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Summary: 

The aim of this work is to study the influence of the particle size and the air flow rate during inhalation and 
exhalation process on nasal aerosol deposition. In order to carry out this cartography, a nasal cast model was 
built from epoxy plastic based on CT
deposition into the different region (nose, 
sphenoid and nasopharynx) was measured. Three different 
1.1µm to 9.8µm) were generated by nebulization and three different air flow rates were applied on the nasal cast 
during inhalation and exhalation process (from 2L/min to 90L/min).

Statistical analysis was performed to
air flow rate. Results have shown an influence of VMD and air flow rate on deposited aerosol
on the nasopharynx and on the total deposited mass 
For the nose and the nasal valve the correlation was found between 
inhalation. While during the exhalation it depends on both the VMD and the air flow rate. 

For maxillary, sphenoidal and ethmoidal sinuses no significant correlation between the deposited mass and the 
tested parameters was determined. 

For the frontal sinus no mass was detected in both 
could be determined with the two tested parameters. 

 

Introduction: 

Drug delivery is one of the most 
inflammations and infections (3,4). Drug delivery through 
of interest, thus allowing direct treatment and avoidance of the first

In this work, the zones of interest are the nasal cavities. Improving the efficiency of nasal nebulizers consists 
optimizing deposition in specific regions like the sinus or ethmoids. A study of aerosol deposition during inhalation 
and exhalation according to different mean particle sizes and different flow rates will be discussed. A nasal cast 
model was built in order to carry out this cartography.

 
Materials and methods:  

A nasal cast model was built from epoxy plastic based on CT
dismantled in 4 parts (Figure 1 a). Figure 1 b shows the 
of the nasal cavity from the nose up to the nasopharynx, allowing the quantification of aerosol deposition in each 
area: nose and nasal valve in plate 1, turbinate, maxillary, ethmoidal and frontal sinus
sphenoid and nasopharynx in plate 4. The nose was built using silicone to represent the flexibility of the human 
nostril. Finally, fluorescein marker was used as a tracer and the deposited 
absorbance with a spectrophotometer. 
ascending order of the particle size the nebulisers are:  NL9
aerosols delivered by the nebulisers are polydispersed and th
using the Spraytec particle size. 
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The aim of this work is to study the influence of the particle size and the air flow rate during inhalation and 
on nasal aerosol deposition. In order to carry out this cartography, a nasal cast model was 

based on CT-scans. The nasal cast can be dismantled in 4 parts 
deposition into the different region (nose, nasal valve, turbinate, maxillary, ethmoidal and frontal sinus

) was measured. Three different aerosol sizes (Volume Median Diameter (VMD) from 
1.1µm to 9.8µm) were generated by nebulization and three different air flow rates were applied on the nasal cast 
during inhalation and exhalation process (from 2L/min to 90L/min). 

to evaluate the correlation between the deposited mass and the VMD and the 
Results have shown an influence of VMD and air flow rate on deposited aerosol

the nasopharynx and on the total deposited mass in the nasal model during inhalation and exhalation process. 
the correlation was found between the deposited mass 

hile during the exhalation it depends on both the VMD and the air flow rate.  

sphenoidal and ethmoidal sinuses no significant correlation between the deposited mass and the 
 

For the frontal sinus no mass was detected in both inhalation and exhalation process and then no correlation 
tested parameters.  

most powerful tools used to treat lung diseases (1, 2) and also nasal cavity 
inflammations and infections (3,4). Drug delivery through the nose presents the advantage of 
of interest, thus allowing direct treatment and avoidance of the first-pass metabolism (5). 

In this work, the zones of interest are the nasal cavities. Improving the efficiency of nasal nebulizers consists 
egions like the sinus or ethmoids. A study of aerosol deposition during inhalation 

and exhalation according to different mean particle sizes and different flow rates will be discussed. A nasal cast 
model was built in order to carry out this cartography. 

A nasal cast model was built from epoxy plastic based on CT-scans plastinated head model (
Figure 1 b shows the parts that correspond to the different anatomical regions 

of the nasal cavity from the nose up to the nasopharynx, allowing the quantification of aerosol deposition in each 
area: nose and nasal valve in plate 1, turbinate, maxillary, ethmoidal and frontal sinus
sphenoid and nasopharynx in plate 4. The nose was built using silicone to represent the flexibility of the human 
nostril. Finally, fluorescein marker was used as a tracer and the deposited mass was deduced by measuring the 

spectrophotometer. Three Jet nebulizers were used to give different aerosol sizes. In the 
ascending order of the particle size the nebulisers are:  NL9-1, NL11 and NL20 (DTF
aerosols delivered by the nebulisers are polydispersed and the VMD (volume median diameter) was measured by 

 

Figure 1 a : nasal cast model 
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The aim of this work is to study the influence of the particle size and the air flow rate during inhalation and 
on nasal aerosol deposition. In order to carry out this cartography, a nasal cast model was 

scans. The nasal cast can be dismantled in 4 parts and the aerosol 
nasal valve, turbinate, maxillary, ethmoidal and frontal sinuses, 

Volume Median Diameter (VMD) from 
1.1µm to 9.8µm) were generated by nebulization and three different air flow rates were applied on the nasal cast 

evaluate the correlation between the deposited mass and the VMD and the 
Results have shown an influence of VMD and air flow rate on deposited aerosols on the turbinates, 

during inhalation and exhalation process. 
the deposited mass and the VMD during 

sphenoidal and ethmoidal sinuses no significant correlation between the deposited mass and the 

and then no correlation 

powerful tools used to treat lung diseases (1, 2) and also nasal cavity 
nose presents the advantage of targeting the zones 

In this work, the zones of interest are the nasal cavities. Improving the efficiency of nasal nebulizers consists of 
egions like the sinus or ethmoids. A study of aerosol deposition during inhalation 

and exhalation according to different mean particle sizes and different flow rates will be discussed. A nasal cast 

scans plastinated head model (6) and can be 
correspond to the different anatomical regions 

of the nasal cavity from the nose up to the nasopharynx, allowing the quantification of aerosol deposition in each 
area: nose and nasal valve in plate 1, turbinate, maxillary, ethmoidal and frontal sinuses in plate 2 and 3, 
sphenoid and nasopharynx in plate 4. The nose was built using silicone to represent the flexibility of the human 

was deduced by measuring the 
Three Jet nebulizers were used to give different aerosol sizes. In the 

1, NL11 and NL20 (DTF-Medical, France).The 
e VMD (volume median diameter) was measured by 



 

plate 1 

plate 3 

 

Figure 1 b:
 

 
Experimental setup: 

Before conducting any test, the model was cleaned and dried. The airtightness was verified by applying an over
pressure. During the inhalation process, the nebulizer 
closed. An aspiration pump connected to an airflow meter
impose the inhalation flow rate. The tested flow rates 
µm. 

During the exhalation process, an air bottle connected to a humidifier and to a heater 
exhalation flow rate via a T-piece connected to the nasopharynx. The nebulizer
through the third entry of the T-piece. A filter 
tested flow rates were 2; 15 and 90 L/min. 
Spraytec particle sizer and the VDM were: 1.1,
minutes.   

Once the nebulisation was finished, 
volume of water. The concentration of fluoresceine in the resulting solut
spectrophotometer; the deposited mass
the total deposited mass in the model and in the filter. In other 
compared to the mass delivered by the nebulizer.

A statistical analysis was used to evaluate the aerosol size and the flow rate effects on the deposition in 
model during inhalation and exhalation

 
Results 

Figures 2a and 2b show the results of the deposited mass (%) in function of 
and in function of the VMD for a flow rate of 7 l/min during inhalation

 
 
 
 

 

 
plate2 

 

 plate 4 

Figure 1 b: dismantled parts of the nasal model 

Before conducting any test, the model was cleaned and dried. The airtightness was verified by applying an over
During the inhalation process, the nebulizer was connected to one nostril, while the second nostril 

closed. An aspiration pump connected to an airflow meter was connected to the nasopharynx through a filter to 
impose the inhalation flow rate. The tested flow rates and VMD were 2; 7 and 15 L/min and 

n air bottle connected to a humidifier and to a heater was used to achieve
piece connected to the nasopharynx. The nebulizer was connected to the model 

piece. A filter connected to a nasal plug collected the non deposited aerosols . The 
tested flow rates were 2; 15 and 90 L/min. The particle emerging out from the T-piece was measured by the 

and the VDM were: 1.1, 4.7 and 9.8 µm. The nebulisation time was between 5 and 10 

the plates were removed and each anatomical area was rinsed
volume of water. The concentration of fluoresceine in the resulting solution was obtained by using a 

deposited mass is then deduced.   The deposited mass on each zone 
the total deposited mass in the model and in the filter. In other words the deposited mass is expressed by a % 

to the mass delivered by the nebulizer. 

was used to evaluate the aerosol size and the flow rate effects on the deposition in 
model during inhalation and exhalation (multiregresion test).  

ts of the deposited mass (%) in function of the air flow rates
and in function of the VMD for a flow rate of 7 l/min during inhalation. 

 

 

 
 

Before conducting any test, the model was cleaned and dried. The airtightness was verified by applying an over-
connected to one nostril, while the second nostril was 

connected to the nasopharynx through a filter to 
and VMD were 2; 7 and 15 L/min and 2 µm, 4.5 µm and 9.5 

was used to achieve the 
connected to the model 

the non deposited aerosols . The 
piece was measured by the 

he nebulisation time was between 5 and 10 

was rinsed with a specific 
ion was obtained by using a 

The deposited mass on each zone was normalized to 
the deposited mass is expressed by a % 

was used to evaluate the aerosol size and the flow rate effects on the deposition in the 

flow rates for a VMD of 4.5 µm 



For the nose and the nasal valve the deposited mass was between 0.4 and 30 %. The statistical analyses showed 
that for these zones the deposited mass depends on the particle diameter (R2>0.82). 

For the turbinates the deposited mass decreased from 0.2 to 11.5 % when the particle diameter and the flow rates 
increased (R2 > 0.82). 

The deposited mass on the nasopharynx was between 1.5 and 2 %. The statistical analyses showed a correlation 
between the 2 tested parameters and the deposited mass on this zone ( R2>0. 76). 

No mass was detected on the frontal sinus and then no correlation could be determined with the tested 
parameters.  

For the maxillary sinus, the mass varied between 0.01 and 0.09 % and no correlation with the flow rate was 
found. A low correlation on the VMD was found with R2=0.47 

For the ethmoidal sinus, the mass was between 0 and 0.1 % and low correlation on the tested parameters was 
found with R2=0.26. 

Finally for the sphenoidal sinus, the mass varied between 0 and 0.04 % and the statistical analyses showed no 
correlation with tested parameters. 

Figure 3 shows the deposited mass on the filter representing the lungs. The deposited mass varied between 97% 
and 56 %. Both the two tested parameters showed an effect with the statistical analyses with R2 > 0.96. 

 

 
 

Figure 2a: Deposited mass during inhalation on: 
nose + nasal valve, turbinates and the 

nasopharynx, filter for different flow 

Figure 2b: Deposited mass during inhalation on: nose + 
nasal valve, turbinates and the nasopharynx, filter for 

different VDM 

 
Figure 3: Deposited mass during inhalation on the filter for different VMD 

 

Figure 4 shows the results obtained during exhalation. The deposition on the nose and the nasal valve increased 
from 0.5 and 16.2 %. Unlike during inhalation the statistical analyses showed a correlation between the deposited 
mass and both the flow rate (R2>0.85). 

For the turbinates the deposited mass increased from 0.3 % till 24.1 %. The statistical analyses showed a 
correlation between these two parameters and the mass deposition (R2=0.91). 

For the nasopharynx the deposited mass increased from 0.1 % till 27%. The statistical analyses also showed a 
correlation (R2=0.97). 

For the frontal sinus no mass was detected and then no correlation could be determined with the tested 
parameters.  

For the maxillary sinus the deposited mass was between 0 and 0.01 %. The correlation tempted to be found with 
the statistical analyses showed an R2 of 0.25 and those no correlation could be confirmed. 
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For the ethmoidal sinus the mass was between 0 and 0.2 % and showed a correlation 
(R2=0.71). 

Finally for the sphenoidal sinus the mass was between 0 and 0.05 % and the statistical analyses showed a 
correlation only on the air flow rate (R

Figure 5 shows the mass deposited on the filter in other words t
deposited mass decreased from 97 % till 23%. Both the two tested parameters showed an effect with the 
statistical analyses (R2 > 0.98). 

 

 

Figure 4: Deposited mass during exhalation on: nose + nasal 
valve, turbinates and the nasopharynx, filter for different flow 

rates and VDM
 

Conclusion 

Aerosol deposition on nasal cavities was studied 
and exhalation by using a nasal cast model. 
between these two tested parameters and the deposited mass on each zone

During the inhalation process the deposited mass on the nose and the nasal valve depends on the VMD while 
during the exhalation it depends on both the VMD and the air flow rate. For the turbinates, the nasopharynx and
the filter, the deposited mass showed a correlation with the two tested parameters both during inhalation and 
exhalation. 

No mass was detected in the frontal sinus. For the maxillary, the ethmoidal and the sphenoidal sinus the 
deposited mass showed a low correlation with the two tested parameters both during inhalation and exhalation.
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For the ethmoidal sinus the mass was between 0 and 0.2 % and showed a correlation with the tested parameters 

Finally for the sphenoidal sinus the mass was between 0 and 0.05 % and the statistical analyses showed a 
correlation only on the air flow rate (R2=0.57). 

Figure 5 shows the mass deposited on the filter in other words the non-deposited mass in the nasal model. The 
deposited mass decreased from 97 % till 23%. Both the two tested parameters showed an effect with the 

 

Figure 4: Deposited mass during exhalation on: nose + nasal 
valve, turbinates and the nasopharynx, filter for different flow 

rates and VDM 

Figure 5: Deposited mass during exhalation on 
the filter for different flow rates and VDM

Aerosol deposition on nasal cavities was studied as a function of the VMD and the air flow rate
and exhalation by using a nasal cast model. A statistical analysis allowed the evaluation of the 

rs and the deposited mass on each zone 

During the inhalation process the deposited mass on the nose and the nasal valve depends on the VMD while 
during the exhalation it depends on both the VMD and the air flow rate. For the turbinates, the nasopharynx and
the filter, the deposited mass showed a correlation with the two tested parameters both during inhalation and 

No mass was detected in the frontal sinus. For the maxillary, the ethmoidal and the sphenoidal sinus the 
correlation with the two tested parameters both during inhalation and exhalation.
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Finally for the sphenoidal sinus the mass was between 0 and 0.05 % and the statistical analyses showed a 

deposited mass in the nasal model. The 
deposited mass decreased from 97 % till 23%. Both the two tested parameters showed an effect with the 

Figure 5: Deposited mass during exhalation on 
the filter for different flow rates and VDM 

flow rate during inhalation 
allowed the evaluation of the correlation 

During the inhalation process the deposited mass on the nose and the nasal valve depends on the VMD while 
during the exhalation it depends on both the VMD and the air flow rate. For the turbinates, the nasopharynx and 
the filter, the deposited mass showed a correlation with the two tested parameters both during inhalation and 

No mass was detected in the frontal sinus. For the maxillary, the ethmoidal and the sphenoidal sinus the 
correlation with the two tested parameters both during inhalation and exhalation. 
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