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Fig. 2. Average coherence for 4 different inter-electrode distances 
(expressed as a percentage of the nasion to inion distance) and for 
two spherical splines of different degree of smoothness (m equals 4 

and 3). 

represent random data, as was the case with the simu- 
lated E E G  data which were constructed by the authors 
to have, ideally, a spatial coherence of zero. In fact, at 
the limit, when the number of electrodes becomes 
large, such spatial distributions are discontinuous in 
space, have meaningless spatial derivatives and there- 
fore meaningless Laplacians. This suggests that it would 
perhaps have been more appropriate to have done 
these tests of coherence on more realistic simulations 
of E E G  which do not have completely random spatial 
distributions, i.e., whose spatial coherence is non-zero. 

All this leads to the following open question: given a 
scalp point at which one wants to estimate a quantity 
(potential, SCD . . . .  ), what is the scalp spatial extent 
around that point on which data should be collected, 
and which spatial sampling should be used? The an- 
swer may depend on the quantity which is estimated 
and may differ for EEG,  for evoked potentials and 
even among different types of evoked potentials. In 
other words, to what extent and under what conditions, 
local interpolation methods may present some valfle in 
either the evoked potential or the EEG situation? 
Objective studies could be done, for example, with 
simulated E E G  data obtained from electrical models 
containing random dipoles (DeMunck 1989). Local in- 
terpolation methods may be devised through the use of 
a moving spatial window or more economically by a 
partition of the space domain. 
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Spline computation of scalp current 
density and coherence: a reply to 

Perrin 

Dr. F. Perrin has noted that the computation of the 
spherical spline scalp current density (SCD) in our 
paper, "Artifactually high coherences result from using 
spherical spline computation of scalp current density" 
(Biggins et al. 1991), was based on the incorrect for- 
mula which was published in their original manuscript 
(Perrin et al. 1989). Using the correct formula (which 
had been published as a corrigendum after our 
manuscript was in press), he recomputed the coeffi- 
cients of the spline linear weighting matrix (the matrix 
S in our paper) and commented that with the new 
weights, interelectrode coherence did in fact go down 
as interelectrode distance increased. 

While the use of the corrected equation does im- 
prove the picture, we believe caution in using splines to 
estimate the SCD is still strongly warranted. Although 
SCD coherences decrease with increasing interelec- 
trode distance, especially if the value of m is set to 3, 
the spline method of estimating the SCD still artifi- 
cially inflates coherence compared to the Hjorth 
method. This can be seen in the following Table I, 
which reproduces Table I from our earlier paper, now 
using the correct formula for calculating the spline 
SCD. For the spline SCD, average coherences ranged 
from 0.05 to 0.82, with a mean of 0.29, and with over 
26% of the coherences exceeding 0.4. This is much 
higher than the average coherence with the Hjorth 
method. 

These coherences were produced with m = 4, but 
the spline function still inflates coherence with m -- 3. 
At this value, average coherences ranged from 0.05 to 
0.78, with a mean of 0.21. We note, however, that 
compared to m = 3, Perrin et al. (1989) found that 
setting m equal to 4 produced a lower root mean 
square error between ' t rue '  potential values obtained 
from a 3-concentric shell model and interpolated val- 
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TABLE I 

Coherences for each EEG band for the simulations with non-white power spectra. 

173 

Delta Theta Alpha Low beta High beta 

Untransformed data Mean 0.0671 0.0679 0.0681 0.0696 0.0694 
S.D. (0.0143) (0.0117) (0.0106) (0.0099) (0.0082) 
Range (0.0312-0.1243) (0.0445-0.1043) (0.0409-0.0971) (0.0442-0.0985) (0.0402-0.0973) 

Spherical spline SCD Mean 0.2956 0.2961 0.2889 0.2963 0.2891 
S.D. (0.1866) (0.1822) (0.1815) (0.1801) (0.1823) 
Range (0.0549-0.7899) (0.0547-0.7771) (0.0606-0.7641) (0.0623-0.7724) (0.0592-0.8219) 

Hjorth SCD Mean 0.1056 0.1050 0.1035 0.1067 0.1032 
S.D. (0.0694) (0.0672) (0.0653) (0.0670) (0.0621) 
Range (0.0399-0.5142) (0.0324-0.4782) (0.0436-0.4894) (0.0458-0.5011) (0.0552-0.4413) 

ues  obtained by the spline function from the 'true' 
values at 19 e lec trode  locations.  

With the corrected equation,  increasing the number  
of  e l ec trodes  cont inues  to increase  the artifactual el-  

fect of  the spline m e t h o d  on coherence .  As  in our 
earlier paper,  w e  pre- and post -mult ip l ied  the identity 
matrix by the spline weight ing  matrix for 16, 32, and 61 
e lec trode  posit ions,  and c o m p u t e d  inter-e lectrode  co- 

~!i!i!~: 0 !i!i!~ 

• cz • 

16 C H A N N E L S  

Spline Derivation Coherences 

) 
32 C H A N N E L S  61 C H A N N E L S  

Hjorth Derivation Coherences 

iii: :i::!: 

16 C H A N N  ELS 

4. 4. ~ 

4- 4. 4, 

4- 4. 4- 

Cz 

4. 4- 

-I- + 

32 C H A N N E L S  

f : ÷  ÷ 4- \ 
+ 4- 4- 4- 

4 -  4- 4-+ 
4- 4, 4- 4- 4- + 4. 4, 4- 

4" 4" CZ 4- 4" 

4- 4" 4" 4" 4" 4- 4" 4" 4- 

4- 4, + 4- \4-4-4-4-4-/ 

61 C H A N N E L S  

iiiiiii:ili~iiii!ii!ii!!j~ 
.00 .50 1,00 

Fig. 1. The effect of increasing the number of electrodes on the interelectrode coherences derived from the spline and Hjorth weighting matrices, 
with Cz as the target electrode. 
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TABLE II 

Average coherences produced by pre- and post-multiplying the iden- 
tity matrix by the spline and Hjorth weighting matrices for different 
numbers of electrodes evenly spaced over the scalp. 

Weighting Number of Mean S.D. Range 
matrix electrodes 

Spline 16 0.2613 0.1966 0.0017-0.7483 
32 0.2754 0.2196 0.0010-0.9049 
61 0.5370 0.2937 0.0000-0.9951 

Hjorth 16 0.0952 0.0955 0.0000-0.3876 
32 0.0440 0.0528 0.0000-0.3334 
61 0.0240 0.0337 0.0000-0.1891 

herences on the resulting matrices. These coherences 
were compared to the coherences derived from pre- 
and post-multiplying the identity matrix by the Hjorth 
weighting matrix. Table II presents the results, and Fig. 
1 compares the effect of increasing the number of 
electrodes on interelectrode coherences derived from 
the spline and Hjorth weighting matrices with Cz as 
the target electrode. Coherences computed from the 
the target electrode. Coherences computed from the 
spline weighting matrix increase as the number of 
electrodes increase. Moreover, as can be seen in Fig. 1, 
the pattern of increase is unpredictable. For Cz, with 
16 electrodes, coherence tends to be highest for elec- 
trode positions surrounding Cz. With 32 electrodes, 
coherences for the same electrode positions near Cz 
are decreased, while those for electrode positions fur- 
ther away are increased. With 61 electrodes, interelec- 
trode coherences for the original 16 electrode positions 

are nearly all increased, with the highest coherence at 
O1, a position far from Cz. In contrast, coherences 
computed from the Hjorth weighting matrix do not 
increase when the number of electrodes is increased. 
In fact, they tend to decrease. 

Given these results, we still believe that the spheri- 
cal spline method of estimating SCDs artificially in- 
flates coherence over the scalp, although not as much 
as we had reported in our manuscript. Moreover, as 
displayed in Fig. 1, this artifact does not follow a 
simple pattern and is highly sensitive to the number 
and placement of all recording electrodes. A significant 
problem remains in interpreting topographic relation- 
ships between the activity at different electrode sites 
with coherences produced from the resulting SCDs. 

References 

Biggins, C.A., Fein, G., Raz, J. and Amir, A. Artifactually high 
coherences result from using spherical spline computation of 
scalp current density. Electroenceph. clin. Neurophysiol., 1991, 
79: 413-419. 

Perrin, F., Pernier, J., Bertrand, O. and Echallier, J.F. Spherical 
splines for scalp potential and current density mapping. Elec- 
troenceph, clin. Neurophysiol., 1989, 72: 184-187. 

Christie A. Biggins 
Frank Ezekiel 

George Fein 
University of California, San Francisco, and 

San Francisco Veterans Administration Medical Center, 
l16R, 4150 Clement St., 

San Francisco, CA 94121 (U.S.A.) 


