score = 9 points)

A. Segmentation method
(manually or automated)

If clearly stated, 1 point.

B. Part of airway

If the part of airway mentioned consistent with the anatomic definition advocated by
Schwab et al. [44] and Guijarro-Martinez et al. [20], 1 point.

C. Type of airway measurements

Volume, 1 point; partial volume, 1 point, Linear, 1 point; smallest cross section, 1 point.

D. Airway measurements adjusted

Adjusted to head position (i.e. craniocervical inclination), 1 point; adjusted to a horizontal plane

(i.e. FHP), 1 point.

E. Method of acquisition

If clearly stated, 1 point.

F. Blinding measurements method

If clearly stated and implemented, 1 point.

II1. Data analysis
(maximum = 4 points)

A. Statistical analysis

If clearly 5stated and appropriate for data, 1 point.

B. Validation of measurements
(error of the method)

If it’s stated that the method used had been validated in the present paper or validated in early

paper, 1 point.

C. Data presentation

If P-value stated, 1 point; if any variability measures (standard deviation, confidence interval,
or range) stated, 1 point.

Table 5. Methodological scoring system (points) for included articles (total scoring; maximum = 24 points)

Ono et al. [31] P'rli‘:';f'r[;‘;‘]‘“e“ Zhang et al. [38] | Glupker et al. [39]
L. Study design
(maximum score = 11 points)
A. Time 2 2 2 1
B. Randomized sample 0 0 0 0
C. Control group 0 1 0 0
D. Sample size 0 2 0 1
E. Sample gender 1 0 0 1
F. Objective 1 1 1 0
G. Selection criteria 1 1 1 1
H. Baseline characteristics 0 1 0 0
Score 5 8 4 4
I1. Study measurements
(maximum score = 9 points)
A. Segmentation method 0 0 0 0
(manually or automated)
B. Part of airway 1 1 1 0
C. Type of airway measurements 3 2 3 2
D. Airway measurements adjusted 0 0 0 0
E. Method of acquisition 1 1 1 0
F. Blinding measurements method 0 0 0 1
Score 5 4 5 3
II1. Data analysis
(maximum score = 4 points)
A. Statistical analysis 1 1 1 1
B. Validation of measurements 0 | 0 |
(error of the method)
C. Data presentation 2 2 2 2
Score 3 4 3 4
Total score 13 16 12 11
Total score % 13/24 x 100 = 54 16/24 x 100 = 67 12/24 x 100 = 50 11/24 x 100 = 46

Mean quality % of the studies

(54 + 67 + 50 + 46)/4 = 54

http://www.ejomr.org/JOMR/archives/2016/1/e1/v7nlelht.htm
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Records excluded (n =1193)

General reason: lack of relevance
to the effect of head/tongue

)
c
9
= Records identified through
o database searching in
55 PubMed, Embase and Cochrane
c =
& (n=1344)
>/
—
)
\4
g’ Records after duplicates removed
= (n=1197)
[
o
1
O
(/2] 4
Records screened by title
PR and abstracts
(n=1197)
=
E v
2 Full-text articles assessed
= for eligibility
(n=4)
~—/
)
A 4
©
% Studies included in
3 narrative synthesis
3] (n=4)
=
—

\ 4

posture on the upper airway
dimension and morphology,
evaluated by three-dimensional
radiographic imaging.

Figure 1. PRISMA flow diagram illustrating the literature search protocol.

DISCUSSION

Upper airway three-dimensional analysis and
evaluation has got a significant attention in the
literature due to easier assessment and advantages
provided by newer three-dimensional imaging
techniques.

The position of head and tongue posture has been
mentioned to have a big influence on the upper
airway dimension in many studies and it has been
warned that bias may evolve as a result of lack
of a standardized head and tongue posture at the
standardized acquisition posture was hence searched
for. The aim of this study was to review the literature
regarding the influence of head and tongue posture

http://www.ejomr.org/JOMR/archives/2016/1/e1/v7nlelht.htm

on the pharyngeal airway morphology and dimensions
using three-dimensional imaging (CT, CBCT or
MRI). The hypothesis from the authors was that in the
available literature valid evidence is present regarding
the effect of head and tongue posture on the upper
airway dimensions and morphology evaluated on CT,
CBCT or MRI scanning.

To the best of our knowledge, no systematic literature
review has been published regarding this topic.
Consequently this topic had to be explored in order
to present a standardized method that can be useful in
upper airway analysis. Valid information of the upper
airway dimensions/volume constitutes an important
knowledge for the evaluation of OSA and to assess
the influence of the different orthognathic surgical
procedures on upper airway.
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As summarized in Table 3, Ono et al. [38], Pirila-
Parkkinen et al. [39] and Zhang et al. [43], comprised
non-randomized controlled trials. However, these
studies used a prospective design with the focus on
the effect of different head and body positions on
upper airway dimensions and volume exclusively
evaluated by MRI. Glupker et al. [44] was a
retrospective study concerning the effects of open
and closed jaw positions on the volume and cross-
sectional area of the upper airway exclusively
performed using CBCT.

These studies were not comparable due to the
heterogeneous methodology in conjunction with
disorders related to the upper airway. In order to
assess the validity and accuracy of the four included
studies for the purpose of performing a meta-
analysis, the scales by Jadad et al. [45] and Verhagen
et al. [46] were reviewed. However, again due to
the heterogeneous methodologies and the lack of
randomized controlled studies, a narrative synthesis
was found more appropriate as the method of
assessing the quality of the studies.

Ono et al. [38] studied upper airway related to three
head/body positions, supine, supine with the head
rotated and lateral recumbent and showed significant
increase in volume in the retro-glossal region of
oropharynx when the subject rotated his head to
left in the supine position and when changing from
the supine to the lateral recumbent position. Valid
numeric values regarding the volume were missing in
the study [38].

Pirild-Parkkinen et al. [39] studied three different
head postures in two groups of each 29 children. The
test group comprised subjects with sleep-disordered
breathing (SDB), while the control group of age- and
gender-matched healthy children: in both groups the
upper airway were evaluated in neutral, extension,
and flexion positions of the head. The hypopharyngeal
airway in the SDB group increased by head extension
compared to NHP. The increase was higher for the
SDB group than in the asymptomatic group [39].
Zhang et al. [43] studied the upper airway in 12
patients with no sign of breathing-related disorders.
Four different jaw, head and body positions were
evaluated: jaw protrusion, supine with jaw protrusion,
supine-head rotation with jaw protrusion and lateral
decubitus with jaw protrusion. The study showed that
jaw protrusion increased the volume of oropharynx
at the level of the retro-palatal- and the retro-glossal
regions compared with non-protruded positions [43].
Glupker et al. [44] in a CBCT retrospective study
assessed open and closed jaw positions in relation to
upper airway dimensions on 60 females undergoing
diagnosis and treatment of temporomandibular

http://www.ejomr.org/JOMR/archives/2016/1/e1/v7nlelht.htm

disorders. The study indicated that open jaw position
compared to closed jaw position might cause a
significant increase in the volume of the nasopharynx,
whereas the nasal cavity volume, the oropharyngeal
volume, and the soft palate area decrease [44].

The results from Glupker et al. [44] seem to contradict
the studies by Ono et al. [38], Pirild-Parkkinen et al.
[39] and Zhang et al. [43]. Where Glupker et al. [44]
found a decrease in the volume of the oropharynx,
the other studies showed an increase. The anatomic
landmarks and the subdivision of the anatomic regions
of the pharyngeal airway used in this study were
however different from the recommended and hence
a major obstacle for comparison with other studies
arises [4,6,25].

Due to the lack of a precise subregion definition of the
pharyngeal airway in the literature, different studies
use different anatomic boundaries for the evaluation
of the upper airway, thus making a comparison among
In order to standardize upper airway analysis, the
pharyngeal airway has been subdivided into 3
anatomic regions by Hudgel [48], Van Lunteren [49]
and Schwab [50]: nasopharynx, oropharynx, and
hypopharynx. Oropharynx can be further divided
into the retro-palatal and the retro-glossal regions.
This anatomic division has been subsequently used
in several studies [38,39,43] and recently confirmed
by Guijarro-Martinez et al. [25], that the subdivision
is clinically reasonable, technically convenient, and
statistically reliable.

The main findings of the included studies were that
altered head, body and jaw position, respectively had
a significant effect on the upper airway dimensions
and volume at the time of image acquisition.
The oropharyngeal airway and specifically the retro-
palatal and retro-glossal regions of the oropharynx,
seem to be the most affected part of the upper airway
when evaluated in respect to head rotation, head
extension, jaw protrusion and altered body position
[38,39,43]. The volume and the cross-sectional areas
of the oropharynx increased as a response to head
extension, head rotation, lateral recumbent body
position and jaw protrusion [38,39,43].

The main limitation of the studies was the
methodology, since no validated method existed with
regard to the position of head, jaw or body at the time
of image acquisition. For instance, in the MRI studies
by Ono et al. [38] and Pirild-Parkkinen et al. [39],
an air pillow and a foam bolster respectively were
used for the stabilization of head posture in different
positions and this method will undoubtedly lead to
some differences in the degree of the craniocervical
inclination and thus creating invalid results.
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In the included studies the method of upper airway
segmentation whether done manually or automated
was missing, which is also judged as a limitation [51].
The image acquisition time was reported to be
between 3 and 5 minutes in the MRI studies,
which is a long time [38,39,43]. Even well
instructed with regard to avoidance of study
subject movement, swallowing, talking and
attempting quiet nose breathing during the
image acquisition, these factors would most
likely have some input on the results as well.
The methodological scoring and the quality of the
studies, as summarized in Table 5, ranged from 46%
to 67% of the maximum achievable with a mean
quality of 54%, which is according to van Vlijmen et
al. [10] considered as poor quality and low level of
evidence.

In spite of only few articles studying the effect of
head posture with a doubtful quality, it’s however
obvious that there exists a correlation between altered
head or body posture and upper airway dimensions,
when evaluated by three-dimensional CBCT or
MRI. Nevertheless none of the studies were using a
validated and standardized method for head posture
and consequently these results have to be interpreted
with caution.

Another factor of importance when evaluating
upper airways is breathing during image acquisition.
Normally 40 seconds are required for a full head
image on CBCT, why it is customary to ask the
patient to breathe gently during the session.

CONCLUSIONS

Based on the available literature, valid evidence on a
standardized method for head and tongue positioning

Natural head position at cone-beam computed
tomography acquisition is the suggested standardized
posture. However, for repeatable measures of upper
airway volumes it may clinically be difficult to obtain.
This literature review revealed, that in the current
published literature there is no valid information
on, how an altered head posture from the natural
head position will influence on wupper airway
dimensions and morphology during cone-beam
computed tomography or magnetic resonance
imaging acquisition. This may have an impact on the
comparison of the airway volumes in conjunction with
outcome measures of different treatment modalities.
In the same context, breathing during imaging should
be taken into consideration.

Studies concerning the effect of tongue posture on
upper airway dimensions and morphology were
lacking in the literature and we did not succeed to
discover any paper dealing with this issue.

Despite the big interest of upper airway evaluation and
improvement of three-dimensional airway analysis by
cone-beam computed tomography, a standardized and
validated method for head and tongue positioning is
essential when evaluating upper airway dimensions
in cone-beam computed tomography or magnetic
resonance imaging acquisition and future studies need
to focus on its development.
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