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Outline

• 3D printing and bioprinting – scope of the presentation today

• Historical development

• 3D printer technologies – and mechanisms

• SLS and Research in our lab at Texas A&M University

• Some regulatory considerations – Quality control and impact
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3D printing
• 3D printing describes various methods of construction objects in a layer-by-layer 

fashion (also called additive manufacturing). 

• Early concept from MIT involved printing a liquid binder onto a thin powder 

• Now there are many other types with wide mechanisms and applications

• In almost all cases, the object to be printed is created using computer added design 
(CAD) software package, which is then exported to a file to be printed.

• The exported file splits the 3D object into a series of layers. The object is then printed 
layer-by-layer. You can imagine multiple possibilities . E.g. combination products. 

• Basic componts; hardware (3D printer), software (CAD), and materials used.
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Bioprinting
• Now 3D printing has advanced. It utilizes biocompatible materials and even viable 

cells into complicated 3D functional tissue constructs.

• Bioprinting has potential to develop desired tissues and organs that are suitable 
for many biomedical applications – such as organ transplantation or cancer drug 
screening

• Printing of 3D printed patient specific models, devices, implants or organs require 
high resolution images or scans of body parts. Technologies such as computer 
aided tomography (CT scans for hard bone structures), and magnetic resonance 
imaging (MRI for soft tissues) are already in widespread use. Post processing of 
acquired images,0.25 to 2 mm slices of these images are stacked together to give 
detailed 3D information pathology of the tissue.

• Next step is reconstruction of 3D tissue models using acquired CT or MRI scans. 
For that CAD software are utilized  to analyze and process every 2D scan (eg 
Solid works, MIMICS, 3Matic). This step provides complete information on 
patients’ organ geometry. The final model is converted into steriolithography (STL) 
format for printing.
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3D Printing in Medicine – Woodhead publishing Series in Biomaterials; Ed. Kalaskar , 2017
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History

• 1980 – Hideo Kodama, Municipal Industrial Research 
Institute – 3D plastic models with photo hardening 
thermoset polymers; patent for XYZ plotter

• 1984 – Charles Hull (SLA technology, used CAD file to 
make computer-aided object), 3D systems Company

• 1987- Carl Deckard (SLS), University of Texas; laser 
sinitered the powder in specific areas based on 
digital data from a CAD file

• 1989 – Scott and lisa Crump, Stratasys Inc (FDM)
• 1993 - Ely Sachs and Mike Cima (Binder jetting)
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Challenges in Pediatric Dose Selection 

• Heterogeneous Population

• Several dose calculation approaches
• Age, body size (mg/kg), body surface area etc.

• Some PK considerations
• Variable Gastric emptying time 
• Variable Gastric pH 
• SA of the absorptive sites
• GI permeability
• Biliary functions
• Body water and adipose tissue
• Transporter expression
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Pediatric/Geriatric Product: Special Considerations

• Minimal/safe excipients

• Stability under high heat/humidity
• Physical, chemical, and microbiological

• Palatable
• Flavor selection based on cultural preferences 

• Easy-to-swallow or dissolvable dosage form

• Ability to titrate dose  

• Adequate bioavailability

• Avoidance of extemporaneous compounding

• Commercially available

Anne Zajicek, NIH
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Issues With Compounded Medications

• Palatability
• Dose accuracy
• Quality – 

– Failed in basic potency and content uniformity - 
potency range 59-89%

– Over the period 2008–2010, the Texas State 
Board of Pharmacy found an overall potency 
failure rate of 23 % for compounded drugs

• Stability
• Bioavailability issue
• Adverse events use of compounded drugs
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Pediatric drug challenges – Dose flexibility is required



X-Ray Micro CT of 3D DFS Printlet

3D DFS Printlets

SEM Images of DFS printlets

Age-appropriate flexible pediatric drug delivery systems
2 NIH R01s and one R56 – 7 millions.. (with Collaborations 
from COE, SVM, Life Sciences, HCRF, Driscoll Childrens.. Two 
more grants are scored..



3D Printing Techniques For 
Pharmaceuticals

• Fused deposition modeling
• Stereolithography
• Selective laser sintering
• Binder jetting 
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Main 3D printing Technologies

3D Printing 
Categories

Technologies Materials Used Working mechanism

Binder Jetting Powder Bed inkjet, S-printing, M-
printing

Plaster, metal, sand, 
polymer

Liquid binder is deposited 
selectively on powder bed 

Vat Polymerization
(polymer in tanks 
cured by UV)

Stereolithography (SLA)
Digital light projection (DLP)

Photopolymer (Liquid) Vat filled with 
photopolymer is cured by 
precise application of light.

Powder Bed Fusion Selective Laser Sintering (SLS), 
Direct metal laser sintering, 
electron beam melting

Metal, plastic and polymer 
powders

Laser or electron beam 
fuses selected areas on 
powder bed

Material Extrusion Fused Deposition Modelling (FDM)
Gel/paste Extrusion

Filaments of thermoplastic 
polymers

Melted viscous material is 
deposited on a surface

Material Jetting Ink-jet printing, Polyjet Wax-Like materials, 
photopolymers.

Droplets of materials are 
deposited

Directed Energy 
Deposition

Electron beam direct 
manufacturing direct metal tooling 
(DMT)

Metal wires, powder Focused laser or electron 
beam melts powders/wire 
as its being deposited

Sheet Lamination Laminated object manufacturing Sheets Sheets are bonded to form 
objects
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Stereolithography (SLA)

SLA Printed Dentures
Photo Credit: dentca.com

SLA Printed Hearing Aids
Photo Credit: envisionTEC
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Stereolithography (SLA)

Advantages

• High resolution printed 
products.

• Capable of printing complex 
geometries.

• Used in printing tissue like 
structures and scaffolds.

Disadvantages

• Biocompatibility and toxicity 
issues.

• Most photoinitiators and 
photopolymers have cytotoxic 
properties.

• Post processing is often 
necessary.
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Fused Deposition Modelling (FDM)

Photo Credit: Genina 
et al 2016
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Advantages 

• One of the most feasible 
Additive Manufacturing (AM) 
methods.

• Low cost, user friendly wide 
range of available materials.

• No need for post processing

• Allows integration of multiple 
materials/filaments.

Disadvantages

• High temperatures are often 
needed for printing. Hence, 
requires careful selection of 
drugs and polymers.

• Requires manufacturing of drug 
loaded filament.

Fused Deposition Modelling (FDM)
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SELECTIVE LASER SINTERING-

➢The technologies offers many advantages over other methods 
of 3DP for pharmaceuticals printing. 

• Solvent free, makes it ideal to fabricate water and organic solvent sensitive 
drug molecules

• Relatively high speed compared to other methods 

• No requirement of filament form of raw material, polymerizable 
monomer/polymer liquid binder, and post processing

• Furthermore, printlets will be immediately available after printing for 
dispensing and consumption since there is no post processing steps 

• Printlets containing multiple drugs with different release and mechanical 
characteristics can also be fabricated by manipulating process and 
material attributes
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➢SLS forms 3D objects by laser energy to selectively heat powder particles which 
results in fusion. 

➢The fused particles subsequently solidify to form a 3D structure. The SLS system 
comprises of three main components, i.e. a spreading platform, powder bed and 
a laser system (laser and scanner). 

SELECTIVE LASER SINTERING- How it works?
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SELECTIVE LASER SINTERING-

20



➢ It is important to understand the interplay of process parameters 
such as powder bed temperature, laser scanning speed, laser power, 
etc., and formulation factors such as particle size, density, melting 
point, etc. on the critical quality attributes (CQAs) of printed dosage 
forms.   

➢ The pharmaceutical Quality by Design (QbD) is a systematic approach 
to development that commences with predefined objectives and 
emphasizes product and process understanding.

SELECTIVE LASER SINTERING- Process Parameters
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SELECTIVE LASER SINTERING- Fish bone diagram 
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Custom Design

Screening Design

Response Surface Design

Full Factorial Design

Taguchi Arrays

Mixture Design

Augmented Design 

DESIGN OF EXPERIMENTS (DOE)

23



SELECTIVE LASER SINTERING- Amorphous Solid Dispersion (Lopinavir)
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Miniprintlets
LPV (%) Kollicoat® IR

(%)

LMH

(%)

Talc 

(%)

Candurin® 

NXT Ruby 

red

(%)

Chamber 

temperature 

(°C)

Surface 

temperature

(°C)

Laser 

scanning 

speed 

(mm/s)

LPV1 25.0 60.5 10.0 1.5 3.0 70 90 75

LPV2 37.5 48.0 10.0 1.5 3.0 70 90 75

LPV3 50.0 35.5 10.0 1.5 3.0 70 90 75

LPV4 50.0 35.5 10.0 1.5 3.0 70 90 100



(A) SEM images of (a) LPV1, (b) LPV2, (c) LPV3, and (d) LPV4 printlets at 100X and (B) X-ray 
micro-CT images of (a, b) LPV1 and (c, d) LPV3 printlets. The color scale bar represents the 

density in LPV1 and LPV3 printlets.

SELECTIVE LASER SINTERING- Amorphous Solid Dispersion
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Stable after 1 month exposure to 40 oC/75% RH
XRPD patterns of (A) LPV crystalline, LPV amorphous, Kollicoat® IR, and LMH, (B) PM (before 
printing), LPV1 printlets, LPV1 printlets (1 M), LPV2 printlets, and LPV2 printlets (1 M), and 

(C) LPV3 printlets, LPV3 printlets (1 M), LPV4 printlets, and LPV4 printlets (1 M).

SELECTIVE LASER SINTERING- Amorphous Solid Dispersion
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Sample Actual Predicted

Crystalline LPV  

(%)

Amorphous 

LPV  (%)

Crystalline LPV  

(%)

Amorphous 

LPV  (%)

TS1 15 85 17.1±0.4 82.9±0.4

TS2 25 75 26.3±0.6 73.7±0.6

TS3 7.5 92.5 9.5±0.1 90.5±0.1

TS4 15 85 15.5±0.1 84.5±0.1

LPV1 miniprintlets - - 7.2±0.3 92.8±0.3

LPV3 miniprintlets - - 4.6±0.4 95.4±0.4

LPV4 miniprintlets - - 11.5±0.6 88.5±0.6

LPV1 miniprintlets 

(1 M)  

- - 11.3±0.7 88.7±0.7

LPV3 miniprintlets 

(1 M)  

- - 5.9±0.4 94.1±0.4

LPV4 miniprintlets 

(1 M)  

- - 12.7±0.8 87.3±0.8



SELECTIVE LASER SINTERING- Amorphous Solid Dispersion
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SELECTIVE LASER SINTERING- Pyrimethamine printlets

28A) Microphotographs and B) micro-CT images of the printlets.



SELECTIVE LASER SINTERING- Pyrimethamine printlets
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Pyrimethamine drug distribution



SELECTIVE LASER SINTERING- Pyrimethamine printlets
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SELECTIVE LASER SINTERING- Pyrimethamine printlets
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SELECTIVE LASER SINTERING- Pyrimethamine printlets
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Comparative anti-toxoplasma activity of printlets and compressed tablets against positive 

(pyrimethamine) and negative (DMSO) control at A) multiplicity of infection 1 and B) 

multiplicity of infection 2. 



➢One of the major challenge is recycling/reuse of unprinted raw material after the 
printing process. 

➢ It is not feasible to reuse certain materials such as polymers owing to adverse impact 
on their quality and purity. 

➢Additionally, the byproducts of SLS process may adversely impact the chemical 
quality of powders making them unsuitable for further use. 

➢ Some particles may fuse without getting attached to the part, affecting size 
distribution of the material causing inconsistencies if reused.

➢Recycling can also impact the mechanical properties of materials, thus affecting their 
usability for further use. 

➢The impact of recycling on thermal stability of drug and other formulation 
components, and CQAs need to be evaluated if reused

SELECTIVE LASER SINTERING- Recycling of Powder
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SELECTIVE LASER SINTERING- Recycling
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Dissolution of PS - 3D Printlets

Initial R1 R2

Assay of powder (%)
Initial Recycle

R1 R2 R3
100.6±0.7 100.1±0.6 99.8±0. 4 99.4±1.1

Insignificant change in dissolution and assay (phenytoin sodium) after printing



SELECTIVE LASER SINTERING- Recycling
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Insignificant change in particle size distribution and crystallinity of pyrimethamine after printing



Binder jetting
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DOE (Design of Experiment) – Screen Designing 

Lamivudine – 3D printing using Binder jet
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Some Regulatory Considerations 
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Defects of 3D Printed Tablets-

• Banding: Ripples on a part’s sides caused by vibration in the x-y plane during printing

• Leaning: Off-axis parts caused by drift in the x-y plane during printing

• Warping: Part distortion caused by thermal expansion or contraction 

• Stringing: Wisps of filament caused by filament elongation during an extruder’s off phase

• Collapse:  Loss of porosity caused by sagging layers or excessive mass/energy input

• Residuals: Unbound powder or uncrosslinked monomer caused by incomplete printing
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On-line monitoring of 3D printing process

Printing Command on 3D 
software

Layer by Layer Printing of 
the printlets inside the 

chamber

Real-time NIR probe sent 
in to collect spectra after 

every layer

Real-time NIR spectra of 
the layer getting 

generated on NIR 
software

Real-time NIR probe 
getting retracted

Lamivudine and tenofovir disoproxil fumarate - Printlets



PROCESS ANALYTICAL TECHNOLOGY (PAT) INTEGRATION

▪ PAT enables real-time data collection for Quality by Design (QbD), supporting process understanding, scale-up, and data-
driven decisions—key to Good Manufacturing Practice.

▪  PAT enables the real-time measurement and control of critical quality attributes to ensure final product quality.
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Real-Time Monitoring Coating Process

Raw Data (C-A-P)

44



“CONT.”.

Truncated Data (C-A-P)
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“CONT.”.

Multiplicate scattering correction(MSC) Data (C-A-P)
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“CONT.”.

TA_API-Peak

Coating Peak

Savitzky-Golay-1st Derivative (C-A-P)

10min
20min
30min
40min
50min
60min
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Actual Prediction TIME Actual Prediction Deviation

10 2.93 2.82 0.92

20 4.78 4.73 0.79

30 7.03 7.18 0.85

40 9.97 10.24 0.55

50 11.84 12.50 0.48

60 15.2 14.25 0.47

Comparison of Actual vs. Predicted % Weight Gain Over Time with Deviation Analysis
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Conclusions
• 3D printing may provide a paradigm shift for certain low volume products

• A case need to be made for marketability and nomenclature 

• Possibility of personalized on-demand products

• Enhanced stability of certain products

• Risk based production is feasible

• Technological innovations needed for enhanced yield and control of 
recycling

• Potential for IR, ER, DR, and other combination products

• Bioprinting is revolutionizing the areas of organ development and 
transplant in addition to diagnostics and disease modeling.
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