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About Pharmaserve 

Pharmaserve is a UK based CDMO that has been combining in-depth knowledge, experience and constant 
innovation to develop and manufacture inhaled medicines for almost 50 years. 

Boasting large scale, world-class filling equipment and a rigorous, in-house testing and release procedure, 
Pharmaserve has capacity to deliver over 70million pMDI units a year across 4 GMP manufacturing lines and more 
than 10 million on a dedicated nasal line. 

Due to the expertise and analytical capability of our development laboratory, many of the medicines supplied to our 
customers are developed and formulated in-house and our team has a demonstrable technical transfer capability, 
bringing already commercialised products into the facility. 

Moreover, it is our approach to working with our customers that sets us apart. At Pharmaserve we tailor each project 
to the exact needs of our customers offering not only first-class support but a truly collaborative partnership whilst 
bringing products to market efficiently and effectively.    

Contact us for more information: www.pharmaservenorthwest.co.uk | +44 (0) 1928 502 244 
Adam.Kay@pharmaservenorthwest.co.uk | Mobile: +44 (0)7376123450  

Summary 

A DoE study was conducted to analyse the effect of actuator geometry on the aerodynamic particle size distribution 
(APSD) profile of a generic solution pMDI. The relationship between actuator geometry and key aerodynamic 
particle size metrics were determined; the study provided a more complete understanding of how the actuator 
influences the APSD. The data showed that aerodynamic performance can be modified by making changes to the 
geometry of the actuator.  

Characteristics such as fine particle mass, throat deposition, mass median aerodynamic diameter and dose emitted 
from the actuator were studied and found to be significantly influenced by geometric alterations. To increase fine 
particle mass, orifice diameter can be decreased (and vice-versa). Correspondingly, throat deposition is decreased 
when orifice diameter is decreased (and vice-versa). Orifice diameter was highlighted as a statistically significant 
contributor to the variance in the response (p=7.83×10-7, p=6.7×10-10). To increase emitted dose, jet length can be 
increased (and vice-versa).  

The jet length was highlighted as a statistically significant factor in influencing actuator deposition, inferred by ex. 
actuator recovery, and MMAD (p=1.04×10-5, p=0.005). The relationships which have been developed aid in the 
development of the product and increase the chance of regulatory acceptance of an in-vitro only submission. The 
APSD profiles of the test product, using each actuator variation, was compared to the reference product to 
determine the closest match thereby facilitating an in-vitro data based submission of a generic solution pMDI.   

Key Message 

The statistically designed study highlighted the actuator geometry combinations which provided an APSD profile 
which closely matched the reference product. The key relationships, derived from the analysis of a full-factorial 
design, aid in the development of a generic solution pMDI and regulatory acceptance of an in-vitro only submission.     

Introduction 

It is critical to control APSD when developing a generic pressurised metered dose inhaler (pMDI). In accordance 
with current EMA regulatory guidance, it is possible to obtain approval of a generic pMDI product by demonstrating 
in-vitro bioequivalence (IVBE). Critical to this is matching the APSD performance of Test and Reference products. 

Following the actuation of a pMDI, the resulting spray droplet formation is thought to occur by ‘flash evaporation’ of 
the emergent spray downstream of the actuator spray orifice [1]. The droplet size, formed during the atomisation of 
the spray, is generally considered the primary factor in aerodynamic performance of solution pMDIs. The product 
formulation and actuator orifice diameter have been historically studied as the primary method of control of APSD 
for solution pMDI’s. [2][3] More recent studies have explored the importance of the expansion chamber geometries 
(sump volume) and jet length. However, the sump volume and jet length have been shown to have a less significant 
impact on the APSD. [3]  

The mass median aerodynamic diameter (MMAD) is a widely used metric which represents a ‘single number 
descriptor’ of the APSD. The MMAD represents the aerodynamic diameter for which 50% of the particles are smaller 
than the MAD. The analysis of the MMAD provides an overview to the overall change in APSD profile. The data 
supports the manipulation of the APSD towards achieving a closer match to the reference product, due to the 
changes in actuator geometry. 
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Materials and Methods 

For this study, actuators procured from RPC Formatec were used to evaluate a generic pMDI solution containing: 
an active ingredient (0.3 w/w %), Ethanol Anhydrous (8.0 w/w %) and HFA-134a (91.7 w/w %). The formulation 
represents a generic alternative to a reference product. 

The aerodynamic assessment of the test batches used 6 replicates from a single batch (per actuator sample), 
manufactured at 100 kg scale. Ten replicates from each of the three reference product batches were analysed and 
complied into a mean data set for comparison. The analysis of the reference product was performed using the 
actuator supplied with the device. The analysis was performed by Anderson Cascade Impaction (ACI) at 28.3 L/min 
(n=10 actuations per ACI). The impaction stage mass deposition was determined by HPLC – all solvents used were 
of analytical grade.   

Using Minitab (Minitab Statistical Software, 2017), a full factorial design was generated to evaluate the different 
actuator dimensions. The factorial design matrix is shown in Table 1, the run order is statistically derived. An 
additional actuator (Run 10), which represented the closest feasible match to the reference listed product, was also 
studied for comparative purposes.  

This study evaluated the effect of actuator geometry on the APSD profile of a generic solution pMDI. The objective 
was to highlight the significant factors which influence the APSD of solution pMDI devices. It was proposed that a 
more complete understanding of APSD variability (due actuator geometry) would aid in the development and 
regulatory acceptance of a generic product. Furthermore, in the instance of an in-vitro data only based submission, 
understanding the influence of the actuator on APSD and having the ability to alter the actuator geometry, are critical 
steps in achieving bio-equivalence to a reference product. The data generated during this study was used to identify 
an optimal set of actuator geometries which would provide the best APSD match between a Test product and a 
Reference product, thereby facilitating an in-vitro data based submission of a generic solution pMDI. 

Using a statistically designed experiment, elements of the actuator geometry were varied to study the impact on the 
APSD of a generic pMDI. Using a full factorial design, three key actuator dimensions were studied: orifice diameter, 
jet length and sump depth. The change in sump depth representative of the sump volume; the depth change is 
proportional to volume change, such that all other dimensions are constant. The geometry combinations which were 
analysed were based on a range of dimensions that could be feasibly manufactured, based on supplier 
recommendations. An additional actuator, not part of the factorial design, intended to be the closest match to the 
reference product actuator was also studied as a base value for the product equivalence, represented by actuator 
V20.  

 

Table 1: Full Factorial Design Matrix with Run Order.  

Run Order 
Actuator Number 
(RPC reference) 

Orifice Diameter (mm) 
± 0.02 mm 

Jet Length (mm)                     
± 0.1 mm 

Sump Depth (mm)          
± 0.1 

1 V13 0.25 0.6 1.3 

2 V11 0.25 0.4 1.3 

3 V16 0.21 0.4 4.0 

4 V14 0.25 0.6 4.0 

5 V15 0.21 0.4 1.3 

6 V18 0.21 0.6 4.0 

7 V17 0.21 0.6 1.3 

8 V19 0.23 0.5 2.7 

9 V12 0.25 0.4 4.0 

10 V20 0.23 0.5 3.8 
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Results  

Interpretation of Parameters Based on DoE   

As the study was carried out using a factorial design, the data was interpreted to reveal the critical parameters of 

the actuator geometry and their effects upon the product performance. The impact of each factor (and a combination 

of factors) on the product performance was established, the statistical data was extrapolated to generate Figure 1. 

The statistical significance of the geometry changes was determined through the p-values. The primary aim was to 

highlight and interpret the variance of the response due to the critical actuator dimensions, a predictive model is 

difficult to generate without a significant sample population. The source of variance for each response factor was 

analysed and the accuracy of the model was determined. At least one statistically significant contributing factor was 

determined for each response, despite some models showing a poor data fit. The key relationships generated for 

each APSD parameter was determined; surface plots were generated to visualise the relationship.  

The FPM was shown to be inversely proportional to the orifice diameter – this relationship concurs with research 

literature [2][3][4]. The orifice diameter was shown to be the largest contributing factor to changes in the FPM; the 

orifice diameter is a statistically significant variable (p = 7.83×10-7). The jet length and sump depth appeared to 

have no statistically significant effect on the FPM (p > 0.05). The key relationship between the orifice diameter and 

jet length on the FPM is shown on Figure 2. The model explains 57.80 % of the variance in FPM – 80 % of the total 

variance was attributed to the orifice diameter. 

The deposition of coarse particles on the throat stage was significantly influenced by the orifice diameter and jet 
length (p=6.7×10-10, p=0.0008), as well as the interaction between orifice diameter and sump depth (p=0.01). The 
increase in deposition was shown to be proportional to the orifice diameter; the relationship correlates with the FPM 
results. The primary distribution area outside of the throat and actuator is the FPM, therefore it is expected that as 
FPM increases throat deposition conversely decreases.  

The mass recovery, excluding actuator, was shown to be significantly influenced by the jet length (p=1.04×10-5). 
The ex-actuator recovery was shown to increase when the let length increased, therefore reducing the mass 
deposited on the actuator. Varying the orifice diameter did not have a statistically significant impact on the ex-
actuator recovery (p=0.12).  

The MMAD was statistically impacted by the Jet length (p=0.005). As the MMAD is considered a ‘single number 
descriptor’ of the APSD, the data is indicative that the overall APSD is influenced by all factors.  The model had a 
poor fit with an R2 value of 25.05 % - indicating that additional variables are also significantly influencing the MMAD.   

 

Figure 1: Percentage Contribution of each actuator geometry factor in relation to key APSD 
metrics.  
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Figure 2: (a) Factorial Analysis - Surface plot of FPM vs Orifice Diameter and Jet Length (b) 
Factorial Analysis - Surface plot of Throat Deposition vs Orifice Diameter and Jet Length. 

Interpretation of Data versus Reference   

The APSD profiles generated from the test product for each actuator were compared to the reference product 
profile. The data was compiled into a mean data set to aid in the comparison. The data revealed two prospective 
actuators which provided the closest match to the reference product, V15 and V20.  

 

Figure 3: APSD Profile Comparison between a selection of the test and reference products.  

The cascade impaction data was statistically analysed with respect to IVBE submission requirements and 
acceptance criteria. This preliminary statistical assessment revealed that actuator 15 and 20 provided t deposition 
profiles most similar to the refence product.  
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Discussion  

The effect of the actuator geometry on the APSD was clearly demonstrated by analysing the full factorial design. 
The orifice diameter was shown to be the key influencing factor for a number of critical APSD metrics – this is 
consistent with research literature [2][3][4]. The APSD profile can also be manipulated through altering jet length; 
specifically, the deposition particles on the actuator mouthpiece (ex. actuator recovery).  

The APSD data, generated from each actuator, provided an early indication of the suitability of the actuator and 
product performance in relation to the reference product. Furthermore, the study highlighted potentially variable 
stages which require further optimisation to achieve equivalence.  

The statistical analysis highlighted a more complete understanding on how slight variations to the actuator geometry 
influence the APSD of a solution pMDI. The significance of this experiment is vital when submitting a product on 
IVE data alone. It is critical have the ability to manipulate the APSD of a solution pMDI through, in order to best 
achieve equivalence between Test and Reference products.  

Conclusion  

By implementing DoE principles into an actuator screening study with a focus on IVBE, optimal actuator geometries 
were highlighted which produce the closest match to the reference listed product. The analysis of a full factorial 
design provided a break-down of the key influencing actuator geometry changes on the APSD of a pMDI. It was 
shown that the orifice diameter is a significant contributor to the FPM and coarse particle deposition. Such that, a 
decreased orifice diameter provides an increase in FPM and a subsequent decrease in coarse particle deposition.  

The emitted dose of the product was also significantly influenced by the actuator jet length; a proportional 
relationship was determined for the jet length and ex-actuator recovery. It was concluded that the study is a useful 
development tool for generic pMDI development and is pivotal in achieving an IVBE product.  
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