Journal of Biomedical Optics 10(1), 011015 (January/February 2005)

Wavelength dependence of crosstalk in dual-wavelength
measurement of oxy- and deoxy-hemoglobin

Nobuhiro Okui Abstract. In near-IR spectroscopy, the concentration change in oxy-

E”,' OUkada' and deoxyhemoglobin in tissue is calculated from the change in the

o TSty , , — detected intensity of light at two wavelengths by solving the simulta-
epartment of Electronics and Electrical Engineering . .

3-14-1, Hiyoshi, Kohoku-ku neous  equation based on the modified Lgmbert-Beer Iaw. The

Yokohama, 223-8522, JAPAN wavelength-independent constant or mean optical path length is usu-

E-mail: nobu@okd.elec.keio.ac.jp ally assigned to the term of partial optical path length in the simulta-

neous equation. This insufficient optical path length in the calculation
causes crosstalk between the concentration change in oxy- and de-
oxyhemoglobin. We investigate the crosstalk in the dual-wavelength
measurement of oxy- and deoxyhemoglobin theoretically by Monte
Carlo simulation to discuss the optimal wavelength pair to minimize
the crosstalk. The longer wavelength of the dual-wavelength measure-
ment is fixed at 830 nm and the shorter wavelength is varied from 650
to 780 nm. The optimal wavelength range for pairing with 830 nm for
the dual-wavelength measurement of oxy- and deoxyhemoglobin is
from 690 to 750 nm. The mean optical path length, which can be
obtained by time- and phase-resolved measurement, is effective to
reduce the crosstalk in the results of dual-wavelength measurement.
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1 Introduction cw NIRS instrument. Time- and phase-resolved instrument

Near-IR spectroscop§NIRS), which can obtain the concen- can measure the mean optical path length that the detected
tration change in oxy- and deoxyhemoglobin in tissue from I9ht travels in a whole heatf” The wavelength-dependent

the change in detected intensity of near-IR light, has been mean optical path length is frequently assigned to the MLBL

applied to noninvasively measure human brain activatidn. calculation to optain .the concentration.change. i.n oxy- .and
The concentration change in oxy- and deoxyhemoglobin can deoxyhemoglobin. It is revealed that this insufficient optical
be independently calculated from the change in the intensity E;‘th Ietr;]gth n thetMI{.BL CﬁICUIat'O.n causes Ejhz crOSf]taIk b?'
of the detected light at two wavelengths, the molar extinction bi een the concltenfrall\lll??nsc anges in gxrﬁy:n?n eo>t<y|ke(rjnog 0
coefficients of oxy- and deoxyhemoglobin, and the partial op- n ('jn N retshu 0 lecti me?sureml : the crqssfa N(TEQS
tical path length that the detected light travels in the activated pends on fine selection of wavelength par for |
region by solving the simultaneous equation based on the measurement because the crosstalk is caused by the difference
modified Lambert-Beer lav(MLBL ). Theoretical modeling between the actual partial optical path length and the path

. S e . . length in the MLBL calculation. However, the optimal wave-
of light propagation in the head is essential to estimate the X

; ) L ) . length selection of the dual-wavelength measurement based
partial optical path length because it is impossible to directly ) . . o

. . - 7 _on the MLBL calculation from the viewpoint of minimizing
measure the partial optical path length by experiments. It is . .
. ) - . ' the crosstalk has not yet been investigated.

rather difficult to consider sophisticated anatomical configu- In this paper. we theoretically investioated the crosstalk
ration and optical properties of tissue in the head to estimate paper, y 9

accurate partial optical path length. The theoretical estimation from. oxy- to deoxyhemoglobin and from deoxy- to o_xyher_ng-
S . . . : globin in the dual-wavelength measurement of brain activity
for individual subjects is rarely performed in practical mea-

surements. Alternatively, the wavelength-independent con- based on the MLBL calculation with cw and time-resolved
. : /ey, 9 epend NIRS instruments. The change in intensity of the detected
stant is normally assigned to the term of partial optical path

lenath in the simult tion for MLBL calculation i light at seven wavelengths from 650 to 830 nm caused by the
ength in the simuftaneous equation for cajculationina change in either oxy- or deoxyhemoglobin in the gray matter

in the adult head model was predicted by Monte Carlo simu-
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lation. The change ip inten;ity for the head quel inqluding AOD(N) =[ACoxy€oxy(N) + ACdeoxEdeox N J(L(N)),
skull and cerebrospinal fluigCSH layers of various thick- )
nesses was obtained to investigate the influence of thickness
of the superficial tissues on crosstalk. The crosstalk was de- o o
duced from the results of concentration change of oxy- and WN€re€oxy and €geoyy are the molar extinction coefficients of
deoxyhemoglobin calculated from the change in the detected©Xy- and deoxyhemoglobin, ar{dl) is the mean optical path -
intensity by dual-wavelength measurement using the MLBL. Iengt_h of the detected light. The mean optlcal path length is
The longer wavelength of the dual-wavelength measurementconsiderably longer than the geometric d|stanc.e bgtween the
was fixed at 830 nm and the shorter wavelength was varied SOUrce a_nd the detector because t_he detected light is scattered
from 650 to 780 nm to evaluate the optimal wavelength pair in biological tissue. Although Ed1) is assumed that the con-
to minimize crosstalk. In the MLBL calculation, the Centration of oxy- and deoxyhemoglobm is homogeneously
wavelength-independent constant and the Wavelength-(_:hanged in the whole volume of tissue where the detectgd
dependent mean optical path length were assigned to thelight passes, the concentration of oxy- and deoxyhemoglobin
terms of wavelength-dependent partial optical path length to IS locally changed du_rlng brain actlvatlon._Assumlng that OoXy-
discuss the effect of time- and phase-resolved measuremen@nd deoxyhemoglobin is changed only in the cortex during
on the crosstalk. The change in intensity for the head model Prain activation, the change in intensity detected with NIRS
including skull and CSF layers of various thicknesses was Instrument is given by
obtained to investigate the influence of thickness of the super-
ficial tissues on the crosstalk.
AOD()\):[ACoxyeoxy()\)+AcdeoxyfdeOX)()\)KLcorte>()\)>v
2 NIRS and Crosstalk (2)

Brain activation causes the change in concentration of oxy-

and deoxyhemoglobin in cortical tissue. In NIRS measure- where (L., e{\)) is the partial optical path length in the
ment, the intensity change of the detected light is measuredcortical tissue, which is considerably shorter than the mean
and the relationship between the change in measured opticabptical path length. The change in the concentration of oxy-
densityAOD and the change in concentration of oxyhemoglo- and deoxyhemoglobin can be individually calculated from the
bin Ac,,, and deoxyhemoglobii\cge.y, is described by a  change in intensity of the detected light at two wavelengths by
Lambert-Beer law: solving simultaneous equation derived from E2).

AOD(\7) edeOX)()\l)<Lcorte>U\l)> —AOD(N ) 6deox>()\2)<|-corte>()\2)>
[foxyo\l) Edeoxym\z) - ony()\z) fdeOX)()\l)KLcorte)()\l»( Lcortex()\Z))

_ AOD(\,) Goxy()\2)<|—corte>{()\2)> —AOD(A») Goxyo\l)< Lcorte>(7\1)>
[ony( N1) 6deoxyp\2) - ony()\z) EdeOX)U\l)R Lcorted A1) )L corted A 2))

Achy(N1,Np)= (33

ACGeoxyN1,N2) (3b)

where Acf;xy()\l,)\z) and Ac(’j‘eox)()\l,)\z) are the measured centration change of oxyhemoglobin to concentration change
concentration change in oxy- and deoxyhemoglobin calcu- of deoxyhemoglobiit,,y . 4eox( ) and that from deoxyhemo-
lated from the change in the intensity of the detected light at globin to oxyhemoglobirtgeoxy .oxy(A) €an be given as fol-
wavelengthsh; and \,. Equations(3a and (3b) show that lows:

the partial optical path length in the cortical tissue is neces-

sary to calcul_ated the concentratio_n char_lge in oxy- and (_je- CoxyﬂdeOX)()\lv)\Z):Acgeoxyﬂ)\l1)\2)/Achy()\1-)\2)-
oxyhemoglobin. However, the partial optical path length in (4a)

the cortical tissue can not be directly measured by experi-
ments. In practical measurement by MLBL calculation,
wavelength-independent constant or wavelength-dependent Caeoxy-0( M1 82) = ACG(N1,M2) A N1 N 2)- 5
mean optical path length is assigned to the term of the partial (4D)

optical path length in Eq¢3a and(3b) for the calculation of  the crosstalk is proportional to the difference in the relative
the concentration change. This imprecise path length in the haih |ength at two wavelengtfisThe relative path length is
simultaneous equation leads to error in the measured concenthe ratio between the actual partial optical path length and the
tration change and this insufficient separation of the change inpath length using in the MLBL calculation. If the partial op-
oxy- and deoxyhemoglobin is called crosstalk. The crosstalk tical path length at two wavelengths is the same
is defined that the ratio of the measured concentration chang€] (L o.ie,(N 1)) ={(LconeN2))], the crosstalk can be easily
of chromophore for which no change was induced and the canceled. One of the best ways to minimize the crosstalk is to
measured concentration change of another chromophore forchoose the wavelength pair at which the partial optical path
which the change was inducéd.he crosstalk from the con-  length in the cortical tissue is the same.
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Wavelength dependence on crosstalk . . .

Table 1 The wavelength-dependent optical properties (absorption coefficient u, and transport scatter-
ing coefficient u;) and thickness of each layer of the head model.

Wavelength (nm) 650 670 690 720
po (mm™)  pl(mm™) g e Mo Ky Ko e

Scalp 0.037 2.62 0.031 2.53 0.026 2.38 0.022 2.24
Skull 0.033 2.54 0.027 2.33 0.017 2.13 0.013 1.92
CSF 0.0053 0.38 0.0044 0.35 0.0029 0.32 0.003 0.29
Gray matter 0.058 277 0.048 2.69 0.039 2.57 0.036 2.46
White matter 0.030 10.95 0.024 10.49 0.018 10.03 0.014 9.78
Wavelength (nm) 750 780 830

Ha e Ka 1y Ka H Thickness (mm)
Scalp 0.022 2.11 0.020 2.00 0.019 1.84 3
Skull 0.016 1.79 0.016 1.66 0.017 1.47 4,7,12 (CSF:2)
CSF 0.0045 0.27 0.0044 0.25 0.0056 0.22 0.5,1,5 (skull:7)
Gray matter 0.038 2.39 0.036 2.31 0.041 2.10 4
White matter 0.016 9.62 0.016 9.25 0.018 8.82 20

3 Simulation Method where(Lgraymaref\)) s the partial optical path length in the

The adult head model for simulation to investigate the 9ray matter of the model. The concentration change of oxy-
crosstalk is a five-layered slab that consists of the scalp, skull, @1d deoxyhemoglobin in the gray matter is assumed to be 10
CSF layer, gray matter, and white matter. The propagation of ©M. The measured concentration change of oxyhemoglobin

light at seven wavelengths, 650, 670, 690, 720, 750, 780, and’ Coxy @nd deoxyhemoglobir cje,,, obtained by the NIRS
830 nm, was predicted to evaluate the crosstalk in dual- iNStruments was calculated from the detected intensity at two
wavelength measurement of oxy- and deoxyhemoglobin. The wavelength by the MLBL calculation. The Ionggr wavelength
wavelength-dependent optical properti@bsorption coeffi- \, of the dual-wavelength measurement was fixed at 830 nm
cientu, and transport scattering coefficient) and thickness ~ &nd the shorter wavelengihy was varied to be 650, 670, 690,
of each layer of the head model are shown in Table 1. They /20, 750, and 780 nm. Either wavelength-independent con-
were chosen from reported data for derthjsig skull’® and stant or the mean opt_lcal path Iength_was assigned to the
human braif* measured with an integrating sphere system. t€rms of the partial optical path length in Eq8a) and (3b)
The optical properties of the CSF layer were estimates basegP&cause the partial optical path length cannot be directly ob-
on the previous resulf. The thickness of the skull was al- téined by experiment. We used conex(M1))=(LeoelN2))
tered from 4 to 12 mm with the CSF thickness held constant =1 for wavelength-independent constant. This assignment is
at 2 mm. Similarly, the CSF layer thickness was altered from Often applied to near-IR topograpty.The crosstalk from
0.5 to 5 mm with the skull thickness held constant at 7 mm, ©0XY- t0 deoxyhemoglobifToyy... geoxyand from deoxy- to oxy-
The light propagation in the head model was predicted by N€moglobinCeoyy, .oy, for each wavelength pair was calcu-
Monte Carlo simulation to obtain the mean optical path length !ated from the measured concentration change of oxyhemo-
and the partial optical path length in the gray matter for the 9lobin and deoxyhemoglobin by Eqgla) and (4b).
source-detector spacing of 30 and 40 mm. The detail algo-
rithm of Monte Carlo simulation is described elsewh&r¥. 4 Results
The change in the intensity of the detected light at each wave-
length AOD()\) induced by either oxy- or deoxyhemoglobin
was calculated as follows:

4.1 Wavelength Dependence of Partial Optical Path
Length

Figures 1 and 2 show the wavelength dependence of the par-

_ tial optical path length in the gray matter predicted by Monte
A0Doxy(M) =[ACoxy€oxy(M) KL graymanetM)), (59 Carlo simulation. Two peaks at about 720 and 780 nm can be
observed in all the results. The two peaks are related to the

AODygeoxy(N) =[ ACgeoxyEdeoxy M) I{ L graymattef N ) ) absorption properties of tissue, especially to the absorption
(5 spectrum of oxyhemoglobin because the light that travels a
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Fig. 1 Effect of the skull thickness on the wavelength dependence of
the partial optical path length in the gray matter for source-detector
spacings of (a) 30 and (b) 40 mm. The partial optical path length at
seven wavelengths predicted by Monte Carlo simulation was interpo-
lated to obtain the curve.

cross talk Coyysdeasy
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Fig. 3 Effect of skull thickness on the crosstalk (a) from oxy- to deoxy-
hemoglobin  Coyy_.deoxy and (b) from deoxy- to oxyhemoglobin
Cdeoxy—oxy - The wavelength-independent constant is used for MLBL
calculation. The skull thickness is varied from 4 to 12 mm.

length to reach a deeper region, and hence the attenuation of

long path length is highly attenuated in tissues with a high jight traveling in deep gray matter is greater than that travel-
abSOI’ptlon coefficient. The effect of the skull thickness on the |ng in shallow gray matter. The two peaks are Signiﬁcanﬂy

partial optical path length for source-detector spacing of 30 ppserved when the skull thickness is thin and the source-

and 40 mm is shown in Figs(d) and 1b), respectively. The

detector spacing is large. In the case where the source-

Partial Optjcal path |ength in the gray matter decreases with an detector Spacing is 30 mm, the Wave|ength at which the par-
increase in skull thickness. The light takes a longer path tja| optical path length is the same as that at 830 nm for the
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E 30 thickness of CSF
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Fig. 2 Effect of the CSF thickness on the wavelength dependence of
the partial optical path length in the gray matter for source-detector
spacings of (a) 30 and (b) 40 mm. The partial optical path length at
seven wavelengths predicted by Monte Carlo simulation was interpo-
lated to obtain the curve.
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model with skull layer of 4-, 7-, and 12-mm thickness is about
670, 650, and 690 nm, respectively. The effect of the CSF
thickness on the partial optical path length for source-detector
spacings of 30 and 40 mm is shown in Fig$a)2and 2b),
respectively. The partial optical path length is not proportion-
ally increased with an increase in CSF thickness. The partial
optical path length for the model with a CSF layer of 1-mm
thickness is greater than that for the models with CSF layers
of 0.5- and 5.0-mm thicknesses. The wavelength dependence
of the partial optical path length is almost the same for all the
models with various thicknesses of the CSF. The effect of the
CSF thickness on the partial optical path length is less than
that of the skull thickness. The difference in the effect of
thickness between the skull and CSF layer is caused by the
difference in their optical properties. Both the scattering and
absorption coefficients of the CSF layer are much smaller
than those of the skull. The wavelength at which the partial
optical path length is the same as that at 830 nm is also varied
with the CSF thickness.

4.2 Crosstalk in MLBL Calculation with Wavelength-
Independent Path Length

The crosstalk from oxy- to deoxyhemoglol@,,_. qeoxy and
from deoxy- to oxyhemoglobirC ey .oy @s a function of
shorter wavelength is shown in FigsaBand 3b), respec-
tively. The crosstalk was calculated from the measured con-
centration change of oxyhemoglobin and deoxyhemoglobin

January/February 2005 « Vol. 10(1)
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Fig. 5 Effect of the skull thickness on the wavelength dependence of
the mean optical path length for source-detector spacings of (a) 30
and (b) 40 mm. The mean optical path length at seven wavelengths
predicted by Monte Carlo simulation was interpolated to obtain the
curve. The experimental data in (b) were calculated from differential
pathlength factor reported by Stangman et al.®

Fig. 4 Effect of CSF thickness on the crosstalk (a) from oxy- to deoxy-
hemoglobin Ciyy .qeoxy and (b) from deoxy- to oxyhemoglobin
Cdeoxy—oxy - The wavelength-independent constant is used for MLBL
calculation. The CSF thickness is varied from 0.5 to 5 mm.

. . 4.3 Crosstalk in MLBL Calculation with Mean Optical

calculated with the wavelength-independent constant path
: Path Length

length({Lcorte{N 1) Y = (L corte N 2) ) = 1). The thickness of the .
skull was varied from 4 to 12 mm. The crosstalk from oxy- to F19ures 5 and 6 show the wavelength dependence of the mean
deoxvhemoalobirC is verv small when the shorter optical path length predicted by Monte Carlo 5|mulqt|on. A
wave>llength ?s shor?gyﬁt%e;;y 690 n)r/n. The measured change inpeak at about 710 nm can be remarkably observed in all th_e
concentration of deoxyhemoglobin tends to be overestimated results. Another peak at about 770 nm can also be observed in
by the influence of the crosstalk in the case where the shorter
wavelength is longer than 690 nm. The crosstalk steeply in-

creases when the shorter wavelength is beyond 750 nm. The (a)’é 400 Triokeoss of CSF
wavelength dependence of the crosstalk from deoxy- to oxy- = Ca 0.5 mm
hemoglobin Ceoxy .oxy iS entirely different from that from ® L 1omm
oXy- to deoxyhemoglobitC .y . geoxy- The crosstalk is almost 20

constant and the measured change in concentration of oxyhe- g -
moglobin is underestimated by the influence of the crosstalk N U e
when the shorter wavelength is longer than 690 nm. The ézoo

crosstalk steeply varies with wavelength in the case where the § T L L 4
shorter wavelength is shorter than 690 nm. The measured g 60 700 720 800

. . . wavelength (nm)
change in concentration of oxyhemoglobin tends to be over- (b)

estimated when the shorter wavelength is shorter than 670
nm, barring few exceptions. The influence of the crosstalk
both from oxy- to deoxyhemoglobin and deoxy- to oxyhemo-

globin slightly increases with a increase in the skull thickness.

The effect of the CSF thickness on the wavelength depen-

dence of the crosstalk from oxy- to deoxyhemoglobin
Coxy—deoxy @nd from deoxy- to oxyhemoglobi@ yeoxy oxy IS
shown in Figs. &) and 4b), respectively. The wavelength
dependence of the crosstalk both from oxy- to deoxyhemoglo-

mean optical path length (mm)

bin Coyy-.deoxy@nd from deoxy- to oxyhemoglobi@geoyy: . oxy

is the same as those shown in Fig&)3and 3b). The effect
of the difference in the CSF thickness is significant only in
crosstalk from deoxy- to oxyhemoglob@yeoyy. . oxy When the

shorter wavelength is less than 690 nm.
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Fig. 6 Effect of the CSF thickness on the wavelength dependence of
the mean optical path length for source-detector spacings of (a) 30
and (b) 40 mm. The mean optical path length at seven wavelengths
predicted by Monte Carlo simulation was interpolated to obtain the
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Fig. 7 Effect of skull thickness on the crosstalk (a) from oxy- to deoxy-
hemoglobin  Cyy .deoxy and (b) from deoxy- to oxyhemoglobin
Cdeoxy—oxy - The wavelength-dependent mean optical path length is
used for MLBL calculation. The skull thickness is varied from 4 to 12
mm.

Fig. 8 Effect of CSF thickness on the crosstalk (a) from oxy- to deoxy-
hemoglobin  Coyy_.deoxy and (b) from deoxy- to oxyhemoglobin
Cdeoxy—oxy - The wavelength-dependent mean optical path length is
used for MLBL calculation. The CSF thickness is varied from 0.5 to 5
mm.

some results. The experimental results in Figh)5are ob- Cdeoxy--oxy IS Shown in Figs. ) and 8b), respectively. The

tained from the figures that have experimentally derived val- prosstalk frqm oxy- to deoxyhemoglobmoxy_,deoxy slightly
ues for differential pathlength factors of an adult head at 675-, Increases W_'th a increase in wavelength when the shorter
691-, 752-, 780-, 788-, and 830-nm wavelengths reported byvv_avelength is longer than 750.. The mgasured deoxyhemoglo-
Strangman et 4. They measured the differential pathlength bin tends to be barely overestimated in the other Wavelen_gth
factor by the frequency-domain multidistance method with range. The crossta_lk frpm deoxy- to_ oxyhemoglobin
two sources located at 36 and 48 mm from a detector. The Cdeoxy-oxy Steeply varies with wavelength in the case where
wavelength dependence of mean optical path length for thethe shorter quglength IS sh'orter than 690 nm. The measured
head model agrees well with the experimental results. The oxyhemoglobm is underestimated by the influence of the
tendency of the wavelength dependence of the mean O':)ti(:',jlcrosstalk in the other Wavele_ngth range. The crosstalk both
path length is similar to that of the partial optical path length from oxy- to depxyhemogloblrcquﬂdeoxy and from deoxy-
shown in Figs. 1 and 2. The effect of the skull thickness on tp oxyhemogloberdeoxyﬁc,Xy obtained by. the MLBL calcula-
the mean optical path length for source-detector spacings oftion with the mean optical path length is rema_lrkably_ smaller
30 and 40 mm is shown in Figs(® and 5b), respectively. than that qbtamed by the MLBL calculation with the
The mean optical path length increases with an increase in thewavelength-lndependent path length.
skull thickness, whereas the partial optical path length de- . .
creases with an increase in the skull thickness. The influenced Discussion
of the CSF thickness on the mean optical path length shown The crosstalk in dual-wavelength measurement is caused by
in Fig. 6 is different from that on the partial optical path the difference between the actual partial optical path length in
length shown in Fig. 2. the cortical tissue and the assumed path length in MLBL cal-
The mean optical path length depends on wavelength, culation. In the dual-wavelength measurement, sensitive mea-
thickness of the superficial tissues, and source-detector spacsurement of the concentration of oxy- and deoxyhemoglobin
ing. In the wavelength-dependent case, we assumed simulta-occurs when the changes in the detected intensity are mea-
neous measurement of the optical density and the mean opti-sured at wavelengths that straddle an isosbestic wavelength of
cal path length by time- or phase-resolved instrumentation. hemoglobin. The small difference between the dual wave-
The mean optical path length which is assigned to the term of lengths seems to minimize the influence of scattering because
the partial optical path length in Eq&a) and(3b) for calcu- scattering coefficient of the cortical tissue gradually decreases
lating the crosstalk is varied with the wavelength and thick- with increasing wavelength. These are the reason why the
ness of the superficial tissues. The influence of the skull and 780-/830-nm wavelength pair has been preferably used for the
CSF thickness on the crosstalk is shown in Figs. 7 and 8, NIRS measurements. Uludag et’akvealed that the crosstalk
respectively. The wavelength dependence of the crosstalkis proportional to the difference in the relative partial path
from oxy- to deoxyhemoglobilC,,. ,jeoxy IS Shown in Figs. length, which is the ratio of the actual partial path length to
7(@ and 8a) and that from deoxy- to oxyhemoglobin the path length in MLBL calculation at two wavelengths. The
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best way to minimize the crosstalk is to choose the wave- The wavelength dependence of the crosstalk was varied
length pair at which the relative partial optical path length in with the skull and CSF thickness. Although the best way to
the cortical tissue is the same. However, this minimization is minimize the crosstalk is to choose the wavelength pair at
not practical because the wavelength at which the partial op- which the partial optical path length in the cortical tissue is
tical path length is the same as that at 830 nm depends on thehe same, the optimal wavelength pair depends on the thick-
thickness of the skull and the CSF, as shown in Figs. 1 and 2.ness of the superficial tissues. It is difficult to give a general
With respect to minimizing the difference in the relative par- optimal wavelength pair to minimize the crosstalk. The
tial path length, the 780-/830-nm wavelength pair seems a crosstalk from oxy- to deoxyhemoglobin increases when the
good choice. However, the crosstalk depends not only on theshorter wavelength is longer than 750 nm, and that from
relative partial path length but also on the extinction coeffi- deoxy- to oxyhemoglobin increases when the shorter wave-
cients of oxy- and deoxyhemoglobin. Strangman étiales- length is less than 690 nm. The crosstalk from oxy- to deoxy-
tigated the contribution of the extinction coefficients of oxy- hemoglobin and that from deoxy- to oxyhemoglobin cannot
and deoxyhemoglobin to the wavelength dependence of thebe minimized for the same wavelengths. These results indi-
crosstalk. Although they did not consider the wavelength de- cate that the wavelength range from 690 to 750 nm is a good
pendence of the partial optical path length, they showed the trade-off for pairing with 830 nm for the dual-wavelength
crosstalk grew quickly with wavelengths greater than approxi- measurement of oxy- and deoxyhemoglobin to minimize
mately 770 nm when paired with 830 nm. As shown in Figs. crosstalk in both cases. The mean optical path length, which
3 to 8, the crosstalk from oxy- to deoxyhemoglobin can be obtained by time- and phase-resolved measurement, is
Coxy—deoxy iNCreases when the shorter wavelength is longer effective to reduce the crosstalk in the results of MLBL cal-
than 750 nm, and that from deoxy- to oxyhemoglobin culation. A theoretical prediction of partial optical path length
Ceoxy—oxy INCreases when the shorter wavelength is less thanin head model with adequate anatomical segmentation and
690 nm. Koizumi et at® evaluated the optimal wavelength optical properties will be effective for not only quantitative
pair from the point of view of the SNR of the detected signal. measurement but also to minimize the crosstalk.
They concluded that 692-/830-nm wavelength pair produced a
better SNR than the 782-/830-nm wavelength pair. These re-
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