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Particle analysis in clinical development: Pitfalls in determination of particle sizes 

 

Recently a new customer within pharmaceutical development contacted us because of apparent 

problems with sudden changes in particle sizes. However, it turned out, that the problem they had 

was not on the actual particle sizes, but caused by unreliability of the validated method, they used for 

determination of sizes. 

 

As standard analysis, the customer measured particle sizes using laser diffraction on all batches. 

Laser diffraction is considered the golden standard – and the method they used had been validated 

according to ICH guidelines.  

 

Through the years, since the clinical studies were initiated, they had always obtained, more or less, 

the same particle size distribution. However, suddenly they saw a new pattern. Normally, a unimodal 

distribution with a maximum around 5 µm was observed. Suddenly a bimodal distribution was 

observed, with an additional maximum around 1 µm.  

 

Of course, they did not want to compromise safety of the patients enrolled in the clinical study, thus 

they reacted promptly on this observation. Their own initial investigation did not reveal anything: 

The particle has been exposed to the same micronisation process as always. 
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When they came to Particle Analytical and showed us their results, we asked additional questions to 

the analytical method: What parameters had been used during validation – was the obscuration (i.e. 

the optical concentration of particles) the same and so on. What was not apparent from their result 

sheets was what kind of analytical transformation had been used: 

 

When determining particle size using laser diffraction, the result is a measurement of “diffracted 

light” that reflects the sizes of the particles. However, it is an indirect method, where the signals are 

translated into a particle size distribution using a mathematical transformation. For this purpose, 

two methods can be used: Mie and Fraunhofer transformation.  

 

In theory, Mie is the most correct method to use, especially when small particles are present in the 

sample. However, this method requires information about specific particle properties: To use the 

Mie theory, it is necessary to know the value of refraction index and absorption of the specific 

particles. If these values are not known, it is essentially “just guessing” and this can have significant 

effect on the result.  

 

 

Laser diffraction results from measurement on the same sample, where only the value of the 

refractive index has been varied as reflected in the table below. What is the correct particle size? 
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 Curve Particle refractive index 

D10% 

 [μm] 

D50% 

[μm] 

D90% 

[μm] 

Red 1.3 0.475 14.05 36.082 

Green 1.38 0.394 8.625 142.96 

Blue 1.4 0.07 0.147 0.957 

Pink 1.6 5.605 15.588 37.207 

 

 

For organics, the value can be anywhere between 1.3 to 2.1. In the figure and table, it is shown how 

the apparent particle size vary when you add values within this area: You can get almost any particle 

size distribution from exactly the same results (D90% from 0.96 to 142 µm!!!) 

 

It turned out that the customer had used Mie translation for determination of particles sizes – just 

using the default value given in the program (usually 1.52). Thus, it was almost pure luck that they 

got the same result each time, as minimal changes – like the presence of a few larger particles, could 

have led to a very different picture.  

 

From these findings, it was very clear that the validated method was not reliable. It was decided to 

perform a measurement of the refractive index of the particles and following adjust this parameter 

in the program – and a revalidation of the method was performed used the correct value. 

 

Warning: Do not use default values in determination of particle sizes! If you do not know the 

refractive index, the Fraunhofer model should be used. 

 

At Particle Analytical we can perform all tests related to particles properties – and furthemore, we 

are able to help you set the optimal specification limts for controlling the drug product. Do not 

hesitate to contact us at info@particle.dk for questions or a quote. 
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