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Applying QbD principles to device
selection

Quality by Design (QbD), the latest methodology for
improving the safety and efficacy of drug products,
presents pharmaceutical companies with an oppor-
tunity to reevaluate the costs and, more importantly,
the safety measures associated with achieving high
quality overall. Given the increasingly complex and
expensive drug products reaching the market, QbD
arguably represents an essential strategy; however,
the industry has not yet widely adopted this process,
in part due to a lack of understanding about how to
apply QbD principles.

Selecting the optimal device for a particular drug for-
mulation presents a number of challenges, and the
development process for manually activated inhala-
tion products provides a useful illustration of how
companies can successfully utilize QbD principles. If
the laboratory testing of various devices fails to prop-
erly anticipate the way that patients will use a prod-
uct, developers may not select the best performing
device for the formulation, potentially leading to a
costly and time consuming redesign.

A number of bioavailability and bioequivalence stud-
ies for aerosol products require automated actuation
of the device during testing, and over the past
decade, since the introduction of automated actua-
tion systems, companies have struggled to conduct
those tests accurately. Fortunately, using a QbD-
inspired process to select the actuation parameters
that best replicate actual patient use can help compa-

nies determine which inhalation device performs
best for delivering a specific drug product.

In this process, human hand testing determines val-
ues of a number of parameters for actuation of a
device filled with a particular drug formulation.
Highly trained analysts, assisted by a proprietary
data capture and analysis system, first determine a
design space that encompasses the range of values
for each parameter. The analysts then determine the
optimum value for each of those parameters within
the design space as they define a control space.
Finally, the operating space, consisting of an entire
set of optimized parameters is developed.

While this article focuses on multidose nasal spray
pumps, the QbD principles described here to deter-
mine actuation parameters require only a slight modi-
fication to simulate in vitro performance for other
dosage forms such as metered dose inhalers, oral
sprays, and unit- and bi-dose nasal/oral spray devices.

The importance of actuation
parameters
Development of combination products, especially for
nasal inhalation, relies on numerous tests that
require actuation of the device, including:

• single actuation content (SAC) through container
life (shot weight)

• droplet size distribution by laser diffraction

• drug in small particles/droplets

• particle/droplet size distribution by cascade
impactor

• spray pattern

• plume geometry

• priming and repriming

Given the number of tests involved, a reliance on
human hand actuation proves impractical and may
provide less than desirable results. Many developers,
therefore, welcomed the introduction of automated
actuation systems in the late 1990s, and the FDA rec-
ommended their use in the April 2003 Guidance for
Industry: Bioavailability and Bioequivalence
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Studies for Nasal Aerosols and Nasal Sprays for
Local Action.

For the automated systems, however, mimicking the
actual hand movements of trained patients proved
problematic, due in part to variations in patient per-
formance as a result of differences in individual hand
strength. In addition, because they used simple
pneumatic systems, the early automated systems
lacked any control over critical variables such as
stroke length. While the human hand uses a posi-
tional control mechanism based on the individual’s
ability to sense and react to the internal resistance or
back pressure of the spray pump mechanism, the
mechanical systems lacked that ability, often causing
them to exert enough force to break components in a
device.

Clearly, analysts needed automated systems with
multiple variable control that could mimic the
human hand more accurately. The introduction of
the first positional controlled automated actuation
station in 2001 filled that need but in turn led to the
need for a method to determine parameters for those
control systems. Choosing the wrong parameters to
control an automated actuation setting can lead to
inaccurate test results that misrepresent the way that
the product will perform when used by actual
patients.

Why perform human hand studies?
Over the years, companies have developed proce-
dures and equipment to determine an optimized set
of automated actuation parameters to measure
velocity, acceleration, hold time, and stroke length
accurately. A proven patented [1] process exists for
developing these parameters based on trained
patient hand actuation performance. However,
despite recommendations from the FDA, many
pump manufacturers still do not conduct exploratory
studies of hand actuation to determine the relevant
actuation parameters for a product.

The FDA guidance advises that consulting with the
pump manufacturer is as appropriate a means of
determining settings used with an automated actua-
tion system as performing a simulation of in vitro
performance using a representative sample of
trained patients, so why go to the expense of per-
forming the studies? The answer is that pump manu-
facturers rarely, if ever, know the appropriate set-
tings for testing any given product because pump
manufacturers use water for testing and are usually
not familiar with the proprietary physical properties
of the drug formulation.

Since physical properties such as the viscosity and
surface tension of the formulation affect spray char-

acteristics, actuation parameters developed for water
may produce very different results with a more vis-
cous formulation. As a result, failing to perform tests
to determine the optimal actuation parameters for a
specific dosage form and target indication makes
choosing the optimum device very difficult.

Capturing hand responses
Selecting parameters that will allow an automated sys-
tem to mimic actuation by actual patients requires an
empirical determination of hand movements by repre-
sentative trained patients. In order to obtain that data,
Proveris Scientific Corporation developed the first
hand-held response sensor with the ability to indicate
the mechanical relationship between the movable and
stationary parts of a spray device.

The instrument allows a trained patient to operate a
spray device attached in such a way that the subject’s
hands fit around built-in flanges on the unit, and the
thumb rests in a natural position, allowing the sub-
ject to simulate normal use of the spray device. The
subject actuates the spray device in a typical manner,
causing the device to expel a shot, or dosage. During
activation, the response sensor captures the hand
movement over time and sends raw electronic data
to a computer.

A computer program then determines the actuation
and return velocity, actuation and return accelera-
tion, hold time, and stroke length. This process is
repeated, typically using three subjects, until an
acceptable set of actuation parameter ranges has
been recorded for each device under consideration. A
trained analyst then examines the collected parame-
ters using QbD principles to determine the design
space for each parameter.

An example of design space
determination
For this example, actual data was collected using a
multidose Pfeiffer pump filled with 70 µL of water,
blinding the analysis data to protect the identity of
the trained testers. Three trained testers, two men
and one woman, performed the actuations, with shot
weights collected after each actuation. Because water
has different characteristics than most drug formula-
tions, the parameters determined here are useful for
purposes of this example only.

The parameter determination process defines the
design space of a selected multi-dose nasal spray device
as the minimum and maximum range of the raw data
collected from a trained patient sampling. Using the
data collected during the actuations, analysts first
determine the number of priming shots required for
the device to reach a consistent shot weight.
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Typically, tests are performed at five adjustment lev-
els for each measured parameter over a ±2σ range at
1σ standard deviation increments around the average
hold time. To maintain data integrity, if the calcu-
lated control space value exceeds the design space
maximum or falls below the design space minimum,
the design space value should be used as the control
space value to ensure that the control space remains
within the design space.

In this example, the design space for the hold time
falls between 58.6 and 263.2 msec (Table 1). The
average hold time is 117.1, with a standard deviation
of 49.1 (Table 2). Since subtracting two standard
deviations from the mean would produce a value
outside of the design space, the analysts use the min-
imum value of 58.6 as the first adjustment instead of
the -2σ value.

Performing shot weight testing with the hold times
at the minimum, -1σ, avg, +1σ, and +2σ values
demonstrates that the best setting for hold time
occurs at the +2σ value of 215.2 msec, with a 0.14%
difference from the target (Table 3). Repeating the
process for the actuation velocity, return velocity,
actuation acceleration, return acceleration, and
stroke length produces optimum values for each of
those parameters. Taking each control space setting
that produces the delivered shot weight closest to
the target dosage, the analyst produces an optimized

Table 1

Control Actuation Parameters
Space

Delivered Hold Stroke Actuation Actuation Return Return
Shot Time Length Velocity Acceleration Velocity Acceleration

Weight (mg) (msec) (mm) (mm/s) (mm/s2) (mm/s) (mm/s2)

Max 77.9 263.2 4.3 47.4 1882.7 108.3 7516.1

Min 68.7 58.6 3.2 22.7 931.0 58.0 2067.9

Figure 1 shows raw data collected from the trained
testers actuating three devices from a single product
lot, with each device actuated initially 10 times by
hand into a spray collection vessel. The data show
that delivered spray weight reaches a consistent
value near its target of 70 mg after 5 shots, so the test
confirms that a label claim of 5 priming strokes
needed will ensure delivery of the dosage.

After confirming the priming specification, the prim-
ing shot data is eliminated in order to determine the
design space for the delivered shot weight. The three
testers actuated a total of 30 shots per device (Figure
2) with the minimum shot weight delivered measur-
ing 68.7 mg, and the maximum shot weight mea-
sured 77.9 mg. That range, 68.7-77.9 mg, forms the
design space for that parameter. An analysis of the
data also determines the ranges for velocity, acceler-
ation, hold time, and stroke length (Table 1).

Determining the control and operating
space
To determine the control space, analysts determine a
±2σ range for each parameter around the mean within
the design space. They then use the control space val-
ues as inputs for an automated actuation system and
record shot weight values, adjusting one parameter at
a time within the design space while holding the oth-
ers at their mean values (single perturbation).

Design space—delivered shot weight

Figure 1

Design space—delivered shot weight

Figure 2
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Table 2

Design Actuation Parameters
Space

Delivered Hold Stroke Actuation Actuation Return Return
Shot Time Length Velocity Acceleration Velocity Acceleration

Weight (mg) (msec) (mm) (mm/s) (mm/s2) (mm/s) (mm/s2)

Max 77.9 263.2 4.3 47.4 1882.7 108.3 7516.1

Min 68.7 58.6 3.2 22.7 931.0 58.0 2067.9

SD 1.7 49.1 0.3 6.0 189.2 11.2 1146.2

Avg-2δ 58.6 3.2 23.6 931.0 62.2 2067.9

Avg-1δ 68.0 3.4 29.6 1100.2 73.7 3141.3

Avg 73.5 117.1 3.7 35.7 1289.4 85.2 4287.5

Avg-1δ 166.2 4.1 41.7 1478.6 96.7 5433.8

Avg+2δ 215.2 4.3 47.4 1667.8 108.2 6580.0

Stroke AS RS
Length Hold Time Velocity AS Accel Velocity RS Accel % Diff
(mm) (ms) (mm/s) (mm/s/s) (mm/s) (mm/s/s) A B C from

Target

Table 3

3.2 74.2 71.4 71.9 -0.68% 74.2 71.4 71.9 68.2 68.8 71.3

3.4 74.1 73.7 72.3 0.50% 74.1 73.7 72.3 70.4 71.4 72

3.7 73.4 72.7 71.2 -0.78% 73.4 72.7 71.2 72.6 72.8 72.7

4.1 73.3 73.4 72 -0.14% 73.3 73.4 72 74.9 74 76.1

4.3 117.1 35.7 1289.4 85.2 4287.5 74.5 73.6 73.5 1.19% 74.5 73.6 73.5 76.1 75.3 76.5

58.6 73.1 72.2 71.1 -1.19% 73.1 72.2 71.1 72.1 71.2 70.1

68.0 72.8 72.8 71.1 -1.05% 72.8 72.8 71.1 71.8 71.8 70.1

117.1 73.4 72.7 71.2 -0.78% 73.4 72.7 71.2 72.4 71.7 70.2

166.2 73.6 72.8 70.9 -0.78% 73.6 72.8 70.9 72.6 71.8 69.9

3.7 215.2 35.7 1289.4 85.2 4287.5 73.3 73.4 72 -0.14% 73.3 73.4 72 72.3 72.4 71

23.6 74.3 73.3 72.6 0.55% 74.3 73.3 72.6 73.5 72.4 71.9

29.6 74.5 73.2 73.2 0.87% 74.5 73.2 73.2 73.2 72.1 72.3

35.7 73.8 73 73.2 0.46% 74 73.7 73.7 73 72.8 72.8

41.7 74.2 73 73.6 0.82% 74.2 73 73.6 73.6 72 72.6

3.7 117.1 47.4 1289.4 85.2 4287.5 74.3 73.5 73.3 0.96% 74.3 73.5 73.3 73.5 72.6 72.5

931.0 74.4 73.8 72.3 0.68% 74.4 73.8 72.3 73.5 72.4 71.9

1100.2 73.6 72.8 70.9 -0.78% 73.6 72.8 70.9 73.2 72.1 72.3

1289.4 74.2 73.1 73.3 0.73% 74.2 73.1 73.3 73 72.8 72.8

1478.6 74.6 73 73.6 1.00% 74.6 73 73.6 73.6 72 72.6

3.7 117.1 35.7 1667.8 85.2 4287.5 74.5 73.6 73.5 1.19% 74.5 73.6 73.5 73.5 72.6 72.5

62.2 74.2 71.4 71.9 -0.68% 74.2 71.4 71.9 73.2 70.4 70.9

73.7 73.3 72.8 71.9 -0.46% 73.3 72.8 71.9 72.3 71.8 70.9

85.2 74.2 73.1 71.5 -0.09% 74.2 73.1 71.5 73.2 72.1 70.5

96.7 74.1 73.7 72.3 0.50% 74.1 73.7 72.3 73.1 72.7 71.3

3.7 117.1 35.7 1289.4 108.2 4287.5 74.4 73.8 72.3 0.68% 74.4 73.8 72.3 73.4 72.8 71.3

2067.9 74.3 71.4 72.4 -0.41% 74.3 71.4 72.4 73.2 70.4 70.9

3141.3 73.4 72.7 72.2 -0.32% 73.4 72.7 72.2 72.3 71.8 70.9

4287.5 74.3 73.2 71.9 0.18% 74.3 73.2 71.9 73.2 72.1 70.5

5433.8 74.2 73.6 72.7 0.68% 74.2 73.6 72.7 73.1 72.7 71.3

3.7 117.1 35.7 1289.4 85.2 6580.0 74.5 73.5 72.8 0.82% 74.5 73.5 72.8 73.4 72.8 71.3

Delivered Dose Shot Weight (mg)
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devices. Choosing a laboratory with experience in
this type of analysis can help pave the shortest path
to regulatory approval and helps to promote QbD
principles as advocated by the industry [2] and the
FDA [3, 4].
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set of actuation parameters that represent the oper-
ating space for testing that device (Table 4).

Within the operating space, accurate testing can be
performed across a range of similar type devices
without having to determine new parameters. For
example, developers can perform various spray tests
for a particular formulation using a series of multi-
dose spray pumps from different manufacturers to
select the best pump for that formulation. However,
any changes to the formulation that affect its spray
characteristics would require determination of a new
set of optimized parameters.

Long term benefits
Although hand actuation studies to determine an
appropriate operating space for automated spray
testing parameters usually take about a month, the
time and money invested can result in long term sav-
ings. Not only can these studies ensure that develop-
ers select an appropriate delivery device early in the
development process, avoiding costly redesign later
on, the FDA may, in fact, ask for evidence that a
hand-actuation study was performed for nasal spray

Table 4

Parameter Settings

Stroke Length 4.1

Hold Time 215.2

Actuation Stroke Velocity 35.7

Actuation Stroke Acceleration 931

Return Stroke Velocity 85.2

Return Stroke Acceleration 4287.5


