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Introduction

Performing a successful rhinoplasty requires a deep under-
standing of the relationship between each surgical maneuver 
and the corresponding cosmetic and functional effect. 
Maneuvers like dorsal hump reduction, spreader grafts and 
flaps, cartilaginous and bony septoplasty, and turbinate 
reduction are commonly employed techniques but their 
respective specific effects on changes in nasal function are 
poorly discretized. While cosmetic dorsal hump reduction 
has not been shown to have a functional benefit,1 it is often 
paired with additional steps in midvault repair to address air-
flow. The standard open approach requires the initial decon-
struction of the midvault by separating the upper lateral 
cartilages (ULC) from the dorsal septum.2 Repairing the 
midvault following dorsal hump reduction is critical to 

restore the functional integrity of the internal nasal valve and 
there are several techniques which may be employed in 
repair. Options include primary closure, the use of spreader 
grafts (SG), or the use of ULC to create spreader 
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Abstract
Background: Midvault reconstruction is an essential element of functional rhinoplasty. An improved understanding of 
airflow patterns after spreader graft (SG) or spreader flap (SF) techniques can inform surgical techniques based on individual 
anatomy. Objectives: The objective of this study was to compare the physiologic changes related to nasal function after 
midvault reconstruction with SF and SG. Methods: Soft tissue elevation (STE), SG, and SF were performed in sequence 
on 5 cadaveric specimens. Computational modeling was used to simulate airflow, heat transfer, and humidity in three-
dimensional nasal airway reconstructions of each specimen. Results: Median bilateral airflow-rates (L/min) were similar for 
STE (29.4), SF (27.6), and SG (28.9), and were not statistically significant (STE vs SF: P = 1.0, power = 5%; STE vs SG: P = .31, 
power = 16%; SF vs SG: P = .42, power = 14%). Both SF and SG had increased unilateral airflow volume (L/min) through the 
more obstructed nasal passage (median: STE 10.3, SF 12.2, SG 12.7), but these differences were not significant (STE vs SF: 
P = .19, power = 24%; STE vs SG P = .19, power = 30%). Furthermore, SF and SG had decreased unilateral nasal resistance 
(Pa s/mL) on the more obstructed side (median: STE 0.085, SF 0.072, SG 0.062) (STE vs SF: P = .13, power = 23%; STE vs 
SG P = .13, power = 24%). For all 3 models, heat flux distribution was greater in the anterior portion of the nasal passage 
than the posterior portions. Conclusions: Differences in nasal airflow and resistance after SF and SG were not statistically 
significant, but both procedures resulted in higher airflow rates and decreased nasal resistance through the more obstructed 
nasal passage.
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flaps (SF).3-6 Preservation of the nasal mucosa, ULC, and 
keystone anatomy are hallmarks of component dorsal hump 
reduction that allow the creation of SF.7

Since the original description by Sheen,8 SG have been 
considered the gold standard for supporting the integrity of 
the internal nasal valve. Constantian is credited with report-
ing outcomes in the largest series of patients.9 In the early 
1990s, several authors described the use of the ULC to create 
SF for midvault repair.9-11 Despite their wide use today, the 
role of SF in treating valvular dysfunction has not been 
clearly elucidated in the literature. Prior reports provide con-
trasting conclusions based on different outcome measure-
ment tools.12-15

Given the complexity of the nasal airway, the evaluation 
of airflow and contributing factors in obstruction is equally 
complex. Prior studies have shown that static measurements 
are not an adequate representation of airflow in the internal 
nasal valve.16 The functional effects of midvault repair tech-
niques can be reliably characterized by modern computa-
tional tools.17-21 Computational fluid dynamics (CFD) 
modeling facilitates predictive changes in nasal airway phys-
iology based on variability in the functional nasal airway 
anatomy.19-35 By creating anatomically realistic three-dimen-
sional (3D) models from patient-specific computed tomogra-
phy (CT) images, CFD yields computed measures of airflow 
volume, nasal resistance, heat transfer, and air humidifica-
tion in the nasal passage.

The objective of this study was to compare the physio-
logic changes after midvault reconstruction with SF and SG 
following dorsal hump reduction.

Methods

Cadaver Selection and Preparation

Five unembalmed fresh frozen head and neck specimens 
(United Tissue Network; Norman, Oklahoma, USA) were 
screened for uniformity including presence of dorsal hump, 
similar length of nasal bones, and quality of soft tissue. 
Exclusion criteria included obvious gross deformity, history 
of prior head and neck trauma, surgery, or cancer. Each 
cadaver was prepared using Duke University validated meth-
ods for clearing airway debris and rehydrating the nasal 
mucosa, including rewarming to 65°, flushing nasal passages 
with cool water for 3 minutes, and bathing airway in isotonic 
saline for 15 minutes. This process is described in a previous 
paper in which it was validated by comparison of post-rehy-
dration fluid dynamic measurements with known normative 
values.13 Following rehydration and preparation, cadavers 
were re-evaluated to ensure appropriate and similar tissue 
quality prior to surgical intervention.

Cadaver Dissection Sequence

Each specimen underwent the same series of rhinoplasty 
maneuvers, with a high-resolution CT obtained after each 
procedure as described in Figure 1A.

Soft tissue elevation.  Soft tissue elevation began with mar-
ginal and transcolumellar incisions, elevating the soft-tissue 
envelope deep to the superficial musculoaponeurotic system 
up to the level of the nasal bones. The incisions were then 
closed and the first CT was obtained. For each specimen, this 
post-soft tissue elevation timepoint (STE) served as the con-
trol to minimize the potential confounding effects soft tissue 
attachments may have on midvault function.

Component dorsal hump reduction.  After re-elevating the soft 
tissue envelope, the anterior septal angle was identified. Sub-
mucoperichondrial tunnels were created at the junction of the 
ULC and dorsal septum. The ULC were then released from 
the dorsal septum up to the level of the keystone, with pres-
ervation of the nasal mucosal lining. While retracting the 
ULC, the dorsal hump of the cartilaginous septum was 
resected along an imaginary line from the radix to the ante-
rior septal angle. The osseous component of the dorsal hump 
was not altered to avoid confounding variables in this analy-
sis which focused on the effects of midvault modification. 
Dorsal hump reduction heights were measured (Figure 1B).

Spreader graft.  The length of the midvault from the caudal 
aspect of the nasal bones to the anterior septal angle was 
measured. Grafts extending this length and 2 mm in width 
were cut from fresh frozen cartilage sheet allografts (MTF 
Biologics, Edison, New Jersey, USA). Bilateral SG were 
placed in a recessed fashion 1 mm below the plane of the 
dorsal septum to avoid tenting of the ULC,36,37 and secured 
with 2 horizontal mattress sutures of 4-0 PDS. The ULC 
were primarily closed over the grafts and secured to the dor-
sal septum with 2 simple interrupted sutures. The soft tissue 
was redraped and skin closed prior to a second CT.

Spreader flap.  After re-elevating the soft tissue envelope, the 
midvault was opened. The sutures and SG were removed, 
leaving the specimen in the same baseline condition as prior 
to the SG insertion. The ULCs were then grasped along their 
medial margin with fine hemostats and folded inward to cre-
ate spreader flaps (SF). Two horizontal mattress sutures were 
used to secure bilateral SF to the dorsal septum with 4-0 PDS 
suture. The soft tissue was redraped and skin closed prior to 
a third CT.

Construction of Airway Model

Using Avizo Lite software (Avizo 9.5.0 Thermo Fisher 
Scientific, Waltham, Massachusetts, USA), CT images were 
segmented and converted into 3D models of the nasal pas-
sages, with the exclusion of the paranasal sinuses and subcu-
taneous air, using similar methods previously described by 
our group.14,19,25,28,33,35,38 Using ICEM-CFD 19.0 (ANSYS, 
Canonsburg, Pennsylvania, USA), the boundaries of the 
nasal passages, nostrils, and nasopharynx were then defined 
(Figure 2A-C). The airway was discretized into a mesh with 
greater than 4 million tetrahedral elements, previously 
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determined as sufficient discretization for accurate modeling 
of nasal airflow.39,40

Airflow and Air-Conditioning Simulations

Nasal airflow and mucosa heat transfer simulations were per-
formed using the CFD modeling Fluent 19.0 software 
(ANSYS, Canonsburg, Pennsylvania, USA) at a constant 
inhalation resting breathing pressure. The CFD modeling 
simulations were performed under steady-state, laminar, 
incompressible inspiratory airflow conditions. The boundary 
conditions specified a no-slip, stationary wall at the anatomic 
walls (nasal mucosa) of the nasal passages. The pressure 

inlet condition was defined by a nostril plane on each nostril 
alar with a pressure of 0 Pascal (Pa). The pressure outlet con-
dition was defined at a plane located at the nasopharynx with 
a negative pressure of 15 Pa. The boundary condition for 
nasal mucosal temperature was set to 32.6°C. Ambient air 
temperature was set to 20°C with humidity at 50% at the 
nostril plane.

Definitions

For each specimen, STE served as the control against which 
the SF and SG models were compared. For each specimen, 
the unilateral side with greater nasal resistance in the STE 

Figure 1.  (A) Schematic diagram depicting the sequence of dissection and imaging of each cadaveric specimen. (B) Photographs of each 
specimen before and after dorsal hump reduction.
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model was considered the “more obstructed” (MO) side and 
the contralateral side the “less obstructed” (LO) side. The 
post-operative SF and SG models maintained this delegation 
despite any post-operative changes to airflow volumes. The 
MO side was the left side in Specimens 1 and 4 and the right 
side in Specimens 2, 3, and 5 (Figure 2C). “Heat flux” repre-
sents the transfer of heat from nasal mucosa to inspired air 
and is a measure of mucosal cooling effects. As described in 
Kimbell et al,31 heat flux is thought to occur primarily during 
inspiration, and increased heat flux is a strong indication of 
improved patient perception of nasal patency. Heat flux was 
calculated in the present study for each unilateral nasal pas-
sage, the anterior (nostril to the anterior limit of the inferior 

turbinate) and posterior (anterior limit of the inferior turbi-
nate to choana) regions (Figure 2A).

The “mass fraction of moisture” in the inhaled air (also 
referred to as “water mass fraction”) is an indication of how 
much moisture has been transferred from the nasal mucosa to 
the inhaled air. The mass fraction of moisture content in the 
nasal airway was reported at 15 equally spaced cross-sec-
tions from nostrils to choana (Figure 2B). “Anterior notch-
ing” refers to an indentation of the anterior superior aspect of 
the nasal passage.27,41,42 Anterior notches vary substantially 
in morphology and severity between specimens and can be 
unilateral or bilateral. In certain cases, the indentation is 
asymptomatic and can be considered a variant of normal 
anatomy.27,41,42 Anterior notching is visible in the STE model 
of Specimens 2 and 3 bilaterally and on the right side of 
Specimen 5 (Figure 2C).

In addition, statistical test of significance was performed 
on computed airflow related variables comparing STE, SF, 
and SG using the nonparametric signrank test for SF versus 
STE, and SG versus STE; and ranksum test for SF versus 
SG. Test of significance was assessed at α = .05. In addition, 
power calculations were performed at α = .05 using 2 sample 
means for comparisons involving SF versus SG, and 1 sam-
ple paired means for comparisons involving SF versus STE, 
and SG versus STE.

Results

Nasal Airflow

Both SF and SG increased median unilateral volumetric air-
flow through the more obstructed side, with slightly higher 
distribution of airflow volume than the STE models (Figure 
3A). Unilateral median and interquartile range (IQR) for air-
flow rate (L/min) on the MO side were 10.3 (IQR = 7.6) for 
STE, 12.2 (IQR = 4.4) for SF, and 12.7 (IQR = 5.1) for SG 
(Figure 3A). In contrast, airflow rate of both SF and SG 
decreased on the LO side. There were no significant differ-
ences in airflow rates between STE, SF, and SG on the MO 
side (STE vs SF: P = .19, power = 24%; STE vs SG: P = .19, 
power = 30%; SF vs SG: P = .69, power = 9%) or on the LO 
side (STE vs SF: P = .19, power = 23%; STE vs SG: P = .63, 
power = 10%; SF vs SG: P = .55, power = 12%). Additionally, 
distribution of bilateral airflow rates were similar for STE, 
SF, and SG. There were no significant differences in the 
bilateral airflow rates after SF and SG (STE vs SF: P = 1.0, 
power = 5%; STE vs SG: P = .31, power = 16%), and there 
was no significant difference in bilateral airflow between SF 
and SG (P = .42, power = 14%).

Figure 3B shows the percentage of airflow going through 
either unilateral side of the nasal passage. After both SF and 
SG, the MO side of the nasal passage had a higher percent-
age of unilateral airflow volume compared to STE; thereby 
reducing the disparity in airflow volume through both sides 
of the nasal passage more even (median [IQR] flow partition 

Figure 2.  Anatomical delineations of the 3D reconstructed nasal 
cavity showing regions where airflow-related and air conditioning 
data were reported: (A) Anterior and posterior regions of the 
nasal cavity; and (B) Fifteen evenly spaced cross-sections (CS-01 to 
CS-15) from the posterior aspect of the nostrils to the choana; and 
(C) 3D reconstructed nasal cavities following surgical procedures. 
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on MO: STE = 36% [IQR = 14%]; SF = 44% [IQR = 9%]; 
SG = 44% [IQR = 10%]). Nonetheless, differences in airflow 
partition were not statistically significant (STE vs SF: P = .13; 
STE vs SG: P = .25; SF vs SG: P = 1.0).

In Figure 3C, positive bars indicate that airflow volume 
increased after either SF or SG from STE, and negative bars 
indicated that airflow volume decreased after either SF or SG 
from STE. In Specimens 1 and 5, bilateral airflow volume 
decreased after SF, but increased after SG. For Specimens 2 
and 3, both SF and SG increased bilateral airflow volume 
from STE; while In Specimen 4, both SF and SG resulted in 
decreased bilateral airflow volume from STE.

Furthermore, in the case unilateral nasal cavities, uni-
lateral airflow volume through the MO side increased after 
both SF and SG in all specimens except for Specimen 4. In 
particular, airflow volume on the MO side of Specimens 1, 
2, and 5 increased more after SG than SF, with an accom-
panying decrease in airflow volume on the LO side (Figure 
3C). On the contrary, airflow volume through the MO side 
in Specimen 3 increased more after SF than SG, but 

without an accompanying decrease in airflow volume on 
the LO side.

Nasal Resistance

Nasal resistance was calculated by dividing the pressure drop 
from nostril(s) to choana(e) by the unilateral/bilateral volu-
metric airflow rate. Bilateral and unilateral nasal resistance 
values from nostril(s) to choana are reported in Figure 4. As 
depicted in Figure 4A, there was considerable variability in 
unilateral nasal resistance on the MO side of STE across the 
different specimens (median [IQR] in Pa s/mL: STE = 0.085 
[IQR = 0.096]; SF = 0.072 [IQR = 0.04]; SG = 0.062 
[IQR = 0.038]). Nonetheless, differences in unilateral nasal 
resistance on the MO side between STE and both surgical 
interventions were not statistically significant (STE vs SF: 
P = .13, power = 23%; STE vs SG: P = .13, power = 24%; SF 
vs SG: P = .84, power = 7%). Differences in bilateral nasal 
resistance after SF and SG were small (median [IQR] Pa s/
mL: STE = 0.03 [IQR = 0.014]; SF = 0.031 [IQR = 0.011]; 

Figure 3.  Box plots showing: (A) Volumetric airflow rates (median ± interquartile range) comparing flow volumes bilaterally and on the 
more obstructed (MO) and less obstructed (LO) sides of the airway; and (B) Unilateral airflow partition between the more obstructed 
(MO) and less obstructed (LO) sides nasal airways; and (C) Difference in volumetric airflow rate observed after spreader flap (SF) and 
spreader graft (SG) when compared to soft tissue elevation (STE) control, bilaterally and on the MO and LO sides of the airway.
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SG = 0.027 [IQR = 0.008]) and not statistically significant 
(STE vs SF: P = 1.0, power = 5%; STE vs SG: P = .063, 
power = 30%; SF vs SG: P = .42, power = 9%).

In addition, bilateral nasal resistance was greater anteri-
orly than posteriorly for STE, SF, and SG (Figures 2A and 
4B). Bilateral resistance comparisons at the anterior nasal 
cavity were not statistically significant (STE vs SF: P = .81, 
power = 6%; STE vs SG: P = .19, power = 34%; SF vs SG: 
P = .31, power = 10%). Posteriorly, median (IQR) bilateral 
resistance (Pa s/mL) were: STE = 0.003 (IQR 0.003); 
SF = 0.004 (IQR 0.002); SG = 0.005 (IQR 0.001), and were 
also not statistically significant (STE vs SF: P = .81, 
power = 5%; STE vs SG: P = .63, power = 5%; SF vs SG: 
P = .69, power = 5%).

Figure 4C shows positive bars indicating worsened nasal 
resistance from STE and negative bars representing improved 
nasal resistance from STE. Findings from this figure revealed 
that bilateral resistance improved in all 5 specimens after 
SG, but SF resulted in improved bilateral resistance for 
Specimens 2 and 3 and worsened bilateral resistance for 
Specimens 1, 4, and 5. Nonetheless, resistance on the MO 
side improved after both SF and SG for all specimens except 

for Specimen 4, which had a marginally worsened resistance 
on the MO side after both SF and SG.

Visualization of airflow patterns for 3 representative spec-
imens are illustrated in Figure 5A. In Specimens 2 and 3, the 
presence of a prominent “anterior notching” on the MO side 
in the STE airway model resulted in reduced airflow volume 
and flow circulation in the anterior superior region compared 
to SF and SG, with less prominent “anterior notching.” In all 
3 specimens, the formation of vortices around the anterior 
superior region on the MO side appeared larger and more 
chaotic in STE than in SF or SG.

Nasal Air-Conditioning

The mass fraction of moisture in air at 15 airway cross-sec-
tions for the same 3 representative specimens are presented 
in Figure 5B to D (and Figure 2B). In general, across all 3 
specimens and all models (STE, SF, and SG), the middle and 
posterior airway cross-sections (CS-06 to CS-15) demon-
strated greater air humidification than the anterior airway 
cross-sections (CS-01 to CS-05). At the middle airway cross-
sections (CS-06 to CS-10), the inferior meatus and around 

Figure 4.  (A) Box and whisker plots showing the airflow resistance of subjects after STE, SF and SG in bilateral airways, the MO and 
LO sides; (B) Box and whisker plots showing the airflow resistance in the anterior nasal cavity and posterior nasal cavity of subjects after 
STE, SF, and SG placement;  (C) Bar plots representing change in airflow rate between [1] STE and SF, and [2] STE and SG, across all five 
specimens. Positive bars indicate increased airflow volume in SF/SG from STE, and negative bars indicate decreased airflow volume in SF/
SG from STE.
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Figure 5.  (A) Visualization of airflow patterns in 3D models of specimen airways; (B-D) Heatmap modeling of the mass fraction of 
moisture in air at 15 different cross sections within specimens 2, 3 and 5 respectively following STE, SF and SG. 
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the olfactory cleft had the greatest distribution of moisture 
transfer from mucous to inhaled air.

Across all 3 airways models (STE, SF, and SG), the distri-
bution of heat flux was greatest in the anterior nasal mucosa 
(Figures 2A and 6A). Furthermore, the LO side in all 3 mod-
els (in W/m2: STE = 534, SF = 511, SG = 545) had greater 
median nasal mucosa heat flux values than the MO side (in 
W/m2: STE = 368, SF = 442, SG = 425). The LO side also had 
greater heat flux values than the MO side at the posterior por-
tion of the nasal mucosa. Both SF and SG resulted in mod-
estly increased heat flux values on the MO side, particularly 
at the anterior nasal mucosa. In agreement with Figure 6A, 
heat flux contour plots presented in Figure 6B to D con-
firmed that majority of heat exchange occurs in the anterior 
nasal mucosa in all specimens.

Discussion

Studies have reported equivalence between SG and SF in 
treating obstruction due to internal valve dysfunction.43 Saedi 
et al12 reported their outcomes with SF and demonstrated an 
insignificant change between preoperative and 1-year postop-
erative minimal cross-sectional area and patient reported nasal 
obstruction. Prior studies have attempted to investigate the 
effects of rhinoplasty techniques in vivo, employing preopera-
tive and postoperative testing such as rhinomanometry and 
acoustic rhinometry.44,45 Nonetheless, these studies can some-
time be difficult to interpret due to 2 primary factors.46,47 First, 
the physiology of the nasal system in vivo is dynamic and 
responsive to both internal and external stimuli leading to vari-
ability in objective assessment. Second, it is difficult to disso-
ciate the effects of individual maneuvers in clinical settings 
because multiple (often competing) maneuvers are usually 
applied simultaneously. Septoplasty and osseous hump reduc-
tion are commonly performed to treat deviation or to provide 
material for spreader grafts, but may be a significant con-
founding factor for post-operative airflow analysis. In con-
trast, in vitro cadaveric studies minimize confounding factors 
and standardize surgical maneuvers while independently 
assessing specific changes. It was for this reason that neither 
septal cartilage harvest nor osseous hump reduction were per-
formed in this study.

Our results demonstrated that both SG and SF increased 
median airflow rate on the MO side and decreased nasal 
resistance both bilaterally and unilaterally on the MO side. 
There were no statistically significant differences in airflow 
rate or nasal resistance after SG as compared to SF. Heat flux 
analysis allowed us to further analyze the airway along an 
anterior-posterior axis and determine the changes in heat 
transfer across 3 determined zones: (1) anterior nasal mucosa; 
(2) posterior nasal mucosa; and (3) entire nasal mucosa. The 
anterior aspect of the inferior turbinate anatomically defined 
the internal nasal valve along the anterior-posterior axis. 
Results of heat flux distribution support the concept that the 

Figure 6.  Bar plots showing (A) heat flux of the anterior nasal 
passage (Anterior), the posterior nasal passage (Posterior), and the 
entire unilateral nasal passage from nostril to choana (Complete) 
based on anatomical delineations presented in Figure 2A; (B-
D) Distribution of heat flux at the nasal mucosa on the more 
obstructed (MO) and less obstructed (LO) sides of the airway for 
specimens 2, 3 and 5 respectively.
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anterior nasal mucosa provides greater conditioning of 
inspired air and modulates heat transfer into the rest of the 
airway.

After both SG and SF, the more obstructed side of the 
airway showed improvement in airflow volume. Additionally, 
the proportion of airflow to the more obstructed side also 
increased, making the distribution of airflow more even 
between both unilateral sides of the nasal passage. Some of 
the specimens had anterior notching, which appeared to 
result in decreased airflow volume and circulation at the 
anterior superior nasal region. This was evidenced on the 
more obstructed side of Specimens 2 and 3 (Figure 5A). 
Specimen 4 had of reduced airflow volume and worsening 
nasal resistance after SF and SG, making this specimen an 
outlier for most of the trends observed in the other speci-
mens. The STE model of Specimen 4 had even airflow 
between both sides and a low bilateral resistance, suggesting 
that this specimen did not have any evidence of nasal obstruc-
tion pre-operatively and would likely not be a candidate for 
purely functional rhinoplasty. This specimen demonstrates 
that rhinoplasty procedures can alter airflow patterns in a 
functionally normal specimen and potentially create regions 
of nasal obstruction, highlighting the need for thorough pre-
operative assessment. In general, symmetric treatment of 
both sides of the nasal passage with either SF or SG appeared 
to improve overall airflow, despite a relative “worsening” of 
airflow-related variables (flow volume and resistance) 
through the more obstructed less obstructive side after relief 
of obstruction on the contralateral more obstructive side.

In a similar study, Shadfar et al14 used CFD to assess 
changes in nasal airway following lateral, modified, or 
medial flare sutures, spreader graft, and spreader graft with 
modified flare suture. Medial flare suture had the highest 
increase in bilateral nasal airflow and lowest bilateral nasal 
resistance. Spreader graft with modified flare suture had the 
most equal airflow distribution between the left and right 
side of the nasal passage from baseline (STE). In another 
study, Brandon et al48 compared a bioabsorbable nasal 
implant, butterfly graft, or spreader graft and found that all 3 
techniques resulted in improved airflow rates, reduced nasal 
resistance, and increased heat flux.

In a prior work by our group, we reported results of veri-
fication and validated analysis of our CFD modeling with in 
vitro experiments in 2 subjects with nasal obstruction.49 
Steady inspiratory airflow through each unilateral nasal cav-
ity was generated by connecting a plastic hose from the naso-
pharynx to a suction, while blocking the contralateral side 
with a tape. Flow rate was measured using a flowmeter con-
nected in series to the plastic hose. Air pressure was mea-
sured for steady flowrates from 0 to 70 L/min in steps of 
10 L/min using a pressure catheter. CFD simulations were 
done to target 0 to 70 L/min flow rate in steps of 10 L/min.49

Limitations in this model include the specific influence of 
other anatomic factors on nasal airflow, such as dorsal hump 
reduction and nasal bone length. Different techniques of 

osseous hump reduction have shown variable changes in 
internal nasal valve airway dimensions,50 and therefore, 
osseous reduction was not performed in these simulations in 
order to isolate the effects of the chosen interventions. 
However, the authors acknowledge that cartilaginous reduc-
tion without bony reduction is rarely performed in the clini-
cal setting, and therefore the literature would benefit from 
further studies on the effects of osseous hump reduction 
techniques when performed simultaneously with spreader 
grafts or spreader flaps. Nasal bone length, dorsal hump size, 
and ULC size and integrity was grossly controlled to be simi-
lar in the cadavers used in this study; however, small varia-
tions in these factors between specimens may contribute to 
the impact of dorsal hump reduction, spreader flap, and 
spreader graft. Additional variation exists between patients 
in postoperative healing, which is impossible to simulate in a 
cadaver study. Further, CFD modeling requires significant 
investment in terms of cost, labor, and technological demand. 
This restricted the size of the current study to a limited num-
ber of cadaveric specimens. While this limits statistical 
power and clinically inferential conclusions, for the purposes 
of this study, it allowed for rigid control of additional in vivo 
factors, including scarring, inflammation, nutrition, and lon-
gitudinal changes over time. Future studies in live subjects 
are needed to determine the clinical utility of these cadaveric 
models.

Conclusion

Intranasal airflow patterns after dorsal hump reduction and 
midvault reconstruction with spreader flap, and spreader graft 
were analyzed using CFD modeling in 5 cadaveric speci-
mens. Both spreader flap, and spreader graft increased median 
unilateral airflow rate and decreased median nasal resistance 
on the more obstructed side and improved left-right unilateral 
airflow partition in the nasal cavity. In both the pre-operative 
and both post-operative models, heat flux distribution was 
greater in the anterior region of the nasal passage than the 
posterior region. Anteriorly, the less obstructed side had 
slightly greater median heat flux value, but posteriorly heat 
flux was similar on both sides of the nasal passage. Both 
spreader flap, and spreader graft slightly increased heat flux 
on the more obstructed side, most notably in the anterior 
region. Further studies are necessary to increase statistical 
power and explore application to live subjects.
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