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Study Objectives: To assess whether patients with class III malocclusions who underwent bimaxillary orthognathic surgery (BOS) 
are at an increased risk for obstructive sleep apnea (OSA) and/or a reduction in sleep-related quality of life compared to class III 
patients treated with orthodontics alone.
Methods: Questionnaires were mailed to class III patients who had BOS and a matched control group of class III patients previously 
treated with orthodontics alone. Subjects were asked to complete the Berlin Questionnaire to assess OSA risk and the Functional 
Outcomes of Sleep-10 (FOSQ-10) and Epworth Sleepiness Scale (ESS) to assess sleep-related quality of life.
Results: Seventy-eight subjects in the BOS group responded (29.8% response rate) and 24 subjects in the control group responded 
(13.7% response rate). Compared to the control group, the surgery group was significantly older, had longer follow-up times, and 
had more Caucasians. There was no significant difference between the surgery and orthodontic-only groups in their responses to 
the Berlin Questionnaire or the FOSQ-10. According to the Berlin Questionnaire, 9.0% of the surgery group were at high risk for 
OSA, while 16.7% of the orthodontic-only group were at high risk. The median total FOSQ-10 score for the surgery group and the 
orthodontic-only group was 18.3 and 18.1, respectively. The surgery group had a significantly lower ESS score of 6.3 compared to the 
orthodontic-only group score of 6.9. These findings compared favorably with scores for healthy individuals.
Conclusions: Patients receiving BOS for the correction of class III malocclusions are at no greater risk for OSA and/or reduction in 
sleep-related quality of life compared to Class III patients treated with orthodontics alone.
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Sleep disordered breathing (SDB) is regarded as a spectrum 
of diseases involving increased upper airway resistance 

during sleep and includes snoring, upper airway resistance 
syndrome, and obstructive sleep apnea (OSA).1 Individuals 
with SDB can progress in severity from snoring to OSA, with 
increased airway collapse over time. OSA is characterized 
by the recurrent narrowing and obstruction of the pharyn-
geal airway during sleep. OSA and other forms of SDB have 
been reported to increase the risk of morbidity and mortality 
through the association with diabetes, hypertension, cardio-
vascular disease, and cerebrovascular disease.2–4 With the 
prevalence of SDB among adults in the United States estimated 
at 26%,5 jaw surgeries that could alter the risk for SDB should 
be carefully evaluated.

Mandibular setback surgery, either alone or in conjunction 
with maxillary advancement, is a surgical treatment option 
for patients with skeletal class III malocclusions. This type of 
malocclusion is characterized by either mandibular progna-
thism, maxillary deficiency, or a combination of both. Several 
studies have suggested that patients may develop OSA after 
mandibular setback surgery due to a narrowing of the poste-
rior airway space (PAS).6–8 In a recent systematic review of 
cephalometric and cone-beam computed tomography (CBCT) 
studies on setback surgery and airway, the authors concluded 
that there is moderate evidence that isolated mandibular 
setback surgery leads to a decrease in oropharyngeal airway 
volume after surgery.9 Follow-up studies of a year or greater 

have also shown a continued decrease in upper and middle 
airway dimension over time.10,11

Due to concerns about airway reduction and unfavorable 
facial profile esthetics, many surgeons in the United States are 
doing fewer isolated mandibular setbacks. Less than 10% of 
class III surgery patients are receiving isolated setbacks, while 
approximately 40% undergo bimaxillary orthognathic surgery 
(combination of mandibular setback and maxillary advance-
ment); the other half receive maxillary advancement surgery 
alone.12 With the growing preference for bimaxillary orthogna-
thic surgery (BOS), many recent studies have looked at its effect 
on the airway. In recent CBCT studies on changes in airway 
volume after BOS, the effect on the airway is still not clear. Some 
CBCT studies found an overall decrease in airway volume after 
BOS,13–15 but others found an increase,16 or even no change.17,18

Although studies have reported an association between 
reduced airway volume and the risk for sleep disordered 
breathing,19 threshold limits for airway size have not been 
established for the development of SDB. Even if BOS leads to 
a decrease in airway volume, the risk for developing SDB after 
surgery has not been sufficiently explored. Studies are limited, 
and conclusions vary, regarding the extent to which BOS leads 
to SDB confirmed by polysomnography (PSG).16,20,21 Moreover, 
no study was identified that assessed patients’ perception of 
sleep-related quality of life after BOS.

With the prevalence of sleep disordered breathing known to 
increase with age and evidence suggesting continual decreases 
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in airway space after setback surgery, long-term follow up 
studies on BOS and SDB risk are needed.10,11,22 The purpose 
of this study was to assess whether patients with skeletal class 
III malocclusions who underwent bimaxillary orthognathic 
surgery are at an increased risk for OSA and/or a reduction in 
perceived sleep-related quality of life compared to a group of 
non-surgical class III patients treated with orthodontics alone.

METHODS

This study was approved by the Biomedical Institutional 
Review Board of the University of North Carolina.

Subjects

Bimaxillary Surgery
Two hundred sixty-two subjects with class III malocclusions 
who had undergone bimaxillary orthognathic surgery at 
the University of North Carolina (UNC) Memorial Hospital 
between 2003 and 2012 were identified from the UNC orthog-
nathic surgery database after accounting for inclusion and 
exclusion criteria. Subjects were included if they were at least 1 
year post-surgery, had current contact information, and were 
able to understand and read English. The presence of a congen-
ital syndrome led to exclusion from the study.

Orthodontic-Only Control
One hundred seventy-five patients with class III malocclusions 
who were treated nonsurgically in the UNC graduate orth-
odontic clinic and who met the same inclusion and exclusion 
criteria as the surgery group were frequency matched to the 
surgery group based on gender, age, and time since deband.

Each subject was mailed a packet which included a cover 
letter for informed consent, a HIPAA authorization, an opt-out 
form, a set of questionnaires, and a business reply envelope. 
Demographic data, information on OSA diagnosis or manage-
ment since their class III treatment, and responses to items on 
three questionnaires to assess OSA risk and quality of life were 
requested. The questionnaires were created in Teleform so that 
returned questionnaires could be easily scanned, verified, and 
input into a SAS dataset for analysis. Non-responders were 
mailed a second and, if necessary, a third packet at monthly 
intervals.

Questionnaires
Subjects were asked to report age in years and months, gender 
(male/female), height in feet and inches, weight in pounds, 
race/ethnicity, and information on previous OSA diagnosis 
or treatment. Three sleep questionnaires (Berlin, Functional 
Outcomes of Sleep-10, and Epworth Sleepiness Scale) were 
completed by participants in this study to assess OSA risk and 
sleep- related quality of life. Although the diagnostic gold stan-
dard for assessing OSA is overnight polysomnography (PSG), 
validated disease-specific questionnaires are frequently used 
as convenient and cost-effective screening tools for OSA.23

The Berlin Questionnaire is a validated survey that scores 
subjects as “high risk” or “low risk” for OSA.24 In a recent 
systematic review of validated OSA screening questionnaires, 
the Berlin had a pooled sensitivity and specificity of, 77% and 

74%, respectively.25 The Berlin Questionnaire is composed of 
10 questions divided among 3 symptom categories: snoring, 
daytime sleepiness, and obesity/hypertension. Patients with 
frequent and persistent symptoms in any 2 of the 3 catego-
ries are considered at high risk for OSA. At least 2 affirmative 
answers in either the snoring or daytime sleepiness catego-
ries is confirmation of the presence of that symptom. For the 
obesity/hypertension category, an answer of “yes” to having 
hypertension or a body mass index (BMI) > 30 kg/m2 is consid-
ered a positive score. BMI was calculated from the self-reported 
height and weight.

The Functional Outcomes of Sleep Questionnaire (FOSQ-30) 
is a valid and reliable 30-item questionnaire that is considered 
to be the gold standard in assessing the impact of sleepiness on 
quality of life.26 The FOSQ-10 is a shorter version of the original 
FOSQ-30 and has been shown to be easier to use and to reach 
the same statistical conclusions as the longer version regarding 
comparisons in sleep-related quality of life between normal 
controls and patients with OSA.27 The FOSQ-10 assesses 
quality of life via 10 questions measuring 5 subscales: general 
productivity, activity level, vigilance, social outcome, and inti-
macy and sexual relationships.26 Total scores range from 5–20 
with lower values suggesting poorer sleeprelated quality of life.

The Epworth Sleepiness Scale (ESS) assesses daytime sleepi-
ness and is one of the most widely used sleep assessment ques-
tionnaires in clinical settings. Although the ESS has been 
found to have a low predictive value when used as a screening 
method for OSA,28–30 a study using participants from the Sleep 
Heart Heath Study found excessive daytime sleepiness to be 
strongly associated with reduced quality of life.31 The subject 
rates from 0–3 (0-never, 3-high) his/her chances of dozing 
off in 8 situations that are often encountered in daily life. ESS 
scores range from 0–24, and a score > 10 (i.e., 11+) is considered 
indicative of excessive daytime sleepiness.32

Statistical Analysis
All statistical analyses were conducted using SAS (SAS Insti-
tute Inc. Version 9.3 2011. Cary, NC: SAS Institute Inc.).

The orthognathic surgery and orthodontic-only groups were 
compared to assess characteristic differences (age, sex, time 
since surgery/deband, race, BMI, diagnosis of OSA, prescrip-
tion for OSA treatment) and to assess whether the groups 
differed with respect to perception of quality of life and risk 
for OSA. Descriptive and inferential statistics were used to 
analyze the data. A χ2 or Fisher exact test was used to compare 
categorical variables, and a Cochran-Mantel-Haenszel row 
mean score test was used to compare continuous variables 
between groups. The level of significance was set at 0.05.

RESULTS

Of the 262 surgery subjects sent questionnaires, 78 patients 
responded (response rate of 29.8%). Surgery participants 
included 46 females and 32 males with a median age of 27.6 
(19.1, 36.2). They were all at least 2 years post-surgery with a 
median time since surgery of 5.4 (2.8, 8.1) years. Twenty-four 
of the 175 subjects in the control group responded (response 
rate of 13.7%). The control group consisted of 15 females and 
9 males with a median age of 22.0 (14.6, 29.4) years. They were 
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all at least 1 year post deband with a median time 
since deband of 4.1 (1.8, 6.4) years. The 2 groups were 
significantly different in median age (p < 0.01), time 
since surgery/deband (p < 0.05), and race (p < 0.01). 
Compared to the control group, the surgery group was 
older, had a longer follow-up time, and was composed of 
a higher percentage of Caucasians. No statistical differ-
ence between gender and BMI was detected (Table 1). 
One participant in the surgery group acknowledged 
being treated with an oral appliance, but denied having 
a previous OSA diagnosis. Either the patient failed to 
recall a diagnosis or was provided the oral appliance in 
absence of an official diagnosis. The patient also stated 
that it had been 2 years since the appliance was used.

The Berlin Questionnaire did not reveal any statisti-
cally significant difference in the OSA risk assessment 
between the surgery and orthodontic-only groups 
nor were there any statistically significant differences 
between groups in any of the symptom categories 
(Table 2). Overall, 9.0% of the surgery group and 16.7% 
of the orthodontic-only group were found to be at high 
risk for OSA.

Analysis of the FOSQ-10 indicated no statistically 
significant difference between the total FOSQ-10 score 
for the surgery and orthodontic-only groups with 
median total scores of 18.3 (16.4, 20.1) and 18.1 (15.7, 
20.6), respectively. The two groups did not differ signifi-
cantly in any of the subscales: productivity, activity, 
vigilance, social outcomes, or intimacy and sexual rela-
tions (Table 3).

The difference in the Epworth Sleepiness Scale scores 
was significantly different between the surgery and 
orthodontic-only groups (p < 0.05). After excluding 
those with missing data, the median ESS score for the 
surgery group was 6.3 (3.3, 9.3) compared to 6.9 (2.4, 
11.4) for the orthodontic-only group. Both median 
scores, however, fell within the normal range for 
daytime sleepiness. When assessed for the propor-
tion of subjects who demonstrated excessive daytime 
sleepiness, 10.5% of the surgery group and 20.8% of 
the orthodontic-only group had an ESS total score > 10 
(p = 0.29; Table 4)

DISCUSSION

Sleep disordered breathing, including OSA, is a 
serious condition associated with increased morbidity 
and mortality.3,4 Isolated mandibular setbacks are 
becoming rare in the United States due to both esthetic 
reasons and concerns over the risk of airway reduc-
tion possibly leading to SDB. Studies on the effects of 
bimaxillary orthognathic surgery with mandibular 
setback (BOS) on sleep function are limited. Objec-
tive measures, primarily from polysomnograms, have 
traditionally been reported in the literature and have 
led to varying conclusions. In the PSG study of Foltán 
et al,20 BOS was found to worsen respiratory parame-
ters with significant decreases in oxygen saturation (SpO2) and 
nasal airflow measured before and after (mean 8.5 months) 

surgery. However, in a different PSG study, Hasebe et al.21 was 
unable to detect significant differences in SDB or changes in 

Table 1—Descriptive statistics for study participants.

Variable

Surgery
(n = 78)

Median (P25, P75)

Orthodontic-Only 
(n = 24)

Median (P25, P75) p value
Age 27.6 (19.1, 36.2) 22.0 (14.6, 29.4) 0.006
Time since 

surgery/deband
5.4 (2.8, 8.1) 4.1 (1.8, 6.4) 0.035

Body mass index 25.4 (19.8, 27.8) 23.4 (19.1, 27.8) 0.110
Gender n (%) n (%)

Male 32 (41.0) 9 (37.5) 0.760
Female 46 (59.0) 15 (62.5)

Race
Caucasian 64 (83.1) 12 (52.2) 0.002
Other 12 (16.9) 11 (47.8)

Previous OSA 
diagnosis

0 0 –

History of OSA 
treatments

1 (1.3) 0 1.000

Oral appliance 1 (1.2) 0 –

P25, 25th percentile; P75, 75th percentile.

Table 2—Berlin Questionnaire results.
Surgery

n (%)
Orthodontic-Only

n (%) p value
Symptom categories

Snoring
Positive 11 (14.1) 6 (25.0) 0.22
Negative 67 (85.9) 18 (75.0)

Daytime sleepiness 
Positive 17 (21.8) 6 (25) 0.74
Negative 61 (78.2) 18 (75.0)

Blood pressure/BMI
Positive 15 (19.2) 2 (8.3) 0.34
Negative 63 (80.8) 22 (91.7)

Risk assessment
Low risk 71 (91.0) 20 (83.3) 0.29
High risk 7 (9.0) 4 (16.7)

Table 3—Functional Outcomes of Sleep Questionnaire-10 
results.
Subscale
Scores

Surgery
Median (P25, P75)

Orthodontic-Only
Median (P25, P75) p value

General 
productivity 
subscale

3.6 (3.1,4.1) 3.6 (3.0,4.2) 0.74

Activity level 
subscale

3.5 (2.9,4.1) 3.6 (3.1,4.1) 0.61

Vigilance subscale 3.7 (3.2,4.1) 3.7 (3.1,4.3) 0.47
Social outcomes 

subscale
3.9 (3.4,4.3) 3.8 (3.3,4.3) 0.89

Intimacy and 
sexual relations 
subscale

3.7 (3.0,4.3) 3.5 (2.5,4.4) 0.06

Total scorea 18.3 (16.4,20.1) 18.1 (15.7,20.6) 0.90

aTotal score is a mean-weighted item score.
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SpO2 or apnea-hypopnea index (AHI) in patients 6 months 
after BOS. The investigators did note that 2 patients with very 
large mandibular setbacks were diagnosed with mild OSA 
after surgery. Turnbull and Battagel33 compared overnight 
pulse oximetry and respiratory noises before and after BOS 
and found no significant changes despite identifying a reduc-
tion in the retrolingual airway diameter in all patients. In a 
recent PSG study by Gokce et al.,16 sleep quality and efficiency 
improved significantly after BOS (mean 1.4 years) with signifi-
cant increases in SpO2 and decreases in AHI.

While objective measures of SDB have traditionally been 
reported in the literature, quality of life assessments are increas-
ingly being recognized as an important outcome variable as 
well.31,35 A number of studies have examined quality of life 
subsequent to jaw surgery for dentofacial deformities,36 however, 
no studies were identified that explored the impact of Class III 
jaw surgeries on sleep-related quality of life. Our finding of no 
significant difference in Berlin Questionnaire scores between 
the BOS group and the orthodontic-only group is consistent 
with the objective measure studies that were unable to demon-
strate an increased risk of SDB after BOS. The BOS group scores 
were also found to be similar to a recent population study on 
OSA risk. For example, the Berlin Questionnaire was used in 
a national sleep poll of 1,506 people, and 19% of participating 
adults were found to meet the criteria for high risk of OSA.34 
In our study, 9.0% of the surgery group and 16.7% of the orth-
odontic-only group were found to be at high risk for OSA.

In our study, we used 2 validated sleep questionnaires, the 
FOSQ-10 and ESS, to focus on how BOS may affect patients’ 
perception of sleep-related quality of life. To our knowledge, 
this is the first study to assess patients’ perception of daytime 
sleepiness after BOS. With a median post-surgery time of 5.4 
(2.8, 8.1) years, our study offered information on subjects with 
a longer follow-up than any previous study that measured sleep 
outcomes after BOS.

In a recent study evaluating ESS scores between OSA patients 
and non-OSA patients, the average values found were 10.9 and 
7.7, respectively.30 Although we found a statistically significant 
difference in ESS scores between our 2 groups (p < 0.05), with 
the surgery group having a lower median daytime sleepiness 
score, ESS scores in both groups fell within the normal range. 
Both groups in our study were less than the reported non-OSA 
score of 7.7, with the surgery group having a median ESS score 
of 6.3 (3.3, 9.3) and the orthodontic-only group a score of 6.9 
(2.4, 11.4). It has been estimated that 10% to 20% of the general 
population has ESS scores > 10.37 Our results were in that range 
with 10.5% of the BOS group and 20.8% of the orthodontic-
only group having ESS scores > 10. The significantly lower ESS 
score and lower proportion of scores > 10 in the surgery group 

suggest that BOS does not adversely impact daytime 
sleepiness.

The FOSQ was developed to measure the impact 
of sleep on quality of life. Higher FOSQ scores reflect 
better quality of life. In a previous FOSQ-10 study, 
patients with OSA had an average score of 12.5, while 
non-OSA participants had an average score of 17.2.27 
In our BOS group, the FOSQ-10 score of 18.3 (16.4, 
20.1) compared favorably to the reported value in the 
non-OSA patients. Thus, results from both the ESS 

and FOSQ-10 in our study suggest that Class III bimaxillary 
surgery did not significantly affect the patients’ sleep-related 
quality of life post-surgery.

Study Limitations
The median age of both of our study groups was relatively young. 
Due to the conversion in 2003 from paper charts to the elec-
tronic patient record (EPR) at our institution, we were limited 
in the time frame for which we had current contact informa-
tion for patients in the UNC surgery database. As such, the 
median age of both groups was < 28 years and may not reflect 
OSA outcome differences that may occur with increasing age.38 
A well-known risk assessment questionnaire, the STOP-Bang, 
uses age 50 as a threshold for increased OSA risk.39 If or how 
our groups differ after age 50 would be valuable information 
on clarifying whether BOS is associated with an increased risk 
of OSA over time. Although we attempted to frequency match 
the age of the orthodontic-only group to the age of the surgery 
group respondents, the median age of the surgery group was 
approximately 5 years older, which one might have speculated 
would have magnified a difference in OSA risk if it existed.

The increased follow-up time of approximately 1 year for 
the BOS group compared to the orthodontic-only group is 
understandable because up to a year of orthodontic finishing 
remains after surgery. We were not able to compare deband 
dates between groups because we did not have access to the 
deband dates of the surgery group. The majority of the orthog-
nathic surgery patients seen at UNC have their orthodontic 
treatment carried out by local orthodontists.

The BMI used in this study was calculated from self-reported 
height and weight values. Although the BMI was not signifi-
cantly different between groups, any inaccuracies in BMI 
could also have altered the scoring of the Berlin Questionnaire 
which uses BMI as one of its variables. Given that the study 
design did not evaluate patients clinically, obtaining accurate 
height and weight data from participants was not possible. The 
significantly more Caucasians in the surgery group is consis-
tent with the demographics of the surgery patients at UNC.

There was a significant difference in response rate between 
the BOS group and orthodontic-only group with response 
rates of 29.8% and 13.7%, respectively. The BOS subjects may 
have been more likely to participate in our study because many 
had previously agreed to participate in an ongoing surgery 
stability study at UNC. In addition, the BOS subjects may have 
felt more of an obligation to participate because of the intense 
emotional and psychological impact that comes from the 
profound positive changes in function and facial esthetics after 
surgery. The low response rate in both groups is likely related 
to the transient nature of individuals who have treatment in 

Table 4—Epworth Sleepiness Scale (ESS) results.
Surgery

Median (P25, P75)
Orthodontic-Only
Median (P25, P75) p values

ESS Score 6.3 (3.3,9.3) 6.9 (2.4,11.4) 0.049
n (%) n (%)

ESS Scores < 10 68 (87.2) 19 (79.2) 0.29
ESS Scores > 10 8 (10.5) 5 (20.8)
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their teens and early twenties and then relocate for college and 
jobs. No institutional effort is made to periodically update the 
contact information of patients who have completed treatment, 
which possibly negatively impacts retrospective study response 
rates, thereby limiting the generalizability of the findings.

To our knowledge, this study provides the longest follow-
up information to date on the effects of Class III bimaxillary 
orthognathic surgery (BOS) on sleep disordered breathing 
(SDB). Moreover, this is the first study to assess sleep-related 
quality of life after BOS. The results of this study suggest that 
young adults receiving this double jaw surgical procedure for 
the correction of class III malocclusions are at no greater risk 
for OSA and/or reduction in sleep- related quality of life than 
patients treated with orthodontics alone. Patients have been 
shown to be at most risk for SDB if the mandible is set back 
significantly, preventing adaption to their new respiratory 
position during sleep.21 Bimaxillary orthognathic surgery for 
Class III malocclusions may be able to limit the risk of SDB by 
minimizing the amount of mandibular setback required and 
through compensating increases in the nasopharyngeal and 
velopharyngeal airways from the maxillary advancement.16,40 
Prospective research is needed to evaluate sleep-related quality 
of life before and after BOS and to examine correlations between 
PSG data, sleep questionnaires, and 3D airway parameters. The 
ability to more clearly identify an orthognathic surgery patient’s 
presurgical risk of developing SDB is a goal that would guide 
surgeons and benefit patients in the future.
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