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Summary 
  
This abstract documents a case study of 3M’s interpretation of the FDA Human Factors Medical Device Design 
Draft Guidance, in the development of a Nasal MDI for allergic rhinitis. The case study includes the early market 
research program [3-4] and subsequent user experience studies which were used to drive the iterative design of 
a device aimed at optimising patient experience. 
  
Introduction 
 
Oral inhalers have been around for over 60 years. In this time the regulatory environment has evolved to ensure 
marketed products for respiratory therapy are as safe and effective as possible. This has resulted in considerable 
advances in understanding of the user, their environment when using the product, and medical device 
(combination product) interface. The drive behind recent requirements has not come solely from the 
understanding of the patient’s therapeutic needs, but also from consideration of other products they use in their 
daily lives. Many companies that develop non-medical consumer products have enhanced their device interfaces 
to account for increased human factors awareness, such as companies in the mobile telecommunications 
industry. The objective for this case study of 3M’s Nasal MDI is to highlights the importance of incorporating 
human factors thinking and user experience studies to confirm design hypotheses.  
 
FDA Human Factors Guidance 
 
A product designed for human interaction must have been designed and developed with human factors 
considered - this ensures the product is safe and effective in use. Human factors encompass all interactions 
between the product and the user. For an oral inhaler, in particular a reliever product, the result of being unsafe 
or ineffective in use could be a hospital admission or, in the very worst case, a fatality. The risk is clearly not as 
great with a product to treat allergic rhinitis, but there are still considerations to ensure compliance and adequate 
control of symptoms. To avoid unsafe conditions, a set of risk controls and assessments are advised throughout 
product design and development. The risks and hazards to be controlled and assessed for an inhaler are: 
chemical, mechanical, thermal and biological. Electrical hazards may also need to be considered depending 
upon the device.  When a patient uses an MDI, there are three areas to consider when assessing hazards: the 
patient or user, the use environment, and the device interface. To ensure that all the risks have been correctly 
assessed and that the product is optimised to mitigate for all related human factors, formative evaluations should 
be conducted as verification that the product is suitable. 

 
3M Interpretation of Human Factors 
 
During the development of the Nasal MDI the updated guidance [1-2] was interpreted to ensure that the device 
gave the best user experience possible. The study program began with research into allergic rhinitis patients’ 
current experiences of using aqueous sprays to treat their condition [4]. This study revealed significant patient 
dissatisfaction with nasal sprays, resulting from the user experience. Users reported a variety of dissatisfactions 
associated with administration of the medication into the nasal cavity, including: lack of confidence as to how 
much medication had been delivered; the aqueous formulation running back out of the nasal cavity; and the 
formulation dripping down into the back of the throat causing an unpleasant taste sensation and even throat 
irritation. In addition, simple pump spray devices require “messy” priming, were found to be in many cases 
awkward to administer, and the removable caps were frequently lost, resulting in perceived hygiene issues. 
Finally, patients found it difficult to judge how much medication was remaining so frequently ran out. Whilst the 
nasal corticosteroids administered via these devices were no doubt effective in relieving allergy symptoms, 
patients were deterred from complying with their symptom management regimes due to shortcomings in the 
devices employed. 
 
Patients were able to spontaneously describe the attributes of an ideal device, and were very keen to try a device 
which would overcome the problems described. Getting patients to adopt a different delivery method is therefore 
not the challenge. The challenge is giving patients a device which meets pharmaceutical product requirements, 
and also meets or exceeds patients’ expectations. 
 
The three components that affect patient experience are the patient, the environment and the device-patient 
interface. The patient needing to use a product for allergic rhinitis will not be debilitated by the symptoms, but 
could be affected. There are many other factors that need to be considered during product use that will impact 
upon product efficacy.  The patient must have adequate dexterity to manipulate and administer the device. The 
patient will receive a Patient Instruction Leaflet with the device, and they may also receive training. The patient 
will need to understand and interpret instructions correctly to optimise product delivery. Many Nasal MDI users 



will have been previously using aqueous spray products, and the delivery format of the MDI is very similar, in that 
users insert the delivery passage into the nasal cavity, and then press a trigger mechanism to actuate the dose. 
In addition, approximately 80% of allergic rhinitis patients also suffer from asthma, and are familiar with press and 
breathe MDI devices. 
  
The environment is a big factor in device use. For allergic rhinitis sufferers, it is often the environment that brings 
on the symptoms that then require medication. If the patient is outside while using the device, then wind and rain 
may impact its effectiveness. Another environmental factor which may interfere with the efficacy of the product is 
contamination from dirt or foreign bodies. Likewise, this could also detract from the overall user experience due to 
concerns over hygiene. An additional important factor to be considered as part of the user’s environment is the 
act of administering the device - the user may feel embarrassed to have to use the product in the company of 
family or peers – especially if it is a “messy” nasal administration, as in the case of aqueous sprays.  
 
The patient must interface with the device in multiple ways. These interactions will be affected by the patient’s 
abilities as highlighted earlier. The first device interaction would be a visual assessment of the device, unless the 
user is visually impaired. A medical device is often not particularly visually exciting, but appearance must not 
deter the patient from using the device. As consumer products raise design expectations, this increases the need 
to improve aesthetics and the user experience of medical products. This is particularly important for products that 
are chosen by the user, and not prescribed – as is the case with allergic rhinitis medications in some regions. 
 
The next interaction would be to physically hold the device. This would include preparation activities prior to 
administering the dose, holding the device securely during dose delivery, and considerations relating to 
transporting the device. The device must provide ample grip, must have an acceptable weight, and not cause 
injury. To guard against dirt getting into the device and hindering its effectiveness, the use of a cap is advised to 
protect the delivery passage. This must be clipped to the device when not in use, must unclip easily prior to use, 
and should withstand expected interaction when the product is being transported or stored. If the cap remains 
attached to the device during product use, then the cap must not inhibit the user. 
 
When the dose is administered, the device will give the patient multiple feedback sensations. A MDI will normally 
produce a small amount of noise when the plume is fired. The plume will give the patient touch and smell signals 
as the plume enters the nasal cavity. Because the sinuses are linked, the patient may also experience a taste 
from the plume. All of these will be interpreted by the user as feedback that the device has actuated correctly. If 
these sensations are anticipated by the user, but then any one is missing, then this could be interpreted as an 
error with the device or incorrect dose delivery. 
 
Being in control of medication stocks is important to patients – they need to know when to order a new 
prescription when medication supplies are running low. In the past, a patient has had to estimate how many 
doses are left in their device. This has been achieved by shaking the aerosol and listening/feeling to judge the 
quantity remaining, or by attempting to float it in water. In recent years, guidance has required new MDI products 
to be fitted with a dose counter or indicator. This has changed the way that patients interface with MDI products 
with regards to refilling their prescriptions. The device clearly indicates important information for the patient, 
which must be both accurate and able to be interpreted correctly. The correct use of dose counters can be 
achieved with minimal training, or with information in the patient instruction leaflet. 
 
Development of the 3M Nasal MDI 
 
The 3M Nasal MDI was developed utilizing many years of experience in device 
design and commercialization. Following the initial research into the drawbacks of 
aqueous sprays, which clearly demonstrated patient demand for a “no-drip” MDI 
device, a range of concept prototypes were  visually evaluated in a qualitative patient 
study. Some of the designs were shown to be more intuitive to use than others, and in 
addition, patients showed preference for aesthetically pleasing designs that they 
would be comfortable to carry around and use in public. In particular, patients 
preferred designs with a cap incorporated into the actuator, as they reported a 
tendency to lose removable covers, leading to hygiene concerns.  3M’s proprietary 
“twist and lock” concept was a clear winner in the study, and was carried forward into 
the development tooling phase [3]. Samples from the development tooling were then 
assessed in a quantitative user study, which assessed product hardware parameters, 
and also confirmed acceptance of the MDI as a delivery mechanism by having 
patients administer the plume into their nasal cavities.  
 Figure 1 – 3M Nasal MDI.
3M Patient Preference Study Results 

For the study, 50 subjects with recent nasal spray experience were interviewed individually for a formative 
evaluation of the 3M Nasal MDI.  
 



Before the subjects were given a device to assess, they were asked what they would most value in an allergic 
rhinitis relief product from a range of human factors. The graphic below shows the responses: 

Figure 2 - 3M Nasal MDI patient preference study results - Current device drivers of importance. 

The subjects were then given the device to handle and actuate without administering it, and then asked their 
overall opinion. The responses were scored with 0 being disliked extremely, and 10 being liked extremely. The 
feedback was a strong 7.5 out of 10.  

When the subjects were asked what they liked about the device, the leading feature was the attached cap - 64% 
of subjects highlighted this as an initial product benefit. The features and qualities that are different to their 
aqueous sprays such as a secured cap, a dose counter, device size and ergonomics, and device aesthetics were 
all highlighted as what they liked during this initial physical assessment: 
 

Figure 3 - 3M Nasal MDI patient preference study results – Initial prototype unprompted review prior to use. 
 
When subjects were forced to be critical about the study devices, they provided the following feedback: 
 

 
 
Figure 4 - 3M Nasal MDI patient preference study results – Initial prototype negative review prior to use. 
 
The subjects identified a number of design improvement opportunities that have subsequently led to further 
development of the concept. The cap opening has been made easier. Where the patient grips the cap during the 
opening is no longer in close proximity to the features that clip it in the closed position. All harsh corners have 
been removed, and the cap retaining details have been simplified to not detract from the device aesthetics. The 
study devices were white in colour to remain neutral, so it is anticipated that the addition of colour will enhance 
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the device appearance. Other improvements have been made for comfort including a softer nose piece profile. 
After the study the thumb grip was also redesigned to smoothen out the features causing discomfort. 
 
The patients were then given a device to use into their nose. They were instructed how to medicate correctly, and 
then allowed to administer a single dose into each nostril after priming the device. Following administration of the 
placebo formulation, overall opinion of the device increased further to 8.1 out of a possible 10, versus 7.5 out of 
10 pre-administration. The patients when then prompted to explain their overall opinion score of the device. The 
following figure shows the percentage of patients that highlighted each factor as a contribution to their opinion: 

 
Figure 5 - 3M Nasal MDI patient preference study results – Prototype review post physical use. 
 
As part of the feedback about the delivery experience, 16% of subjects made comments that the spray seemed 
forceful. When they were prompted to score the spray force, 76% of subjects suggested it was too forceful, but 
only 18% suggested that the MDI was more forceful than their aqueous sprays. Overall subject opinion on the 
device went up after they had administered the device nasally. If the delivery sensation was too uncomfortable, 
then overall opinion would not have improved as dramatically. Part of the device enhancement program has been 
to add an additional component into the delivery path that will allow for delivery sensation to be modified 
depending upon the drug product being delivered. 
 
The device scored 9 out of a possible 10 on “ease of use”, confirming that human factors considerations during 
design phase had paid dividends. Although, as mentioned, there were clear areas for improvement which have 
since been implemented, the study feedback showed that the device scored well on all human interaction factors. 
This presents very clearly a patient desire to transition their allergic rhinitus medication from an aqueous spray 
format to a Nasal  MDI. This finding is significant, since the patient is still medicating in the same way, by firing a 
device into the nostril from a manually operation. Clearly the design of the device is having a huge impact on 
preference.  
 
At the conclusion of the study, 76% of subjects stated a preference for the 3M Nasal MDI versus their current 
aqueous spray: 

 
Figure 6 - 3M Nasal MDI patient preference study results – Information for future use post study.  
 
Conclusion 
 
3M has incorporated Human Factors considerations as directed by FDA Guidance [1], backed up by multi-stage 
Human Factors research with users, in developing its Nasal MDI device. Significant learning has been 
accumulated, which will be utilized in future device and product development across the MDI platform. The 
project highlighted the need to plan for user studies at several stages of the product design and development 
process. Complying with Human Factors Guidance will not only ensure that products are safe and effective, but 
ultimately will aid compliance and drive patient preference.  
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