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Summary 

For the design and development of inhalation devices, it is critical that the device is safe, easy to use and delivers the 
right volume of drug during inhalation. Key design challenges for pMDI and DPI inhalers are the pharmaceutical 
performance criteria for aerodynamic particle size distribution (APSD), delivered dose uniformity (DDU) and plume 
geometry. Additionally, due to the market dynamics, including patent expiry, there can be significant pressure to meet 
an aggressive, pre-defined milestone. This paper examines the methodology of device design and techniques that 
can be employed to ensure an efficient and robust process. A fully integrated approach is presented, considering the 
device requirements from different sources such as i) usability for the patient, ii) device performance with respect to 
particle dispensing and iii) manufacturability to ensure the device can be produced at high volumes and for 
competitive costs. A systematic, defined process is required to minimise iterative loops and ensure a right first time 
design solution is achieved and realised. This approach can significantly reduce the overall timelines and cost for the 
development and industrialisation process.     

 

Introduction 

All medical device design, development and industrialisation projects must follow a defined and controlled product 
process to ensure the Design Outputs meet the defined Inputs

1
. This process starts with consideration of the user 

needs in order to define the intended use and performance. These user needs are translated to Design Input 
requirements to ensure full definition of device functionality and safety. Regulatory requirements and risk assessment 
are also considered for the Design Inputs. The design process then develops a design that meets these requirements 
and this is defined in the Design Outputs. Design Verification demonstrates that the device meets the Design Inputs 
and Design Validation confirms the user needs are met as per Figure 1 below. In parallel with Design Verification and 
Validation, a manufacturing solution is developed to ensure the device can be produced consistently at commercial 
volumes. This process is a standard approach to medical device development. This paper examines how to efficiently 
progress through this process, ensuring suitable consideration of the full suite of requirements at the appropriate 
timepoints and minimising any changes or modifications to the design at later phases which can have significant time 
and cost implications. 

 

   Figure 1 - Translation of User Needs to Design Outputs 

 

 



 

 

Design and Development Process  

Setting Objectives 

For a project to be successful, clarity is required upfront on what needs to be achieved and the structure that will be 
employed to realise this. If these elements are not properly defined early on, there is scope for incorrect assumptions, 
ambiguity of requirements, disagreement regarding responsibility and ultimately a result that is not in line with what 
was intended. When a project has critical time pressures, there can be a desire to move into the execution activity as 
quickly as possible and rush these planning activities. However, this can add significant project risk with activities 
being executed prior to being fully understood, particularly where a number of partners are involved. A design and 
development plan should be used in the planning stage to define the roles, responsibilities, project scope and 
structure. This ensures areas of ambiguity can be discussed and clarified upfront prior to encountering a challenge or 
issue. A vertically integrated structure has been employed by Nypro on some of its design and development projects 
which helps with clear definition of responsibilities and structure. The second critical activity at the start of the project 
is proper and comprehensive definition of the requirements.  As discussed in the Introduction section, the user needs 
are translated to Design Input requirements to ensure clear definition to direct the design process. Ensuring these 
user needs are an effective representation of what is required by the user is important. Additionally, detailed risk 
assessment should be initiated as early as possible in the design process to ensure potential hazards are considered 
and appropriate mitigation items are included in the Design Inputs
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.  

 

Early Human Factors Assessment 

Usability is a critical consideration when designing a medical device in order to reduce use error, the risks associated 
with incorrect use and ensure compliance
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. The aim is to design a device that is intuitive for the user and minimises 

any risk of patient injury due to incorrect use. For inhaler use, the level of physical skill, dexterity and hand strength 
should be considered for assessment of ease of use. The FDA has recognised the importance of human factors and 
has implemented more comprehensive requirements from a regulatory process
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. Formative studies early in the design 

process can assess how the user interacts with the device and ensure this is properly understood to effectively and 
efficiently influence design decisions. Often this can be different to how the design team understand the ease of use 
as they have an intimate understanding of the device. Receiving this input later, in the Design Validation phase, 
results in significant increases in time and cost to implement changes required to address. Again, this is an area that 
could be rushed when working with aggressive timelines, particularly when the importance is not fully understood. 
However, formative studies can be conducted very efficiently in the design process, using good prototyping 
techniques and planning, providing invaluable input.   

 

Design for Manufacturability/ Assembly 

A key factor driving the timeline in the development and industrialisation of an inhaler is the time to build and validate 
the production equipment (injection moulding tools and automated assembly line). Therefore, it is critical to consider 
the requirements and capabilities of this production equipment within the design process in order to ensure the 
chosen solution is suitable. This ensures that the inhaler can be produced in a controlled manner, minimising risk of 
out of specification occurrences during the late stages of pharmaceutical and device development. Projects where this 
is only examined after the Design Freeze milestone result in additional time refining the design and equipment to 
achieve compatibility and extended loops of design changes or pharmaceutical analytical investigations. What seems 
like promising pharmaceutical data, generated at early stage of the inhaler development using single cavity mould 
tools and manual assembly techniques, can be very different when produced for large scale manufacturing. For 
example, a defined orifice diameter on one cavity can demonstrate good performance due to low variation but is 
significantly different when produced on a higher cavitation injection mould tool with a far wider distribution. Potential 
reasons for this is that tight tolerances, orifice diameter geometry and canister seal fit can vary from cavity to cavity 
due to minor differences in the construction of the steel dimensions or from batch to batch due to material variation. 

 

Design for Manufacturability (DFM) and Assembly (DFA) consider how the components will be made, the 
measurement techniques required to confirm component specifications and the most efficient means of assembling 



the device. Integrating these into the design process when there is still flexibility to adjust the design will achieve the 
greatest time and cost savings from these key activities. One key element of DFM is critical tolerance definition. 
Component tolerances should be aligned to the capabilities of the production and measurement equipment to avoid 
long validation loops and multiple tolerance or tool updates. Tolerance definition should consider the risk assessment, 
predictive tolerance analysis, production equipment capability and measurement accuracy in an integrated process as 
per Figure 2 below. Certain tight tolerances may be necessary to achieve required particle dispensing and therefore 
additional effort to achieve these is appropriate. However, when challenging tolerances are not linked to the inha ler’s 
key safety or performance criteria they should be examined to understand the appropriate ranges. A tolerance 
analysis provides important data on the influence of tolerances bands. Establishing a strong link from this to the risk 
assessment activity will ensure tolerance definition is aligned to key device functionality. Another critical aspect of 
DFM is using moldflow analysis to determine the fill profile of injected moulded parts to highlight any potential 
challenges in the part or tool design prior to building the injection mould tool. From an assembly perspective, 
combining components where possible to reduce the assembly effort and minimising the handling efforts will reduce 
cycle time and therefore the cost of the device along with the capital investment for the assembly line. The most 
effective DFM and DFA are conducted by teams with in-depth experience of realising high volume manufacture and 
therefore with a real understanding of the potential challenges. These should be cross functional teams, bringing 
together product designers with manufacturing engineers to ensure a right first time solution. 

 

Figure 2 - Integrated Approach to Tolerance Definition 

 

Results and Conclusions 

Application of this process to inhaler device design has been proven to have some significant benefits. The use of 
objective setting, human factors assessment and Design for Manufacturability significantly improved the efficiency and 
effectiveness of the design process when employed during the development phase. A few examples of this are 
provided. 

  

From a timeline perspective, clear upfront definition of objectives and integration of the industrialisation 
considerations into the design phase can significantly reduce the time to produce qualified GMP devices. 
This reduction can be as much as 25%. Nypro’s use of a structured and integrated process has 
demonstrated significant time savings and the ability to meet predefined aggressive timelines across multiple 
projects. For new product introductions or generic projects, where first to market is critical for differing 
reasons, this efficiency in project execution can influence the commercial success of the device.  



 

The impact of including early human factors assessment in inhaler design is clear when you consider the 
evidence of handling errors with patient use of inhalers. A review of 21 studies examining the misuse of MDIs 
demonstrated poor technique was prevalent in an average of 50% of cases
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. The types of handling error that 

have been seen are failure to remove the cap, difficulties with device activation and failure to maintain the 
device in the correct orientation
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. The result of these types of error can range from minor patient annoyance, 

to non-compliance, to death in the case of a swallowed cap. Therefore, it is critical to perform formative 
human factors studies early in the design process with the appropriate patient population to understand 
these potential hazards. This will ensure the design can be optimised for intuitive and safe use by 
implementing key design features (lock outs/ straps/ labelling and marking) that guide the patient to complete 
the key operational steps and inhibit the ability to perform hazardous actions.   

 

The use of DFM tools such as moldflow have been very successfully employed in the development of DPIs 
to ensure the correct injection mould tool design and steel geometry is selected. For example, moldflow 
analysis was used in the development of a component prone to shrinkage and deflection to ensure that the 
final moulded state would achieve the optimal level of interference fit with its mating components. In this 
process, the moldflow provided definition of the 3D geometry of the post moulded state. In advance of 
building the injection mould tool, a rapid prototyped part was printed of this moldflow output and used for 
functional testing to ensure a suitable fit. Additionally the moldflow analysis demonstrated the need to add a 
second gate to the tool to minimise gas traps and improve flow. This upfront activity ensures that the injection 
mould tool design is fully optimised in advance of building it which reduces the need for costly and timely tool 
modifications and adjustments.   

 

The approach, defined in this abstract, highlights key areas in the development process where proper assessment 
and definition early on in the design process will result in shorter development timelines, improved quality and lower 
costs. The importance of these activities is clarified by highlighting their role in comprehensive translation of the user 
needs to a device with high reliability produced consistently at high volume.  
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