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preoperative score minus the postoperative score. If the normality assumptions for changes in

the NOSE score were not met, a nonparametric test (the Wilcoxon signed-rank test) was used.

Differences in NOSE score changes according to patient characteristics and surgical factors

were evaluated using the Kruskal-Wallis test and the Mann-Whitney test.

Results Patients ranged in age from 18 to 29 years (mean +standard deviation [SD],

23.00+ 3.87 years). Three were men and 10 were women. Eleven patients (84%) had an ac-

quired dentofacial deformity with skeletal class Ill malocclusion. The preoperative NOSE

scores ranged from 40 to 90 (mean+ SD, 68.92+ 16.68), and the postoperative NOSE scores

ranged from 25 to 80 (53.84 + 18.83). The cohort as a whole showed significant improvement

in nasal airway function following maxillary impaction (P=0.028). Eleven patients (84%) had

either improved (n=8) or unchanged (n=3) postoperative NOSE scores. However, nasal air-

way function deteriorated in two patients. Patient characteristics and surgical factors were

not correlated with preoperative or postoperative NOSE scores.

Conclusions Nasal airway function as evaluated using the NOSE scale improved after maxil-

lary impaction.
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INTRODUCTION thetics. Le Fort I osteotomy is a popular technique for this type

of surgery, as it allows the maxilla to be moved in any direction
Orthognathic surgery is a common elective procedure for im- required for the purpose of the operation. However, in certain
proving facial function (occlusion, mastication, speech) and aes- cases, such as total impaction where the maxilla is moved as a
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whole, or posterior impaction where it is rotated clockwise, the
operation can result in narrowing of the nasal airways, some-
times causing interference between the inferior turbinate and
nasal floor. In addition, superior movement of the maxilla may
cause a proportional decrease in nasal airflow due to an increase
in the resistance of the nasal airway as the intranasal dimension
decreases.

Several studies have evaluated changes in nasal airway function
following maxillary mobilization using objective methods such
as acoustic rhinometry and anterior rhinomanometry [1-3]. In
addition, it was found that even when maxillary impaction was
conducted, there was no nasal airway compromise in most cases
[34].

However, these methods tend to give results that are poorly
correlated with subjective symptoms; furthermore, they are un-
able to detect functional nasal airway obstruction in a consider-
able proportion of patients [5,6]. In view of this, Stewart et al.
[7] developed the Nasal Obstruction Symptom Evaluation
(NOSE) scale for evaluating subjective symptoms reported by
patients. The scale has been shown to be a valid disease-specific
measure of quality of life for evaluating nasal airway obstruction
[6-8].

This prospective study used the NOSE scale to evaluate
changes in nasal airway function following maxillary impaction

performed using Le Fort I osteotomy.

METHODS

Patient selection and data collection
This study included patients who underwent maxillary impac-
tion by Le Fort I osteotomy at our craniofacial surgery center
between September 2017 and February 2020. Patients were ex-
cluded if they had previously undergone partial inferior turbi-
nectomy, used a nasal inhaler (which can affect the thickness of
the nasal mucosa), had polyps or a nasal skeletal deformity, had
adenoid hyperplasia or turbinate enlargement, or had developed
an acute upper respiratory infection within 4 weeks after enroll-
ment. Data were collected on patients’ age, sex, body mass index
(BMI), and smoking status; the condition to be surgically cor-
rected and the class of occlusion; the presence of relevant co-
morbidities, such as asthma, obstructive sleep apnea, or allergic
rhinitis; and whether complications arose, either during orthog-
nathic surgery or postoperatively due to inferior turbinectomy.
The types of orthognathic surgical procedures performed, the
degree and direction of maxillary movement, and whether infe-
rior turbinectomy was performed were also noted.

All the surgical procedures were performed by a single surgeon

(JHC). Before each operation, the surgeon established surgical
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treatment objectives via thorough analytic model surgery in
consultation with experienced orthodontists. We essentially fol-
lowed McNamara analysis for diagnosis and presurgical plan-
ning, but we always considered the soft tissue profile and upper
airway, and in some cases, modifications were needed. In addi-
tion, we tried to make the angle of the Frankfort horizontal
plane to the A-B plane between 81° and 83° because we believe
this range corresponds to the class I facial profile. Coronal com-
puted tomographic scans and cephalometric radiographs (pan-
oramic, lateral, and posteroanterior) were taken 2 weeks before
surgery. The preoperative coronal scans were used to measure
the distance between nasal floor and inferior turbinate on each
side of the nose (mucosa to mucosa at the level of the maxillary
first molar), and the lower of the two values was used to help es-
timate the expected postoperative narrowing of the nasal air-
ways and the risk of interference between the two aforemen-
tioned structures. If, during planning, this distance was found to
be less than or equal to the degree of maxillary impaction re-
quired for correction of canting (calculated using mean values
for both sides of the face), inferior turbinectomy was performed
to resolve the expected interference. Moreover, in order to pre-
vent the development of nasal septal deviation during maxillary
impaction and to exclude its effects on the nasal airway, we only
conducted resection and removal of the septum (cartilage and
bone) to the extent that no physical interference occurred dur-

ing maxillary impaction.

Surgical technique

Le Fort I osteotomy was performed according to conventional
protocol. A mucosal incision was made and subperiosteal dis-
section was performed around the pyriform aperture, followed
by subperiosteal elevation. After full elevation and protection of
the maxillary periosteum, osteotomy was performed with a re-
ciprocating saw and a straight osteotome.

Prior to maxillary osteotomy, careful dissection was performed
between the nasal mucosa and maxilla. Down-fracture and full
mobilization of the maxilla were performed, with the nasal mu-
cosa being preserved intact. If necessary, inferior turbinectomy
was conducted after maxillary mobilization to prevent interfer-
ence that might result from the distance between nasal floor and
inferior turbinate being less than or equal to the degree of maxil-
lary impaction. A bilateral linear incision was made at the nasal
floor mucosa to expose the turbinate. Both the mucosa and tur-
binate bone were resected. The turbinate tissue, including bone,
was clamped with straight Kelly forceps, and the mucosa and
bone were excised together with Mayo scissors (Fig. 1). After
resection, hemostasis was performed with electrocautery and

wound repair was completed. For the nasal septum, as described
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Fig. 1. Inferior turbinectomy during the maxillary impaction

(A) Inferior turbinectomy after down-fracture of the maxilla. Inferior turbinectomy was conducted to prevent interference, which might occur if
the distance between nasal floor and inferior turbinate was less than the degree of maxillary impaction. (B) Resected inferior turbinate tissue in-
cluding bone. The turbinate tissue including bone was clamped with straight Kelly forceps, and the mucosa and bone were excised together with

Mayo scissors. Rt, right; Lt, left.

Table 1. Nasal Obstruction Symptom Evaluation scale

Symptom Not a Very mild Moderate Fairly bad Severe
problem problem problem problem problem
Nasal stuffiness 0 2 3 4
Nasal blockage or obstruction 0 1 2 3 4
Trouble breathing through my nose 0 1 2 3 4
Trouble sleeping 0 1 2 3 4
Unable to get air through my nose during exercise or exertion 0 1 2 3 4

Adapted from Stewart et al. Otolaryngol Head Neck Surg 2004;130:157-63 [7].

above, the cartilaginous and bony septum were resected only to
the extent that there was no physical interference with the

movement of the maxilla.

NOSE scale
The NOSE scale is a simple questionnaire utilized to evaluate
nasal airway function. It comprises five self-assessment ques-
tions with potential answers ranging from 0 (not a problem) to
4 (severe problem); the maximum score is 20 (Table 1). The
patients in our study answered the NOSE scale preoperatively
and 3 months postoperatively. Raw scores were multiplied by S
to convert them to weighted scores (0-100), with higher scores
indicating more severe nasal airway obstruction. To reduce bias,
all patients were interviewed by the same investigator, who was
not an operating surgeon. The change in the NOSE score was
calculated as the preoperative score minus the postoperative
score, and was used as a measure of improvement in nasal air-
way function.

The Kolmogorov-Smirnov and Shapiro-Wilk tests were used

to evaluate the normality assumption for changes in the NOSE
score. If the normality assumption was confirmed, the signifi-
cance of the change was analyzed with the paired t-test. If the
normality assumptions were not met, a nonparametric test (the
Wilcoxon signed-rank test) was used. Differences in NOSE
score changes with regard to patient characteristics and surgical
factors were evaluated using the Kruskal-Wallis test and the
Mann-Whitney test. A P-value <0.0S was considered to indi-
cate statistical significance. In addition, a statistical analysis was
performed to exclude the effects of the type of surgical proce-
dure (inferior turbinectomy or genioplasty) on NOSE score
changes. The Mann-Whitney test was used to evaluate whether
the NOSE score change differed significantly according to
whether inferior turbinectomy or genioplasty was performed.
All data were analyzed using SPSS version 21.0 for Windows
(IBM Corp., Armonk, NY, USA). This study was conducted in
accordance with the Declaration of Helsinki. All patients were
provided with a description of the study prior to surgery, and in-
formed consent was obtained for inclusion in the study. Myongji
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Hospital Institutional Review Board reviewed the protocol and
approved this study (IRB number: MJH2020-05-007).

RESULTS

In total, 13 patients met the selection criteria. Patients” age
ranged from 18 to 29 years (mean * standard deviation [SD],
23.00+ 3.87 years). Three (23%) were men, and 10 (77%) were
women. Their BMI ranged from 17.9 to 27.4 kg/m’ (mean +
SD, 22.04 +2.69 kg/m?). Comorbidities included allergic rhini-
tis (n=1), asthma (n=1), and obstructive sleep apnea (n=1)
(Table 2). For 11 patients (84%), the condition to be corrected
by surgery was acquired dentofacial deformity with skeletal class
III malocclusion, while one patient (8%) had obstructive sleep
apnea with retrognathia, and one patient (8%) had Crouzon

Table 2. Patient characteristics

Variable Value (n=13)
Sex
Male 3(23)
Female 10 (77)
Age (yr) 18-29 (23.00 £+ 3.87)
Body mass index (kg/m? 17.9-27.4 (22.04 £ 2.69)
Comorbidities
None 9
Obstructive sleep apnea 1
Asthma 1
Allergic rhinitis 1
Smoking
No 13
Yes

Value are presented as number (%) or range (mean =+ SD).

Table 3. Conditions to be corrected

Condition No. of patients

Acquired dentofacial deformity with skeletal class Il 11
malocclusion

Obstructive sleep apnea due to retrognathia (skeletal class | 1
malocclusion)

Crouzon syndrome with skeletal class | malocclusion 1

Table 4. Surgical procedures performed

Types of surgical procedure
Le Fort | osteotomy +BSSRO 6
Le Fort | osteotomy +BSSRO + genioplasty

No. of patients

5
Le Fort I osteotomy +BSSRO + genioplasty + bone grafting 1
Le Fort | osteotomy +BSSRO + genioplasty +ASO 1

BSSRO, bilateral sagittal split ramus osteotomy (mandible); ASO, anterior
segmental osteotomy (maxilla).
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syndrome (Table 3). All patients underwent Le Fort I osteoto-
my and bilateral sagittal split ramus osteotomy of the mandible.
For six patients, these were the only orthognathic procedures
performed; the other patients underwent additional procedures
such as genioplasty, bone grafting, and anterior segmental oste-
otomy of the maxilla (Table 4).

With regard to anteroposterior repositioning of the maxilla,
maxillary setback was performed in five patients (38%; range,
0.3-5.0 mm; mean +SD, 1.66 + 1.89 mm) and maxillary ad-
vancement in three patients (23%; range, 1.0-4.5 mm; mean
SD, 3.50+ 2.17 mm); the other five patients (38%) had neither.

In six patients (46%), the distance between nasal floor and infe-
rior turbinate (range, 2.5-5.0 mm; mean + SD, 4.03 +0.82 mm)

Fig. 2. Preoperative and postoperative computed tomography
scans

Preoperative (A) and postoperative (B) coronal views show the re-
duced turbinates (blue arrows) and maintained nasal airway. The
patency of the nasal airway was maintained by performing inferior
turbinectomy to prevent physical interference between the inferior
turbinate and palatal bone.
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was less than or equal to the degree of maxillary impaction (range,
2.3-7.1 mm; mean * SD, 4.78 £ 1.72 mm), and they underwent
inferior turbinectomy to resolve the interference (Fig. 2).

The preoperative weighted NOSE scores ranged from 40 to
90 (mean + SD, 68.92 + 16.68), while the postoperative weight-
ed NOSE scores ranged from 25 to 80 (mean+SD, 53.84
18.83). After maxillary impaction, the cohort as a whole showed
significant improvement in nasal airway function (P =0.028 us-
ing the Wilcoxon signed-rank test) (Table S), with the change in
weighted NOSE score difference ranging from -20 to 45
(mean £ SD, 15.07 +20.41). Eleven patients (84%) had either a
lower NOSE score after surgery (n=8) or no change (n=3).

However, nasal airway function deteriorated after surgery, as

Table 5. Preoperative and postoperative NOSE scores

Score Preoperative Postoperative Change  P-value?
Range 401090 2510 80 —20t0 45 0.028
Mean+SD 68.92+16.68 53.84+18.83 15.07 +20.41

NOSE, Nasal Obstruction Symptom Evaluation.
IWilcoxon signed-rank test.

Table 6. Correlation analysis between parameters and
preoperative and postoperative NOSE scores

NOSE score, P-value

Parameter - -
Preoperative Postoperative

Age 0.498° 0.393"

Sex 0.937 0.937"

BMI 0.701? 0.808"

NOSE, Nasal Obstruction Symptom Evaluation; BMI, body mass index.
aSpearman correlation analysis; "Mann-Whitney test.

Table 7. Detailed patient data

Archives of Plastic Surgery AP S

shown by higher weighted NOSE scores after surgery; one pa-
tient’s score rose by 10, and the other’s by 20. Most parameters
we examined, including age, sex, and BMI, were not correlated
with preoperative or postoperative NOSE scores (Table 6). A
statistical analysis of the effects of surgical procedures, including
inferior turbinectomy and genioplasty, on NOSE score changes
showed no statistically significant results (inferior turbinecto-
my: P=0.534, genioplasty: P =0.445 using the Mann-Whitney
test). Detailed data for all patients are presented in Table 7.

DISCUSSION

In this study, we used the NOSE scale to evaluate changes in na-
sal airway function following maxillary impaction. Previous
studies in this field have evaluated these changes using objective
methods such as acoustic rhinometry and anterior rhino-
manometry, finding that maxillary impaction was associated
with improvements in nasal airway resistance and flow [1-3]. In
a cohort study of 52 patients who underwent maxillary impac-
tion, almost three-fourths showed reduced nasal airway resis-
tance and unchanged or improved airflow [3]. Nevertheless, be-
cause the results obtained using these objective methods are
poorly correlated with patients’ subjective symptoms, we hy-
pothesized that using the NOSE scale would reveal worsened
nasal airway function after maxillary impaction. However, con-
trary to our expectations, the NOSE scale gave results consistent
with those given by the objective methods, with patients gener-
ally having improved or stable nasal airway function after maxil-
lary impaction.

Maxillary mobilization by Le Fort I osteotomy is commonly

used to correct congenital or acquired dentofacial deformities,

. . - MIL MA/MS . Inferior Pre- Post- NOSE

No. Diagnosis Comorbidity (mm) Iength/ (mm) Genioplasty turbinectomy NOSE  NOSE difference

1 Retrognathia Obstructive sleep apnea 2.5 MA (4.5) Yes No 90 45 45

2 Maxillary hypoplasia Crouzon syndrome 3 MA (5) No No 85 58] 30

3 Acquired dentofacial deformity None 3 MS (0.3) No Yes 70 35 35

4 Acquired dentofacial deformity None 815 - Yes Yes 40 25 15

5 Acquired dentofacial deformity Allergic rhinitis 4 MS (5) Yes Yes 80 45 35

6  Acquired dentofacial deformity None 4 MS (1) No Yes 70 40 30

7 Acquired dentofacial deformity None 4 MS (1) No Yes 40 40 0

8  Acquired dentofacial deformity None 4.5 - Yes No 50 70 =20

9  Acquired dentofacial deformity None 4.5 - No Yes 80 80 0
10 Acquired dentofacial deformity None 45 MA (1) No No 60 70 =10
11 Acquired dentofacial deformity None 5 MS (1) Yes No 80 80 0
12 Acquired dentofacial deformity None 5) - Yes No 70 40 30
13 Acquired dentofacial deformity Asthma 5 No No 80 75 5

MIL, maxillary impaction length (mm) at the mesiobuccal cusp of the first molar; MA, maxillary advancement; MS, maxillary setback; NOSE, Nasal Obstruction Symptom
Evaluation; Pre-NOSE, preoperative NOSE score; Post-NOSE, postoperative NOSE score; NOSE difference, Pre-NOSE — Post NOSE.
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and many studies have been published on its effects on nasal air-
way function. Haarmann et al. [9] studied patients who under-
went Le Fort I osteotomy with concomitant nasal surgery (re-
section of the inferior turbinate, contouring of the pyriform ap-
erture, correction of the nasal septum) and found that nasal air-
way function improved regardless of whether maxillary posi-
tioning was advanced, inferior, or impacted. Like most studies
before ours, Haarmann et al. [9] used acoustic thinometry and
anterior rhinomanometry as tools for evaluating changes in na-
sal airway function and structure; specifically, the cross-sectional
area of the nasal cavity, airflow, and nasal airway resistance were
measured using these objective methods. However, these mea-
sures do not correlate well with subjective symptoms of nasal
obstruction reported by patients [6,7]. Williams et al. [10] used
the NOSE scale to evaluate nasal airway function before and af-
ter maxillary surgery in 50 patients, of whom 92% had maxillary
advancement (median, 4 mm; interquartile range, 3-5S mm); of
these patients, 80% had unchanged or improved NOSE scores
without additional nasal surgery. In our study of patients who
underwent maxillary impaction, 84% of patients had unchanged
or improved NOSE scores, consistent with Williams et al.

Le Fort I osteotomy allows the maxilla to be repositioned in
any direction, and when the bone is repositioned, it affects the
adjacent soft tissue [11]. Reduced resistance and increased flow
in the nasal airway after maxillary movement are due in large
part to the nasal valve area, which is bounded by the floor of the
nose, the soft fibro-fatty tissue covering the pyriform aperture,
the caudal ends of the lateral cartilage, and the nasal septum.
This teardrop-shaped area is the narrowest part of the nasal pas-
sage; thus, it accounts for a large portion of airflow resistance,
and even small changes in its volume cause large changes in air-
flow [12,13]. After maxillary repositioning, the structure of the
external nose also changes in a way favorable to nasal airflow.
Acoustic rhinometry has shown that the base of the nasal valve
becomes wider as the alar base width increases, with airway re-
sistance decreasing and flow increasing due to the opening ef-
fect [10]. Applying an alar cinch suture before maxillary wound
repair can also contribute to increased flow by changing the
shape of the external nares from slit to ovoid [14]. These facts
help explain our findings that nasal airway function improved in
patients with maxillary impaction.

In maxillary impaction, physical interference may occur be-
tween the palatal bone and the inferior turbinate and internal
nasal septum. This is corrected through additional procedures
such as inferior turbinectomy and septoplasty, which may also
increase nasal airflow [9]. Approximately 80% of nasal airflow
passes around the inferior turbinates, which filter, warm, and

humidify the nasal airway. Inferior turbinectomy can change the
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entire nasal flow pattern, resulting in better ventilation of the na-
sal cavity [ 15]. Several studies have been conducted on the ben-
efits of simultaneous maxillary surgery and nasal surgery. In
2016, Posnick et al. [16] evaluated 262 patients simultaneously
undergoing maxillary surgery and intranasal procedures (such
as septoplasty and volume reduction of the inferior turbinate)
and found not only a significant benefit in alleviating chronic
obstruction symptoms but also a minimal complication rate,
with a mean reduction of 57 points in weighted NOSE scores.
However, in our study, no statistically significant difference was
found in NOSE score changes depending on whether or not in-
ferior turbinectomy was performed. This is not consistent with
the results of the study by Posnick et al. We believe that inferior
turbinectomy may aid nasal airway patency in patients undergo-
ing maxillary impaction. In addition, the authors believe that
further studies are needed to investigate the usefulness of rou-
tinely performing inferior turbinectomy to improve nasal airway
function when maxillary impaction is conducted in patients
with high preoperative NOSE scores.

A rare complication of inferior turbinectomy is empty nose
syndrome, which can result from excessive turbinate tissue re-
section. Empty nose syndrome is associated with decreased re-
growth of the sensory nerves, and patients complain of difficulty
breathing despite the absence of any prominent obstruction of
the nasal airway [17]. Excessive turbinate tissue resection may
also result in intraoperative or postoperative heavy bleeding and
chronic nasal crusting [18]. In this study, no complications due
to turbinectomy were observed during the postoperative follow-
up period, which is consistent with previous studies [16-18].

In the Wisconsin Sleep Cohort Study, Young et al. [19,20] re-
ported that nasal congestion was associated with both habitual
snoring and obstructive sleep apnea. Orthognathic surgery has
proven useful in the surgical treatment of obstructive sleep ap-
nea, and the fact that our patient with obstructive sleep apnea
had a NOSE score improvement of 45 points after surgery
would seem to validate the effectiveness of this procedure.

The close association between chronic nasal obstruction and
maxillary growth has been studied since the early 1900s. Chronic
nasal obstruction and lack of nasal breathing are known to ad-
versely affect dentofacial and craniofacial development. As the
tongue and mandibles are located at a lower position due to
mouth breathing, the tone of the facial muscles decreases, and
nasal airflow decreases due to the anatomical obstruction
[21,22]. Common physical characteristics in individuals with
obstructed nasal airways, such as a narrow and posteriorly posi-
tioned mandible and a hypoplastic maxilla associated with an
open bite, may be a result of this disordered breathing and the ab-
normal tone and stimulation of facial muscles [23,24]. McNama-
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ra [25] proposed physiological mechanisms for the link between
upper respiratory tract obstruction and associated neuromuscu-
lar abnormalities of the bone, soft tissue, and craniofacial and
dental structures. These observations are supported by our study,
in which 84% of patients had skeletal class III malocclusion, and
the mean preoperative NOSE score was poor (68.92 + 16.68).
As this study involved relatively few patients, our results may
have limited generalizability to clinical practice. Nevertheless,
this is the first study that used the NOSE scale to evaluate nasal
airway function preoperatively and postoperatively in patients

who underwent orthognathic surgery with maxillary impaction.

NOTES

Conflict of interest
No potential conflict of interest relevant to this article was re-

ported.

Ethical approval

The study was approved by the Institutional Review Board of
Myongji Hospital (IRB No. MJH2020-05-007) and performed
in accordance with the principles of the Declaration of Helsinki.

Written informed consent was obtained.

Patient consent
The patients provided written informed consent for the publica-
tion and the use of their images.

Author contribution

Conceptualization: all authors. Data curation: HS Kim, JH Son,
JH Chung. Formal analysis: HS Kim, JH Son. Methodology:
HS Kim, JH Son. Project administration: HS Kim, JH Son. Vi-
sualization: HS Kim, JH Son, JH Chung, ] Choi, JY Yang. Writ-
ing - original draft: HS Kim, JH Son, KS Kim. Writing - review
& editing: all authors.

ORCID

Hyo Seong Kim https://orcid.org/0000-0002-0387-2723
Ji Hwan Son https://orcid.org/0000-0001-5345-5146
JeeHyeok Chung  https://orcid.org/0000-0003-0189-2541
Kyung Sik Kim https://orcid.org/0000-0002-2101-9654
Joon Choi https://orcid.org/0000-0002-0860-3231
Jeong Yeol Yang https://orcid.org/0000-0002-4343-4429
REFERENCES

1. Guenthner TA, Sather AH, Kern EB. The effect of Le Fort I
maxillary impaction on nasal airway resistance. Am J Or-

Archives of Plastic Surgery

thod 1984;85:308-15.

2. Erbe M, Lehotay M, Gode U et al. Nasal airway changes af-
ter Le Fort I: impaction and advancement: anatomical and
functional findings. Int J Oral Maxillofac Surg 2001;30:123-
9.

3. Turvey TA, Hall D], Warren DW. Alterations in nasal airway
resistance following superior repositioning of the maxilla.
Am ] Orthod 1984;85:109-14.

4. Turvey TA, Earren DW. Impact of maxillary osteotomies on
nasal breathing: orthognatic surgery. Oral Maxillofac Surg
Clin North Am 1990;2:831-41.

S.Bermuller C, Kirsche H, Rettinger G, et al. Diagnostic accu-
racy of peak nasal inspiratory flow and rhinomanometry in
functional thinosurgery. Laryngoscope 2008;118:605-10.

6. Kahveci OK, Miman MC, Yucel A, et al. The efficiency of
Nose Obstruction Symptom Evaluation (NOSE) scale on
patients with nasal septal deviation. Auris Nasus Larynx
2012;39:275-9.

7. Stewart MG, Witsell DL, Smith TL, et al. Development and
validation of the Nasal Obstruction Symptom Evaluation
(NOSE) scale. Otolaryngol Head Neck Surg 2004;130:157-
63.

8. Stewart MG, Smith TL, Weaver EM, et al. Outcomes after
nasal septoplasty: results from the Nasal Obstruction Septo-
plasty Effectiveness (NOSE) study. Otolaryngol Head Neck
Surg 2004;130:283-90.

9. Haarmann S, Budihardja AS, Wolff KD, et al. Changes in
acoustic airway profiles and nasal airway resistance after Le
Fort I osteotomy and functional rhinosurgery: a prospective
study. Int ] Oral Maxillofac Surg 2009;38:321-5.

10. Williams BJ, Isom A, Laureano Filho JR, et al. Nasal airway
function after maxillary surgery: a prospective cohort study
using the nasal obstruction symptom evaluation scale. ] Oral
Maxillofac Surg 2013;71:343-50.

11. Obwegeser HL. Surgical correction of small or retrodis-
placed maxillae: the “dish-face” deformity. Plast Reconstr
Surg 1969;43:351-6S.

12. Lang C, Grutzenmacher S, Mlynski B, et al. Investigating the
nasal cycle using endoscopy, rhinoresistometry, and acous-
tic rhinometry. Laryngoscope 2003;113:284-9.

13. Cole P. Acoustic rhinometry and rhinomanometry. Rhinol
Suppl 2000;16:29-34.

14. Betts NJ, Vig KW, Vig P, et al. Changes in the nasal and labial
soft tissues after surgical repositioning of the maxilla. Int J
Adult Orthodon Orthognath Surg 1993;8:7-23.

15. Movahed R, Morales-Ryan C, Allen WR, et al. Outcome as-
sessment of 603 cases of concomitant inferior turbinectomy
and Le Fort I osteotomy. Proc (Bayl Univ Med Cent) 2013;

67



Kim HS et al.

16.

17.

18.

19.

20.

68

Nasal airway after maxillary impaction

26:376-81.

Posnick JC, Fantuzzo JJ, Troost T. Simultaneous intranasal
procedures to improve chronic obstructive nasal breathing
in patients undergoing maxillary (Le Fort I) osteotomy. J
Oral Maxillofac Surg 2007;65:2273-81.

Elad D, Liebenthal R, Wenig BL, et al. Analysis of air flow
patterns in the human nose. Med Biol Eng Comput 1993;
31:585-92.

Garth RJ, Cox HJ, Thomas MR. Haemorrhage as a compli-
cation of inferior turbinectomy: a comparison of anterior
and radical trimming. Clin Otolaryngol Allied Sci 1995;20:
236-8.

Young T, Finn L, Kim H. Nasal obstruction as a risk factor
for sleep-disordered breathing. The University of Wisconsin
Sleep and Respiratory Research Group. J Allergy Clin Im-
munol 1997;99:S757-62.

Young T, Finn L, Palta M. Chronic nasal congestion at night
is a risk factor for snoring in a population-based cohort

21.

22.

23.

24.

2S.

Archives of Plastic Surgery AP S

study. Arch Intern Med 2001;161:1514-9.

Cooper BC. Nasorespiratory function and orofacial devel-
opment. Otolaryngol Clin North Am 1989;22:413-41.
Linder-Aronson S. Adenoids: their effect on mode of breath-
ing and nasal airflow and their relationship to characteristics
of the facial skeleton and the denition: a biometric, rhino-
manometric and cephalometro-radiographic study on chil-
dren with and without adenoids. Acta Otolaryngol Suppl
1970;265:1-132.

Yamada T, Tanne K, Miyamoto K, et al. Influences of nasal
respiratory obstruction on craniofacial growth in young Ma-
caca fuscata monkeys. Am J Orthod Dentofacial Orthop
1997;111:38-43.

Rubin RM. Mode of respiration and facial growth. Am J Or-
thod 1980;78:504-10.

McNamara JA Jr. Naso-respiratory function and craniofacial
growth (Monograph 9, Craniofacial Growth Series). Ann
Arbor: University of Michigan Press; 1979.



