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A Simple Measurement Method of the Refractive Index of Biotissue
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Abstract A simple method based on total internal reflection is presented for accurately measuring the refractive
index of biological tissue. The refractive indices of water and a few kinds of porcine tissues have been determined at
0.488 pm, 0.6328 pm, 1.0795 pm and 1. 3414 pm laser wavelength respectively, and their dispersion equations
have been calculated. Tt proves that the method has great reliability and accuracy.
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Table 1 Refractive indices of ZFS5 glass at four wavelengths .
Wavelength /pum n 25°,30°,35°,40°,45°,50°,55°
0. 488 1. 75808
0. 6328 1. 73455 1
1. 0795 1. 71289 s s
1. 3414 1. 70827 “ 30745 °
a 45°,
2 lod s n

Table 2 Range of the measurable refractive indices n at differernt angle o

’

-39 1. 55 s

. The range of refractive indices n
“«/O A =0.488 pm A =0.6328 pm A=1.0795 pm A=1.3414 pm
25 0.7430~1.5174 0.7330~1.5052 0.7239~1.4940 0.7219~1.4916
30 0.8790~1.5890 0.8672~1.5746 0.8564~1.5613 0.8541~1.5585
35 1. 0083~1. 6485 0.9949~1. 6320 0.9824~1.6168 0.9798~1.6135
40 1.1301~1. 6955 1.1149~1. 6770 1.1010~1. 6599 1.0980~1. 6563
45 1.2431~1.7295 1.2265~1.7092 1.2112~1. 6904 1.2079~1. 6864
50 1.3467~1. 7504 1.3287~1.7284 1.3121~1.7081 1.3086~1.7037
55 1.4401~1. 7580 1. 4208~1. 73454 1.4031~1.7127 1.3993~1. 7080
3 (7, 0.45,0. 625,
0.65,1.0,1.2,1.4 pm
’ Neal o [7] Ndata ’ 4,
s
R , 4 Real [7]
Rgata
3.1 ’ Table 4 Comparison between the value n. calculated from
0. 488 pm. 0. 6328 pm, 1. 0795 pm dispersion equation and the value ng.. in the Ref.
[7] at different wavelength
1. 3414 pm R
3. 3 Wavelength/pm Neal Ndata Neal — Ndata
Sellmeier” s 0. 45 1.33888  1.337 1.88x10°*
) ’ 0. 625 1. 33214 1. 332 1.4X107"
0. 65 1.33149  1.331 4.9x10°"
7t — 1.755695 -+ /120_;_0(())9(?2557 0. 007848 1.0 1.32553  1.327 *1.47><10:j
. 1.2 1.32320  1.324 —8X10
(7) 1.4 1. 32103 1. 321 3X10°°
7,
° 4 s
3 Neal (7] Mdata 107°
Table 3 Measured refractive indices of distilled water ~10°? ,
at four wavelengths
, 32]
Wavelength /pm n 0.5, ’
0. 488 1. 33698
0. 6328 1.33193 °
1. 0795 1. 32457 3.2
1. 3414 1. 32166 0. 488, 0.6328, 1. 0795

1. 3414 pm
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1. 380+ 0. 007 1. 493 £ 0. 005 v 7
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Table 5 Measured refractive indices of the porcine tissues at four wavelengths
Sample(n + An)
Wavelength/ pm Porcine muscle® Porcine muscle” Porcine adipose Porcine small intestine
0. 488 1.4016+0. 0023 1. 3988+0. 0015 1.5096+0. 0016 1.390940. 0018
0. 6328 1.381240. 0019 1.379440. 0019 1.49194£0. 0017 1.3731+0. 0021
1. 0795 1.3721+0. 0025 1.369740. 0022 1.4820+0. 0023 1. 360540. 0030
1. 3414 1.370340. 0022 1. 367140. 0020 1.477940. 0018 1. 358940. 0019

0.6328,1.0795

s 0. 0002,
. 5 o
(0.488 pm,0.6328 pm  1.3414 pm) pm
s 3.4
) D
n = 1.3696 + 0. 008274 + 0. 00}749 (8)
A A
2)
b
n = 1.3655 + 20202 L D090 () 5)
n=1.4751 + 002098 4 BOOISTO ()
n = 1.3560 + 003078 4 009803 gy 4
s 1. 0795 pm
a b
1.3711,1. 3683,1. 4796 1. 3607, 5

b

— 0.001, — 0.0014, — 0. 0024,

1. 3414 pm

0.488~1.3414

o

, 0.488,
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