
Distribution of tissue optical properties in the human head  
 

850 nm  

 

Tissue  

 

Origin 

Absorptio
n 
coefficient 
(μa)  

(mm-1) 

Scattering 
coefficient 

(μs) 

(mm-1) 

Scattering 
anisotropy 
factor (g)  

 

Refractive 
index (n)  

 
 
 

Citation  

WM Native head 0.08 14 0.95 -​  Roggan et al 
(1994)  

WM Native head 0.1 34.2 0.88 -​  Yaroslavsky et 
al (2002) 

WM Coagulated 
head 

0.09 17 0.94 - Roggan et al 
(1994)  
 

WM Coagulated 
head 

0.09 30 0.88 - Yaroslavsky et 
al (2002) 

Scalp Cadaveric 
head 

0.012 1.8 (μ′s) - - Yue et al 
(2015); Yue & 
Humayun 
(2015) 

Skull Cadaveric 
head 

0.025 1.6 (μ′s) - - Yue et al 
(2015); Yue & 
Humayun 
(2015) 

GM Cadaveric 
head 

0.036 0.9 (μ′s) - - Yue et al 
(2015); Yue & 
Humayun 
(2015) 

WM Cadaveric 
head 

0.014 1.1 (μ′s) - - Yue et al 
(2015); Yue & 
Humayun 
(2015) 

CSF Cadaveric 
head 

0.009 0.8 (μ′s) - - Yue et al 
(2015) 



WM Monte Carlo 
Simulation 

0.10 35 0.87 1.37 Cassano et al., 
(2019) 

GM Monte Carlo 
Simulation 

0.033 7 0.9 1.37 Cassano et al., 
(2019) 

CSF Monte Carlo 
Simulation 

0.0420 - - 1.37 Cassano et al., 
(2019) 

Skull Monte Carlo 
Simulation 

0.011 - - 1.37 Cassano et al., 
(2019) 

Scalp Cadaveric 
head 

0.0180 1.30 (μ′s) - 1.4 Sawosz et al., 
(2016) 

Skull Cadaveric 
head 

0.0118 1.20 (μ′s) - 1.4 Sawosz et al., 
(2016) 

CSF Cadaveric 
head 

0.0041 1.00 (μ′s) - 1.4 Sawosz et al., 
(2016) 

 
 
760 nm  
* = 759 nm 

 

Tissue  

 

Origin 

Absorptio
n 
coefficient 
(μa)  

(mm-1) 

Scattering 
coefficient 

(μs) 

(mm-1) 

Scattering 
anisotropy 
factor (g)  

 

Refractive 
index (n)  

 
 
 

Citation  

Scalp Adult 
head 

0.02 1.0 (μ′s) - - Okada et al., 
(2009), 
conference 
paper​  

Skull Adult 
head 

0.016 0.8 (μ′s) - - Okada et al., 
(2009), 
conference 
paper​  

GM Adult 
head 

0.036 2.26 (μ′s) - - Okada et al., 
(2009), 
conference 



paper​  

WM Adult 
head 

0.016 9.25 (μ′s) - - Okada et al., 
(2009), 
conference 
paper​  

*Scalp  Adult 
head 

0.015 1.5 (μ′s) 0 1.37 Hoshi et al., 
(2005) 

*Skull  Adult 
head 

0.012 0.7 (μ′s) 0 1.37 Hoshi et al., 
(2005) 

*CSF Adult 
head 

0.0033 0.1 (μ′s) 0 1.37 Hoshi et al., 
(2005)  

 
References 

 
Cassano, P., Tran, A. P., Katnani, H., Bleier, B. S., Hamblin, M. R., Yuan, Y., & Fang, Q. (2019). 

Selective photobiomodulation for emotion regulation: model-based dosimetry study. 
Neurophotonics, 6(1), 015004. https://doi.org/10.1117/1.NPh.6.1.015004 

 
Hoshi, Y., Shimada, M., Sato, C., & Iguchi, Y. (2005). Reevaluation of near-infrared light 

propagation in the adult human head: implications for functional near-infrared 
spectroscopy. Journal of biomedical optics, 10(6), 064032. 
https://doi.org/10.1117/1.2142325 

 
Okada, E., Yamamoto, D., Kiryu, N., Katagiri, A., Yokose, N., Awano, T., Igarashi, K., Nakamura, 

S., Hoshino, T., Murata, Y., Kano, T., Sakatani, K., & Katayama, Y. (2010). Theoretical 
and experimental investigation of the influence of frontal sinus on the sensitivity of the 
NIRS signal in the adult head. Advances in experimental medicine and biology, 662, 
231–236. https://doi.org/10.1007/978-1-4419-1241-1_33 

 
Sawosz, P., Wojtkiewicz, S., Kacprzak, M., Weigl, W., Borowska-Solonynko, A., Krajewski, P., 

Bejm, K., Milej, D., Ciszek, B., Maniewski, R., & Liebert, A. (2016). Human skull 
translucency: post mortem studies. Biomedical optics express, 7(12), 5010–5020. 
https://doi.org/10.1364/BOE.7.005010 

 
Yue, L., & Humayun, M. S. (2015). Monte Carlo analysis of the enhanced transcranial 

penetration using distributed near-infrared emitter array. Journal of biomedical optics, 
20(8), 88001. https://doi.org/10.1117/1.JBO.20.8.088001 

 
Yue, L., Monge, M., Ozgur, M.H., Murphy, K., Louie, S., Miller C.A., Emami, A., & Humayun, 

M.S. (2015). Simulation and measurement of transcranial near infrared light penetration. 

https://doi.org/10.1117/1.NPh.6.1.015004
https://doi.org/10.1117/1.2142325
https://doi.org/10.1007/978-1-4419-1241-1_33
https://doi.org/10.1364/BOE.7.005010
https://doi.org/10.1117/1.JBO.20.8.088001


SPIE Proceedings, 9321, 163-168. 
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/9321.toc  

 
Yaroslavsky, A. N., Schulze, P. C., Yaroslavsky, I. V., Schober, R., Ulrich, F., & Schwarzmaier, H. 

J. (2002). Optical properties of selected native and coagulated human brain tissues in 
vitro in the visible and near infrared spectral range. Physics in medicine and biology, 
47(12), 2059–2073. https://doi.org/10.1088/0031-9155/47/12/305  

https://www.spiedigitallibrary.org/conference-proceedings-of-spie/9321.toc

