
Supplemental Document

Subdiffuse scattering and absorption model for
single fiber reflectance spectroscopy:
supplement
ANOUK L. POST,1,2,∗ DIRK J. FABER,1 HENRICUS J. C. M.
STERENBORG,1,2 AND TON G. VAN LEEUWEN1

1Amsterdam UMC, University of Amsterdam, Department of Biomedical Engineering and Physics, Cancer
Center Amsterdam, Amsterdam Cardiovascular Sciences, Meibergdreef 9, 1105 AZ, Amsterdam, The
Netherlands
2The Netherlands Cancer Institute, Department of Surgery, Plesmanlaan 121, 1066 CX, Amsterdam, The
Netherlands
∗a.l.post@amsterdamumc.nl

This supplement published with The Optical Society on 22 October 2020 by The Authors under
the terms of the Creative Commons Attribution 4.0 License in the format provided by the authors
and unedited. Further distribution of this work must maintain attribution to the author(s) and the
published article’s title, journal citation, and DOI.

Supplement DOI: https://doi.org/10.6084/m9.figshare.13103417

Parent Article DOI: https://doi.org/10.1364/BOE.402466



1 
 

Supplemental materials 
Here we will demonstrate that the diffuse contribution to the SFR signal can be rewritten as a 
function of μs’d and μa/μs’.The diffuse reflectance per unit area as a function of radial 
coordinate ρ is given by Farrell et al as  [1]: ܴ(ߩ) = ᇱସగ ൬ݖ ቂߤ + ଵభቃ షഋೝభభమ + ݖ) + (ݖ2 ቂߤ + ଵమቃ షഋೝమమమ ൰   (S1) 
where a’= µs’/(µs’+µa) and μeff is the effective attenuation coefficient, μeff  = ඥܽߤ ⁄ܦ  =ඥ3ߤߤ௦ᇱ .  The position of the point source in the medium is set at one reduced mean free path 
given by z0 = 1/μs’. The location of the ‘virtual boundary’, where the fluence rate has to be 
zero, is given by ݖ = ܦܣ2  where ܣ  is a parameter that depends on the refractive index 
mismatch between the fiber and the tissue [2]. We can express equation S1 in terms of 
dimensionless variables x = μs’d, y = μa/μs’ and β = ρ/d. We also use the constant cA = 1+ 
4A/3 to compact the expression. Using these substitutions, the distances ݎଵ and ݎଶ are: ݎଵଶ = ଶݖ + ଶߩ = ቀௗ௫ቁଶ + ݀ଶ ∙ ଶߚ = ௗమ௫మ (1 +  ଶ)    (S2)ߚଶݔ

ଶଶݎ = ݖ) + )ଶݖ2 + ଶߩ = ቀௗ௫ + ସ∙ௗଷ௫ ቁଶ + ݀ଶ ∙ ଶߚ = ௗమ௫మ ൬ቀ1 + ସଷ ቁଶ +  ଶ൰    (S3)ߚଶݔ
and ݀ଶݔଶ ∙ ,ݕ)ܴ (ߚݔ = (1 + ߨଵ4ି(ݕ ቌ ඥ31ݕ + ଶ(ߚݔ) + 1(1 + ଶ)ଷଶቍ(ߚݔ) ݁ିඥଷ௬(ଵା(௫ఉ)మ)

+ ܿ ቌ ඥ3ݕܿଶ + ଶ(ߚݔ) + 1( ܿଶ + ଶ)ଷଶቍ(ߚݔ) ݁ିටଷ௬൫ಲమା(௫ఉ)మ൯ 

    (S4) 
Likewise, the probability distribution for distances on the fiber surface: (ߩ) = ଵఘగௗమ ଵିݏܿ ቀఘௗቁ − ଵగௗ ቀఘௗቁଶ ට1 − ቀఘௗቁଶ          (S5) 
can be rewritten as: ݀ ∙ (ߚ) = ቀଵగ (ߚ)ଵିݏܿߚ − ଵగ ଶඥ1ߚ −  ଶቁ         (S6)ߚ
Such that the integrated reflectance ܴௗ = గସ ∙ ݀ଶ ∙  ܴௗ (ߩ) ∙ ,ߩ)  (S7)                ߩ݀(݀
Is rewritten as: ܴௗ(ݔ, (ݕ = గସ ∙ ଶݔ ∙  ܴଵ ,ݕ) (ݔߚ ∙  (S8)   ߚ݀(ߚ)
For the integration in this form with integration variable ߚ; the factors ݔ and ݕ are simply 
constants that are carried over. Consequently, in the resulting expression the absorption 
coefficient will appear in the ratio μa/μs’, and the fiber diameter will appear in the product 
μs’d.  
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