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Nasal Airflow Dynamics Before and After
Septorhinoplasty for Correction of Cleft
Lip Nasal Deformity: A Single Patient
Case Report
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and Dennis O. Frank-Ito'

Abstract

Background: Unilateral cleft lip nasal deformity (uUCLND) creates multiple sites of nasal airway obstruction, impacting
patients’ quality of life. Surgical restoration of function remains technically challenging and complex.

Objectives: This is a single patient case report to determine consistency of patient’s subjective perception of nasal outcomes
after septorhinoplasty with objective assessments, and effectiveness of standard surgical techniques in targeting sites of
greatest nasal anatomical obstruction.

Method: Patient-reported quality of life (QOL) measures were collected. Pre- and post-surgery radiographic images of
a patient with uCLND were obtained for computational fluid dynamics (CFD) modeling of patient-specific nasal function.
Objective assessments were obtained using rhinomanometry and CFD. CFD-derived localized resistance at multiple cross-
sectional segments were determined and used to identify greatest nasal obstructive sites.

Results: Patient-reported QOL scores improved by 20 to 73 points. CFD-calculated bilateral resistance decreased from
0.155 to 0.061 Pa.s/ml, cleft-side resistance from 0.407 to 0.091 Pa.s/ml, and non-cleft-side from 0.228 to 0.120Pa.s/ml.
Rhinomanometry showed similar decreases in resistance. On the cleft side, 25 identified sites of greatest obstruction
decreased to |5 sites post-surgery; on the non-cleft side, 23 sites of greatest obstruction decreased to |6 sites post-surgery.
Conclusion: Results suggest improvement in nasal patency after septorhinoplasty. Additional greatest obstructive sites in
the post-surgical airway were mostly around the superior airway.
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Introduction

In their 2002 paper, Shih and Sykes' noted that correction of
the cleft-lip nasal deformity (CLND) is a difficult task requir-
ing the facial plastic surgeon to have a comprehensive under-
standing of the complex anatomic abnormalities present in
patients with CLND. Standard septorhinoplasty in skeletally
mature patients with CLND involves septoplasty performed
at the anterior (caudal) portion of the septum.>* For patients
characterized with unilateral CLND (uCLND), which is of
particular importance in the present study, the nasal septum
is deviated on both sides of the nasal cavity: the septum is
deviated to the non-cleft side at the anterior portion, and
deviated to the cleft side posteriorly.">¢ The anterior portion
of the septum is mainly cartilaginous and the middle to pos-
terior portion of the septum is comprised almost entirely of
bone.? Friel et al? reported that there is a significant degree of

deviation at the middle to posterior portion of the septum.
This unrepaired middle to posterior deviation accounts for
about 75% of the maximal degree of septal deviation within
the nasal cavity.> Unlike anterior cartilaginous septoplasty,
middle to posterior bony septoplasty is technically challeng-
ing and complicated to perform because of the risks involved
in bony resection, such as mucosal tears, post-surgery bleed-
ing, and cerebrospinal fluid leak.>3

Blair and Brown’ in 1932 first described the implication
of cleft lip and/or palate on nasal function, yet 90 years later,

'Duke University Medical Center, Durham, NC, USA

Corresponding Author:

Dennis O. Frank-Ito, Department of Head and Neck Surgery &
Communication Sciences, Duke University Medical Center, 40 Duke
Medicine Circle, DUMC Box 3805, Durham, NC 27710, USA.
Email: dennis.frank@duke.edu


https://journals.sagepub.com/home/fac
mailto:dennis.frank@duke.edu
http://crossmark.crossref.org/dialog/?doi=10.1177%2F27325016231177456&domain=pdf&date_stamp=2023-05-26

FACE 00(0)

Visit 3

Visit 5

Visit 1©Vislit 2

2 wks postop

Visit 4

6 mths postop

NOSE, NOSE, SCHNOS,
SCHNOS Breathing, CBCT
Baseline 8 wks postop 12 mths postop
NOSE, SCHNOS, NOSE. NOSE,
Breathing, CBCT SCHNd S SCHNOS

Figure |. Patient study timeline from Visit | to Visit 5. The “S” between Visits | and 2 denotes that surgery was performed between

these 2 visits.

the status quo remains largely unchanged as it pertains to
progress on the appropriate interventions necessary to restore
nasal function to normative levels in patients with CLND.%>%
10 The sad reality is that despite nasal breathing difficulty and
associated reduced quality of life experienced by patients
with CLND, reported severity of symptoms of nasal airway
obstruction are underreported because patients are more
aware and troubled by the stigma of their facial appearance
and the corresponding influence on their psychosocial well-
being. According to findings in the literature, severity of
obstructive breathing in patients with CLND is reported to be
20% to 30% higher than those of the general population.?8-10
Furthermore, Warren et al'! reported that about 70% of cleft
individuals have impaired functional nasal breathing and that
upward of 80% “mouth-breathe,” which in turn results in a
common complaint of dry mouth after sleeping. Between
13% and 40% of cleft individuals also report some trouble
breathing during exercise.’

Commonly used patient-reported outcome measures for
evaluating cleft-induced nasal airway obstruction in patients
with CLND include the Nasal Obstruction Symptom Evaluation
(NOSE) survey,'? CLEFT-Q,'* and the Standardized Cosmesis
and Health Nasal Outcomes Survey (SCHNOS) survey.'* In a
2016 study by Sobol et al,” NOSE scores from 176 pediatric
patients with cleft lip and/or cleft palate and 333 controls
revealed that symptoms of nasal airway obstruction were more
frequently reported among patients with cleft lip and/or cleft
palate. In another study using the NOSE survey to evaluate
nasal outcomes before and after secondary rhinoplasty for
definitive repairs of cleft-induced nasal airway obstruction, it
was found that patients with CLND reported significant
improvement in nasal patency postoperatively.'® This finding is
in agreement with a recently published longitudinal study by
Carlson et al,'® which shows significant improvement in NOSE
scores after secondary cleft rhinoplasty for correction of nasal
airway obstruction in patients with cleft lip and/or palate.

Prior works by our group have involved the use of photo-
grammetry and anatomically realistic patient-specific com-
putational models to (1) characterize the unilateral septal and
dorsal deformities in patients with uCLND!7; (2) compare

differences in nasal obstruction experience by patients with
uCLND and noncleft patients with clinical diagnosis of nasal
obstruction'®; and (3) identify anatomic sites of greatest
nasal obstruction in patients with uCLND and using virtual
surgical methods to assess the effects of different surgical
procedures on nasal patency.!” In general, the structural
abnormalities present in patients with uCLND create multi-
ple sites of nasal airway obstruction.>* While the majority of
the cleft lip and/or palate studies that have addressed nasal
airway obstructive symptoms have focused on comparison
with normal subjects and/or among different cleft pheno-
types,2681020-23 only a handful of publications have focused
on the effectiveness of current surgical interventions in
improving patients’ nasal function. For this reason, the objec-
tive of this research study is to investigate surgical outcomes
in a patient with uCLND who underwent surgery for defini-
tive cleft repairs of nasal airway obstruction using clinical
measures and computational fluid dynamics (CFD)
modeling.

Materials and Methods

Patient

A 21-year-old female patient with uCLND was prospectively
recruited for this study that is funded by the National Institute
of Dental & Craniofacial Research of the National Institutes
of Health and approved by the Duke University Health
System Institutional Review Board for Clinical Investigations.
Inclusion criteria included: (1) clinical diagnosis of uCLND;
(2) has not had cleft rhinoplasty or septoplasty for correction
nasal airway obstruction; (3) elects to have surgery for nasal
airway obstruction and give written informed consent; and (4)
elects to undergo cone beam computed tomography (CBCT)
scanning before and at 4 to 11 months after nasal surgery.

Patient Assessments

As depicted in Figure 1, the patient had a total of 5 visits:
Visit 1 (baseline); Visit 2 (2weeks after surgery); Visit 3
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(8 weeks after surgery); Visit 4 (6 months after surgery); and
Visit 5 (12 months after surgery). The following assessments
were performed during each or some of the visits: (1) Patient-
reported Nasal Obstruction Symptom Evaluation (NOSE)
survey'?; (2) Patient-reported Standardized Cosmesis and
Health Nasal Outcomes Survey (SCHNOS) survey'4; (3)
Anterior rhinomanometry breathing measurement evaluated
at the standard (75 Pa) level using the NR6 Clinical/Research
Rhinomanometer (GM Instruments Ltd, Kilwinning,
Scotland, U.K); and (4) Patient radiographic images from
CBCT scans.

During Visit 1, the preoperative baseline visit, patient-
reported NOSE and SCHNOS were administered followed
by breathing measurement and CBCT scanning. Day of sur-
gery took place between Visits 1 and 2, and the patient under-
went external approach septorhinoplasty for definitive
repairs of cleft-induced nasal airway obstruction. This proce-
dure included septal reconstruction with bone and soft tissue
work at the caudal and dorsal septum; an osteotomy was
made on the cleft side of the nasal floor to eliminate a maxil-
lary spur, and the deviated perpendicular plate was resected.
Bilateral inferior turbinate reduction was also completed, as
well as nasal tip reconstruction. The internal nasal valve was
repaired using septal cartilage and a spreader flap technique
on the concave side, and the external nasal valve was repaired
using a lateral crural strut graft and mucosal Z-plasty.

The patient was seen 2weeks after surgery for Visit 2
follow-up assessments, which included administering of
patient-reported NOSE and SCHNOS surveys. Similarly,
Visit 3 follow-up assessments were identical to Visit 2. For
Visit 4, in addition to patient-reported NOSE and SCHNOS
surveys, postoperative breathing measurement and CBCT
scanning were performed. Final patient assessments were
performed during Visit 5 with administration of patient-
reported NOSE and SCHNOS surveys.

In brief, NOSE and SCHNOS are validated patient-
reported outcome questionnaires used to assess patient sub-
jective perception of (1) nasal function and (2) nasal
cosmesis. The NOSE scale consists of 5 items relating to
nasal congestion, blockage, difficulty breathing, trouble
sleeping, and air hunger sensation.'> SCHNOS consists of 2
separate domains such that the first 4 items pertain to nasal
obstruction (SCHNOS-O), while the final 6 items involve
nasal cosmesis (SCHNOS-C)."

Computational Fluid Dynamics (CFD) Modeling

Before and after surgery, radiographic images of the patient
obtained from CBCT scans were read into the imaging anal-
ysis software Avizo 3D 2021.1 (Thermo Fisher Scientific,
Waltham, Massachusetts, USA) for creation of anatomically
realistic and patient-specific three-dimensional nasal cavity
models. These models were segmented, with subsequent
manual editing as needed, similar to previously published
models.” 192426 To specify the direction of inspiratory

airflow in the nasal cavity models and prepare the models for
airflow simulations, reconstructed nasal cavity models were
imported into ICEM-CFDTM 2021 R2 (ANSYS,
Canonsburg, Pennsylvania, USA) for creation of a box cov-
ering the external soft-tissue nose to represent inlet where
ambient air flows into the nasal cavity. An outlet plane was
also created at the end of the nasopharynx to represent loca-
tion where air exited the nasal cavity.

To solve the discretized governing equations necessary
for simulating nasal airflow, hybrid polyhedral-prism
meshes were generated in the before (396000 cells) and
after (410000 cells) surgery patient-specific nasal cavity
models using Fluent™ Meshing 2021 R2 (ANSYS,
Canonsburg, Pennsylvania, USA). Three near wall prism
layers were created with an initial prism layer aspect ratio
of 6 and prism layers growth rate set to 1.2. Following mesh
generation, steady-state, laminar inspiratory airflow was
simulated in the patient’s before and after surgery nasal
cavity models using Fluent™ Solution 2021 R2 to mimic
patient-specific physiological inhalation airflow rate.
Fluent™ Solution 2021 R2 uses the finite volume method
to numerically solve the conservation of mass and momen-
tum governing equations for laminar viscous, and incom-
pressible flow; defined as

Vii=0 p(i.V)i=-Vp+uVii

where u =u (x, y,z) is velocity vector field, p =1.204 kg/m?
is fluid density, u=1.825x10"kg/m—s is dynamic vis-
cosity, and p is pressure. The “mass flow outlet” boundary
condition was specified at the outlet to target resting inspira-
tion of 0.0003kg/s (15L/min). Atmospheric conditions were
specified at the inlet (box) with 0-gauge pressure. No-slip
boundary conditions was specified along the walls (nasal
mucosa), and the walls were assumed to be stationary.

Nasal resistance was calculated as AP/Q(Pa/s/ml) where
AP was bilateral/unilateral pressure drop from nostril(s) to
choana, and Q is bilateral/unilateral volumetric flow rate.

Identification of Greatest Obstructive Sites

We used the method described in Tillis et al' to determine
effectiveness of surgery in targeting sites of greatest nasal
obstruction for correction. For the respective before and after
surgery nasal cavity models, sites of greatest nasal obstruc-
tion in each unilateral airway were determined by creating a
grid-like structure with 15 equally spaced cross sections
between the posterior nasal alar rim (CS-01) to choana (CS-
15), and then dividing each cross section into superior, mid-
dle, and inferior segments. This resulted in 45 total segments
for each unilateral nasal passage (15 cross sections times 3
each for superior, middle, and inferior). Next, airflow resis-
tance was calculated at each unilateral segment. Lastly, a
segment was considered a site of greatest obstruction if the
resistance at that segment was greater than 3 times
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Figure 2. (A) Visit | (V1) to Visit 5 (V5) NOSE Scores; (B) Visit | (VI) to Visit 5 (V5) SCHNOS-O scores; and (C) Visit | (V1) to Visit
5 (V5) SCHNOS-C scores. NOSE = Nasal Obstruction Symptom Evaluation; SCHNOS-O = Standardized Cosmesis and Health Nasal
Outcomes Survey Nasal Obstruction domain; SCHNOS-C = Standardized Cosmesis and Health Nasal Outcomes Survey Nasal Cosmesis
domain. The “S” between Visits | and 2 denotes that surgery was performed between these 2 visits.

preoperative unilateral nasal resistance on the nasal side con-
taining that segment. '

Results

Patient-Reported Outcomes

Figure 2A shows the patient’s NOSE scores from Visit 1
(preoperative baseline) to Visit 5 (12 months postoperative).
The “S” on the x-axis between Visit 1 and Visit 2 in Figure
2A denotes that surgery was performed between the 2 visits.
At baseline visit (Visit 1), patient’s NOSE score was 15,
with a highest NOSE score of 40 during Visit 2 (2weeks
after surgery). At 12 months, the patient reported a NOSE
score of 25 (Visit 5), which was 10 points higher than her
preoperative baseline score during Visit 1. On the contrary
(Figure 2B), patient-reported SCHNOS-O scores were high-
est (40) during Visit 1 and declined to 5 by Visit 3 through
the final 12 months postoperative visit (Visit 5). With regards
to nasal cosmesis (Figure 2C), SCHNOS-C was highest (73)
at Visit 1, dropped to 0 by Visit 4, and increased to 20 by
Visit 5.

Inspiratory Flow Analysis

The patient’s left side is the cleft side. During Visit 1, preop-
erative rhinomanometry measurement could not be com-
pletely on the cleft side since the patient was severely
obstructed on that side and was unable to complete the respira-
tory cycle necessary for measurement to be obtained. Thus,
the cleft side was termed “maximally obstructed.” Preoperative
rhinomanometry measurement of nasal resistance on the non-
cleft side (right side) was 16.67 Pa.s/ml. Postoperative rhino-
manometry measurement was done on Visit 4; nasal resistance
values were 2.28 (cleft side) and 1.40 Pa.s/ml (non-cleft side).
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Figure 3. Computational fluid dynamics modeling (CFD)-
generated bilateral and unilateral nasal airway resistance pre- and
post-surgery.

Post-operative rhinomanometric values were above normal
limits for unilateral airway resistance.?’3

Bar plots in Figure 3 represent CFD-computed nasal
resistance before (Visit 1) and after (Visit 4) surgery. In
general, nasal resistance decreased after surgery. Bilateral
nasal resistance values were: preoperative=0.155 versus
postoperative=0.061 Pa.s/ml, a 61% reduction in bilateral
nasal resistance after surgery. Nasal resistance values on
the cleft side (left) were preoperative=0.407 Pa.s/ml versus
postoperative=0.091 Pa.s/ml, and on the non-cleft side
(right) were preoperative=0.228 Pa.s/ml versus postopera-
tive=0.120 Pa.s/ml. Nasal resistance decreased by 78% and
47% on the cleft and non-cleft sides, respectively, and
resulted in values within normal limits for unilateral
resistance.?’30
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Figure 4. Pre- and post-surgery airflow streamlines in the left and right nasal cavities. Views are from the lateral aspect, with gray areas
representing a transparent, three-dimensional airspace. Streamlines are shown colored from slower velocities in blue to faster velocities
in red. Airflow was simulated from the inlet (nostril) to the outlet (choana).

Figure 5. Pre- and post-surgery airflow speeds within 3 cross
sections (anterior, middle, and posterior) of the bilateral nasal
airspace. Slower velocities are seen in blue, and faster velocities
are seen in red. The left side is the cleft side.

Airflow and Velocity Profile

Figure 4 shows spatial airflow visualization pattern from CFD
simulations in the before and after surgery nasal cavity mod-
els, computed from 100 streamlines colored by velocity mag-
nitude. Before surgery, airflow mainly transverses through the
middle region on the cleft side (left) and spreads over more
regions on the non-cleft side while avoiding occluded regions
around the superior and the inferior airspace. After surgery, the
airflow pattern on the cleft side was predominately in the mid-
dle and inferior regions. With the exception of a few superior

airflow streamlines, flow pattern on the non-cleft side was not
vastly different compared to the cleft side.

Figure 5 shows velocity contours of airflow at 3 cross sec-
tions in the nasal cavity: anterior, middle, and posterior. The
fastest flow profiles in the before surgery anterior cross sec-
tion were around the middle to inferior on the cleft side (L)
and around the middle region on the non-cleft side (R). At
the middle and posterior cross sections, fastest flow before
surgery occurred around the middle meatus on the cleft and
non-cleft sides. After surgery, airflow was fastest at all 3
cross sections around the middle to inferior regions for both
cleft and non-cleft sides.

Sites of Greatest Obstruction

The 15 cross sections shown in Figure 6 are delineated into
inferior, middle, and superior segments; thus, each unilateral
nasal cavity contained 45 segments. On the preoperative cleft
side (left), median (min, max) resistance values (Pa/s/ml) at
these segments were: Inferior median=8.865 (min=0.186,
max=215.39); Middle=0.418 (0.254, 0.622); and
Superior=5.082 (1.202, 39.567). These segments’ resistance
values were compared with 3 times the preoperative cleft side
(left) unilateral resistance value (3 X 0.407=1.221) to deter-
mine greatest obstructive sites. There were 11 identified sites
of greatest nasal obstruction in the inferior region of the pre-
operative cleft side (left), 0 identified sites in the middle
region, and 14 identified sites in the superior airway (25
total).

On the preoperative non-cleft side (right), the segments’
median (min, max) resistance values (Pa/s/ml) were: Inferior
median=1.2191 (min=0.104, max=2.110); Middle=0.241
(0.128, 0.306); and Superior=3.765 (0.367, 56992). These
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Figure 6. Sites of greatest obstruction pre- and post-surgery in
the left and right nasal cavities. Views are from the lateral aspect,
with gray areas representing a transparent, three-dimensional
airspace. Vertical solid lines are numbered Z| to ZI5 from
anterior to posterior to delineate |5 equally spaced coronal
crosssections. Horizontal dashed lines represent the splitting of a
unilateral cross-section into superior (S), middle (M), and inferior
(I) segments. Red circles show local regions of obstruction.

resistance values were compared with 3 times the preopera-
tive non-cleft side (right) unilateral resistance value
(3X0.228=0.684). Thus, 10 sites of greatest obstruction
were identified in the inferior airway, 0 in the middle region,
and 13 superiorly (23 total).

Postoperatively, cleft side (left) median (min, max) resis-
tance values (Pa/s/ml) were: Inferior median=0.187
(min=0.090, max=0.606); Middle=0.159 (0.010, 0.372);
and Superior=3.912 (1.386, 10.464). These resistance val-
ues were compared with 3 times the preoperative cleft side
unilateral resistance, resulting in 0 identified sites of greatest
obstruction in the middle and inferior regions and 15 identi-
fied sites in the superior airway (15 total).

Segments’ median (min, max) resistance values (Pa/s/ml)
on the postoperative non-cleft side were: Inferior median=0.247
(min=0.0122, max=0.348); Middle=0.264 (0.183, 0.964);
and Superior=63.51 (2.58, 593810). After comparing these
resistance values with 3 times the preoperative non-cleft side
unilateral resistance, the number of identified sites of greatest
obstruction were 0 (inferior), 1 (middle), and 15 (superior) (16
total).

Discussion

In most clinical settings, the evaluation of nasal obstruction
often relies solely on patient-reported symptoms and physician
examination.>'*? As evidenced by the patient presented in this
study, reliance on patients’ subjective perception of postopera-
tive nasal patency can sometimes be very difficult. Although
NOSE scores and SCHNOS-O scores have been reported to be
strongly correlated (correlation coefficient=.943, P<.001),'
there was little agreement between the NOSE and SCHNOS-O

scores in our patient from Visit 1 to Visit 5. By Visit 2, 2 weeks
after surgery, the patient reported a worsened NOSE score of
25 points from baseline (Visit 1) and an improved SCHNOS-O
score of 20 points from baseline. From Visit 3 (8 weeks after
surgery) to Visit 5 (12months after surgery), the patient-
reported NOSE scores ranging from a 15-point improvement
(Visit 3) to a 10-point worsening (Visit 5). During the same
period, the patient’s SCHNOS-O scores demonstrated a consis-
tent 35-point improvement. Whereas the patient’s NOSE did
not indicate a minimal clinically important difference across
visits, SCHNOS-O did indicate a minimal clinically important
difference across visits.>

The discordant NOSE and SCHNOS-O scores from Visit
1 to Visit 5 reinforces the notion that patients with uCLND
may not reliably describe symptoms of nasal obstruction as a
significant impairment, especially if considered in compari-
son to improved esthetic outcomes. These patients have had
symptoms of nasal obstruction their whole life, and they may
not reliably report their symptoms in comparison to patients
with normal noses who secondarily develop obstruction.* As
is the case with the patient investigated in the present study,
with regards to patients with uCLND, it is often difficult to
make a clear determination whether or not surgery does
relieve patient-reported obstructive symptoms.**  For
instance, it has been reported that up to 70% of individuals
with treated uCLND for nasal obstruction continue to have
impaired nasal breathing.!" Furthermore, among this patient
population, persistent obstructive symptoms is a common
source of patient dissatisfaction after surgery.*

The present study highlights a major limitation of anterior
rhinomanometry to measure unilateral flow rate and nasal
resistance. At the baseline visit, we assessed the patient’s cleft
side (left) to be maximally obstructed since the patient was
severely obstructed on this side and was unable to tolerate the
rhinomanometer when attempting to breathe solely on the
cleft side with the non-cleft (right) plugged. After a few sec-
onds of attempting to measure unilateral flow and resistance
on the cleft side, we had to discontinue as the patient was
showing visible signs of distress trying. Nonetheless, the
patient’s unilateral and bilateral flow rate and nasal resistance
were calculated using CFD modeling. The undeniable power
of CFD modeling has been utilized by our group for over a
decade to provide highly important insights into identifica-
tion of specific variables that correlate with patient-reported
symptoms of nasal obstruction®*’; race and gender differ-
ences on nasal respiratory physiology®>>**-*?; and analyzing
the nasal function of patients with uCLND.!7-1943

Airflow streamlines in Figure 4 depict patent regions of
the nasal airway with dominant airflow access before and
after surgery. Notice that the regions where nasal airflow had
easy access corresponded to anatomical sites that were not
identified as greatest obstructive sites in Figure 6. In particu-
lar, before surgery, airflow mostly shunted through the mid-
dle region of the nasal airway on the cleft side and through
the middle and anterior-superior region on the non-cleft side.
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These regions were not identified as anatomical sites of
greatest obstruction. Similar airflow behavior was observed
in the airway after surgery. Conversely, the superior airway
region was identified as anatomical sites of greatest obstruc-
tion in the before and after surgery nasal models. Surgery is
not usually performed superiorly because of the complexity
and increased risk of damaging the olfactory nerves. In a
recent study by our group, Tillis et al'® used information
from anatomical sites of greatest nasal obstruction to deter-
mine virtual surgery procedures that specifically targeted the
correction of these obstructive regions.

Conclusions

A major limitation of this study is that it is a single patient
study. This project is currently ongoing and future work will
involve multiple patients. In conclusion, uCLND-induced
nasal obstruction is a complicated condition to characterize
and treat. Clinical modalities for evaluation such as rhino-
manometry or patient-reported questionnaires may not pro-
vide a comprehensive understanding of the nature of uCLND
pathophysiology. CFD modeling provided detailed objective
assessment of the before and after surgery nasal airways,
changes in nasal patency after surgery, and anatomical sites
of greatest obstruction.
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