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Abstract: Breathing conditions pertaining to nasal obstruction, obstructive sleep apnea, and airflow resistance in the human 
lower airways have been investigated extensively by researchers over the years. Due to the availability of advanced computer 
numerical models, such as computational fluid dynamics (CFD), researchers have made progressive studies of airflow 
characteristic, especially the effects of airflow pressure, velocity and wall shear stress in human obstructive airways. Studies 
utilizing CFD have enhanced clinical understanding of the physiology and pathophysiology of the respiratory system through 
the concept of three-dimensional models that facilitate airflow simulation. The main objective of this article is to review recent 
CFD literature on nasal airflow and lower airway obstruction. The review covers the role of segmentation threshold in the 
outcome of airflow simulation in the nasal cavity, and results of fluid structure interaction (FSI) and computational fluid 
dynamics in nasal obstruction and airway collapse in obstructive sleep apnea were also correlated. For models of the lower 
airways, we evaluated the effect of extra-thoracic airway (ETA) on downstream airflow during simulation against the popular 
Weibel’s model. In the concluding section, we discussed the advantages, limitations, and prospects (precisely with deep 
machine learning) of computational fluid dynamics in the clinical assessment and investigation of respiratory diseases. 

Keywords: Computational Fluid Dynamics (CFD), Fluid-structure Interaction (FSI), Airway Obstruction,  
Segmentation Threshold (ST), Obstructive Sleep Apnea (OSA) 

 

1. Introduction 

Computational fluid dynamics (CFD) emerged during the 
last five decades, making it a relatively young discipline [1]. 
For more than two decades, the virtual reality software that 
allows users to manipulate flow data to investigate and 
validate fluid properties has remained indisputably one of the 
interesting tools in the area of fluid mechanics. As one of the 
branches of fluid mechanics, it employs numerical methods 
and algorithmic processes to solve and evaluate problems 
involving fluid flows [2]. CFD technique is a proven 
powerful and cost effective tool relevant in the study of 
complex flow patterns. It possesses the capability of giving 
detailed information in physical models that aid prediction of 
airflow behavior in real-life scenarios [3-5]. Due to its 

versatility, the application of CFD has gained wide range of 
use in many engineering fields such as; Biological 
Engineering [6], Environmental Engineering [7], and has 
been established as relevant tool in the field of Medicine [8]. 

1.1. CFD in Respiratory Disease 

The today society is characterized by highly developed 
industries and technologies that are contributing immensely 
to a stress-free life, but not without their health implications 
in cases where aerosols (smokes, particles, etc.) are not 
properly managed. Consequently, millions of people across 
the globe suffer from lung diseases like bronchitis and 
chronic obstructive pulmonary disease (COPD) resulting 
from limitation of airflow into the lungs [9]. According to 
World Health Organization, chronic obstructive pulmonary 
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disease has increased rapidly worldwide as the fourth major 
causes of death and will increase to the third in 2030 [10]. 
Respiratory diseases require medical attention at an early 
stage, which is often preceded by a medical diagnosis. Early 
diagnostic approaches typically involve probing the human 
body in order to trigger a reaction for the investigation of 
airflow resistance [11, 12]. These approaches detect 
impairment in the airway through the use of Force 
Oscillation Technique (FOT) [13], the pneumotachograph 
technique [14] and dynamic spirometry [15]. However, the 
above-mentioned techniques of assessing respiratory 
disorders have limitations which are discussed by Joe et al. 
[16-21]. Therefore, recent studies have taken advantage of 
advanced scientific computations such as CFD, which closely 
mimic the human airways to deduce airflow behavior in the 
human respiratory system. 

Due to medical ethics and other complexities involved, 
direct assessment and collection of experimental data in 
major human respiratory regions is impossible [22]. For 
example, in the bronchial tree and other delicate structures, 
direct airflow simulation in human bifurcating airways 
cannot be easily made. As such, anatomic experiments as 
well as advanced medical imaging (magnetic resonance 
imaging and computed tomography) have become handy in 
extracting such data from biological systems [23]. With the 
aid of CFD software, the extracted data such as the length, 
diameter, and thickness of the airway (for instance, the 
bronchi or nasal cavity) can be used as geometry guide to 
reconstruct the airway anatomy and perform simulations that 
reveal substantial information about the airflow field [24]. 

Not until recent times, the application of CFD in the 
studies of human airways was not a common practice. 
Researchers began firstly by modeling patterns of airflow in 
the lungs, and evaluating pressure, temperature, and shear 
stress on the respiratory tract [25]. Thereafter, researchers 
looked into the study of common aberrations such as septal 
deviation, septal perforations and inferior turbinate 
hypertrophy [26, 27]. Recently, CFD has been used to model 
and predict the effects of surgery and therapeutic 
interventions [28]. The applications evaluated in this review 
focuses on 3-dimensional CFD analyses of obstructed upper 
and lower airways of the respiratory system. The application 
of CFD in this subject area is promising because it has 
intensified the clinical understanding of pathophysiology of 
the respiratory system. 

1.2. Airway Obstruction 

The respiratory airways all work like a system of pipe 
through which air is funneled down into the lungs, beginning 
with the nasal and oral cavity in the upper respiratory system 
through the trachea to the bronchi and bronchioles in the lower 
extremities [29]. This airflow channel, under physiologic 
conditions, is kept open for ease of air passage at all times. 
However, the airways are prone to obstruction, which often 
leads to partial or total airflow blockage [30]. Furthermore, 
during human growth and development from infancy to 
adulthood, dramatic changes occur in the respiratory system 

that may mediate pathologic processes leading to airway 
obstruction [31]. Obstruction in the human airways, whether 
chronic or acute, definitely has considerable overall effects on 
the respiratory system as a whole [32]. Hence, early and 
accurate assessment of airflow limitation in patients with 
obstructive airway symptoms is vital. 

2. Upper Airway Obstruction 

The upper airway consists of the nasal cavities and 
passages, paranasal sinuses, pharynx and the upper part of 
the vocal cords. Figure 1 refers to the description of the 
major parts of the upper airway. Any hindrance to free flow 
in any of this region is referred to as upper airway 
obstruction. Such hindrance can be pathologic and/or 
anatomic and may vary depending on the site of obstruction 
and the nature of obstruction, be it acute or chronic [33]. 
Examples of common symptoms include; nasal blockage, 
sleep apnea and snoring. CFD has been employed by 
researchers, over the years, alongside accurate health history, 
radiological investigations and respiratory assessment to 
examine the effects of upper airway blockage [34, 35]. The 
research outcomes have helped to improve respiratory 
conditions of patients pre-operation and post-surgery. This is 
aided by CFD capabilities to handle quantitative assessment 
of transport phenomena in the upper airway which includes 
heat exchange, moisture transport, odorant uptake in the 
olfactory cleft, and regional delivery of pharmaceutical 
aerosols [36]. 

  

Figure 1. Description of the upper airway. 

Unlike other methods of evaluating nasal airflow such as 
rhinomanometry, CFD offers highly graphical model with 
great level of precision to gain better understanding of the 
nature of nasal airflow [37]. The first step when analyzing 
upper airway obstruction using CFD is to reconstruct the 
anatomical geometry model using data derived from scanned 
images (MRI or CT) of the upper airway of a patient. The 
image is then exported into commercial software such as 
MIMICS, where the grey scale image is treated into binary 
image by setting segmentation threshold value based on the 
pixel intensity of the original image. This is done after the 
fluid domain of interest has been identified, allowing the user 
to partition the digital image into multiple segments such as 
airspace, bone, soft platelet etc. [38, 39]. 

In vivo observations or in vitro experiments were some of 
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the early processes employed in determining human upper 
airway flow patterns [40-44]. Although, these processes 
offered profound descriptions of airflow patterns in the 
airway passages of different subjects, quantitative data 
describing distribution of airflow was limited. This is due to 
the challenges involved and the huge cost of administering 
in-vivo observations and in-vitro experiments [45, 46]. Most 
of these reported studies simulated the airflow field in the 
unilateral nasal cavity or part of the respiratory tract [47-52]. 
However, comparative research providing detailed evidence 
about transient airflow in the whole upper airway was limited 
[45]. The limitation is obviously due to anatomical 
complexities of detailed geometry assessments of airflow 
patterns in the upper airway; thus, the airway geometry from 
oral cavity to intra-thoracic have gained much attention in 
most of the previous relevant researches without considering 
the nasal cavity [46-50]. 

Fortunately, models of the nasal cavity anatomical geometry 
is currently possible with computed tomographic scan data, 
paving way for researches with promising precision and 
accuracy. Consequently, researchers have compared the 
airflow field physiognomies of the upper airways which 
included the oropharynx, oral and nasal cavity, and soft palate 
movement between healthy human subjects (controls) and 
subjects with airflow resistance, such as obstructive sleep 
apnea (OSA) syndrome. For instance, Endalew [30] evaluated 
the effect of airway geometry on internal pressure and flow 
resistance in a pharyngeal airway model of three children with 
OSA syndrome and three normal controls. He concluded that 
the flow at resting peak inhalation/exhalation appears to be at 
steady state [51- 53]. However, Xu et al. [54] employed 3-
dimensional CFD models of the same pharyngeal airway, 
including the nasal cavity, to examine the airflow behavior in 
an adult OSA patient and observed that the airflow behavior in 
the pharyngeal airway of subjects with OSA syndrome is made 
up of a turbulent jet, which is formed by area restriction at the 
velopharynx. Invariably, the difference in anatomical geometry 
in the model influenced CFD results in the OSA patients. 

Furthermore, Jin et al. [45] presented a model of the upper 
airway that consists of the nasal cavity, pharynx, larynx and 
trachea. The model includes triple bifurcation showing 
generations G0 to G3 in symmetry. The geometry of the nasal 
cavity-trachea was recreated from images obtained from CT 
scan of a 30-year old male volunteer who had no history of 
respiratory issues. Figure 2 refers to the description of the 
coronal section from the nostril to pharynx. 

 

Figure 2. Definition of the regions of inferior, middle, and superior airway 

in a 3D FE model of the upper airway from the nostril to the pharynx. 

By assessing the turbulence model, Jin et al. [45] reported 
that deformations induced by airflow mostly influence the 
abnormal airway collapse experienced (Figure 3). Thus, 
opining that the analysis of anatomically accurate CFD 
replicas of the human airway employing computed 
tomographic data and Weibel’s lung model, may pave way 
for better studies of airflow behavior in the airway from the 
nose to triple bifurcation. To investigate reported 
deformations imposed by airflow, such as in [45], researchers 
are currently employing the Fluid-Structure Interaction (FSI) 
which is discussed in the next heading. 

 

Figure 3. Flow rate distribution at the moment of maximum peak inspiratory 

in the model consisting of nasal cavity, pharynx, larynx and trachea, as well 

as a symmetric triple bifurcation representing Generations G0 to G3. 

2.1. Fluid Structure Interaction (FSI) 

When fluids flow across a pliable structure, the flow 
motion imposes pressure on the structure. In obstructive 
human airway, the obstruction leads to resistance which in 
most cases creates airflow pressure on the wall of the airway 
tract [55]. To save simulation time, cost and complexity, 
three dimensional models prepared for inspiratory simulation, 
especially in nasal cavity, typically isolate the airspace from 
deformable geometry that interacts with airflow [40]. 
However, studies that have been limited to relatively small 
deformations have often ignored quantifying airflow 
limitation in the deformed region [56-59]. Other studies like 
Pirnar et al. [60] that quantified coupling between airway 
structure and flow motion using FSI have reported a robust 
correlation with CFD analyses in nasal obstruction, and 
airway collapse in obstruction sleep apnea. Subramaniam et 
al. [61] also reported in their study that the results of FSI 
technique gave realistic analysis than CFD in both compliant 
and rigid models of the respiratory airways. 

The only limitation in the application of FSI in most 
studies is that they lack experimental validation of the 
methodology. Trung et al. [62] considered validating their 
numerical results with experiments. Precisely, they 
developed a collapsible three-dimensional FSI models to 
investigate an abnormal upper airway collapse especially 
the prediction that the upstream pressure profile becomes 
independent` of downstream pressure after flow limitation 
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starts as given by Chang et al. [63]. They fabricated a 
physical replica of the human upper airway (scale of 1:1) 
using a combination of 3D printing and silicone mold that 
included the nasal cavity, pharynx, larynx, and trachea, 
evaluated as a classical starling resistor. Graphs plotted 
from the flow meter shows that the pressure-flow curve 
generated by the FSI simulations was independent of the 
breathing profile. This is validated by previous numerical 
research reports that suggested that pharyngeal compliance 
in obstructive sleep apnea patients may be estimated from 
peak flow measurements during sleep [64, 65]. FSI 
technique is currently an appreciated tool in correlating 
clinical assessments of airflow pattern in airway obstruction. 
The differences in the reported airflow patterns in CFD and 
FSI simulations depend on the parameters used in the 
modeling, such as complete or isolated geometry, and the 
pressure generated in the obstructive airway [64]. 

2.2. Segmentation Threshold 

One other area of concern in modeling and simulation of 
airflow and particle deposition in the human nasal cavity is 
segmentation threshold. Segmentation is a useful tool in 
upper airways and airway tree, especially in situations with 
low resolution CT images used in airspace modeling and 
simulation [66-68]. The important reasons for segmentation 
threshold in CFD are for better comparison of nasal 
obstruction simulation results, and to isolate airspace region 
from other structures of the CT image. This approach saves 
time and cost and it is advisable that researchers report the 
segmentation threshold used to reconstruct the nasal anatomy 
during modeling [69]. 

Most studies involving segmentation have often 
considered the lower threshold limit set to a standard of -
1000HU or similar value, depending on the software 
specification [70, 71]. There is currently no absolute 
threshold range for the upper limit and researches like 
Reynisson et al. [72] and Nakano et al. [73] who have 
worked at close but different ranges agree that what upper 
threshold range is best for upper airway simulation is open 
for debate. From their different studies, they realized that 
the optimal threshold for airway segmentation may vary for 
different CT scanners, CT protocols, airway regions, and 
patient-specific anatomy. The nasal cavity is known to be 
the most challenging part of the upper airway to be 
segmented [74]. Therefore, most studies of the nasal airway 
do not report the threshold for segmentation of their works 
[36]. To this end, Leong et al. [36] quantified how 
uncertainty in the segmentation threshold impacts CFD 
simulations of transport phenomena in the human nasal 
cavity. In this study, the subjects were three patients with 
nasal airway obstruction. The authors reconstructed the 
nasal airspace from the nostrils to nasopharynx, excluding 
all paranasal sinuses using three different threshold ranges 
of 800 HU, -550 HU and -300 HU for the upper limits and a 
constant range of -1,024 for the lower limits as shown in 
figures 4 and 5, respectively. Distinctive information about 
the segmentation proved relevant in two ways: first, the 

cross-sectional area of the airspace in all patients increased 
systematically throughout the nasal cavity as the 
segmentation threshold was increased from the least to the 
highest range. 

 

Figure 4. 3D description of distance from nostrils used to define the 

segmentation threshold in all three patients after pre-surgical CT scan. 

 

Figure 5. Model to the top shows inspiratory streamlines. The air velocity 

colormap at coronal section D=0.5 (main air stream flow) is shown at the 

bottom. The right nostril was assumed to be blocked to reproduce 

rhinomanometry measurements of unilateral resistance in the left cavity. 

Subsequent study by Kawarai et al. [75] validates that 
indisputably, some anatomic variables such as airspace 
and cross-sectional area, as well as some computational 
fluid dynamics variables like pressure drop and airflow 
resistance, are strongly dependent on the segmentation 
threshold. However, variables such as surface area and 
intranasal flow distribution have been discovered to be 
less sensitive to the choice of segmentation threshold used 
during CFD. 

3. Central and Lower Airway 

Obstruction 

3.1. CFD in Reduced Lower Airway Models 

Airflow along the human airways can be impeded at any 
region in the respiratory system. For instance, airflow 
obstructions occurring within the trachea and main-stem 
bronchi are referred to as central airway obstructions; a 
condition that can lead to lung diseases [76]. In the lower 
airway which typically involve the bronchioles and the 
alveoli, these condition could be malignant (e.g. 
Bronchogenic) or Non-malignant (e.g. Tuberculosis) and they 
are significant cause of morbidity and mortality across the 



20 Oyejide James Ayodele et al.:  Computational Fluid Dynamics Modeling in Respiratory Airways  
Obstruction: Current Applications and Prospects 

globe [10, 77-79]. Over the years, CFD studies of central and 
lower airway have gained extensive research attention both 
experimentally and numerically as medical practitioners seek 
to understand the underlying mechanics of diseases in the 
human airway tract. Of both central and lower airways, 
conditions pertaining to the lower airways are more difficult 
to diagnose [80, 81]. Construction of accurate geometry of 
the entire airway generation is also a complex work because 
obtaining scan based models is presently limited to the mouth 
cavity and a few lower airway generations. This is due to 
limited resolution of the scanned images for lower generation 
of the human airways [82]. 

Most studies of the lower airway involve computational 
approach by employing the most used Weibel’s and 
Horsfield’s models [83-84]. Consequently, most studies in 
this area have often considered computational technique with 
reduced branches of airway geometries [85-88]. To validate 
the use of airway models with a reduced number of airway 
branches, Bora et al. [82] developed multi-scale three 3-D 
airway models for central and peripheral airways with 
different numbers of airway branches and performed airflow 
simulation in the complex branches as shown in Figure 6. 
They realized that to base investigation of airflow obstruction 
in the lower airways on complex models depicting the entire 
airway generation, it would be necessary to develop a multi-
scale model that describes cellular responses in addition to 
the global airflow distribution, which is invariably time 
consuming. However, their work, with other similar system 
of models, provided a starting framework to develop such 
multi-scale models [89]. 

A CFD approach in the investigation of the lower airways 
will typically involve some assumptions, boundary 
conditions and governing equations that have been 
established as simple and feasible standards over time in 
specifying the velocity inlet and outlet (see [81, 90, 91, 52, 
92-94]. Generally speaking, studies of the lower airways 
typically apply a laminar profile at the trachea, which is the 
point of delineation between the extra-thoracic airway (ETA) 
and the lower airways [95-97]. However, the effects of upper 
airway truncation on downstream airflow during simulations 
of the lower airways have been evaluated in recent studies, 
and none has been able to establish that modeling the lower 
airways without inclusion of the upper airway (nasal airspace) 
has substantial limitation on CFD results of downstream 
airflow in the lower airways [98-102]. Conversely, Jamasp et 
al. [103] compared flow patterns in two different nine-
generation models of the lower airways. The first included 
the extra-thoracic airways to constitute the upper airway flow 
and the second was the popular Weibel’s and Horsfield’s 
models. They concluded that models of the lower airways 
that ignore the effect of upper airway turbulent flow in their 
simulation may be misleading, and not suitably rendering a 
holistic insight into the airflow behavior through the human 
respiratory system. Their research may be considered as an 
improvement over the popularly used RANS turbulent 
models (the k - ε or k - ω models) and LES technique used in 
most studies for simulation of airflow in the lower airways. 

 

 

Figure 6. Steady flow computational models and simulation of the bronchi 

during inspiration in multi-scale models, where (A) shows the normal airway, 

(B) symmetric obstruction (C) asymmetric obstruction and (D) random 

obstruction. 

3.2. CFD in Models of Different Age Groups 

It is important to consider patient specific models when 
investigating respiratory airflow obstruction. A realistic 
geometry reconstructed from scaled images of the airway 
structure provides a more accurate prediction into the airflow 
patterns along the respiratory tract. Logically, the human 
organs are different in size and properties for infants, children 
and adults. It is therefore important to compare simulations in 
different age groups. Consequently, Lee et al. [104] compared 
the effects of physiological features on airflow patterns and 
particle deposition in a child and adult models of the upper 
respiratory tract (URT). The models included the mouth cavity, 
pharynx, larynx, trachea and bronchial (G1 – G3) airways, that 
was established on the geometry of anatomical data of a three 
year old child and idealized adult model. The authors observed 
that at varying inspiration rates, distinctive airflow velocity 
streamlines were developed in both models despite the 
similarities in the airflow pattern. 

Accordingly, Endalew [30] investigated the inspiratory and 
expiratory airflow characteristics in tracheobronchial airway 
models of an infant, a child and an adult. The idealized models 
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with different geometries consist of airway generation six to 
nine (G6-G9). [31] reported that respiratory airflow dynamics 
in the three age groups was different; the airflow 
characteristics (velocity, pressure, and wall shear stress) 
decrease with age during inspiration and expiration; and there 
is variation of airflow pattern among the three age groups and 
between the two phases of respiration. Simulations for 
inspiration (a) and expiration (b) at the first bifurcation in 
infant, child, and adult are illustrated in figure 7. 

 

Figure 7. Velocity streamline at the first bifurcation in (A) infant (B) child 

and (C) adult during (a) inspiration and (b) expiration. 

From the forgoing literature, it is important in future 
studies to evaluate inter-subject variability such as age group, 
body size, and race, in CFD studies of airway obstructions. 

4. CFD Advantages, Limitations, and 

Prospects 

4.1. Advantages 

The application of CFD was first grounded in aerospace 
and mechanical areas but recently, CFD has gained grounds 
in other areas such as biomedical science and engineering. 
Probably, the application of CFD in medical field has 
lagged behind because of the complex nature of human 
anatomy and dynamic behavior of body fluids [105]. In the 
area of biomedical engineering, there are merits when 
considering CFD over traditional ways of investigating 
airway dynamics in the respiratory system. Apart from the 
biomedical engineering application of CFD discussed 
earlier in this review, the tool can also be utilized to 
simulate biological fluid dynamics, precision surgery and 
pathophysiology of the circulatory system especially fluid 
fields that are extremely huge, small, or remote to simulate 
experimentally [106]. 

There are a lot of possibilities with CFD not yet realized. 
The ability to reconstruct the human airway geometry from 
high digital imaging data will expose researchers from across 
the world to more areas of interest in respiratory diseases. 
Current studies of nasal aerodynamics disorders are 
considering the feasibility of a simulated pre-surgery before 
performing a surgical procedure in patients [107]. This 
possibility will definitely improve the efficacy of surgical 

planning and outcomes for both patients and healthcare 
givers. The current CFD techniques offer comprehensive 
flow parameters that have greatly boost the investigation and 
evaluation of medical challenges, thereby providing 
researchers with robust data for diagnosis and treatment 
[108]. Interestingly, the application of CFD has generally 
reduced the use of animals and humans in direct testing; 
minimizing the risk to life and enhancing bioethics. More so, 
the ability to isolate specific phenomena for study 
irrespective of the location in the system, gives CFD a stable 
control over physical processes [109-110]. 

4.2. Disadvantages 

Despite the current benefits of CFD, there are some 
limitations that can be improved on. The accuracy of CFD 
depends greatly on the initial boundary conditions of the 
numerical model. Consequently, individual outcomes can 
only be as accurate as the real-life physical model [111]. 
There are still limitations in accurately predicting flow 
behavior in vortex dominated, complex separated, and 
unsteady flows [1]. Thus, CFD results must be thoroughly 
evaluated before being generalized to prevent misinformation 
especially in pre-surgical cases. More so, it is apparent that 
CFD simulations require time and high performance 
computers and as such, is currently unsuitable for use in 
individual patient [112]. CFD simulations now touch 109 
elements, implying that even with iterative solvers, a single 
step of simulation will require up to 100 gigabytes of storage 
and a computing time on the order of 106s, which is 
relatively costly and time consuming [37]. However, it is 
conceivable that technology would be available to optimize 
CFD simulation processes, making simulation results 
possible under the shortest possible time. 

4.3. Prospects 

The accuracy of clinical diagnosis is currently increasing 
through banks of data generated from patient’s respiratory 
system utilizing machine learning. Mekov et al. [113] has 
predicted that the performance of CFD in respiratory diseases, 
as with other areas of its application, will be advanced by 
deep machine learning (ML) [114-115]. The improvement 
will include simulation speed, accuracy of results, and the 
user-friendliness of the CFD software [116-118]. Precisely, 
computer programmer are currently using machine learning 
to develop automatic classifiers information from different 
networks which produce signals that are going to be used for 
performing certain tasks. They will be used as pattern 
recognition to optimize and detect airflow obstruction in 
patients [119-122]. Ultimately, individualized CFD studies 
may be a viable diagnostic tool in the nearest future with the 
integration of deep learning to derive patient’s specific data. 

5. Conclusions 

Herein the present study, an assessment of published 
literature on the modeling of upper and lower airway was 
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made. The aim was to discuss different recent developments 
in the application of computational fluid dynamics (CFD), 
specifically on the investigation of airflow obstruction in the 
respiratory system. Insights into the limitations, advantages 
and the prospects of CFD focusing on diagnosis of human 
airway obstruction and diseases were discussed. The key 
conclusions from the review are: first, the reconstruction of 
3D models of the nasal cavity is complex; therefore, the 
accuracy of nasal airflow simulation depends on the accuracy 
of the geometry reconstructed from MRI or CT scan. Second, 
the Weibel’s model assumes steady airflow at the inlet in the 
thoracic model during inspiratory simulation; in the extra-
thoracic airway (ETA), the converse is true. The ETA reveals 
that most times, the airflow is in fact turbulent at the inlet. 
Third, segmentation threshold strongly impacts anatomic 
variable such as airspace area and volume, as well as CFD 
variables such as pressure drop and airflow resistance. Hence, 
the radio-density threshold for segmentation of the nasal 
airway needs more attention in CFD studies. Fourth, 
comparison of airflow simulation in models of infant, a child, 
and adult under the same respiratory condition shows similar 
flow patterns but obviously different airflow behaviors. Fifth, 
modeling the entire lower airway generation is complex, time 
consuming and would require developing a multi-scale 
model that describes cellular responses in addition to the 
global airflow distribution. Consequently, researches have 
been limited to predicting airflow in the lungs through 
simulations of airflow in few generations. It is indisputable 
that CFD has improved clinical assessment of complex 
respiratory challenges that are difficult to investigate through 
experiments. It is expected that future CFD studies, coupled 
with machine learning, will facilitate improved human 
respiratory health. 
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