creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

Master’s Thesis of Dental science

Effects of Modified Maxillo-
mandibular Advancement surgery
for patients with severe obstructive
sleep apnea on change in quality of
life and facial aesthetics

(&

THFSES AEE AT HIE Fddso] 49 2 3

August 2023

Graduate School of Dental science
Seoul National University

Oral and Maxillofacial Surgery Major

Kim Hyun Soo



Effects of Modified Maxillo-
mandibular Advancement surgery
for patients with severe obstructive
sleep apnea on change in quality of
life and facial aesthetics

Kim Hyun Soo

Submitting a master’s thesis of
Dental science

August 2023

Graduate School of Dental science
Seoul National University

Oral and Maxillofacial Surgery Major

Kim Hyun Soo

Confirming the master’s thesis written by
Kim Hyun Soo
August 2023

Chair (Seal)
Vice Chair (Seal)
Examiner (Seal)




Abstract

Purpose/Objective: The purpose of this study is to retrospectively evaluate and
compare the postoperative effects of modified Maxillo-mandibular advancement
(MMA) to that of conventional MMA on quality of life and aesthetic satisfaction of
patients

Methods: Through chart review, medical records, 28 pre- and post-surgical follow-
up responses regarding the change in quality of life and facial appearances who were
1. diagnosed with moderate to severe OSA and an AHI of 15 or higher, and 2.
received conventional and modified MMA from January 1%, 2013, to December 31%,
2022, will be analyzed to investigate the improvement of quality of life and facial
appearance after MMA surgery. The Likert scale with 1 sample Wilcoxon signed rank
test will be used for patient responses on questions regarding the Quality of life and
change in facial appearance where 3 means no change, 4 and 5 means improvement
in QOL, and 1 and 2 meaning reduction in QOL. Wilcoxon rank sum test will be used
to see the difference in responses between patients who have undergone conventional
and modified MMA, which P value of less than 0.05 will mean the difference is

statistically significant. Finally, 3 cases were selected for case review purposes.

Results: Out of 24 patients, all patients were skeletal Class II. 17 patients were men,
and 7 patients were women. 17 patients have received modified MMA and 7 have
received conventional MMA. The mean age at surgery for conventional MMA was
30.0£8.16 years with a range of 18 - 39 years. The mean age at surgery for modified

MMA was 32.6+13.8 years with a range of 4 — 59 years. The mean pre-op AHI for



conventional MMA was 52.0+20.0 with a range of 28.0 — 76.6 (moderate to severe
OSA). The mean pre-op AHI for conventional MMA was 52.2+21.3 with a range of
23.3 — 85.6. The mean of post operative AHI for conventional MMA was 10.4+8.10.
The mean of post operative AHI for modified MMA was 8.89+4.66. The average
length of advancement of the maxilla for patients who have undergone conventional
MMA was 5.00£1.89mm from incisal edge position. The average length of
advancement of the maxilla for patients who have undergone modified MMA was
2.39+1.42mm from incisal edge. The average length of advancement after BRSSO of
the right side for conventional MMA was 7.05+2.05mm and 8.90+2.30 for modified
MMA. The left side for conventional MMA was 6.65+£2.05mm and 8.27+2.50 for
modified MMA (from mesio-buccal cusp of first molar).

Patients that received conventional MMA responded positively that their
Sleep Quality, Daytime function, Physical health, Mental health, Dental function,
Recovery, Facial appearance has improved (P<0.05). Patients that received modified
MMA responded positively that their Sleep quality, Daytime function, Physical
health, Dental function has improved (P<0.05). Although statistically insignificant,
modified MMA patients have also said their facial appearance has improved
(P=0.446). However, they reported their speech quality has reduced. (P=0.124)

An analysis of the difference in change of quality of life and facial
appearances between conventional and modified MMA has shown that the results
were statistically significant in the following categories: “Increased ease of daytime
breathing”, “better overall health”, “greater energy”, “better overall mood”, “better
in speech quality” (P<0.05). In the facial aesthetics category, the difference between

the two surgeries showed that they were statistically insignificant: “Did not like



appearance of lower jaw before surgery” (P=0.258), “Did not like appearance of
upper jaw before surgery” (P=0.067), “Was not confident of looks before surgery”
(P=0.508), “Happy with how my lower jaw has changed” (P=0.599), “Happy with
how my upper jaw has changed” (P=0.692), “Gained confidence of the way I look”
(P=0.338), “Like the overall change of the way I look” (P=0.915).

Conclusion: Conventional and modified MMA surgery has been shown to enhance
the quality of life and improve or at least preserve facial aesthetics. Modified MMA
offers the advantages of maximizing posterior airway space while reducing the degree
of maxillomandibular complex advancement, thus minimizing the protrusive facial
appearance that may be aesthetically undesirable for the patient. Consequently,
Modified MMA not only improves postoperative quality of life but also increases
satisfaction with facial appearance.

Keywords: OSA, MMA, modified MMA, Quality of life, Facial appearance, Esthetics

Student number: 2019-22399
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Introduction

Obstructive sleep apnea (OSA) is a sleep disorder characterized by recurrent
episodes of partial or complete blockage of the upper airway during sleep, leading to
interruptions in breathing. OSA is a serious medical condition which can cause
significant decrease in quality of life of patients and can even lead to death.' Because
OSA is caused by the obstruction of the airway, OSA symptoms can be improved by
increasing the posterior airway space, which will allow patients to breathe better in
their sleep.' It is a common chronic disease that can cause hypoxemia, sleep
fragmentation, hypertension, cardiac arrhythmias, stroke, diabetes, decreased work
performance, decreased quality of life (QoL), and increased mortality."> Among OSA
patients, patients especially with moderate to severe OSA of Apnea-Hypopnea Index
(AHI) 15 to 30 or more experience symptoms that can be intolerable in one’s daily
life.

Today, there are surgical and non-surgical methods to treat OSA. Continuous
positive airway pressure (CPAP), a non-surgical method, is one of the most widely
used method that keeps the airway open, allowing for continuous airflow and
reducing the frequency and severity of apnea episodes.* CPAP therapy can improve
the quality of sleep, reduce daytime sleepiness, and improve overall well-being.">*
CPAP is better in reducing AHI, in improving quality of life, in decreasing blood
pressure than Oral appliances.” CPAP has also proven to show that it reduces major
adverse cardiovascular events (MACE) such as stroke and other cardiovascular
diseases.® When using the CPAP machine, the patient will need to wear a mask and

headgear that is connected to the machine through a tube. The mask is customizable



to fit the individual needs of each patient. However, side effects such as nasal
congestion, dry mouth, skin irritation from using the mask can be uncomfortable for
the patient. The CPAP machine is an expensive equipment and patients who travel
will have a hard time bringing the machine with them, which in turn causes problems
such as compliance.” Prolonged use of this device will also cause patients to become
dependent on CPAP therapy to achieve a good night’s sleep.

Oral appliance is also a simple solution that does not require surgery. Oral
appliances are worn like orthodontic retainers. It works by pushing or pulling the
lower jaw forward, thereby creating more airway space. Oral appliances are easy to
use, small, portable, ideal for travel;, however, it is used for patients with mild to
moderate OSA.° Patients with more severe OSA are less likely to benefit from Oral
appliances. When Oral appliances are not an effective treatment of choice, CPAP
should be considered. °

Among surgical methods, Uvulopalatopharyngoplasty (UPPP) is a more
permanent solution that does not require additional appliances like CPAP and Oral
appliances. UPPP is an effective treatment that increases the posterior airway space
by removing excess tissue such as the soft palate, uvula, and pharynx from the throat.
Like other treatment options, UPPP also reduces snoring, improves sleep quality,
reduces health complications such as high blood pressure, heart disease, and stroke.®
However, like any surgical procedure, UPPP carries risks such as bleeding, infection,
post-operative pain, possible need for additional surgery, and moreover, difficulty
swallowing, nasal regurgitation, and even voice changes. ®* Also, UPPP is most often
limited for patients with mild to moderate OSA.* When non-surgical methods such

as CPAP and OA, along with surgical methods such as the UPPP surgery are not



effective or not an option for treating patients, Maxillo-mandibular advancement
(MMA) can be considered.

MMA is a surgery which involves both the maxilla and mandible. It entails
advancing the maxilla through Le Fort 1 osteotomy and mandible through Bilateral
sagittal split ramus osteotomy (BSSRO). By advancing and rotating the
maxillomandibular complex counterclockwise, the posterior airway space is
increased, thereby dramatically reducing symptoms of OSA. Several studies have
demonstrated that MMA surgery is an effective treatment of choice for patients with
moderate to severe OSA."***!1%!" MMA has gained its reputation as an effective
treatment of choice for patients with moderate to severe obstructive apnea. Previous
studies have been conducted to demonstrate the efficacy of MMAs in treating patients
with OSA and to access patient satisfaction following the procedure.>® Also, studies
have been conducted to prove the efficacy of different types of MMA surgery in QoL
and facial appearances.

However, in South Korea, there is a lack of studies investigating the
subjective aspect of how patients perceive their QoL and change in facial appearances
after the surgery. Especially, as it is called Maxillo-mandibular “advancement”, when
considering surgery, it is crucial for the surgeon to consider the extent to which the
maxilla and mandible will protrude after the procedure, as it can significantly impact
facial appearance. Changes in facial appearance tend to influence patient’s QoL and
subjective satisfaction with the surgery. *'*!3

The modified MMA differs from the conventional method in that, in addition
to Le Fort I osteotomy or BSSRO, additional Anterior segmental osteotomy (ASO)

is performed. Furthermore, modified MMA uses the space created by extracting the



first premolars to generate additional space for advancing the posterior segment of
the maxilla, thereby creating more airway space and avoiding excessive advancement
of the maxilla, which could result in a protruded mouth. Particularly in Asian
countries, a protruded mouth is often considered esthetically undesirable.* Therefore,
Asians are more likely to benefit esthetically from the modified MMA surgery than
the conventional method.

In this study, we will investigate the patients’ satisfaction with esthetic
changes after conventional MMA and modified MMA and the differences in the
effects that conventional MMA and modified MMA have on QoL and facial
appearances. Although personal satisfaction with one’s facial appearance is
subjective, enhancements in facial esthetics can enhance one’s confidence, which
may also impact the patient’s QoL. This retrospective study aims to access patient’s
satisfaction after MMA surgery and investigate how modified MMA differs from
conventional MMA in its effects on QoL and facial appearance.

Null Hypothesis: There is no difference between conventional MMA and modified
MMA in their effects on change in quality of life and facial aesthetics for patients

with severe obstructive sleep apnea.



Materials and methods

IRB number: ERI23008

After chart review, the medical records of patients diagnosed with moderate
to severe OSA and an Apnea-Hypopnea Index (AHI) of 15 or higher, who underwent
MMA surgery between January 1%, 2013, to December 31%, 2022, will be collected.
Additionally, responses to 28 questions pertaining to QoL and facial appearance
obtained after 3 months and up to 1 year after the operation were collected. These
records and questionnaire data will be recorded and analyzed to investigate the

improvement in quality of life and facial appearance following the surgery.

Inclusion criteria

Patients who received MMA surgery from 2013 to 2022 at the Seoul National
University Dental Hospital (SNUDH). Patients with diagnosed moderate to severe
OSA with an AHI of 15 or more using Nocturnal polysomnography. Patients who
have actively come back for follow-up and have answered pre- and post-operative
questions regarding QoL and changes in facial appearance will be included in the

study

Exclusion criteria

Diagnosed OSA with an AHI of 15 or less using Nocturnal polysomnography.

Patients who did not receive MMA will be excluded.



Surgery

After 3D virtual surgical planning and cephalometric radiograph analysis, a
standard Le Fort I osteotomy and BSSRO with rigid internal fixation was done on 7
patients and a Le Fort I osteotomy with ASO, which is maxillary anterior subapical
osteotomy, BSSRO with ASO, which is mandibular anterior segmental subapical
osteotomy, and surgical extraction of the 1% premolars (#14, 24, 34, 44) before
receiving ASO was done on 17 patients. Genioglossus advancement was done on
some patients who needed esthetic adjustment. Patients received maxillomandibular

fixation after surgery.

Data Collection

28 questions (Table 1) on change in QoL and facial appearances were asked
during patient’s follow-up were recorded. Along with 21 questions pertaining to
changes after surgery and changes of the QoL (sleep quality, daytime function, mental
health, recovery, dental function), 7 Questions related to the change in esthetic
appearance were asked.

The 21 questions pertaining to QoL after surgery is as follows:

Decreased use of sleeping pills
Reduced frequency of waking up to urinate
Reduced frequency of night walking
Reduced frequency of snoring
Improved sleep quality
Reduced Obstructive sleep apnea
Improved concentration
Improved ability to stay awake
Increased ease of daytime breathing

. Better overall health

. Greater energy

. Improved relationships

. Better mood
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14. Reduced stress over sleep arrangements
15. Better in speech quality

16. Better swallowing ability

17. Less headaches

18. Pain after surgery

19. Occlusion after surgery

20. TMI after surgery

21. Improved teeth alignment

The 7 questions pertaining to change in facial appearances after surgery is as
follows:

Did not like appearance of lower jaw before surgery
Did not like appearance of upper jaw before surgery
Was not confident of looks before surgery

Happy with how my lower jaw has changed

Happy with how my upper jaw has changed

Gained confidence of the way I look

Like the overall change of the way I look

Nk W=

Demographics and medical records

Through chart review, Age at surgery, AHI, BMI, method of surgery,
maxillary anterior segment advancement length from incisal edge position, maxillary
posterior segment advancement length from the mesio-buccal cusp of 1% molars.
BSSRO advancement length for left and right each from the mesio-buccal cusp of 1%

molars, and Maxillomandibular fixation duration were collected (Table 2).

Statistical analysis methods

Excel version 16.60 (Microsoft) and the statistical computing program R was
used. Unpaired T-test was used to find statistically significant differences between
conventional MMA and modified MMA in demographical data. Using the T-test,

Standard error and P value were calculated for demographic data to measure the
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accuracy with which the sample distribution represents the population. In 5-point
Likert scale, strongly disagree was given the score 1, disagree 2, neither
agree/disagree 3, agree 4, and strongly agree 5. 3 means no change, 4 and 5 means
improvement in QoL and facial appearance, and 1 and 2 meaning reduction in QoL
and facial appearance. The data were analyzed using 1-sample Wilcoxon signed rank
test (mu=3) with responses from patients who have undergone Conventional MMA,
responses from patients who have undergone Modified MMA, and finally using
Wilcoxon rank sum test to compare conventional MMA (control group) and modified

MMA (experimental group) whether their differences in responses were significant.
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Results

Statistical Analysis

Demographics (Table 2)

All patients were skeletal class II. All patients who have received modified
MMA surgery received extraction of 1% premolars and pre-orthodontic treatment
prior to surgery. Out of 24 patients, 17 patients were men, and 7 patients were women.
17 patients have received modified MMA and 7 have received conventional MMA.
All patients were skeletal Class II. The mean age at surgery for conventional MMA
was 30.0£8.16 years with a range of 18 - 39 years. The mean age at surgery for
modified MMA was 32.6+13.8 years with a range of 4 — 59 years. The mean pre-op
AHI for conventional MMA was 52.0£20.0 with a range of 28.0 — 76.6 (moderate to
severe OSA). The mean pre-op AHI for conventional MMA was 52.2+21.3 with a
range of 23.3 — 85.6. The mean of post operative AHI for conventional MMA was
10.4£8.10. The mean of post operative AHI for modified MMA was 8.89+4.66. The
average length of advancement of the maxilla for patients who have undergone
conventional MMA was 5.00+=1.89mm from incisal edge position. The average length
of advancement of the maxilla for patients who have undergone modified MMA was
2.39+1.42mm from incisal edge. The average length of advancement after BRSSO of
the right side for conventional MMA was 7.05+2.05mm and 8.90+2.30 for modified
MMA. The left side for conventional MMA was 6.65+£2.05mm and 8.27+2.50 for
modified MMA (from mesio-buccal cusp of first molar). Unpaired T-test was used to

find statistically significant differences between conventional MMA and modified
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MMA in demographical data, and the only difference of “average length of

advancement of the maxilla from incisal edge” was statistically significant (P<0.05).

Responses from conventional MMA patients vs. modified MMA patients
regarding quality of life
(Table 3, figures 1 and 2)

For conventional MMA, the results in the Sleep quality category were the
following: Decreased use of sleeping pills (Mean, 4.43; P<0.05), Reduced frequency
of waking up to urinate (Mean, 4.14; P<0.05), Reduced frequency of night walking
(Mean, 4.43; P<0.05), Reduced frequency of snoring (Mean, 4.43; P<0.05), Improved
sleep quality (Mean, 4.57; P<0.05), Reduced obstructive sleep apnea (Mean, 4.57;
P<0.05). The results in the Daytime function category were the following: Improved
concentration (Mean, 4.00; P<0.05), Improved ability to stay awake (Mean, 4.00;
P<0.05). The results in the Physical health category were the following: Increased
ease of daytime breathing (Mean, 4.57; P<0.05), Better overall health (Mean, 4.57;
P<0.05), Greater energy (Mean, 4.57; P<0.05). The results in the Mental Health
category were the following: Improved relationships (Mean, 4.14; P<0.05), Better
overall mood (Mean, 4.57; P<0.05), Reduced stress over sleep arrangements (Mean,
4.57; P<0.05). The results in the Recovery Category were the following: Better
speech quality (Mean, 3.71; P<0.05), Better swallowing ability (Mean, 3.86; P<0.05),

Less headaches (Mean, 3.71; P<0.05), Pain after surgery (Mean, 2.86; P <0.05). The

results in the Dental function category were the following: Better occlusion after

surgery (Mean, 3.43; P <0.05), Better TMJ sensation after surgery (Mean, 3.86; P <

0.05), Improved teeth alignment (Mean, 3.43; P <0.05)
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For modified MMA, the results in the Sleep quality category were the
following: Decreased use of sleeping pills (Mean, 3.69; P<0.05), Reduced frequency
of waking up to urinate (Mean, 3.56; P<0.05), Reduced frequency of night walking
(Mean, 3.81; P<0.05), Reduced frequency of snoring (Mean, 4.25; P<0.05), Improved
sleep quality (Mean, 4.44; P<0.001), Reduced obstructive sleep apnea (Mean, 4.19;
P<0.05). The results in the Daytime function category were the following: Improved
concentration (Mean, 3.50; P<0.05), Improved ability to stay awake (Mean, 3.69;
P<0.05). The results in the Physical health category were the following: Increased
ease of daytime breathing (Mean, 3.88; P<0.05), Better overall health (Mean, 3.56;
P<0.05), Greater energy (Mean, 3.63; P<0.05). The results in the Mental Health
category were the following: Improved relationships (Mean, 4.14; P=0.174), Better
overall mood (Mean, 3.75; P<0.05), Reduced stress over sleep arrangements (Mean,
3.94; P<0.05). The results in the Recovery Category were the following: Better
speech quality (Mean, 2.63; P=0.124), Better swallowing ability (Mean, 3.86;
P=0.160), Less headaches (Mean, 3.69; P<0.05), Pain after surgery (Mean, 2.86;
P=0.276). The results in the Dental function category were the following: Better

occlusion after surgery (Mean, 3.56; P <0.05), Better TMJ sensation after surgery
(Mean, 3.75; P <0.05), Improved teeth alignment (Mean, 4.00; P <0.05)

After Wilcoxon rank sum test, the difference between conventional MMA
and modified MMA was statistically significant in the following categories:

Increased ease of daytime breathing (P < 0.05), better overall health (P < 0.05),

greater energy (P <0.05), improved relationships (P <0.05), better overall mood (P
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<0.05), better in speech quality (P <0.05). It was not statistically significant for other

categories (Table 3).

Responses from conventional MMA patients vs. modified MMA patients
regarding change in facial appearance

(Table 4, figures 1 and 2)

The results in the Facial appearance category for conventional MMA were
the following: Did not like appearance of lower jaw before surgery (Mean, 3.57;
P=0.279), Did not like appearance of upper jaw before surgery (Mean, 2.71; P=0.424),
Was not confident of looks before surgery (Mean, 3.00; P<0.05), Happy with how
my lower jaw has changed (Mean, 4.00; P<0.05), Happy with how my upper jaw has
changed (Mean, 3.57; P<0.05), Gained confidence of the way I look (Mean, 3.86;
P<0.05), Happy with the overall change of the way I look (Mean, 3.86; P<0.05).

The results in the Facial appearance category for modified MMA were the
following: Did not like appearance of lower jaw before surgery (Mean, 4.19; P<0.05),
Did not like appearance of upper jaw before surgery (Mean, 3.30; P=0.156), Was not
confident of looks before surgery (Mean, 3.25; P=0.390), Happy with how my lower
jaw has changed (Mean, 3.56; P=0.150), Happy with how my upper jaw has changed
(Mean, 3.56; P=0.135), Gained confidence of the way I look (Mean, 3.25; P=0.615),
Happy with the overall change of the way I look (Mean, 3.63; P=0.116).

After Wilcoxon rank sum test, the difference between conventional MMA
and modified MMA in facial appearance was not statistically significant in all
categories (Table 3): Did not like appearance of lower jaw before surgery (P=0.258),
Did not like appearance of upper jaw before surgery (P=0.07), Was not confident of

looks before surgery (P=0.508), Happy with how my lower jaw has changed
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(P=0.599), Happy with how my upper jaw has changed (P=0.692), Gained
confidence of the way I look (P=0.338), Happy with the overall change of the way |
look (P=0.116).

The following 3 cases were presented to better understand the results of this study.

Case Review
Case 1. Conventional MMA and Genioglossus advancement (Figure 4)

Case 1 is a patient who received conventional MMA surgery. The patient’s
chief complaint was “My lower jaw is too small, and I have OSA. I feel tired all the
time even with a good night’s sleep”. After treatment planning, it was decided that
the patient did not need a significant amount of advancement. The patient’s nasolabial
angle was obtuse, thus allowing for vertical impaction of the maxilla for
counterclockwise rotation of the maxillomandibular complex. After vertical
impaction, the maxilla was advanced 2mm from incisal position and the nasolabial
angle decreased. The patient’s left and right side of the mandibular was advanced
4.8mm and 8.5mm accordingly. The patient was satisfied with the aesthetic result and
quality of life. The patient’s AHI reduced from 28.2 to 10.0. The patient also received
Genioglossus advancement, which not only helped his OSA symptoms reduce but

also further protrude the chin to give him a balanced Skeletal Class I facial appearance.

Case 2. Modified MMA and Genioglossus advancement (Figure 5)

Case 2 is a patient that has undergone modified MMA surgery. The patient’s

chief complaint was that “I want to get rid of my OSA symptoms and my mouth is
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too protruded”. Due to labioversion of the anterior incisors and acute nasolabial angle,
the patient could not advance the maxilla too much. In order to minimize protrusion,
extraction of 1* premolars was done to maximize advancement of the posterior
segment of the maxilla thus minimizing protrusion due to the advancement of the
anterior segment and maximizing posterior airway space. No vertical impaction was
done. The anterior segment of the maxilla was advanced 3mm from the incisal edge
and 6mm from the mesio-buccal cusp of 1* molars, and 8.8 mm (left) and 11.7mm
(right) of the mandible. This patient’s AHI has decreased from 85.6 to 13.8. The
patient was satisfied with the change in quality of life and facial appearance.
Additional genioglossus advancement assisted in increasing posterior airway space
minimizing the class II look.

Case 3. Conventional MMA and Genioglossus advancement (Figure 6)
(Orthodontic treatment including extraction of premolars prior to considering
MMA to treat OSA)

Case 3 is a patient who told “my nose is too flat” before surgery. Pre-
operatively, the patient’s lower lip to E plane was positive. Because the patient
already had the premolars extracted during orthodontic treatment prior to surgery,
conventional MMA surgery was the only option, thus not being able to use extracted
premolar space to minimize protrusion of the mouth and making the protrusion more
prominent because of the flat and short nose. The distance from the nose tip to the
labial region would be technically shorter if advancement is significant. Vertical
impaction of 2mm was done and maxilla was advanced 2mm from incisal edge, and
8.3mm (left) and 7.6mm (right) of the mandible. In this case, it would have been
beneficial for the patient if orthodontist was able to understand the potential need of

MMA surgery for Skeletal/dental Class II patients due to OSA prior to starting
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orthodontic treatment. If orthodontist recognized the necessity of MMA due to OSA,
it would have been possible to use the premolar space and use it later to minimize the
amount of advancement needed in the future. However, the patient was still satisfied,
and AHI was reduced from 39.3 to 1.3. The lower lip to E plane has become negative
and the additional genioglossus advancement has improved esthetics of the mandible

and overall facial appearance.
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Discussion

When OSA is severe, non-surgical methods alone often prove insufficient in
relieving symptoms that can greatly disrupt daily life. In previous studies, MMA has
demonstrated its effectiveness in addressing the negative impacts associated with
obstructive sleep apnea, ultimately leading to an improved quality of life for
patients, %14
In South Korea, there is a lack of studies investigating the subjective aspect
of how patients perceive their quality of life and facial appearance after MMA surgery.
Specifically, our study differs from other studies in that we have examined both
conventional (control) and modified (experimental) MMA on their effects on quality
of life and facial appearance and have tested for differences in the satisfaction level
between the two surgeries.

In our study, patients who underwent MMA surgery, both conventional and
modified MMA, reported significant improvements in their overall quality of life and
facial appearances. For conventional MMA, patients noted a reduction in the use of
sleeping pills (Mean 4.43, P<0.05), decreased frequency of waking up to urinate
(Mean 4.14, P<0.05), fewer instances of sleepwalking (Mean 4.43, P<0.05),
decreased snoring frequency (Mean 4.43, P<(.05), improved sleep quality (Mean
4.57, P<0.05), and a decrease in observed apnea episodes (Mean 4.57, P<0.05).
Patients reported improved concentration (Mean 4.00, P<0.05) and enhanced ability
to stay awake (Mean 4.00, P<0.05), indicating a significant enhancement in their
daytime functioning post-surgery. Patients also reported experiencing easier daytime

breathing (Mean 4.57, P<0.05), improved overall health (Mean 4.57, P<0.05), and
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increased energy levels after the surgery (Mean 4.57, P<0.05), indicating a substantial
improvement in their physical well-being. Furthermore, patients indicated
improvements in interpersonal relationships (Mean 4.14, P<0.05), overall mood
(Mean 4.57, P<0.05), and reduced stress related to sleep arrangements (Mean 4.57,
P<0.05), highlighting their improved socio-psychological well-being. Regarding
speech quality, patients reported improvement (Mean 3.71, P<(0.001). Patients also
reported increased swallowing ability (Mean 3.96, P<0.05) and decrease in headache
frequency (Mean 3.71, P<0.05). Patients were closer to neutral with pain tolerability
(Mean 2.86, P=0.073) and exhibited improved occlusion (Mean 3.52, P=0.345) but
both were but was statistically insignificant. Patients reported positive changes in
temporomandibular joint (TMJ) functioning (Mean 3.86, P<0.05). This could be
attributed to the achievement of a Class I skeletal and occlusion relationship
following the surgery. Additionally, patients experienced improved teeth alignment
(Mean 3.43, P=0.233), due to pre- and post-surgery orthodontic treatment; however,
this was statistically insignificant.

Finally, patients who have received conventional MMA reported
dissatisfaction with the appearance of their lower (Mean 3.57, P=0.279) and upper
jaw (Mean 2.71, P=0.424) before surgery and expressed satisfaction with the
subsequent changes in their facial appearance: Upper Jaw (Mean 3.57, P<0.05) and
Lower Jaw (Mean 4.00, P<0.05). They expressed happiness with the overall
transformation (Mean 3.86, P<0.05). Our study's findings align with those of
Butterfield et al., Cillo et al. and Li et al.*>*'"* Patients also responded that they

experienced “increase in their confidence” (Mean 3.86, P<0.05).
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For modified MMA, patients noted a reduction in the use of sleeping pills
(Mean 3.69, P<0.05), decreased frequency of waking up to urinate (Mean 3.56,
P<0.05), fewer instances of sleepwalking (Mean 3.81, P<(.05), decreased snoring
frequency (Mean 4.25, P<0.05), improved sleep quality (Mean 4.44, P<0.001), and a
decrease in observed apnea episodes (Mean 4.19, P<0.05). Patients reported
improved concentration (Mean 3.50, P<0.05) and enhanced ability to stay awake
(Mean 3.69, P<0.05), indicating a significant enhancement in their daytime
functioning post-surgery. Patients also reported experiencing easier daytime
breathing (Mean 3.88, P<(.05), improved overall health (Mean 3.56, P<0.05), and
increased energy levels after the surgery (Mean 3.63, P<0.05), indicating a substantial
improvement in their physical well-being. Furthermore, patients indicated that their
interpersonal relationships were closer to neutral (Mean 3.25, P=0.174). This is a
contrast to responses of conventional MMA, which patients reported significant
improvement in interpersonal relationships. This is because facial changes in
conventional MMA is much more dramatic than modified MMA, which the surgeon
attempts to minimize protrusion and results in a change less dramatic than
conventional MMA. Patients reported improvement in overall mood (Mean 3.75,
P<0.05), and reduced stress related to sleep arrangements (Mean 3.94, P<0.05),
highlighting their improved socio-psychological well-being. Regarding speech
quality (Mean 2.63, P=0.124) and swallowing ability (Mean 3.38, P=0.160), patients
expressed a neutral stance; however, the responses were statistically insignificant.
This can be because the time when the question was asked was not too distant, 3
months and no later than 1 year from post-surgery. However, they reported decrease

in headache frequency (Mean 3.69, P<0.05). Patients were closer to neutral with pain
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tolerability (Mean 3.31, P-0.276) and exhibited improved occlusion (Mean 3.56,
P<0.001), along with positive changes in temporomandibular joint (TMJ) functioning
(Mean 3.75, P<0.05). Similar to the reason of responses from that of conventional
MMA, this could be attributed to the achievement of a Class I skeletal and occlusion
relationship following the surgery. Additionally, patients experienced improved teeth
alignment (Mean 3.83, P<0.001), due to pre- and post-surgery orthodontic treatment.

Finally, modified MMA patients reported dissatisfaction with the appearance
of their lower (Mean 4.19, P<0.05) and upper jaw (Mean 3.56, P=0.156) before
surgery and expressed satisfaction with the subsequent changes in their facial
appearance: Upper Jaw (Mean 3.56, P=0.150) and Lower Jaw (Mean 3.56, P=0.135).
They expressed happiness with the overall transformation (Mean 3.63, P=0.116).
Patients were closer to neutral to “increase in their confidence” (Mean 3.25, P=0.615).
Our study's findings align with Liao et al.*

To examine our null hypothesis, “There is no difference between
conventional MMA and modified MMA in their effects on change in quality of life
and facial aesthetics for patients with severe obstructive sleep apnea”, we have used
the Wilcoxon rank sum test. There was a similar trend of improvement in the two
surgeries in categories “increased ease of daytime breathing”, “better overall health”,
“greater energy” and “better overall mood”, which were statistically significant
(P<0.05). However, the most notable category was “better in speech quality”. In
conventional MMA (Mean 3.71, P<0.05), speech quality improves due to the
immediate skeletal change from Class II to Class I. In modified MMA (Mean 2.63,
P<0.05), there are immediate changes in pronunciation and speech quality after dental

Class I extraction of premolars in conjunction with modified MMA, which changes
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the oral cavity’s structure and function. These changes affect the positioning and
movement of the tongue, lips, and other articulatory organs involved in speech
production.

The statistical analysis of facial appearance changes across 7 categories
revealed that the observed disparities between the two surgical interventions were
statistically insignificant. This outcome implies that the differences observed between
the groups are likely attributable to random variations or sampling fluctuations.
Consequently, there exists insufficient evidence to support the rejection of the null
hypothesis, which postulates the absence of significant differences between the
groups under consideration. Considering these findings, it can be inferred that, when
comparing the modified MMA group to the conventional MMA group, the modified
MMA procedure was equally effective, or at the very least, did not adversely affect
the patients' facial appearances.

Despite the surgical and therapeutic benefits of MMA, patients often
anticipate aesthetic changes in their facial profile. Furthermore, patients have
expressed that their facial profile has indeed improved, leading to increased
confidence in their daily lives (Table 2). Consistent with other studies, we have
observed significant improvements in sleep quality, daytime function, physical health,
mental health, dental function, and recovery (Table 2). >*!? Additionally, patients
have expressed satisfaction with the facial changes resulting from the surgery (Table
2) similar to findings from studies conducted by Li et al., Liao et al., Liu et al., and
Al-Moraissi et al..*'*'*!> In a study by Li et al. in 2001, it was reported that 55% of
patients expressed satisfaction with their facial appearance.'® Liu et al. found that 72%

of participants favored their facial changes.'? Al-Moraissi et al. demonstrated that 90%
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of patients had a positive or neutral reaction to the changes.'® Liao et al. reported that
Asian participants in their study did not perceive any negative changes in their facial
appearance.® Similarly, in our study, 92% of patients indicated a positive or neutral
stance regarding the overall changes in their facial appearance.

In this study, we included patients who underwent both the conventional
MMA, which involved a standard Le Fort I osteotomy and BSSRO with rigid internal
fixation, and patients who received modified MMA surgery, which involved a
standard Le Fort I osteotomy with ASO and BSSRO with ASO. Previous studies have
shown Conventional MMA results in a mean advancement of 7mm of the maxilla
and 9mm of the mandible.'"'? This was similar from the results of our study that the
advancement lengths were of a mean of 5.1mm and 8.6mm (Table 2). Modified MMA
was much less in the maxillary aspect which from the incisal position, only a mean
of 2.4mm was advanced (P<0.05) (Table 2). Considering that facial appearance
acceptance can vary across countries, particularly in Asia where facial protuberance
may be perceived as unaesthetic, it is crucial to assess which surgical approach would
best benefit the patient and evaluate the anticipated outcome before surgery.'> Most
of our patients (a total of 17) underwent modified MMA surgery, aiming to minimize
the degree of advancement and protuberance from the incisal position while
maximizing the posterior airway space by utilizing the extraction space of premolars.
It is important to consider the patient's preference for the procedure before surgery,
as aesthetic considerations are subjective.

It is noteworthy that both patients who underwent the conventional method
(Mean 3.86; P<0.05) and those who underwent the modified method (Mean 3.63;

P<0.001) expressed satisfaction with the outcomes, despite efforts to minimize
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aesthetic compromise resulting from excessive protrusion after conventional MMA.
This may be attributed to the fact that the amount of maxillary advancement is less
than that of the mandibular, leading to a significant reduction in the skeletal Class 11
pattern. Li et al. also reported that despite maxillomandibular protrusion being
perceived as unaesthetic in Asia, 90% of patients who received conventional MMA
surgery had a positive or neutral response to changes in their facial appearance.'™
Most of our patients received the modified MMA surgery. By this we can
understand that most our patients were not happy with their mouth potentially being
protruded after surgery. Since oral surgeons will be working with orthodontists, it is
important to communicate with each other to pre-determine the necessity of 1*
premolar extractions. Most Skeletal/Dental Class II patients who undergo orthodontic
treatment will have their 1* or 2™ premolars removed in order to set back the
protruded profile of the teeth thus creating a dental Class I occlusion. If this is done
prior to MMA surgery, the patient cannot receive modified MMA but will have to
have conventional MMA because the extracted space will be closed. The surgeon and
patient, through a thorough evaluation of expectations and reality, it was decided that
patient would most benefit from modified MMA. For Class II patients, it would be
important for the orthodontist to examine this aspect before starting orthodontic
treatment because this gives the patient and surgeon more options. Even though
genioglossus advancement is done to relieve OSA symptoms, it may also be
beneficial in that it can improve esthetics of the retruded mandible. Genioglossus
advancement may also be done to further increase posterior airway space and

esthetics after surgery. Despite these predictions and evaluations, both patients
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modified and conventional were satisfied with their looks after surgery and the
differences were statistically insignificant.

In a study conducted by Butterfield et al., the subjective satisfaction of
patients following MMA surgery was investigated using an OSA Questionnaire
(Ottawa-questionnaire).” Similarly, Cillo et al. utilized the same OSA questionnaire
and found significant improvements in personal satisfaction, sleep quality, and
functional outcomes.’ Cillo et al. distinguished their study from Butterfield et al. by
extending the follow-up period, thereby demonstrating the long-term (10 years)
satisfaction and enhanced quality of life associated with MMA surgery.’ On another
note, although there is overlap between the questionnaire used in our study at Seoul
National University Dental Hospital and the ones employed by Butterfield and Cillo
et al., certain questions such as "improved desire for sexual intimacy" and "improved
relationship with a significant other" were not included in our study. This omission is
likely because questions related to sexuality can be deemed offensive or embarrassing
to answer in a relatively conservative country, in terms of expressing sexuality, like
South Korea, and may not be applicable due to factors such as the lack of a partner,
age, or other reasons that we may not be aware of.

Finally, previous studies have identified several significant risk factors for
OSA, which include male gender, obesity, advancing age, and anatomically small
upper airway.'® In our study, consistent with the findings of Young et al., there was a
higher proportion of male participants compared to females.'® Additionally, in the
study conducted by Boyd et al., 80% of the participants were male (12 men)."' Our
study also confirmed a predominance of male participants, with 70% being men

(Table 2), thus reinforcing the substantial role of male gender as a risk factor for OSA.
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Furthermore, BMI and obesity were important risk factors, with the average
BMI in both conventional and modified MMA groups in our study approximating 25
(P<0.001) (Table 2). It is crucial to emphasize the significance of regular exercise
and a healthy diet when providing guidance to patients. Notably, participants in our
study had relatively lower BMIs compared to individuals in Western countries, where
obesity often plays a prominent role in OSA.'*!” This disparity holds relevance within
the Korean population. Although our patients did not exhibit extremely high BMIs,
all displayed Skeletal Class II morphology (Table 2). This pattern was also found in
a study conducted by Liao et al. among Chinese individuals, which reported an
average AHI of 22.4.* These findings suggest that Koreans and Asians frequently
undergo MMA surgery to treat OSA due to their skeletal morphology rather than
solely due to obesity. Furthermore, a study by Zaghi et al. revealed a mean BMI of
33.8 among their patients, Camacho et al found a mean BMI of 44.88, while Cillo et
al. found a mean BMI of 39.5, all three significantly higher than the average BMI
observed in our study.”'"!® Study done by Lee et al and Ong et al. has also confirmed
when Caucasians and Asians both had the same BMI, the Asian had a more severe
OSA/AHI because of craniofacial bony restrictions compared to Caucasians.'"
These findings further support the observation that Asians primarily undergo MMA
surgery for OSA treatment based on their skeletal Class II morphology, with obesity
playing a relatively lesser role compared to Western countries. In summary, our study,
along with previous research, underscores that Asians, particularly those with
Skeletal Class II morphology, commonly undergo MMA surgery to address OSA,

while obesity playing a less prominent role compared to Western populations.
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Age is also a risk factor for OSA. Most studies done in western countries
indicate that as age increases, the risk for OSA also increases. The average age for
OSA patients in meta-analysis study done by Holty et al, they have shown the average
age of OSA patients in 22 studies was 44.4.'"" However, the mean age of OSA patients
in our study was 32 (P<0.01) (Table 2). In other countries, OSA is well known to be
a serious disease, and people are more prepared to endure the associated challenges.
In Korea, although the awareness of OSA has improved compared to the past, there
is still a lower perception and greater fear of undergoing maxillomandibular
advancement surgery for sleep apnea for older patients.

This study was subject to several limitations that warrant consideration. First,
the uneven distribution of patients undergoing conventional and modified MMA
surgeries may have introduced bias into the data, potentially influencing the results.
Moreover, the small sample size employed in this study might have compromised its
statistical power, leading to decreased sensitivity in detecting meaningful effects and
potentially amplifying sampling variability. To enhance future investigations in this
field, several improvements can be implemented. First, an analysis of objective
changes in conjunction with subjective evaluations could be conducted to elucidate
the correlation between patients' subjective perceptions and the actual objective
changes resulting from the surgery. This approach would provide a more
comprehensive understanding of the outcomes and their impact on patients'
experiences. Furthermore, refining the survey methodology could contribute to more
insightful findings. Specifically, allowing patients to articulate specific aspects of the
facial changes they found dissatisfying for each category would provide more

nuanced and detailed information. This would facilitate a deeper understanding of the
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factors influencing patients' perceptions of the surgical outcomes. Additionally,
transforming the study from a retrospective design to a prospective one would bolster
its strength. A prospective study design would allow for the collection of data in real-
time, minimizing recall bias and enhancing the accuracy and reliability of the findings.
By following patients longitudinally, researchers could capture a more
comprehensive picture of the effects of the surgical interventions over time. In
summary, addressing these limitations and incorporating the suggested improvements
in future research endeavors would enhance the wvalidity, reliability, and
comprehensiveness of the findings in the domain of quality of life and facial
appearance changes resulting from MMA surgeries.

To conclude, MMA is an effective treatment that dramatically improves the
quality of life of OSA patients. Additionally, modified MMA itself is aimed at
minimizing the protrusion of the jaw for patients who already have a protruded
maxillomandibular complex. Through this surgery, it was observed that there were
no cases that caused a more protruded mouth, and patients reported either
improvement or prevention of a compromised facial esthetics, as well as enhanced
facial appearance. The modification focuses on minimizing worsening, avoiding
negative changes through a counterclockwise rotation of the lower jaw, minimal
advancement of the upper jaw, and protrusion of the mandible without compromising

facial aesthetics, leading to patient satisfaction.
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Table 1. 28 questions on change in Quality of life and Facial appearance

Categories Variable
Decreased use of sleeping pills
Reduced frequency of waking up to urinate
Reduced frequency of night walking
Sleep quality

Reduced frequency of snoring

Improved sleep quality

Reduced Obstructive sleep apnea

Daytime function

Improved concentration

Improved ability to stay awake

Physical health

Increased ease of daytime breathing

Better overall health

Greater energy

Mental health

Improved relationships

Better mood

Reduced stress over sleep arrangements

Recovery

Better in speech quality

Better swallowing ability

Less headaches

Pain after surgery

Dental function

Occlusion after surgery

TMI after surgery

Improved teeth alignment

Facial aesthetics

Did not like appearance of lower jaw before surgery

Did not like appearance of upper jaw before surgery

Was not confident of looks before surgery

Happy with how my lower jaw has changed

Happy with how my upper jaw has changed

Gained confidence of the way I look

Like the overall change of the way I look
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Table 2. Demographics and medical records

Con-MMA(control) vs
Con-MMA Mod-MMA Mod-MMA (Experimental)
unpaired T-test
Category mean SD Range mean SD Range t-test SE P value
Age at surgery, year 30.00 8.16 18-39 32.63 13.79 4-59 0.47 5.64 P=0.646
AHI (before surgery) 52.20 19.98 28.0-76.6 52.23 21.30 233-85.6 0.004 0.97 P=0.998
AHI (after surgery) 10.40 8.10 3.00-22.6 8.89 4.66 1.3-22.0 -0.58 2.61 P=0.567
BMI 24.89 6.14 19.5-34.3 24.96 3.14 19.9-31.2 0.03 1.91 P=0.973
Advancement length (mb cusp 1 molar) 5.00 1.89 2.00 - 7.00 5.34 134 3.00 - 7.00 0.46 0.75 P=0.652
Advancement length (incisal edge) 5.00 1.89 2.00-7.00 243 1.38 0.00 - 5.00 -3.41 0.75 P=0.003
BSSRO advancement (right) 7.05 2.05 56-8.5 8.90 2.30 49-127 1.07 1.72 P=0.299
BSSRO advancement (left) 6.65 1.90 53-8.0 8.27 2.50 48-53 0.87 1.86 P=0.395
Maxillo-mandibular Fixation, wk 3.93 2.72 2.00-5.86 5.77 0.95 3.85-729 1.90 0.97 P=0.867

Unpaired T-test; SD: Standard Deviation; Con-MMA: Conventional MMA; Mod-

MMA: Modified MMA; SE: Standard Error

34



Table 3. Patient responses on Quality of Life
(Conventional MMA; N=7 vs. Modified MMA; N=17)

Con-MMA
Con-MMA Mod-MMA
Categories Variable vs Mod-MMA
Mean SD P-value Mean SD P-value P-value
Decreased use of sleeping pills 443 0.98 <0.05 ** 3.69 1.14 <0.05%* 0.149
Reduced frequency of waking up )
. 4.14 0.90 <0.05 ** 3.56 1.03 <0.05%* 0.237
to urinate
Reduced frequency of night .
Sleep quality i 4.43 0.53 <0.05 ** 3.81 1.11 <0.05 ** 0.246
walking
Reduced frequency of snoring 443 0.53 <0.05 ** 4.25 0.93 <0.05%* 0.912
Improved sleep quality 4.57 0.53 <0.05 ** 4.44 0.73 <0.001%** 0.820
Reduced Obstructive sleep apnea 4.57 0.53 <0.05 ** 4.19 0.91 <0.05%* 0.399
Daytime Improved concentration 4.00 0.58 <0.05 ** 3.50 0.73 <0.05%* 0.121
function Improved ability to stay awake 4.00 0.58 <0.05 ** 3.69 0.87 <0.05%* 0.387
Increased ease of daytime .
. 4.57 0.53 <0.05 ** 3.88 0.72 <0.05%* <0.05%*
Physical breathing
health Better overall health 4.57 0.53 <0.05 ** 3.56 0.73 <0.05%* <0.05%*
Greater energy 4.57 0.53 <0.05 ** 3.63 0.72 <0.05%* <0.05%*
Improved relationships 4.14 0.38 <0.05 ** 3.25 0.58 0.174 <0.05%*
Mental Better mood 4.57 0.53 <0.05 ** 3.75 0.68 <0.05%* <0.05%*
health Reduced stress over sleep
4.57 0.53 <0.05 ** 3.94 1.12 <0.05%* 0.233
arrangements
Better in speech quality 3.71 0.49 <0.05 ** 2.63 0.89 0.124 <0.05%*
Better swallowing ability 3.86 0.38 <0.05 ** 338 0.96 0.160 0.189
Recovery
Less headaches 3.71 0.76 <0.05 ** 3.69 1.01 <0.05%* 0.911
Pain after surgery 2.86 1.68 0.0726 3.31 1.08 0.276 0.491
Occlusion after surgery 343 0.98 0.345 3.56 0.89 <0.05%* 0.802
Dental
. TMJ after surgery 3.86 0.38 <0.05 ** 3.75 1.06 <0.05%* 0.906
function
Improved teeth alignment 343 0.79 0.233 4.00 1.37 <0.05%* 0.133
Did not like appearance of lower
i 3.57 1.27 0.279 4.19 0.98 <0.05%* 0.258
jaw before surgery
Did not like appearance of upper
i 2.71 0.76 0.424 3.56 1.26 0.156 0.067
jaw before surgery
Was not confident of looks
3.00 1.15 <0.05 ** 3.25 1.06 0.390 0.508
before surgery
Facial Happy with how my lower jaw
i 4.00 0.82 <0.05 ** 3.56 1.31 0.150 0.599
aesthetics has changed
Hay with how my upper jaw
Pey Y upper) 3.57 0.53 <0.05 ** 3.56 1.21 0.135 0.692
has changed
Gained confidence of the way I )
3.86 0.69 <0.05 ** 3.25 1.29 0.615 0.338
look
Like the overall change of the
3.86 0.69 <0.05 ** 3.63 1.26 0.116 0.915
way I look

Likert scale using One-sample Wilcoxon signed-rank test and Wilcoxon rank sum test with
statistical computing program R and Excel; SD: Standard Deviation; Con-MMA:
Conventional MMA ; Mod-MMA: Modified MMA
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Table 3. Patient responses on Facial appearance

(Conventional MMA; N=7 vs. Modified MMA; N=17)

Con-MMA
Con-MMA Mod-MMA vs
Categories Variable Mod-MMA
Mean SD P-value Mean SD P-value P-value
Did not like appearance of
. 3.57 1.27 0.279 4.19 0.98 <0.05 ** 0.258
lower jaw before surgery
Did not like appearance of
. 2.71 0.76 0.424 3.56 1.26 0.156 0.067
upper jaw before surgery
Was not confident of
3.00 1.15 <0.05 ** 3.25 1.06 0.390 0.508
looks before surgery
i Ha with how m;
Facial PPy Y 400 | 082 | <0.05** | 356 | 131 0.150 0.599
aesthetics lower jaw has changed
Ha with how m;
pp‘y Y 3.57 0.53 <0.05 ** 3.56 1.21 0.135 0.692
upper jaw has changed
Gained confidence of the
3.86 0.69 <0.05 ** 3.25 1.29 0.615 0.338
way I look
Like the overall change of
3.86 0.69 <0.05 ** 3.63 1.26 0.116 0.915
the way I look

Likert scale using One-sample Wilcoxon signed-rank test and Wilcoxon rank sum test with
statistical computing program R and Excel; SD: Standard Deviation; Con-MMA:
Conventional MMA ; Mod-MMA: Modified MMA
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Figure 1. Patient responses on QOL and facial appearances
(Conventional MMA patients; N=7)
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Figure 2. Patient responses on QOL and facial appearances
(Modified MMA patients; N=17)
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Modified MMA (N=17)
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Figure 3. Conventional MMA and genioglossus advancement (Case 1).
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Figure 4. Modified MMA and genioglossus advancement (Case 2).
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Figure 5. Conventional MMA and Genioglossus advancement (Case 3)
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