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Influencing Factors of Dry Powder Inhalers Performance
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1. CARRIER BASED POWDERS

Micronized/Milled/Sieved 
Carrier (i.e. Lactose)

Micronized Drug
+

Mixing
 Low Shear Blending
 High Shear Blending
 Isothermal Dry Particle Coating
 Resonance Acoustic Mixing

2. ENGINEERED POWDERS

Top-down particle formation

 Jet milling
 Ball/bead/pearl milling

 Spray drying
 Supercritical Fluid
 Spray Freeze Drying
 Freeze Drying
 Thin Film Freezing
 3D Printing

Bottom-up particle formation

Adali MB et al. 2020: 8(6), 709; https://doi.org/10.3390/pr8060709  

Telko MJ, Hickey AJ. 2005 Sep;50(9):1209-27. PMID: 16122404

Hufnagel S et al. 2022(39) 
https://doi.org/10.14356/
kona.2022010

Diversity of Powders for Oral Inhalation

https://doi.org/10.3390/pr8060709
https://doi.org/10.14356/kona.2022010
https://doi.org/10.14356/kona.2022010
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Engineered powders Carrier based powders

Narrow Distribution (often < 5 µm) Particle size / PSD Wider Distribution (~ 50 – 250 µm)

Versatile Particle Shape Carrier Crystal dependend

Higher Compressibility Moderate to low

Very low (<0.3 g/mL) Density Moderate (> 0.5 g/mL)

More influenced Electrostatic charge Less influenced

No segregation Segregation Possible

Difference is impacting powder feeding and filling processes

Engineered Powder vs. Carrier based powders 
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Approved Engineered DPIs Filled by Drum Filling

API Indication
Particle 

Engineering 
Technology

Primary Packaging 
Container Year of Approval

Treprostinil
Pulmonary Arterial Hypertension & 

Pulmonary Hypertension Associated with 
Interstitial Lung Disease

PRINT® Capsule 2025

Treprostinil
Pulmonary Arterial Hypertension & 

Pulmonary Hypertension Associated with 
Interstitial Lung Disease

Technosphere® Cartridge 2022

Levodopa Parkinson’s OFF periods ARCUS® Capsule 2018

Insulin Diabetes (type I and type II) Technosphere® Cartridge 2014

Tobramycin Management of Cystic Fibrosis Pulmosphere® Capsule 2013

Insulin Diabetes (type I and type II) Spray Dried Blister 2006
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IN-LINE SIEVING as an integrated powder feeding technology

Testing of 2 different Powder by In-line Sieving and Drum Filling in Modu-C Capsule Filling 
1. Micr. Budesonide (0.4 wt%) / Lactohale® 300
2. Micr. Budesonide (0.4 wt%) / Respitose® SV003

Evaluation of 2 Quality Attributes of Filled Capsule
1. Weight Variation
2. Content Uniformity

23.07.2026

Case Study: Challenge of Engineered Powder Feeding
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Parameters

Batches (Drum volume 15.0 mm³)
Micronized Powder

LH300 + Budesonide 
with In-line sieving

Carrier Powder

SV003 + Budesonide 
with In-line sieving

Fill weight 
(Complete batch)

Mean (mg) 10.89 15.97
SD (mg) 0.15 0.27
RSD (%) 1.39 1.68

Blend uniformity
(n=10)

Mean (%) 98.78 98.66
SD (%) 2.74 0.58
RSD (%) 2.77 0.59

Content uniformity
(n=10)

Mean (%) 98.99 92.99
SD (%) 2.00 2.59
RSD (%) 2.02 2.80
Range 89.16 - 108.81 78.11 - 101.90

Equally good

SV003 powder 
affected 

Case Study: Challenge of Engineered Powder Feeding

IN-LINE SIEVING as an integrated powder feeding technology



©2023 HARRO HÖFLIGER  |  CONFIDENTIAL7/23/2026 8

 Engineered particles, especially spray dried, are usually much complex matrix than carrier-blend 
formulations. Role and grade of excipients and spray drying feed-stock composition (e.g. buffers) need to 
be carefully assessed as it can greatly impact powder’s properties (e.g. impact drug release, dissolution 
and absorption for systemic formulations)

 Particle engineering processes, especially spray drying are tailored to obtain particles with specific 
defined characteristics, therefore determining a more challenging generic formulation development 

 Powders’ engineering process can greatly influence particles characteristics and DPI final performance, so 
it needs to be carefully chosen based on the drug chemical properties, indication, dose requirements etc.

 In vitro techniques to analyse particles’ properties such as particles morphology, density and water 
content are fundamental when it comes to spray dried powders   

 Powders’ filling and feeding processes becomes more critical for engineered powders and technologies 
currently used for carrier-based formulations cannot be directly applied to engineered spray dried 
powders and vice versa

 Characterization, understanding and control of spray drying feed-stocks’ composition, particles spray 
drying and powder dosing processes are key for the development of products bioequivalent to original 
engineered DPIs      

Take-Away Messages and Suggested Areas for Future 
Research
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