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The objective of this chapter is to have a different understanding of nasal 
flow as I perceived it in working together with engineers from the aerodynamic 
field. 

The topic is flow, and how is it related to well-being. Is surgery always 
inevitable if you see that a patient has nasal obstruction?  In this chapter I 
shall show some experiments which we did with computer simulation of flow 
improvement. Real data and real patients like those patients that you see every 
day. 

The main objectives of this chapter are:
1. nasal flow can be described by a laminar model;
2. nasal flow is overall steady – I will comment later what it is;
3. mass flux in the nose plays a role, and what that means for 

rhinomanometry; 
4. and the most important: the nose is not a circular pipe. 

One can only apply Ohm’s law and Hagen-Poiseuille law to determine flow 
in circular tubes, but the nose is not a circular tube, so everything computed solely 
on this basis is wrong because the basics are wrong. Hopefully after this chapter, 
you will learn to have a different view of that. 

Computational fluid dynamics
The turbinates and even septum spurs do have an essential function to direct 

the flow. Humans need these structures for natural breathing. You may think, 
by removing those structures you can improve nasal flow. This is a plumber’s 
thinking – have big circular pipes and then flow will improve. The opposite is 
right, patients need the turbinates, and patients may even need septum spurs for 
nasal flow under the circumstances of their anatomy. By correcting the septum 
you may deteriorate flow, although you may measure in rhinomanometry better 
results for nasal flow at 150  Pascal (Pa). But in real life breathing, you normally 
do not reach 150 Pa nor do you need the 800 ml/s that are considered a normal 
value. 150 Pa of pressure is strong forced inspiration. No patient would breathe 
like this all day long. The 150 Pa do not reflect patient’s well being. As an 
experiment this makes sense to show that with strong pressure you will get a good 
flow, but in normal life 150 Pascal stand for exercise situations. You normally 
breathe at much lower pressures and that is where you have to improve the flow. 
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Therefore, instead of improving flow at 150 Pa we focus on the work of breathing 
around the 0 pressure and the 0 flow point. This is one objective of this chapter. 

However, one thing is very sure: operate on polyps – they are an obstacle at 
any pressure, but be very restrictive in removing cartilage and bones. This is what 
I learned from working together with aerodynamics specialists.

The development I am going to present originated from Aachen, in Germany.  
Some 25 year ago it came to the mind of the brilliant otolaryngologist George 
Schlöndorff from Aachen to set up an optimized surgical procedure based on 
computer tomography (CT) scans. By	knowing	the	anatomy	of	the	nasal	cavity	
you	 can	perform	a	 computation	of	 the	nasal	 flow.	By	doing	 fluid	dynamic	
simulation	 of	 the	 flow	 going	 through	 the	nasal	 cavity	 you	 can	 evaluate	 on	
a	 supercomputer	what	 the	obstacles	 there	are	 to	 this	nasal	 flow.	Then	you	
operate on this model first, not on the patient, and try to improve the model 
and	look	how	the	flow	would	improve.	The	very	basic	idea	was	to	do	surgical	
simulation	first	and	thereby	optimizing	your	surgical	procedure. 

At that time we developed physical models of the nasal cavity and conducted 
experiments on these models. What would be the obstacles to the flow in the 
nose and what would happen if we remove these? At the same time we also did 
the first numerical calculations of flow. We needed the most powerful German 
computer centre for an entire weekend. Two and a half days to simulate one single 
simulation. 

What we needed, what we also use now, is one aerodynamics software, 
which was developed to create the AIRBUS A380. I remember at the time, some 
20 years ago, when we went to our colleagues from the aerodynamics department 
they said “No problem to do these calculations, we have done the wings of A300 
Airbus, so there is no problem in calculating your nasal flow.” They came back 
half a year later and said “Impossible, your nose is so complicated there is nothing 
in the world as complicated as the turbinates of the nose, the obstacles you get 
there".

Luckily there has been a lot of progress in this field, so now, I can show you 
my nose in 3D (3 Dimension) with the flow that I generate when I breathe. And 
soon you are invited to look at the flow through your nose, if you want to. We just 
need a CT model of your nose. 

This has been published 1. To simulate the flow field, the so called Navier-
Stokes equation had to be solved with a special software library for flow analysis 
(Figure	1). We developed this model and let color particles flow through the nose 
model and looked where the particles would go. 
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Figure	1. Presentation of the structured multiblock grid for test case

In this is the early stage of numerical simulation the results were very similar to 
the physical experiments (Figure	2). 

Figure	2. Experiment and numeric simulation

One interesting point is, that 
you normally think, by removing the 
inferior turbinate you improve the flow. 
It is our thinking that air mainly passes 
through the inferior nasal canal. This 
is the major aperture which you see in 
your endoscope. However, a lot of flow 
goes in the upper direction through the 
middle meatus and that’s why it really 
doesn’t make sense to completely 
remove the interior turbinate.  

So one thing we learned from our experiments was that under normal 
breathing conditions you have laminar flow. Yes, there is turbulence in the nose. 
However, only 20% of the flow is turbulent, 80% percent is laminar flow. Laminar 
flow can be very strange and I will show some of this data later. 

By looking at our model we can study the pressure distribution in the nose: 
where is pressure generated in the nose and where is it dissolved by flow. First 
you get pressure and mass of the air is compressed. By pressurizing the mass of 
the air you get the flow. This is not happening simultaneously. You can see this 
phenomenon in rhinomanometry. Zero pressure and zero flow, do not exist at the 
same time. First you have pressure on mass and then, later you get flow, so you 
never get 0 / 0 at the same time. By generating pressure, air is directed through 
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small canals in the nose as shown on (Figure	3). If you remove the turbinates or 
if you remove spurs you do not build up pressure here and therefore you do not 
get the normal flow, a laminar flow. If you have a very narrow nasal valve, this 
will increase pressure in the beginning, and consequently flow is direct towards 
the nasal. 

Figure	3. Geometric variation in nasal model

As you can see in Figure	4, you have to create the pressure where the arrows 
point and then it is relieved in different directions and flow is directed through 
your nose. 

Figure		4. Creating pressure
If you do not have 

these guiding structures 
here, you will get 
turbulence as you can 
see on the following 
computation (Figure	 5). 
Here you see the flow 
lines. Most of the flow 
goes through the middle 
nasal meatus, but also 
there is a lot directed up 
to the olfactory region, 
which is essential for the 
patient’s well-being. Not 
so much is going there 

where you normally expect it to go, into the lower nasal canal. By removing 
those guiding structures you will get an empty nose without turbinates, without 
septum spurs. Flow will be mostly turbulent. You will get turbulence already at 
low pressures and this increases the work of breathing and makes it more difficult 
for the patient to breathe. 
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Figure	5. Flow lines

These structures are also important for the correct tempering and moistening 
of the incoming air, otherwise cold air is going into you patient’s lungs.

Imagine you are a molecule! Figure	 6 shows the flow lines where a 
molecule would go through your nose. It does not go straight forward, it goes on 
such curved lines, but still the flow is laminar. This is not turbulence, these are 
curved lines of laminar flow.

Figure	6.  Flow lines, curved lines

Let’s go further on and do interactive particle tracing as shown in  
(Figure	7). Step into your patients nose with 3D glass on and you can see where 
the flow-lines go. With an oxygen gun in your hand you can shoot oxygen 
molecules and then you see where the nasal flow will go. 
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Figure	7. Interactive particle tracing

With a supercomputer in 
the background this can be done 
in real time. We can remove a 
part of the turbinate and see what 
is happening, where the oxygen 
molecules will go. How will the 
flow change when we reduce the 
turbinate? It enables us to look 
at flow lines and see whether the 
flow improves (Figure	8). 

Figure	8. Inside the nose in 3D

Our engineers have set up a so-called surgical workbench (Figure	9	A). This 
figure shows a surgeon wearing 3D glasses. He moves an interactive device and 
thereby reduces structures in the nose. (Figure	9	B). We have conducted these 
experiments to look what would happen to the flow after cutting away a part of 
the turbinate. 

                
Figure	9	A. Surgical workbench                                         Figure	9	B. Simulated knife cut the turbinate
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 Summarizing these basic experiments
∙ the nose is NOT a circular pipe;
∙ the turbinates (and	 septum	 spurs)	 do	 have an essential function to 

direct	flow; 
∙ nasal flow can be described by a laminar model and nasal flow is overall 

steady. 

We have computed flow at low pressures (analyzing the respiratory cycle) 
and found that it never crosses the 0 flow / 0 pressure point. 

With the clinical prototype we can use any 3D patient data available. We 
need a data set from CT or MRI and can use it before conducting the real operation 
(Figure	10). 

Figure	10. Clinical prototype

After segmenting we will get a structure of e.g. 4.4 millions cells. All 
interactive calculations have to be solved 4.4 millions times. That is why it is 
so time consuming to calculate the flow. But as you can see in (Figure	11) the 
pictures that you will get are fascinating as they show you the real distribution of 
flow. What you see are my personal data. This is my nose and we have calculated 
how the flow goes through my nose. And it was interesting to see again that most 
of the flow here goes through the middle cavity. 
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Figure	11. Calculating the air flow inside a nose.

From such high resolution calculations we learned how complicated the flow 
through a normal patient’s nose is. What you have seen before were models. This 
is a real patient’s nose (Figure	12).

Figure	12. Inside the author’s nose.

When we cut the flow lines (in 
the computer model), we can look 
at the diameter of the nose and also 
at the pressure distribution. I have 
high pressure at the nasal valve but 
it directs the air flow during normal 
breathing and I don’t feel obstructed. 

We conducted a study using a 
nasal steroid to see, what this will do 
to a patient’s nasal cavity under pollen 
exposure. Nasal allergen challenge 
tests have been performed with high 
resolution MR-imaging of the head, 
as a basis for 3D-visualization of 

the spatial distribution of mucosal swelling in the nasal cavity. The purpose of 
this investigation was to document the protective effect of Mometasone furoate 
nasal spray (MFNS) on exposure to allergens. We have demonstrated that we are 
able to show a difference in flow on a patient that underwent surgery. These are 
differences in caliber of centimeters or at least 5mm, but will we be able to see 
the effects of a nasal steroid on the nasal mucosa, which are in the region of one 
or two millimeters? Would we be able to show the improvement of the flow under 
such therapy? 

That’s why we conducted this study with the nasal steroid Mometasone-
furoate (MFNS). It was a typical nasal allergen provocation study: A patient’s 
nasal flow measured before provocation with rhinomanometry, nasal allergen 
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challenge, flow measured again after nasal allergen challenge. Then this patient 
was treated for a certain time with an anti-allergic drug before looking again at 
all the parameters. So we are able to demonstrate the anti-obstructive effect of a 
nasal steroid. 

All the data you have seen before came from CT. Computer tomography 
nowadays has a spatial resolution of below one millimeter, this produces very 
clear data: 4.4 million cells, high resolution. MRI (Magnetic resonance imaging) 
is not that good, but if you want to do repetitive measurements in a patient, this is 
the only way to produce high resolution 3D-data. That’s why we had to build the 
model on MRI data. In the beginning we really didn’t know whether this would 
work.

This was a monocentric trial in one patient with allergic rhinitis. We 
did rhinomanometry, of course, everybody wants to see such data, acoustic 
rhinometry then allergen challenge, again rhinomanometry, acoustic rhinometry, 
and also looking at symptoms.  We did altogether, four MRIs comparing the 
four 3D-patient models before and after challenge, before and after Mometasone 
furoate nasal spray (MFNS).

We were able to see canals that are opened up under treatment. Those 
channels lead the air and by consequence the olfactory region is much better 
ventilated. This contributes to the quality of life of the patient because under 
treatment he still can breathe easily in the presence of allergens. He can smell 
the difference between coffee and tea, which he cannot differentiate when he 
is exposed to allergen without prophylactic treatment. So this is the first nasal 
challenge experiment documented by MRI, it was a proof of concept and it clearly 
depicted the anti-obstructive effect of Mometasone furoate nasal spray (MFNS).

Let me take one step further, remember Panta Rhei’s concept: everything 
flows. We evaluated a 63 year-old female patient. We used for this a quality of life 
questionnaire that has been developed in the U.S. but it has been adapted to our 
German standards and we use it on a regular basis in our practice.  This patient had 
clear limitations in daily life, was often tired, very frequently had sleep problems, 
had facial pain with and without pressure, she was irritable, had work problems, 
felt embarrassed when she was with friends all due to her nasal problem. We asked 
her: “Are you treated for an allergy?” “No”, she said, but she had an allergy, she 
had house dust mite allergy when we tested her. “Do you take any drugs for your 
allergy?” No, she didn’t. But her nose was often blocked and she often used nasal 
decongestant drops. She said:  “Yes, I have undergone surgery for my nose.” Her 
CT showed that she had undergone surgery. This was not a completely empty 
nose, but it came close to this. The lower turbinate was completely removed, the 
middle turbinate was mostly removed, but still she had the problems and still she 
said she could not breathe. When we conducted rhinomanometry on this patient, 
at 150 Pascal we got wonderful data. But turbulence is her problem, turbulence 
that occurs in this empty nose. 

Is surgery always inevitable if a patient has serious obstruction problems? 
We have a CT from a patient with a fluid level in his right maxillary sinus. Would 
you operate on this patient? Remove the fluid from the maxillary sinus of this 
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patient? I can tell you these are my CT-data and 14 days later after nasal steroid 
spray treatment the CT looked fine. So in many cases, even if you see a fluid level 
in the sinuses, it goes away by itself. 

This has been documented by Valerie Lund and Glenis Scadding 2. They 
conducted a very interesting study comparing medical and surgical treatment of 
chronic rhinosinusitis. They found out that in many cases the results are just the 
same whether you operate on the patient or not. Give every patient a chance to 
undergo medical treatment with antibiotics, with nasal steroids, maybe in some 
cases with oral steroids and the patient will improve just as he would have done 
under surgical treatment.

Summary
As a summary we now have virtual models of anatomical geometry. We 

have these numerical models of airflow, all disciplines have to work together 
and we can now establish the relationship between anatomy and patient comfort 
and thereby decide on the best therapy by planning surgery in advance, because 
we can operate on the model. What you need is a CT, which is best, or an MRI 
scan. You have to conduct the segmentation which is a lot of work, the surface 
reconstruction, we have to generate a grid and then do the flow simulation and 
the visualization.

We can find the spatial distribution of pressure and flow and those points for 
intervention be it the turbinates or just the polyps can be identified and also the 
outcome can be monitored. Of course this is not yet a standard procedure. These 
calculations need time, approximately 11 hours on a rapid computer. Automatic 
segmentation from MRI generally fails, you have to do it by hand, and from CT 
this is a bit better. The mucosa/air boundary is often difficult to detect so it is not 
like pressing a key and you have this model. The integration of virtual surgery is 
not so easy and for us the relationship between flow and patient comfort is still 
not absolutely clear. 

Last but not least: you should be aware of the people in our group that 
I have the privilege to co-operate with: our radiologist, the engineers of our 
aerodynamics institute, our computer research people from the institute of high 
performance computing and my colleagues from the institute of medical statistics. 
It is a great team work!

Questions from the audience to Dr. Mösges

1- How many surgeries I did in my life removing septal spurs which I didn’t really 
need if I knew this model before? So I am starting to ask: “Oh my goodness, 
should I use Mometasone furoate nasal spray (MFNS) the commercial brand 
named Nasonex®  right now or go to surgery?” 
Answer: Give your patient a chance on medical treatment before conducting 
surgery, so sometimes you should indeed be more careful. Of course, with nasal 
polyposis you should be very aggressive. 



129    IX IAPO MANUAL OF PEDIATRIC OTORHINOLARYNGOLOGY

2- How about your experience with children? 
Answer: The one good thing about children is that normally you do not act so 
aggressive on children as we do work on adults and polyps normally are not such 
a problem, except for some subgroups of disease (i.g. Cystic Fibrosis). We have 
not tried the model on children so far, I must admit. For children it is difficult to 
have a CT and that’s why we are so happy that we now have MRI models because 
this opens up to the world of pediatric otolaryngology for us. With MRI data we 
can build models for nasal flow in children.
 
3- When you use Mometasone furoate nasal spray (MFNS) for 14 days and 
the child does not answer, what you do you do? If we propose to the parents to 
do a turbinectomy they will not agree! So what do you do if the child doesn’t 
improve with your treatment with Mometasone furoate nasal spray (MFNS) or 
Nasonex®?
Answer: I also don’t always treat children with a nasal steroid right away. What 
I do, and what I did yesterday when my nose was running after exposure to 
Brazilian grass pollen, for a more rapid effect I combine a nasal steroid with 
a nasal antihistamine. There are several nasal antihistamines available in many 
parts of the world, azelastine for instance, is one of these marketed in Brazil. 
Children sometimes don’t like that spray because it tastes bitter. There are others, 
Levocabastin is available in Europe and children do like that. I normally combine 
the two treatment modalities, nasal steroids plus nasal antihistamine and if that 
doesn’t help I add up an oral antihistamine or even an oral leukotriene antagonist 
and that normally helps. So, before doing surgery, give your patient a chance for 
at least four weeks, better three months.

4- It was a really wonderful lecture, but I would like to know your opinion about 
the use nasal inspiratory peak flow to evaluate the small children. Not the small 
children, but children in general.
Answer: We have done study in patients with and without polyps with this 
nasal peak flow meter. In severely obstructed patients the measurement was 
more reliable than rhinomanometry. Similar data have also been published by 
Riechelmann in the Journal Laryngoscope.
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