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Introduction 
Auditory P50 event-related brain potentials (ERPs) have been 
recorded with subjects either seated (Boutros et al 1991; Fein et 
al 1996; Jerger et al 1992; Kathmann and Engel 1990; Schwarz- 
kopf et al 1993) or supine (Adler et al 1992, 1994; Freedman et 
al 1987; Nagamoto et al 1989, 1991; Waldo and Freedman 
1986). Recordings from supine subjects are based on the con- 
jecture that P50 cannot be reliably recorded from seated subjects 
due to possible neck muscle artifact (Bickford et al 1964; 
Robinson and Rudge 1982). Bickford (Bickford et a1 1964) 
elicited myogenic “microreflexes” using 120-dB clicks while 
loading the neck muscles with weights. These microreflexes 
were maximal at the inion and occurred as a positive-negative 
complex at 25-30 msec poststimulus. The myogenic origin was 
inferred from a reduction in amplitude following reduced loading 
of the neck muscles in correlation with electromyographic 
(EMG) recordings, although decreased stimulus intensity also 
resulted in decreased amplitude. These early studies provide the 
rationale for some researchers: 1) recording P50 potentials with 
their subjects supine so that the neck is not supporting the head; 
and 2) rejecting data that contain a vertex positivity at 30 msec 
(Adler et al 1990a, 1990b. 1992; Baker et al 1990). More 
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recently, a deflection at 30 msec of neural origin has been well 
documented (Harker et al 1977; Kraus et a1 1982; LiCgeois- 
Chauvel et a1 1994; Mendel and Hosick 1975). This P30 (or Pa) 
potential is evoked by clicks or tones, is positive at the vertex, 
approximately 0.5-1 p,V in amplitude (Buchwald et al 1992), has 
a frontocentral topography (Deiber et al 1988), and can be 
recorded at high stimulus rates (Erwin and Buchwald 1986). If 
the 30 msec vertex positivity in P50 paradigm recordings has a 
myogenic component in addition to the neural P30, this myo- 
genic component could compromise P50 measurement, contrib- 
uting to the urnliability of P50 amplitude and suppression 
measurements in seated subjects (Boutros et al 1991; Cardenas et 
al 1993; Kathmann and Engel 1990; Schwarzkopf et al 1993). In 
this brief report we compared P50 and P30 recordings in subjects 
seated versus supine. 

Methods 
Subjects 
Six male and 7 female normal subjects, with no history of drug 
or alcohol abuse or family history of neurologic or psychiatric 
disorder, were studied. Subjects were between 23 and 34 years of 
age, were medication free at the time of the study, gave informed 
consent, and were paid for their participation. 

Auditory Stimulation and P50 Recording Methods 
The auditory click paradigm and the P50 recording methods were 
as described previously (Fein et al 1996 Jerger et al 1992). 
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Subject's threshold for detecting stimuli was determined using a 
methods of limits procedure, and stimuli during the experiments 
were presented at 55 dB above threshold. 

A conditioning-testing click paradigm with a 500-msec inter- 
click interval was implemented with a 32-electrode montage. A 
10-sec interpair interval was employed to ensure full neuronal 
recovery between click pairs (Davis et al 1966; Fruhstorfer et a1 
1970; Zouridakis and Boutros 1992). Seated and supine mord- 
ings were obtained with the subjects relaxed and awake. Vertical 
and horizontal electro-oculographic (EOG) channels were used 
for eye movement detection, and single trials were rejected if 
EOG activity exceeded 260 FV on either channel. Trials were 
recorded until 100 eye-movement-free trials were achieved. The 
supine testing took place on a mattress with the subjects' head 
lying upon a pillow. The sitting and supine protocols were two of 
a battery of nine P50 protocols. with approximately a 1-hour 
interval between the sitting and supine recordings. Supine 
recordings were always run last, since it was necessary to 
rearrange the chamber to include a mattress. 

P50 Waveform Analysis 
Three approaches were taken to P50 waveform analysis: 1) 
peak-picking on the vertex-A1 recordings; 2) peak-picking on 
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the channel with the maximal P50 amplitude (identified using 
topographic maps) recorded to the average reference (Fein et a1 
1994); and 3) singular value decomposition (SVD) on the 
average referenced waveforms (Cardenas et al 1995). For the 
peak-picking approaches, P50 or P30 amplitude of the 100-trial 
average (bandpass filter: 10-50 Hz; see Jerger et al 1992) was 
chosen using a semiautomatic algorithm, which chose the most 
positive (or negative) voltage value within specific time inter- 
vals. The time windows were 0-40 and 20-40 msec for the 
negativities preceding the P30 and P50 peaks, and 20-50 and 
40-70 msec for the P30 and P50 peaks. P30 and P50 amplitudes 
were measured from the peak to the preceding trough. When P30 
overlap obscured P50, P50 amplitude was measured to baseline. 
Conditioning-testing (C-T) ratios were computed as the test 
amplitude divided by the conditioning amplitude. C-T ratios 
greater than 2 were truncated to 2 to minimize the effect of 
outliers on group means (Nagamoto et a1 1991). 

For the SVD method, topographic maps were examined (blind 
to subject position) by one of us (VAC) to determine whether 
P50 was more frontally or centrally distributed. then either a 
frontal (Fz. FCz. Cz, F3, F4, FC3. and FC4) or central (Fz, FCz. 
Cz, C1, C2, C3, and C4) montage of seven electrodes was used 
for analysis. The SVD method was applied to bandpass-filtered 
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Figure 1. Responses for an illustrative subject to the conditioning (left side of figure) and testing (right side of figure) clicks for the 
seated (top of figure) and supine (bottom of figurt) positions, These traces show electrode FCz versus the average reference. The click 
stimulus occurred at 0 msec. The closed circles mark P30 on the traces, and the open circles mark P50. 
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Table 1. Mean 2 SD for P50 C-T Ratios, P50 Conditioning and Testing Amplitudes, and P30’Amplitudes for the Seated and 
Supine Positions, and the Mean 2 SD for the Difference between the Seated and Supine Positions for All Components Measured 
(N = 13) 

Seated Supine Seated-supine 4 2 ,  P 
C-T ratio 

Vettex-A 1 0.64 d 0.46 0.72 f 0.80 -0.08 2 1.02 -0.29, .78 
Topographic. average referenced 0.61 2 0.36 0.59 2 0.41 0.03 2 0.34 0.3 1 ,  .76 
SVD 0.37 2 0.26 0.42 2 0.24 -0.05 2 0.24 -0.75. .47 

Vertex-A1 (pV) 1.62 t 0.90 1.29 rt 0.41 0.33 2 0.89 1.35. .20 
Topographic, average referenced (pV) 1.32 d 0.79 1.12 2 0.56 0.20 t 0.56 1.28. .22 
SVD 11.59 2 5.55 10.33 t 3.60 1.26 rt 4.56 1 .oo. .34 

VcrtexAl (pV) 1.14 2 1.00 0.81 2 0.83 0.33 rt 1.20 0.98. .34 
Topographic. average referenced (pV) 0.79 -C 0.22 0.59 f 0.41 0.20 d 0.58 1.25, .24 
SVD 3.73 2 3.01 4.30 rt 2.87 -0.57 rt 2.49 -0.82, .43 

Vertex-A 1 1.41 d 1.25 1.13 2 0.96 0.28 2 1.06 0.95. .36 
Topographic. average referenced 0.38 2 0.37 0.60 2 0.41 -0.22 2 0.48 -1.69. .I3 

Vertex-A1 1.09 2 1.19 0.71 rt 0.62 0.38 rt 1.33 1.03. .32 
Topographic, average referenced 0.41 2 0.38 0.57 2 0.43 -0.09 t 0.53 -0.63, .54 

P50 conditioning amplitude 

P50 testing amplitude 

P30 conditioning amplitude (pV) 

P30 testing amplitude (pV) 

1 values arc derived from a matched-pairs r test. and p values are IWO tailed and uncomcred for multiple comparisons. 

averages within a time window chosen by one of us (VAC) to 
contain ascending and descending aspects of the P50 peak. 

Results 
Out of the 78 C-T ratios that resulted (13 subjects X 2 
protocols X 3 measurement methods), only three C-T ratios were 
greater than two, all occumng in vertex-AI data. Conditioning 
P50s were present in all recordings, and P30 occurred in 85% of 
the conditioning responses and 87% of the testing responses. In 
five averages, P30 and P50 overlap required that P50 be 
measured to baseline. 

Figure 1 presents a nonoverlapping P30 and P50 response. The 
conditioning and testing P30 deflections are of comparable 
amplitudes. with classic P50 suppression evident in the testing 
response amplitude. The comparisons between seated and supine 
measurements are presented in Table 1. For the P50 measures, 
these data are presented for all three measurement methods, 
whereas for P30, only vertex-AI and topographic measurements 
are presented, as we found that SVD did not always work well 
for P30 estimation, since multiple sources may contribute to the 
measured wavefoxms (possibly myogenic and neural sources). 
There were no statistically significant differences between seated 
and supine recordings for any P50 or P30 amplitude measure or 
for the C-T ratio (for amplitude, all two-tailed ps > .13; for the 
C-T ratio, all ps > .47). 

After finding no significant differences in C-T ratios between 
seated and supine recordings, we computed the C-T ratio 
test-retest reliability across seated and supine recordings. The 
reliability of the C-T ratio, estimated using the vertex-AI 
recordings, was essentially zero ( r  = - .18), but was .55 for SVD 
and .63 for the topographic peak versus average reference 
recordings. The standard deviations (SD) for the SVD C-T 

measurements were smallest, followed by the topographic- 
averaged reference measurements, with the vertex-A1 C-T mea- 
surements having much larger SD than the other measurement 
approaches. 

For the C-T ratio measured by SVD, the SD of the difference 
score between seated and supine measurements is 0.24. With a 
sample of 13 subjects and two-tailed p = .05, we have power of 
.80 to detect a difference in the C-T ratios of 0.19 units using 
SVD. Thus, we can rule out differences of this magnitude with 
80% certainty. Moreover, for SVD, the mean C-T ratios were 
slightly larger for the supine recordings, so there is no indication 
in this study of even a trend for reduced suppression in seated 
recordings. Regarding the P30 recordings, we also have no 
indication of recording position effects on P30 incidence or 
amplitude; however, given the very low signal-to-noise ratio of 
the P30 measurements, we only have .80 power to d e  out a 
100% change in P30 amplitude as a function of recording 
position. 

Discussion 
We found no difference between the P50 conditioning or testing 
amplitudes or the P50 C-T ratios recorded in the sitting versus 
supine positions, regardless of the P50 measurement method 
used. We also did not find any difference between the seated 
versus supine recordings in either the incidence or amplitude of 
the P30 potential. This suggests that the 30-msec vertex positiv- 
ity present on P50 recordings is either largely neural in origin, or 
that neck muscle artifact is present at comparable levels in both 
sitting and supine recordings. In either case, the results indicate 
that subject position does not have a large effect on P50 
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amplitude or suppression measures. We note that these results do 
not necessarily generalize to all P50 recordings. It is possible that 
given other recording parameters (e.g., much louder stimuli) a 
difference in myogenic activity may exist, and it may affect P30 
and P50 measures; however, given the results reported here, the This was '"PPOmd by General funds the 
buden of evidence for requiring supine recordings or Department of Veterans Affairs, the DVA Research Carccr Scientist 

program (Dr. Fein). and NIDA grant ROIDA08365. of trials with 30-msec positivities to insure against myogenic 

contamination of P50 recordings lies with those who suggest 
these constitute a problem. 
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