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Summary 

Facemasks are widely used with valved holding chambers (VHCs) that are prescribed for use with pressurized 
metered dose inhalers for patients who have difficulty coordinating inhalation with inhaler actuation.  Adults also 
require this type of interface, but there is a wide variety of facial profiles that must be accommodated to minimize 
dead space and the risk of leakage of ambient air at the facemask-to-face seal.  We describe several key steps 
that were taken to design a slightly smaller size of facemask to accompany the current large adult facemask 
supplied with the AeroChamber Plus* Flow-Vu* VHC. The desired facemask size lies between the sizes of the 
medium (child) and large (adult) facemask sizes.  The new facemask is primarily intended for adults having 
smaller facial features.  We describe the use of anthropomorphic data pertinent to this class of user that, in 
conjunction with the identification of key dimensions, enabled the development of prototype facemask designs for 
optimisation via user evaluation. Each prototype was evaluated in terms of of a) inhalation flow rate as a measure 
of face-to-facemask fit, and b) user preference for comfort / fit. The prototype selected for progression performed 
best overall in terms of flow rate and fit. The aim of this abstract was to describe the process followed in order to 
design and optimize, with respect to fit and comfort, a new VHC facemask developed for adults with smaller facial 
features. 

Introduction 

VHCs are widely prescribed for adult patients with obstructive lung disease as they avoid the need to coordinate 
actuation of the pressurized metered dose inhaler (pMDI) with the onsert of inhalation 

[1]
, and virtually eliminate 

coarser particles that would otherwise deposit in the upper airway where they may result in undesirable systemic 
absorption and / or local symptoms such as dysphonia and candidiasis 

[2,3]
. These add-on devices may be 

supplied with a mouthpiece or facemask as the patient interface 
[4]

.  However, the facemask option is more 
appropriate for patients having co-morbidities affecting motor skills or with limited cognitive ability 

[5]
, and is 

therefore more likely to be required by the older patient. Regardless of patient age, it is essential that the 
facemask seals properly with the face to avoid any ingress of ambient air via leakage pathways, particularly via 
the chin and nose-bridge that can dilute the aerosol delivered to the lungs 

[6]
.  Typically, only one size of facemask 

is made available by the VHC manufacturer to be used with VHCs intended for a particular sub-population 
(i.e. infant, child, adult).  However, in the case of the adult sub-population, significant differences in facial size and 
shape associated with gender and ethnic origin 

[7]
 make it difficult to ensure leak-tightness for all in this group with 

just one size of facemask. We therefore foresaw a need to better serve the adult population by introducing a new 
size of facemask for adults having smaller facial features that would be a good companion to our current large 
facemask intended for this sub-population.  The purpose of the investigations reported herein is to describe the 
process followed in order to design and optimize, with respect to fit and comfort, a new VHC facemask developed 
for adults with smaller facial features. 

 

Methodological Approach to Development. – Including Results 

The target for the adult with smaller facial features patient population was determined to be the 50
th

 percentile 
adult female, and primary ergonomic anthropometric source data were utilized as reference 

[8,9]
. The facemask 

design was intended to be suitable across a range of facial sizes below and above the target anthropometric data 
chart sub-population.  This intention is helped to be made possible by the large surface area coming in contact 
with the face associated with the ergonomic ComfortSeal* contour cushion, forming the mask periphery 

[4]
. 
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Figure 1 – Key Dimensions Showed on 3D Female Model Head 
[3]

 

The 3D CAD (Computer Aided Design) model female head, shown in Figure 1 for illustrative purposes, identifies 
three key dimensions critical for face to facemask fit and they are further described below: 

N = bridge of nose width 

X = maximum width of mouth (K) plus 15 mm / each side 

Y = distance from bridge of nose to bottom of chin, minus 60% of lower lip to bottom of chin distance 

The magnitude of each key dimension was targeted based upon the 50
th

 percentile female anthropomorphic data 
set, and was defined in relation to the facemask contact points, that were in turn defined by the centre-line of the 
ComfortSeal* contour, Figure 2. 

 

Figure 2 - Key Dimensions of the Facemask 

Front and side views of the protopype 1 facemask overlaid on the model female head are illustrated in Figure 3. 

 

Figure 3 – Front and Side Views of the Mask Overlaid on a 3D Model Head  

An iterative process was subsequently followed to refine the design further.  Recognising that theory is good to 
set the target, but real life user testing is required to optimize further, the development process incorporated user 
studies to confirm suitability of the final facemask configuration. 
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An initial assessment of fit with 12 volunteers, representative (between 25
th
 and 75

th
 percentiles for key 

dimensions) of the target patient population 
[9]

, identified that, at least in terms of comfort, slightly larger 
dimensions of X and Y may be preferred.  Hence, two additional designs (prototypes 2 and 3) were developed 
with incrementally larger X and Y dimensions.  The three prototype facemasks are shown in Figure 4. 

 

Figure 4 – Three Small Adult Facemask Prototypes Tested 

The three prototypes were tested in terms of a) inhalation flow rate, a measure of face to facemask fit, 
and b) patient preference for comfort / fit. 

Flow rate performance 

The test set-up is shown in Figure 5.  Each of the 12 volunteers inhaled (at a comfortable inhalation rate for them) 
through each prototype facemask in turn, with the facemask attached to a VHC (adult antistatic AeroChamber 
Plus* Flow-Vu* ,Trudell Medical International, London, Canada).  The port of the VHC normally used to couple the 
pMDI was instead coupled to a thermal mass flowmeter (model 4040, TSI Inc., St. Paul, MN, USA) by means of 
corrugated 22 mm laboratory tubing with a protecting in-line filter. 

 

Figure 5 – Schematic Showing Arrangement for Flow Test of VHC-Facemask with Model Face 

The outcome from these tests is summarized in Table 1.  A higher flow rate was indicative of a better facemask-
to-face seal, whereas a lower flow rate would be indicative of air leakage within the system.  Given that each 
individual user had a different inherent inhalation flow rate, the results for the different prototype masks were 
expressed simply as a ranking from high to low flow rate, for each user.  A ‘sense check’ was performed if the 
numerical values were within +/- 10% and in that situation no difference was noted in the rank. 

User preference: comfort and fit 

Each of the prototype facemasks were also evaluated for perceived fit, by the 12 volunteers.  They were asked to 
rank the three masks in preference order, with the outcome summarized in Table 1. 

Prototype 2 performed best overall for both flow rate and fit.  It was ranked at least joint highest by all users in 
terms of flow rate (facemask to face seal) and highest ranking for comfort / fit by over 50% of users (in top two 
ranking positions for all).  Hence, this prototype mask design was selected to progress into production indicative 
injection moulding.  

A confirmation user  study was finally completed using the molded prototype and the results for flow rate and 
comfort/fit were consistent with those from the prototype evaluation. 
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Table 1: Evaluation of Facemask Relative Performace by Inhalation Flow Rate and User Perceived Fit 

 1 = Best   
3 = Worst 

Prototype #1 Prototype #2 Prototype #3 

Inhalation 
Flow 

Scores 

User Fit 
Scores 

Inhalation 
Flow 

Scores 

User Fit 
Scores 

Inhalation 
Flow 

Scores 

User Fit 
Scores 

Subject 1 1 3 1 2 1 1 

Subject 2 2 2 1 1 2 3 

Subject 3 2 3 1 1 2 2 

Subject 4 1 3 1 1 1 2 

Subject 5 1 3 1 1 1 2 

Subject 6 1 1 1 2 1 3 

Subject 7 1 2 1 1 1 3 

Subject 8 3 3 1 2 1 1 

Subject 9 3 3 1 2 1 1 

Subject 10 2 3 1 1 2 2 

Subject 11 1 2 1 1 1 3 

Subject 12 3 3 1 2 2 1 

Prototype Ranking (number of users) 

  Prototype #1 Prototype #2 Prototype #3 

1st 6 1 12 7 8 4 

2nd 3 3 0 5 4 4 

3rd 3 8 0 0 0 4 

 

Conclusion 

Development of a new small adult facemask using anthropometric data as a starting point, followed up by refining 
the design through user evaluations, proved to be an effective approach, based upon both theory and real life 
application. The result is a new facemask that will better fit the smaller facial features of some adult patients, 
giving the prescribing clinician more options to ensure optimum inhaled drug delivery via the pMDI-VHC 
therapeutic modality. Further investigational work will be performed with this new facemask, including in vitro drug 
delivery performance using the ADAM adult face model and upper airway. 
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