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Spray pattern and plume geometry measurement method of nasal
spray and its correlation with nasal deposition

YU Duo, SUN Ying, SHEN Xin, ZHANG Xin, MAO Shi-rui’

(School of Pharmacy, Shenyang Pharmaceutical University, Shenyang 117004, China)

Abstract: Nasal spray can treat local diseases such as rhinitis, it also plays an important role in the treatment
of systemic diseases including vaccine immunity. As a drug-device combination product, spray pattern is often
used as the quality indicator of nasal spray to ensure its quality, plume geometry can not only be combined with the
spray pattern to evaluate the performance of the nasal spray, but also can predict the deposition of the nasal spray in
the nasal cavity. This article systematically reviews the definition and measurement methods of the spray pattern
and plume geometry of nasal spray and their correlation with nasal deposition behavior. The measurement
parameters of spray pattern and plume geometry are defined. The influence of formulation, device and trigger
parameters on spray pattern and plume geometry is clarified. The correlation between various parameters and nasal
deposition is analyzed. The measurement parameters are classified according to the size and shape of the spray.
Plume angle is closely related to the deposition of drugs in the nasal cavity. Jet-like plume with a smaller plume
angle can increase the navigation ability of the nasal spray in the curved anatomical structure of the nasal cavity,
which is conducive to increase drug deposition. This makes it possible to increase deposition of the nasal spray in
the nasal cavity via appropriately increasing viscosity and thixotropy of the nasal spray formulation. This review
provides the theoretical basis for the high quality nasal spray product development.
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Figure 2 Measurement procedure of SP and PG of nasal spray
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Table 1 Influencing factors of SP and PG of nasal spray. (-): Negative correlation; (+): Positive correlation; C: Correlation; —: No relevant report
i i SP PG
Influencing factor Definition Dmax Dmin Spray area Ovality Plume angle Plume width
Prescription factors
Viscosity Nasal spray viscosity ) ) ) - ) )
Surface tension Surface tension of nasal spray preparations - - C - - -
Device factors
Shape of actuator Actuator orifice shape - - C C C C
Size of actuator Actuator orifice area and diameter - - C Cc C C
Volume of pump Quantitative chamber volume of pump - - - - -
Trigger parameters
Stroke length Compression distance when triggered - - - - +) +)
Trigger time Start, hold and return time of the device - - - - - -
Force Force applied by the patient to the device +) (+) (+) - +) (+)
Velocity Velocity at trigger +) (+) (+) ) +) +)
Acceleration Acceleration at trigger - - - - - -
Work Work applied by the patient to the device (+) (+) (+) - (+) (+)

Table 2 Trigger parameters of SP and PG in different references. The force of pneumatic trigger mode is in the unit of air pressure (bar/
MPa), the force of electric trigger mode is in the unit of force (kg/N). 10 bar = 0.10 MPa, 1 kg = 9.81 N

Instrument

Trigger parameter

. Stroke Trigger time/ms Energy delivery parameter Ref.
Name Trigger mode length/mm Start Hold  Return  Velocity/mm-s® Acceleration/mm-s? Force

Spray VIEW NSx Electric - - - - 60 5000 - [9]
Spray VIEW NSx Electric - - 200 - 60 2 500 - [14]
Spray VIEW NSx Electric - - - - 70 5000 - [13]
Spray VIEW NSx Electric 5.01 - 186 - 102 5623 7.0kg [20]
Spray VIEW NSP Electric 5.11-5.40 - - - > 40 - 7.0 kg [1]
Spray VIEW SSX Electric - 10 95 10 90 6 000 - [17]
Mighty Runt Electric 6.50 200 100 1000 65 2500 5.0 kg [19]
Mighty Runt Electric - 300 100 200 - - 5.8 kg [10]
Mighty Runt Electric - 300 100 300 35 - 5.8 kg [21]
Mighty Runt Electric - 300 100 300 24 - 3.4 kg [22]
Innova Systems NJ Electric - 16 2000 65 - - 4.5kg [11]
Self-made instrument Pneumatic - 2200 2200 - - - 2.05/2.45/2.65 bar  [15]
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A Plume Geometry Assessment
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Figure 4 Aerosol geometry of SP270+ pump with 3959 or 4290 actuator and a prototype (PRO) pump. A: Plume angle and width at

60 mm; B: Representative images of a stable phase plume. n = 5, x + s; C: Plume area (mm?) and ovality measurements at 30 and 60 mm.
The red dashed line represents the line of absolute ovality = 1. X + s (n = 5 for 3959, 4290, and n = 4 for PRO). "P < 0.05, P < 0.01. Adapted
from Ref. 25 with permission. Copyright © 2019 Journal of Controlled Release
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Figure 5 In vitro deposition in the upper turbinate for nose to
brain transport: deposition fractions in the target area of nostrils,
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4290 actuator and a PRO pump, respectively. n =9, x +s. "P < 0.05,
“P < 0.01, ™P < 0.001. Adapted from Ref. 25 with permission.
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