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Macroscopic optical properties come from 
microscopic & sub-microscopic physiology 

variation 

brain breast 

muscle 
& skin 

organs bones 

macroscopic   

Sub-microscopic 

λ ≅ dstructure 

microscopic 



Cited 1,152 times!!! 

1990 

Macroscopic catalogues of optical properties 
have only existed for ∼25 years 



1991 

Cited 557 times!!!  

Intralipid® (Fresenius Kabi AB, Uppsala Sweden)  
Nutralipid ®  (Pharmicia, Quebec),  
Liposyn ®  I, II, III (Abbot Labs, Montreal) 

1992 

Cited 258 times!!!  

First established tissue phantom: Intralipid 

6 types  



Hospira Issues Nationwide Voluntary Recall of Certain Lots of Liposyn™ 
and Propofol Products That May Contain Particulate Matter 
 
Nov. 6, 2009 - Lake Forest, Ill. - Hospira, Inc. (NYSE: HSP),, is voluntarily 
recalling 85 lots of Liposyn™ II 10%, Liposyn II 20%, Liposyn III 10%, Liposyn III 
20%, Liposyn III 30% and 73 lots of Propofol Injectable Emulsion 1% … 
because some of the containers may contain particulate matter. The source of 
the particulate matter has been identified as stainless steel equipment used in 
the manufacturing process.  

 $50/L (c1990)       !      $1000/L  (c2010) 

2008 



c1993-1995  !   Solid permanent phantoms 

UCL BORL Webpage 
Components 
Epoxy resin: Araldite epoxy (MY753) & hardener (XD716),  
Supplier: Aeropia Chemical Supplies (Crawley, UK). 
Near-infrared dye: Pro jet 900NP. 
Supplier: Avecia (Manchester, UK), formally Zeneca Ltd. 
Scatterer: "Superwhite" polyester pigment. 
Supplier: Alec Tiranti Ltd. (London, UK). 

David Delpy 

Jem Hebden 
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Heterogeneous & dynamic blood 
oxygenation spectroscopy validation 

1995 

Britton Chance, 1913-2010 



1) Choose Phantom Scatter 
 
 

Scattering 
 

Material 

      
 

Perm-
anent 

?  

 
 

Particle 
Size  
[nm]   

 
 
Index 

of 
refractio

n 

 
Particle 

distribution 
function  

 
 

Recommended Use 

 
 

Lipids 
 
 
N 

 

 
 

10-500 nm 
 

1.45 
Exponentially 
weighted to 

smaller sizes, 
impossible to get 

a single size 
distribution 

- Intralipid , milk, mixture 
- Theory/Experimental  tests & 
multiple phantom contrast studies 

 
Polymer 

microspheres 
 
Y  

50nm-100
µm 

 
1.59 

Single size 
function as 

ordered, with 
possible 1-2% 

variance. 

-Most accurate theoretical 
prediction of properties 
- Use with all aqueous, resin & 
RTV phantoms 

TiO2  
Al2O3 

Powders  
 
Y  

20-70 nm   
2.4-2.9 Exponentially 

weighted or 
single size can be 

ordered 
- Used with gelatin, RTV & resin 
phantoms 

Quartz glass 
microspheres  

Y  
250 nm  

1.45 Single size 
function, with 
10% variance 

- used with resin phantoms 

Pogue & Patterson, J. Biomed Opt. 2006 



2) Choose Phantom Matrix 
Phantom 
Matrix 
Material 

 
Perm-
anent   
        

Solid/ 
Liquid/ 
Flexible 

 
Biologic 

Compatible  

 
Organic 
Chemical 

Compatible 

 
n 

 
Recommended 

Use 

Aqueous 
suspension 

Y/N L Y Y 1.34 Initial use & multiple phantom 
contrast studies 

Gelatin/Agar 
matrix 

N F Y Y 1.35 Detailed heterogeneity phantom 
studies bio-absorbers & 

fluorophores 
Polyacryl. gel N F Y Y 1.35 Thermal therapy studies  
Polyester or 
Epoxy Resin 

Y S N N 1.54 Calibration & routine validation 
Intersystem comparisons 

Polyurethane 
Resin 

Y S N N/Y 1.50 Calibration & routine validation 
Intersystem comparisons 

Inclusion of dyes 
RTV Silicone Y F N N 1.4 Complex geometries with 

permanent flexible phantoms 

Pogue & Patterson, J. Biomed Opt. 2006 
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Widespread use of resin phantoms 

Dartmouth 

UCL 



Silicone Rubber base:  
provides better contact & mechanical tissue simulation 

1997 

Medlight SA, PDT delivery 

UC Irvine 
UC Irvine 

Dartmouth 



Biological phantoms? 

Minority Report (2002) 



Gelatin/Agar Base 
Gelatin / agar 

Bone embedded 

with TiO2 scatter with blood 

Chemical actinometry 
PDT Dosimetry 

Gelatin 
TiO2 
ink 
dichloroflorescien 
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Phantom additives 
Additives Function Limitations Stability 

EDTA  Penicillin To avoid bacterial growth  Days - Weeks 

Yeast  or  Sodium 
azide 

Remove molecular oxygen Hours 

Formaldehyde Increase melting temperature 
above room temp. 

Years 

Whole Blood  Provide realistic tissue spectra  Oxygen saturation is not easily 
changed Days 

Ink  Provide flat absorption spectra  - Not stable nor repeatable unless 
highly calibrated Days – Years 

Organic molecules     
(i.e. glucose) 

Matrix holds most organic 
compounds - stability of each molecule must 

be assessed Days 

Fluorophores - Compatible with aqueous  
- Gelatin provides some de-
aggregation 

- May need to avoid aggregation 
effects with addition of additional 
agents 

Days – Weeks 

Heterogeneities - Test Tomography and Imaging 
capabilities 
- Inclusions can be liquid or solid 

- Clear enclosures need to be 
avoided due to light channeling 
- Index changes significantly at 
inclusions 

Days – Weeks 

Gadolinium  or   
Copper Sulphate 

Provide varying levels of 
Magnetic resonance contrast 

Years 

Actinometry agents Provide measure of 
photochemical dose de Unstable over long periods of 

time Hours 

Pogue & Patterson, J. Biomed Opt. 2006 



Why? 



Combination set phantoms 

Conventional x-ray CT Phantoms 

Spatial 
Uniformity 

& Dose 

Contrast  
Calibration 

Anthropomorphic 
Phantoms 

Spatial  
Resolution 

Contrast  
Resolution 

Specialty /  
Temporal 
Phantoms 

http://www.spect.com 
http://www.cirsinc.com 
http://www.supertechx-ray.com 
http://www.phantomlab.com/ 

Dozens of manufacturers & Hundreds of suppliers! 
Government mandated requirements.  
Organizations produce guidelines in conjunction 

  with the respective government agencies 



Key issues medical phantoms 

Pogue et al, “Review of Phantoms for Tomographic imaging, with Applications towards 
Diffuse Spectroscopy within Clinical Imaging Systems” Proc SPIE (2008) 
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Standardization between EU systems 

Absorption 

S
ca

tte
rin

g 

0
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Rigorous science BUT 
likely not commercial? 



Key Issues in Phantoms for 
Imaging & Spectroscopy Systems 

Repeatability  
Standardization    
 
Spatial Uniformity 
Spatial Resolution     
Contrast Recovery     
 
Viscoelastic effects     
Athropomorphic artifacts    
Imaging systems compatibility   

Critically Needed 
especially for  
commercial systems 

Needed for validation 

Very Useful in 
each situation 

1) 
 
 
2) 
 
 
 
3) 



Daily calibration   &  intersystem verification 

20 
0.004
0.006
0.008
0.010
0.012
0.014

µ
a
(m
m
-1
)

Date

661nm

761nm

785nm

808nm

826nm

849nm

5 year  
stability 

0.005

0.006

0.007

0.008

0.009

0.01

19-Jun 29-Jun 9-Jul 19-Jul 29-Jul

absorbtion coeffi

1 month 
stability 

Multicenter trial 



Key Issues in Phantoms for 
Imaging & Spectroscopy Systems 

Repeatability  
Standardization    
 
Spatial Uniformity 
Spatial Resolution     
Contrast Recovery     
 
Viscoelastic effects     
Athropomorphic artifacts    
Imaging systems compatibility   

Critically Needed 

  Needed for validation 
(science or comparisons) 

Very Useful in 
each situation 



Contrast-Detail Phantoms  

Pogue et al, Med. Phys. 2000. 

0.1

1
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0 2 4 6 8 10 12 14 16 18 20
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  [

%
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x-ray CT
x-ray mammography
NIR Tomography
NIR Projection Imaging

Pogue et al, J. Biomed Opt. 2006. 



Key Issues in Phantoms for 
Imaging & Spectroscopy Systems 

Repeatability  
Standardization    
 
Spatial Uniformity     
Contrast Resolution    
 
Viscoelastic effects     
Athropomorphic artifacts    
Imaging systems compatibility   

Science & R&D 



MR/CT Compatible Phantoms: 
hemoglobin, water, lipid, scatter (TiO2), Gd-DTPA   

gelatin Image testing 

CT/MRI scan 

w. blood 



Summary 

• Currently à Voluntary & User developed 

•  System validation à NIR companies have solid phantoms 
         (INO, NIRx, PerkinElmer, Mod. Imag., etc)  

 
•  FDA approval? à systems might ideally require 

•  Pathways exist à present CT/MRI/US/PET companies 





Anthropomorphic Leg/Arm Phantoms  
for shape & biochemistry 

for Raman Tomography of bone mineral 

Gelatin over bone 
Rat tibia phantom 

Esmonde-White et al, Analyst, 2011 

CT scan à mold 
cast 

Blood + Intralipid in 
gelatin 


