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PHARYNGEAL AIRWAY CHANGES WITH SURGICAL
ORTHODONTIC CORRECTION OF SKELETAL
CLASS Ill CASES
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ABSTRACT:

Aim: To determine the changes in pharyngeal airway
dimensionat three levels: naso, oro and hypopharyngeal; in Class 111
patients treated by maxillary advancement and mandibular
setback, surgery, and to find any possible correlation between
surgical movements and the changes of the pharyngeal air way space.
Methods: lateral cephalometric radiograph records of 15 subjects
suffering of skeletal Class III deformities (8 females 7 males),
theage wasranged from (18 to 24) years, were assessed atT0
(Initial before treatment), T1: (Before surgery), 12: (After surgery),
T3: (Post-treatment). Results: The nasopharyngeal airway space
showed increase from (11 to T2) and from (T1toT3) while it
showed decrease in the follow up period (13 -T2). The
hypopharyngeal airway space showed decrease from (11 to 12) and
from (T1to 13), while it showed increase in the follow up period
(I3 -12). The oropharyngeal airway space showed no changes
among all treatment stages. Conclusion: maxillary advancement
and mandibular setback, surgery caused an increase at the
nasopharyngeal level and decreases at the hypopharyngeal levels
respectively, while no change occurred at oropharyngeal. Strong
correlation existed between surgical maxillary advancement and the
increase of upper pharyngeal airway space, while no correlation was
Jfound between the surgical mandibular setback, and the decrease of
lower pharyngeal air way space in bimaxillary surgery.
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INTRODUCTION

Skeletal Class III malocclusion is a structural deviation in the sagittal
relationships of the maxillary and mandibular bony arches. The
treatments of choice are based on extent of the deformity, degree of
desirable jaw movement, and anticipated soft tissue changes following
surgical intervention."The function of the upper airway is highly
influenced by its anatomical structure. The pharynx is voluntarily dilated
when the patient is awake, but this control is lost during sleep and the
respiratory parameters may deteriorate due to the abnormal anatomical
structure of the upper airways.*> The anatomical and aesthetic aspects of
orthognathic surgery are important, but the importance of functional
consequences might overcome these aspects. Efforts to improve
occlusion and facial aesthetics, and consequently the patient’s quality of
life, may have the opposite effect on functional structure.

Many studies®® reported reduction in the dimensions of the

retrolingual and hypopharyngeal airway after mandibular setback surgery.
At the same time, Mao et al '’ found that although there was some increase
both in airway space width and area during the follow-up period, they did
not increase to their original values. While others"'"®showed a maintenance
of the decrease of the lower pharyngeal airway size, with long follow up,
after mandibular setback surgery.

On the other hand some studies*'” suggested that the changes in

oropharyngeal complex are temporary as the tissues re-adapt, resulting in
partial or total resolution. However, some studies® 2" of upper airway
changes after bimaxillary surgery have reported significant reduction of the
upper airway dimensions, while others @229 have indicated that the decrease
in the posterior airway space after bimaxillary procedures was less than with
mandibular setback alone. This study was carried out to test the null
hypothesis that bimaxillary osteotomies involving maxillary advancement
and mandibular setback will not induce any changes inanteroposterior
pharyngeal airway dimensions.
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MATERIAL AND METHODS

This observational retrospective study was carried out on lateral
cephalometric radiograph records of 15 subjects (7 males and 8 females)
age ranged from (18 to 24) years before starting the treatment. The patients
were suffering of skeletal Class III deformities and were selected from a
group of the orthognatic surgery treated with maxillary advancement and
mandibular setback. Patients who met the following criteria were
included in the study:

1- Skeletal class III cases showing a combination of maxillary deficiency
and mandibular prognathism.

2- Surgical orthodontic treatment including maxillary advancement and
mandibular setback.

3- No other additional relevant surgery was performed during the
duration of the study.

4- No cleft of lip or palate or other syndrome existed.

5- The presence of complete record before and after surgery including
lateral cephalometric radiograph.

6- Stable occlusion after end of treatment.

Lateral cephalometric radiographic records were collected at: TO:
(Initial before treatment), T1: (before surgery), T2:(after surgery) and T3:
(post-treatment) when the treatment was completed.

Reliability of the landmark identification

Ten lateral cephalograms were chosen randomly for landmark
identification; each landmark was identified by an investigator and
checked for location by another investigator. Accuracy of the
measurement difference was compared to zero; the magnitude of the
difference between the two measurements was not clinical significance.

Intra-examinar reliability

To minimize measurement error each cephalogram was traced and
measured manually by the same investigator. All linear and angular
measurements were repeated at another setting, and the mean value of the
two measurements was used.

Volume 44 — December 2013 31



Egyptian
Orthodontic Journal

The permissible difference was 0.5 mm for linear measurements
or 1° for angular measurements, if the difference between the two
measurements was more than 0.5 or 1°a third measurement was taken and
the mean of the nearest two measurements was used.

The pharyngeal airway space was determinedby measuring the
following distance (figurl): the distance from pterygomaxillary fissure
(Ptm) to upper pharyngeal wall (UPW) representing the nasopharyngeal
airway space, the distance from tip of the soft palate (U)to middle
pharyngeal wall (MPW) representing the oropharyngeal airway space, the
distance from vellicula(V) to lower pharyngeal wall (LPW) representing the
hypopharyngeal airway space, the minimal distance between the base of
tongue and the posterior pharyngeal wall (PASmin) which represents the
minimal pharyngeal airway space.?***>>2

A horizontal reference line (HRI) was drawn by rotating 7 degrees
clockwise to the sella-nasion line at nasion and a vertical reference line
(VRI) was drawn perpendicular to this line at nasion.*’*"The hard tissue
landmarks were measured to the horizontal and vertical reference lines in
the presurgical and postsurgical cephalograms. (figure2)

Calculation of mandibular movements

The anteroposterior mandibular movement was measured as a change
in length of the line connecting the pogonion (Pg), menton (Me) and the (B)
point to the vertical reference line.

The vertical mandibular movement was measured as a change in length
of the line connecting the pogonion (Pg), menton (Me) and the( B)point to
the horizontal reference line.

Calculation of maxilla movements

The anteroposterior movement of the maxilla was measured as a
change in length of the line connecting the anterior nasal spine (ANS),
posterior nasal spine (PNS) and the A point to the vertical reference line.

The vertical movement of the maxilla was measured as a change in
length of the line connecting the anterior nasal spine (ANS), posterior
nasal spine (PNS) and the A point to the horizontal reference line.
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The region of Misjm
airway space

Figure 1:The following Pharyngeal airway linear measurements were used.
Ptm-UPW: The distance from ptm to UPW, representing the nasopharyngeal airway space.
U-MPW: The distance from U to MPW, representing the oropharyngeal airway space.
V-LPW: The distance from V to LPW, representing the hypopharyngeal airway space.
PASmin: The minimal distance between the base of tongue and the posterior pharyngeal wall,
which represents the minimal pharyngeal airway space

Figure2: Reference lines used in the study. HRL: The horizontal reference line was
constructed by raising a line 7° from the sella-nasion line at nasion.VRL: The vertical
reference line was constructed perpendicular to the (HRL) at nasion.
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RESULTS

There was no difference observed when comparing all parameters
from (TO) to (T1); hence only measurements at (T1) were used for
comparison.

The pharyngeal airway space measurements at upper pharyngeal
airway (Ptm-UPW)and lower pharyngeal airway (V-LPW and PAS min)
showed the following changes.Table (I).

e The upper pharyngeal airway space (Ptm-UPW) at (T2) and(T3) was
significantly wider compared with its initial width at (T1),while it did
not change from (T2 to T3).

e The middle pharyngeal airway space (U-MPW) showed no changes
among all treatment stages.

e The lower pharyngeal airway space (V-LPW and PAS min) at(T2)
and(T3)were significantly narrower compared with their initial width
at (T1). While it did not change from(T2 to T3).

Table (II) showed the comparisons of the mean changes from
(T1 to T2), (T2 to T3), and (T1 to T3). In the surgical change (T2-T1) the
(Ptm-UPW) showed a significant increase, while it showed significant
decrease in the follow up period (T3 -T2), at the end of treatment the overall
changes (T3-T1) showed no significant difference from surgical changes
(T2-T1). There was no change in (U.MPW) in all treatment stages. In the
surgical change (T2-T1) the (V.LPW) and (PAS min) showed a significant
decrease, while it showed significant increase in the follow up period
(T3 -T2), at the end of treatment the overall changes (T3-T1) showed no
significant difference from surgical changes (T2-T1)

All parameters indicating anetroposterior maxillary position showed
statistically significant differences from (T1 to T2) and from (TIto T3),
while it showed no statistically significant differences from (T2 to T3). At
ANS the final measurement indicating maxillary anterior position at (T3)
was significantly larger comparedwith its initial position at (T1), while this
parameter showed no significant change from (T2 to T3). Table (III)
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The results in table (IV) showed a significant increase in value
indicating maxillary anterior position (T2-T1). The surgical forward
movements for the maxilla measured at ANS showed significant decrease in
the follow up period (T3-T2). At the end of treatment the overall changes
(T3-T1) showed significant difference from surgical changes (T2-T1).

It was found that all parameters indicating anteroposterior mandibular
position showed no statistically significant differences from (T2 toT3), while
it showed statistically significant differences from (T1 to T2) and from
(T1to T3). At B point the final measurement indicating mandibular posterior
position at (T3) was significantly smaller compared with its initial position
at (T1). While this measurement showed no significant change from
(T2 to T3). Table (V)

The results in table (VI) showed a significant decrease in value
indicating backward mandibular position at (T2-T1). The surgical
movements for the mandible in backward position measured at B point
showed significant increase in forward position in the follow up period
(T3-T2). At the end of treatment the overall changes (T3-T1) showed
significant difference from surgical changes (T2-T1).

Table (I): Comparisons of pharyngeal airway space horizontal liner measurements (mm)
before treatment (TO0), before surgery (T1), after surgery (T2) and post
treatment (T3).

Mean (SD) P value

Before treatment | Before surgery | After surgery | Post treatment

(T0) (T1) (T2) (T3)

Ptm-UPW | 21.06(3.76)a | 21.06(3.75)a | 25.59(3.39)b | 24.05(3.57)b | <0.0001*

U-MPW 13.90 (3.99) 13.96 (4.06) | 1491 (442) | 14283.73) | 0.12

V-LPW 21.04(2.70)a | 20.81(2.83)a | 16273.01)b | 17.97 (2.69)b | <0.0001*

PAS min 1409(337)a | 14.11 (344)a | 10482.87)b | 1149 (2.67)b | <0.0001*

*: Statistically significant at p< 0.05
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Table (II): Comparisons of the mean changes in pharyngeal airway space horizontal
linear measurements (mm) with various treatment stages.

Mean (SD)
Surgical change | Post- surgical change | Overall change P value
(T2-T1) (T3-12) (T3-T1)
Ptm-UPW 4.53 (1.47)a -1.54 (091)b 2.99 (1.25)a <0.0001*
U-MPW 0.94 (2.22) -0.62 (1.35) 0.32(1.35) 0.37
V-LPW -4.54 (1.59)a 1.70 (1.29)b -2.84 (1.24)a <0.0001*
PAS min -3.63 (1.72)a 1.01 (0.97)b -2.62(1.11)a <0.0001*

*: Statistically significant at p< 0.05

Table (IITI): Comparisons of the parameter indicating anteroposterior maxillary position:
before treatment (TO), before surgery (T1), after surgery (T2) and post

treatment (T3).

Mean (SD)
Before Before Aftersurgery | Posttreatment | P value
treatment (T0) | surgery(TI) (T2) (T3)
ANS-VRL 1.86 (3.50) a 191(349)a | 6.11(3.16)b 470 (3.15)b | <0.0001*
PNS-VRL | -46.65(4.84)a |-46.59(4.96)a| 4229(4.44)b | 43.74(4.75)b | <0.0001*
A-VRL -1.78 (490)a | -1.66 (4.66)a | 2.64(4.46)b 145(4.72)b | <0.0001*

Negative values indicate posterior position to vertical reference line.*: Statistically
significant at p< 0.05

Table (IV): Comparisons of the mean anteroposteiormaxillary position changes
between various treatment stages.

Mean (SD)
Surgical change | post- surgical change | Overall change P value
(T2-T1) (T3-T2) (T3-T1)
ANS-VRL 4.20 (1.58)a -1.41 (0.94)b 2.79 (1.69)c 0.000*
PNS-VRL 4.30(1.49)a -1.45(1.03)b 2.85(1.06)c 0.000*
A-VRL 431(1.14)a -1.19 (0.86)b 3.12(1.24)c 0.000*
SNA 5.33(1.80)a -1.23 (0.94)b 4.10(2.09)c 0.000*
*: Statistically significant at p< 0.05.
—]
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Table (V): Comparisons of the parameters indicating anteroposterior mandibular position:
before treatment (T0), before surgery (T1), after surgery (T2) and post treatment (T3).

Mean (SD) P value
Before Before surgery | Aftersurgery |Post treatment
treatment (T0) (T1) (T2) (T3)
B-VRL 5.60(6.17)a | 554(6.21)a | -030(545b | 1.06(5.69b | <0.0001*
Pg-VRL 540(7.15)a | 531(727)a | -0.53(6.73)b | 0.75(6.77)b | <0.0001*
Me-VRL | -1.28(7.58)a | -1.45(7.67)a | -6.97(7.48)b | -5.82(749)b | <0.0001*

Negative values indicate posterior position to vertical reference line.
*:Statistically significant at p< 0.05

Table (VI): Comparisons of the mean anteroposteior mandibular position changes
between various treatment stages.

Mean (SD)
Surgical change | Post-surgical change Overall change | P value
(T2-T1) (T3-T2) (T3-T1)
B-VRL -5.84 (1.97)a 1.36 (0.80)b -4.48 (1.98)c <0.000*
Pg-VRL -5.84(2.32)a 1.28 (1.04)b -4.56 (2.13)c <0.000*
Me-VRL -5.52 (1.54)a 1.14 (0.60)b -4.38 (1.32)c <0.000*
SNB -4.33(1.23)a 0.73 (0.59)b -3.60 (1.30)c <0.000*
NA-Pg 17.20 (5.12)a -3.53(2.07)b 13.67 (4.95)c <0.000*
*: Statistically significant at p< 0.05
DISCUSSION

Airway changes were evaluated in this study by analyzing pre and post-
surgical lateral cephalograms. Although the cephalogram only provides a
two dimensional image of the pharyngeal airway, it has been used
extensively in the assessment of sleep apnea and craniofacial
form.(22’32)Furthermore, Kawamata A, et al®® showed a correlation
between airway dimensions measured on lateral cephalograms and on
three-dimensional computed tomograms.
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In the present study changes of the pharyngeal airway space dimension,
as well as the amount of bimaxillary movement measured at various
treatment stages were assessed and correlated with each other.

Obstruction of the upper airway has been reported to occur at various
levels: nasopharynx, oropharynx, and hypopharynx. Similar to previous
studies,*****(Ptm-UPW), (U-MPW), and (V-LPW, PASmin) were sclected
to represent the pharyngeal airway dimensions at the levels of nasopharynx,
oropharynx, and hypopharynx, respectively.

Based on the findings, no maxillary vertical change was observed at all
treatment stages; indicating that no maxillary impaction resulted from the
surgery.

As the maxilla was moved forward during the operation, the upper
pharyngeal airway space increased. It seems that the increase was as a result
of advancement of the velum and velopharyngeal muscle with surgical
maxillary advancement.®”Cakarne, Urtane and Skagers®® as well as other
studies*****>*¥found  increase in nasopharyngeal airway space after
bimaxillary surgery included maxillary advancement.

The increase of upper airway space was correlated to surgical
advancement of the maxilla. This is in accordance with previous study by
Hasebe et al®” who observed correlations between the amounts of maxillary
anterior movement and changes in upper airway space. While changes in the
upper airway spacewas not correlated with surgical setback of the mandible.
It seems logical that the increase that happened in the upper air way
dimension was not influenced much by the surgical mandibular setback.

Many studies”****> have assessed time dependent pharyngeal airway
changes after orthognathic surgery. In this study there was no correlation
between changes in upper airway space and skeletal changes in the (10-12)
months follow-up period. This suggests that the soft tissue does not follow
the skeletal changes, and might have different manner of post-surgical
adaptation with its supporting hard tissues.

Although the maxilla in our study was brought forward and the
mandible backward, we did not observe any changes in the oropharyngeal
space among all treatment stages. It seems that; the maxillary

—
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advancement dose not gained increase in the retropalataldimension when
coupled with the mandibular setback, or that the bimaxillary operations
reduce the negative effect of mandibular set back on the oropharynx with the
advancement of the maxilla.

However the lower pharyngeal airway space was decreased after
bimaxillary surgery, this was in agreement with previous studies®"'*'**? of
mandibular setback surgery alone. Our results were contradicted with
findings of Jakobsone et al.'® They reported that after bimaxillary surgery
with maxillary advancement and mandibular setback, oropharyngeal and
hypo pharyngeal airway volume increased. They attributed that to the
movement of the tongue to the space created by advancement of maxilla.

Despite immediate postoperative decrease in lower pharyngeal airway
width in the present study, there was no correlation between the amount of
mandibular setback and the lower pharyngeal air way narrowing. However,
skeletal mandibular changes may be described by the reduction in the
sagittal dimension only, whereas the base of tongue, hyoid bone, velum and
pharyngeal walls are intimately related by their muscular and ligamentous
attachments. It is likely that the morphology of these structures is influenced
and compromised after surgical procedures.(13 ) This finding agrees with other
studies"*'® who found no correlation between the amount of mandibular
setback and airway space changes. While others(4’8)emphasized that the
reduction in pharyngeal air space area was correlated with the amount of
mandibular setback.

Our finding showed an increase in the lower pharyngeal air way in the
follow up period, but at the end of treatment it was still smaller than initial
value. This might mean that the lower pharyngeal airway space continues to
increase after surgery.

Despite a certain relapse tendency at the follow-up period indicated by
the skeletal parameters such as SNB, no correlation was found between the
lower airway space width changes and mandibular relapse. This might be
attributed to compensatory functional readjustments of the hyoid, lingual,
and cervical musculature to maintain airway patency in surgically altered

—
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environment. This was confirmed by Lee et al*” and Mao et al’'” who found
that there was no correlation between mandibular relapse and the amount of
airway space changes.

Based on available information our results were inconsistent with
findings of these other studies'"******® of bimaxillary surgery, our finding
showed that maxillary advancement surgery combined with mandibular
setback may be followed by decrease in lower pharyngeal airway at the
levels of base of tongue and vallecula, an increase of pharyngeal airway at
the level of the posterior nasal spine while at the level of soft palate remain
unchanged.

Most researchers™ *?agreed that obstruction can be observed at any

level of upper airway. However, the obstruction was often recorded at the
oropharyngeal level 428 it may even be associated with widening of the
hypopharynx.(44)A systematic review of literature by Rama et al*revealed
that the oropharynx level might be the most compromise level.

The null hypothesis was not proven. The results of the present study
showed that there was a widening of the upper airway and narrowing of the
lower airway concomitant with maxillary advancement and mandibular
setback surgery, whereas the middle airway did not show a change.

CONCLUSIONS

¢ Maxillary advancement and mandibular setback surgery in skeletal
Class III patients caused an increase at the nasopharyngeal level and
decreases at the hypopharyngeal levels, while no change was observed
at the level of oropharyngeal.

¢ The maxillary advancement to some extent might compensate for the
effect of mandibular setback at the oropharyngeal level.

¢ Changes in the upper pharyngeal airway space were correlated with
the amounts of surgical maxillary advancement, whereas, changes in
the lower pharyngeal airway space were not correlated with the
amounts of surgical mandibular setback.
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