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Summary 
 
This paper presents a comparison of impaction and non-impaction spray pattern methods as recommended by the 
U.S. FDA in a recently published draft guidance describing in vitro tests for establishing bioequivalence (BE) of test 
and reference metered dose inhalers (MDIs) containing albuterol sulfate [1].  The spray pattern results for both 
methods were collected at 3 cm from the MDI actuator mouthpiece edge from albuterol sulfate MDI product samples 
using an automated actuation system with parameters derived from a previously conducted QbD-based usage study 
of trained testers within the product’s targeted patient population as recommended by the U.S. FDA [2].  The 
impaction and non-impaction measurements were collected using a fax paper method and the Proveris SprayVIEW® 
NMDI instrument respectively.  Results include: 1) comparisons of spray pattern Dmin, Dmax, and Ovality (ratio of 
Dmax to Dmin) measurements for each method; 2) spray pattern area measurements for the non-impaction method 
according to FDA recommendations [1],[2]; and 3) high-speed laser illuminated videos of the aerosol plume impacting 
the fax paper surface.  Qualitative images and the ovality ratio results confirmed that the methods produced similarly 
shaped spray patterns.  However, the impaction method results showed significantly more variability, with smaller 
reported Dmin and Dmax values, than the non-impaction results.  The high-speed laser illuminated videos showed a 
significant amount of particle bounce from the fax paper surface and the clear formation of the normally “free-jet” 
plume transforming into a “wall-jet” plume due to the surface’s presence – both consistent with the smaller reported 
spray pattern results. 
 
Introduction 
 
Spray pattern is an established and critical in vitro measurement for showing bioequivalence between test and 
reference versions of orally inhaled or nasal drug products  (“OINDPs”) during development, and as a QC test for 
batch release [1][2][3].  The cited FDA guidance documents describe the basics of the impaction and non-impaction 
spray pattern measurement methods, though these guidance documents don’t make any particular recommendations 
on which method to use in any particular application or how the measurements could be used to gain a better 
understanding of how the OINDP performs – leaving this method selection decision completely up to the applicant.  
This decision making process can be quite a challenge for those organizations that are new to the OINDP space 
because the techniques are likely to be unfamiliar to them, or because of the challenge they see in trying to develop 
an OINDP from a Quality by Design perspective with insufficient statistical experiment planning expertise.  Therefore, 
the objectives of this paper are to introduce and compare the techniques with statistical analysis and laser illuminated 
flow visualization, using an MDI product example, and to help those involved with OINDP development to gain 
significant insights into product performance using the non-impaction spray pattern method. 
 
 
Experimental Setups 
 
Non-impaction method: Figure 1 shows the basic setup for the non-impaction method using the patented Proveris 
SprayVIEW NMDI instrument.  This instrument integrates four essential elements for making fast and accurate 
measurements: 1) an automated actuator to fire the product; 2) a planar laser (oriented vertically) to illuminate the 
aerosol plume at a set distance from the mouthpiece edge (30 mm in this case); 3) a high-speed digital camera 
synchronized to the actuator to capture an image sequence of the reflected light pattern of the aerosol spray plume 
from the laser beam; and 4) Proveris Viota® software to control the instrument, manage/synchronize all the data, and 
automatically process the captured image sequence into a spray pattern measurement according to FDA guidelines 
[1][2] as shown in Figure 2. 
 
Impaction method: The impaction method setup was exactly the same as the non-impaction method setup except for 
these differences: 1) the planar laser beam was replaced with a rigid substrate at the same 30 mm distance from the 
mouthpiece edge; 2) the fax paper sheets were attached directly to the plume facing side of the substrate; and 2) the 
camera was not used at all. 
 
Laser illuminated video imaging: The video imaging setup allowed sequences to be captured of the MDI aerosol from 
above looking directly downward on the spray plume’s centerline during emission.  The substrate/fax paper was 
inserted at 30 mm from the mouthpiece edge, as before, to allow the image sequences to capture the free-jet to wall-
jet transformation of the spray plume for the impaction method.  The substrate/fax paper was obviously removed to 



allow the image sequences to capture the spray plume’s natural free-jet mode for the non-impaction method.  The 
video image sequences were captured at 500 frames per second for both setups using a specific rearrangement of 
the camera and laser beam in the normal SprayVIEW NMDI instrument and actuating the MDI device as before. 
 

 
Figure 1.  Experimental setup for non-impaction spray pattern measurements using the Proveris SprayVIEW 
NMDI instrument. 

 
Figure 2.  Partial screen shot of Proveris Viota software showing the results from a typical spray pattern 
measurement. 

Methods and Materials 
 
Materials:  All experiments were run using a single batch of U.S.A. marketed oral MDI products containing an active 
suspension formulation with a hydrofluroalkane (HFA) propellant.  Premium thermal facsimile paper (Universal Paper 
Products item UNV-35758, 8.5” wide x 98’ long roll) was used for all impaction spray pattern measurements and a 
fresh section of paper was cut to length (approximately 200mm) for each impaction to prevent any cross-
contamination. 



 
Methods: A consistent set of actuation parameters was used for the Vereo MDx automated actuator in all 
experiments.  These parameters were determined by Proveris analysts from a previously conducted Quality by 
Design and Design of Experiments study similar to those described in FDA publications [4] and [5], for this particular 
oral MDI using healthy adults.  Details on this study are proprietary at this time.  However, the results of this study 
provided the relevant parameters for testing this MDI product using the Vereo MDx as shown in Table 1. 
 
Parameter Value 
Stroke Length [mm] 4.1 
Actuation Velocity [mm/s] 59 
Actuation Acceleration [mm/s2] 5351 
Hold Time [ms] 362 
Return Velocity [mm/s] 90 
Return Acceleration [mm/s2] 4792 
Table 1.  Automated actuation parameters for the MDI product for use with the Vereo MDx automated 
actuator. 

Each MDI product sample was shaken primed per the package insert prior to actuation.  Five (5) replicate 
actuations/measurements were collected and analyzed from a total of 10 product samples, resulting in 100 total 
measurements (50 for each method). 
 
Results and Discussion 
 
Table 2 and Figure 3 show the consolidated results from both spray pattern measurement methods in tabular and box 
plot format (5 replicates per box), respectively, from each MDI product sample as Dmin, Dmax, area, and ovality as 
defined and recommended by the FDA [1] [2].  The overall comparison of the methods can be summarized as 
follows: 
1) The overall average ovality results in Table 2 and Figure 1 confirm that the two methods produce similarly 

shaped patterns, an example of which is given in Figure 4 for the non-impaction method. 
2) The non-impaction method produces significantly larger Dmax and Dmin values than the impaction method. 
3) Laser illuminated, high-speed imaging videos (to be presented if accepted) clearly show that the presence of the 

impaction surface alters the aerosol plume by causing it to transform from a free-jet (natural mode) to a wall-jet.  
This flow transformation forces the plume’s particles to disperse outwardly from the impaction point resulting in 
fewer particles becoming visible on the fax paper and hence a smaller pattern. 

4) A time study showed that the 50 impaction measurements took nearly 3 hours and 40 minutes to perform, 
including (setting the paper, scanning and photocopying the sheets for archiving, finding the center of gravity for 
each pattern, marking the Dmax and Dmin lines on the patterns, measuring these lines with precision calipers, 
and recording the results in Excel).  Conversely, the 50 non-impaction measurements were made in a total of 38 
minutes including the complete electronic storage of all images (nearly 750Mbytes worth) and automatic 
processing time – nearly a 6 fold time savings compared to the impaction method. 

5) The non-impaction results are significantly more consistent across all metrics compared to the impaction method 
results as evidenced by the shorter box heights in Figure 3. 

6) The non-impaction results generated by the SprayVIEW NMDI instrument provide a wealth of raw data and 
automated analysis (including the base images captured at 500 frames per second and the time-correlated 
actuation/image data as shown in Figure 2) for use in performing root cause analysis and other investigations 
when an out of tolerance result is reported. 

7) The SprayVIEW instrument can also provide flow direction information as shown in Figure 4. 
8) Performing a crossing over from an impaction to non-impaction spray pattern method should provide more 

reproducible results based on this study. 
 

  Device ID   
Metric Method 1 2 3 4 5 6 7 8 9 10 Mean S.D. 

Imp. 7.8 8.7 9.5 7.7 7.6 8.1 8.5 9.3 8.7 9.9 8.58 1.3 Dmax 
Non 16.5 17.43 17.57 18.05 16.09 17.6 17.84 17.2 15.98 16.97 17.12 0.8 
Imp. 7 8.2 8.5 6.4 6.9 7.4 7.6 8.3 7.9 9.3 7.75 1.22 

Dmin 
Non 14.7 15.17 15.58 15.85 14.48 15.64 15.85 15.42 14.45 15.36 15.25 0.6 
Imp. 1.1 1.1 1.1 1.2 1.1 1.1 1.1 1.1 1.1 1.1 1.11 0.08 

Ovality 
Non 1.1 1.15 1.13 1.14 1.11 1.13 1.13 1.12 1.11 1.1 1.12 0.03 

Area Non 189.27 206.92 212.36 224.52 182.55 213.89 220.34 206.34 179.36 202.18 203.77 16.56 
Table 2.  Consolidated spray pattern results from the impaction and non-impaction methods. 



 
Figure 3.  Consolidated box plot comparison of both spray pattern measurement methods using the metrics 
recommended by FDA [1][2].  Note that Area is shown for the SprayVIEW method because Area is the 
recommended spray pattern metric for methods that employ automated image analysis per the FDA 
guidance [2]. 

 
Figure 4.  Example of a non-impaction spray pattern measurement (with annotations).  The overlay grid is in 
mm units and was calibrated as part of the built-in data acquisition process of the SprayVIEW NMDI 
instrument running Viota software.  Also, the (0,0) grid coordinate was aligned to be coincident with the MDI 
actuator orifice during the calibration process.  Therefore this spray pattern indicates a slightly 
northwestward direction of the aerosol spray plume based on the location of the pattern’s center of gravity. 
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