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Summary 

The factors that influence product development depend, amongst other things, on the type of product, the economic 
situation, the state of the art technology and various social and cultural trends. In modern era, often not the specs and 
costs are the decisive factors for purchasing a specific product, but aspects like design and brand personality. One of 
the reasons for this is the abundance of products of the same type for the same purpose. In fact, this is the current 
situation for dry powder inhalers (DPIs) although the self-congruity concept seems more applicable to the doctors who 
prescribe the inhalers than to the patients who are using them. For the early DPIs from the 1960s and 1970s the 
driving factor for development was the necessity of having an alternative for cholofluorocarbon (CFC) containing 
metered dose inhalers (MDIs). An important factor affecting their design could have been the desire to improve 
pulmonary drug delivery compared to that from MDIs, but unfortunately this oportunity was missed. Instead, available 
technology like hard gelatin capsules and adhesive (‘ordered’) mixtures were used and lung deposition remained 
more or less the same as from MDIs (only approx. 10% of the dose). After the capsule (and multi-dose reservoir) DPIs 
became more widely accepted and patents on inhaled drugs expired, consulting groups and generic manufacturers 
became more and more involved in the emerging DPI market, purely on an economic basis. This does not mean that 
there have not been developments yet aiming at improvement of the therapy with DPIs and various future applications 
may give a boost to using new technology for dry powder inhalation. 

Introduction 

The first commercial DPI (Spinhaler) for the control of asthma was introduced to the market in the late 1960s by 
Fisons and the device served as a catalyst for the development of some other capsule based DPIs for the treatment 
of asthma and chronic obstructive pulmonary disease (COPD). The two major drivers (factors) for the development of 
these early (capsule based) inhalers were initially the difficulty of using conventional metered dose inhalers (MDIs) 
correctly and (slightly later) the impending phase out of chlorofluorocarbons (CFCs), although this ban was first 
affectuated twenty years later in the Montreal Protocol on January 1st 1989.

[1]  
The need for replacement of the CFC-

MDIs initiated also another development focussing on transition from CFC propellants to hydrofluoroalkanes (HFAs). 
An extensive study by the International Pharmaceutical Aerosol Consortium for Toxicity Testing (IPACT) proved that 
HFAs are safe for inhalation and new technology was developed to make them suitable for use in MDIs.

[2]
 The newly 

developed HFA-MDIs were found to have certain advantages over their CFC containing predecessors, such as finer 
aerosols and (potentially) a considerably lower plume velocity, and this succesful alternative development tempered 
the interest in putting a great amount of energy in DPI development. Besides, there was no improvement in drug 
delivery to the lungs with DPIs compared to the administration with MDIs. Devices like Spinhaler, Rotahaler and 
Diskhaler achieved lung depositions of on average only 9.6% versus 11.8% from MDIs.

[3] 
 This contributed to a poor 

acceptance of DPIs in a number of different countries. The market share of DPIs in the UK in the period 2002-2008, 
almost fourty years after the Spinhaler was launched, was still only 20%, whereas MDIs in the same period had a vast 
70% share.

[4]
 

Since the replacement of CFC-MDIs in the 1990s, DPI development has been influenced by many driving and 
enabling factors such as marketing strategies, the availability of specific expertise and resources and, particularly for 
the drug formulations, academic ambitions. Rather than using the desired specifications (needs) as starting point for 
development, available know-how (expertise) was used and this resulted in many DPIs of basically the same type. 
Many currently available DPIs are simply ‘me-too’, or generic inhalers developed by plastic manufacturers or 
consulting groups who have taken over DPI development from the pharmaceutical industry to a significant extent. 
Innovation has further been tempered by restricting (safety and bioequivalence) considerations and regulations from 
the registration authorities. In the last decennium, the increasing pressure on health budgets, the interference of 
healthcare agencies and insurance companies with inhaler prescription, the exploding costs for treatment of diseases 
like COPD and the expiration of some blockbuster patents (e.g. GSK Advair Diskus) cleared the way for cheap 
generic products. This does not mean that there were no innovative developments as will be discussed in the next 
paragraphs. 

The basic needs and principal factors affecting DPI design 

The needs to fulfil with a DPI are relatively simple and confined to efficient and consistent drug delivery to the site of 
action in the respiratory tract. Pulmonary drug administration should preferrably be patient (flow manoeuvre) 
independent and easy to perform with some feedback to the patient regarding correct delivery and the number of 
doses left in the device. Considering the rising pressure on the health care budgets and the growing interest in 
affordable inhalation medication in developing countries, DPIs should also be cheap. This simplistic view leads to the 
basic specifications for an ‘ideal’ DPI presented in Table 1, but the factors affecting DPI development comprise more 
than that, as shown in Table 1 too. Designers should take account of the motor, cognitive and inspiratory skills of their 
patients and specific patient groups may require special designs.   
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They also have to know the patent situation in perspective of their own development and be aware of the demands on 
design and performance from the regulatory authorities. For their development, they should make optimal use of 
available design and production technologies, materials and expertise. New techniques and materials are constantly 
developed and their application may be useful for DPI design. In addition, the needs become more and more refined 
and specific for particular drug delivery applications like vaccines and high dose, hygroscopic and/or systemically 
acting drugs. They add new specifications to the design of DPIs and some of them will be discussed in one of the next 
paragraphs. Also very important is the acceptance of the DPI by doctors and patients. For instance, the role of the 
inhaler resistance and the importance of flow manoeuvre adjusted aerosol properties, i.e. an increasing FPF with 
increasing flow rate, are not always understood and this may result in the preference for a DPI with less optimal 
design and performance.

[5]
 Marketeers and pharmaceutical representatives have a task in teaching the doctors in this 

respect but they may also ask the designers for specific features to distinguish the DPI from competitor devices for 
marketing reasons. Many patients do not see the products they use purely as a necessity but also as tools to 
establish and support their self-concept. They need to accept their DPI as a useful apparatus for their therapy, have 
trust in its performance, like the way they have to operate it and appreciate its design. 

Table 1: Principal factors affecting DPI development 

A. Specifications based on needs  Delivery of a high mass fraction of the dose as suitable aerosol  
(fine particle fraction: FPF) 

 Aerosol particles withing the aerodynamic size range 1-6 m, 
(depending on the precise target area and inhalation manoeuvre) 

 Delivery of the aerosol at low to moderate flow rate 
 Delivery of a higher FPF (and/or finer aerosol) at a higher flow rate 
 Self intuitive design (low number of operational steps) 
 Stable (formulation) and robust (device) 
 Cheap (simple) design 

B. Patients’ motor, cognitive and inspiratory skills 

C. The patent situation and supplementary protection certificates (e.g. market exclusivity for orphan drugs) 

D. Available technologies, materials and expertises 

E. Production technical and cost aspects 

F. Demands on design and performance from regulatory authorities 

G. Physicians’ (and patients’) (mis)comprehensions and preferences 

H. Marketing aspects (e.g. general trends in product development and design) 

I. Patients’ acceptance of the DPI as a useful gadget 

 

Developments and underlying factors 

The basic design of a DPI comprises the powder formulation with the drug, a dose (measuring) system, a powder 
dispersion principle and a housing as primary functional parts. The housing may have several secondary features, 
such as a desiccant compartment keeping the formulation dry, a dose counter, a feedback system for the patient and 
a valve opening first at a certain threshold value for the flow rate to guarantee good dose delivery. The mouthpiece 
part of the housing may have specific additional functions such as controlling the inhaler resistance to airflow and 
means to reduce oropharyngeal deposition. For optimal performance of the assembly of constituents an integrated 
development is required as many incompatibilities exist. For instance, mechanically weak spherical pellets should 
preferrably not be used in a multi-dose reservoir inhaler as dropping the inhaler may significantly deteriorate filling 
accuracy. Fine lactose carriers (or carrier fractions) worsen dispersion in classifier based inhalers due to poor 
circulation (influenced by tribocharge) and hygroscopic drug formulations should not be administered with a re-usable 
DPI as powder residues within the inhaler may absorb moisture and become sticky or liquefy. Yet, several plastic 
manufacturers and pharmaceutical consulting groups develop inhalers without having a particular application or set of 
specifications in mind. Many inhalers developed are basically not more than dose dispensors, either making use of 
the same hard gelatin capsules and opening mechanisms for these capsules as applied for the very early DPIs (e.g. 
Spinhaler, Spinmatic, Rotahaler, ISF inhaler and Inhalator Ingelheim) or cavity type metering principles in combination 
with a large dose reservoir (e.g. Clickhaler, Easyhaler, Taifun). Such DPIs often lack an effective powder dispersion 
principle. A major factor affecting formulation research for capsule inhalers is the need to guarantee good dose 
delivery through small holes or narrow slits which require good flow properties and thus, coarser carrier particles, but 
the particles cannot be too large or they will block the holes. Coarser particles in most inhalers also have a negative 
effect on dispersion.

[6] 
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A major concern and also an important factor for development in the early days was the frequently reported irritation 
from inhaled lactose carrier particles and an innovative step was made by Astra (Wetterlin) who developed a DPI 
(Turbuhaler) for low dose drugs that were formulated into soft spherical agglomerates without using carrier material. 
The Turbuhaler is a multidose DPI with a complex powder measuring unit for low doses.

[7]
 The Turbuhaler also has an 

efficient dispersion principle and this, in combination with the absence of carrier lactose in the formulation, led to an 
increase in delivered lung dose from on average 9.6% with the early capsule inhalers to 20-30% with the 
Turbuhaler.

[3,8]
  

Glaxo found another solution for the capsule related problems, which are not confined to poor emptying alone, and 
replaced the capsules in the Rotahaler in the 1980s by blisters on a disk (Diskhaler: late 1980s), respectively on a 
strip (Diskus, 1990s and Ellipta, 2010s). All these inhalers are multiple unit dose devices but the formulation type for 
Diskhaler and Diskus remained the same as for the Rotahaler and compared to the early capsule inhalers, lung 
deposition from these devices is not significantly higher.

[3,8] 
Most likely the outbreak of bovine spongiform 

encephalopathy (BSE; first confirmed cases in the UK in 1986) has not been a factor of influence on the transition 
from hard gelatin capsules to aluminium blisters, but it certainly has been an issue for discussions and a factor of 
concern in the late 1980s.

[9]
 The discussion stretched out to the use of lactose carrier in the drug formulations, but the 

prions causing BSE were never found in cow milk and the prevalence of BSE in the UK diminished in the 1990s 
thanks to various measures and strict regulations.

[9] 
Hence the discussion faded away, but the example shows that 

there may be unforseen factors affecting the thinking about DPI development.  

A vast amount of studies on adhesive mixtures reflects the desire to understand and control the drug-to-carrier 
interaction mechanisms.

[10] 
Improvement of the dug aerosolisation is a major factor of interest in DPI development. 

Next to studying the variables (and their interactions) that influence the drug attachment to the lactose carrier during 
mixing and its release during inhalation respectively, several alternative approaches to increase the delivered fine 
particle dose have been developed. Some of them are presented in Table 2A for carrier based formulations and Table 
2B for alternative solutions. 

 
Table 2A: approaches for improvement of the aerosolisation of drug particles from adhesive mixtures for inhalation 

Approach Technology developed/owned by: 

A. Balancing between interpartiulate, dispersion and    
deposition forces 

University of Groningen 

B. Using super critical fluid technology (SCF) No specific proprietor 

C. Using force control agents (FCAs; Powderhale) Vectura Group plc 

D. Using alternative carrier materials No specific proprietor 

 

Table 2B: alternative solutions to improve the delivered particle dose as dry powder 

Solution Technology developed/owned by: 

E. Using ‘inhalable’ carrier particles (Technosphere) MannKind Corporation/Sanofa 

F. Using non-particulate carriers (Taper DPI) Cambridge Consultants/3M 

G. Particle condensation (Staccato inhaler) Alexza Pharmaceuticals 

 

The contradiction involved in adhesive mixture preparation is that the drug-to-carrier interaction forces have to be 
strong enough to obtain a stable powder and weak enough to break up during inhalation. High interaction forces 
require high dispersion forces and they can be obtained by increasing the flow rate through the inhaler. This will be at 
the cost of a higher oropharyngeal deposition however, and therefore, a good balance between the interparticulate, 
dispersion and deposition forces is desired. A better balance can be obtained by using more powerful dispersion 
principles, such as air classifier technology.

[11]
 Highly effective dispersion principles make finetuning of the drug-to-

particle interaction forces less relevant.
[6]

 Super critical fluid technology may be used to obtain different polymorphs of 
the same drug with different surface properties. This enables to modify the particles’ surface energy parameters and 
by that, to enhance the flow properties and dispersion behaviour.

[12]
 Another technique to reduce the drug-to-carrier 

interaction forces is to treat the drug or carrier particles with so-called force control agents (FCAs) like magnesium 
stearate.

[13] 
Alternatively, different carrier materials have been proposed and investigated like for instance mannitol, 

sorbitol, glucose, maltitol, xylitol, raffinose and trehalose
[10]

, but none of these materials has been adapted for 
production so far. A more extended review of the different methods to reduce the cohesive forces between drug and 
carrier particles in DPI formulations has recently been presented by Desai et al.

[14]
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A way to avoid the need for obtaining an effective separation between drug and carrier particles during inhalation is to 
make the carrier particles in an aerodynamic size range that can be inhaled. So-called self assembling Technosphere 
carrier particles of fumaryl diketopiperazine (FDKP) have a high surface area for carrying drugs like insulin and 
glucagon-like peptide 1(GLP-1), both used in diabetes care (MannKind, Afrezza), and can easily dispersed into an 
inhalable carrier aerosol.

[15] 
Another method to make lactose carrier redundant was developed by Cambridge 

Consultants who designed the Taper DPI and licensed this device to 3M Drug Delivery Technologies. This DPI has 
the drug on a microstructured carrier tape with small dimples in which the active compound is stored. The inhaled air 
flow releases an impactor that strikes the tape to liberate the small drug agglomerates which are further dispersed as 
they pass through the inhaler.

[16] 
 All previous principles make use of micronisation, crystallisation (including SCF) or 

spray drying techniques to obtain the drug as a polydisperse dry powder in the correct aerodynamic size distribution 
for inhalation. A newly developed precision micromoulding technique enables to produce monodisperse drug particles 
with a well controlled shape (PRINT, Liquidia Technologies). A completely different approach is developed by Alexza 
Pharmaceuticals. With their Staccato inhaler they rapidly heat a thin metal foil to evaporate the drug sprayed on its 
surface which then condensates into solid particles with the appropriate size in the inhaled air stream.

[17] 
This 

approach, initially developed for loxapine (Adasuve), eliminates the need to separate drug and carrier particles from 
each other or to disperse small drug agglomerates during inhalation. 

The use of adhesive mixtures is confined to drug doses in the microgram range. For doses in the mg-range they are 
not appropriate and the powders for such high doses are frequently particle engineered to improve their dispersion by 
simple passive, capsule based inhalers. Mostly, spray drying is involved, with and without excipients, but also multi-
step processes, including for instance nanoparticle preparation using high pressure homogenisation, are applied.

[18] 

The excipients, frequently lipid based surfactants and fatty acids, are added to modify the surface properties of the 
particles which contributes to reduced interparticulate forces. Also volatile agents are used to increase particle 
porosity, which not only has a positive effect on dispersion, but also makes the particles too large for macrophage 
clearance.

[19]
 Particle engineering is particularly expertise driven and does not always take account of some basic 

needs like safety and affordability. The processes can make the powders expensive and the long term safety of the 
excipients used is not always certain. The fact that some of them are not foreign to the body is not a good argument 
for their use. So are, for instance, sodium chloride and cholesterol, even in relatively high amounts, and an occasional 
high intake of these substances does not really harm us, but on the long term this can be lethal. The idea that 
cholesterol is a major risk factor for the development of heart and vascular diseases was also rejected by the scientific 
community for decades, despite a clear indication for its effect in the early 1900s given by the Russian scientist 
Anitschkov. It should be realised that particle engineering may not (always) be necessary when DPIs with powerful 
dispersion principles are used instead of capsule inhalers, unless special effects are desired such as sustained drug 
release, enhanced absorption or prolonged lung retention. 

A major breakthrough for future DPI development could be the application of computational fluid dynamics (CFD). 
This powerful tool can be used to study the flow field inside inhalers including the ex-mouthpiece velocity and flow 
pattern which largely determine oropharyngeal deposition. It can predict the effect of design modifications which is 
helpful for optimising the DPI performance, as has for instance shown for the Cyclohaler.

[20] 
It may be expected that 

CFD simulations can not only give a boost to inhaler development but also to understanding the factors that govern 
lung deposition, although further improvement of the software regarding the effect of high particle concentrations on 
the airflow is necessary. 

New and future needs and factors 

Some new drivers for DPI development were already mentioned in the introduction. Expiring patents of DPI 
blockbusters, the health care budget cuts and the rising costs for healthcare in many countries stimulate development 
and prescription of cheap generic DPI products. Economically, these developments are of great importance, but they 
may have some dark sides too. Compulsory bioequivalence is not always guaranteed, as can be concluded from the 
admission of the Rolenium Elpenhaler as generic for the Seretide (Advair) Diskus.

[21] 
Besides, physicians find it 

increasingly difficult to make an informed choice from the great variety of available inhalers for their patients as full 
performance data are not always available. Moreover, the development of generic ‘me-too’ devices is not very 
innovative and does not contribute to improvement of the inhalation therapy. The growing awareness that several 
diseases need to be treated (or prevented) more effectively brings new factors for (future) DPI development which 
can, for instance, be distinguished into: 

1. New applications for pulmonary delivery 
2. Improvement of inhaler efficacy and delivery to the target area 
3. Improvement of patient compliance and reduction of incorrect DPI use 
4. Feedback on inhalation performance (to the patient and the patient’s instructor for correct DPI use) 
5. Special inhalers for specific patient groups 
6. Cheap inhalers 
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Potentially new applications for pulmonary drug delivery and the reasons for their delivery to, or via the respiratory 
tract, have been presented and discussed abundently in the past.

[e.g. 22]
 Currently, pulmonary vaccination and the 

treatment of (drug-resistant) infectious diseases, like tuberculosis, receive considerable attention, but also gene 
therapy has frequently been mentioned. Many of these new applications may require special inhaler design 
specifications, e.g. for precision targeting of specific lung regions, delivery of high doses and/or hygroscopic drug 
formulations or drug delivery to specific patient groups. For hygroscopic drug formulations re-usable inhalers seem 
inappropriate, but also single dose delivery (e.g. vaccination) is served best with disposable devices. Special inhalers 
for delivery of high powder masses and/or dose reduction by using synergistic drug combinations may furthermore be 
needed to extend the range of applications to high dose drugs. 

Improved inhaler efficacy can be achieved in many different ways. It has the intention to improve the therapy and 
reduce the costs of the treatment. For instance, new drug combinations, e.g. in triple therapy involving long-acting 

muscarinic antagonists, long-acting 2-agonists and corticosteroids, have the potential of improving the maintenance 
treatment of COPD patients. The GSK Ellipta is one of the new DPIs designed for this application. Improved targeting 
is especially desired for systemic drug delivery when absorption is primarily in the respiratory airways. It is currently 
widespread believed that submicron particles may be needed to reach the smallest airways, but deposition data have 
shown that particles in the size range 1 to 3 micron are much more appropriate.

[21] 
The greatest challenge in this 

respect is to minimise oropharyngeal deposition and designing better inhalers (having a high to moderate resistance, 
a well-shaped mouthpiece and a controlled discharge flow pattern) or using controlled hygroscopic or condensational 
particle growth may offer a solution for that.

[23]
  

Poor patient compliance and adherence are important reasons for ineffective inhalation therapy and both can be 
improved by designing inhalers that are intuitive to use and require a minimal number of simple steps to operate. 
Various studies have shown that incorrect DPI use increases when patients have to use different inhalers for their 
therapy. Designing (at least apparently) the same inhaler with the same appearance, the same instructions for use 
and the same resistance to air flow for all medication against the same disease would be a great improvement.  

Feedback to the patient regarding inhalation performance may be an additional tool to increase the efficacy of 
pulmonary drug delivery. Patients often have no idea whether they inhale sufficiently forceful and long and direct 
audio or visual signalling to the patient, as firstly developed for the Novolizer and Genuair, helps improving the 
inhalation technique. With the help of simple electronics inhalation parameters may even be stored in a datalogger for 
a regular check on patient’s compliance and adherence by the physician. 

Special patient groups with limited motor, cognitive and inspiratory skills are, for instance, small children, older people 
and patients with specific diseases, like Parkinson and (non-CF) bronchiectasis. They may not be able to inhale 
sufficient volume for complete dose delivery and special inhalers may be desired to treat these groups more 
effectively. Studies have shown that small children have a greater tendency of exhaling through the DPI and special 
valve systems may be needed to prevent wetting of the interior inhaler walls. 

Affordability is an aspect that will put a strain on future developments not only because of the worldwide pressure on 
health budgets in the industrialised part of the world, but also because of the growing need for better medication in the 
developing countries. This may split inhaler developments into two different directions: one for cheap but highly 
effective (disposable) inhalers (e.g. for vaccination) and one for more sophisticated (chip controlled) devices for the 
rich countries. 
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