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systems to develop may reflect a more
general disturban~e of CNS organiza
tion. The findings of this study suggest
that the persistence of REM storms at 6
months of age is an expression of inade
quacy in the developing CNS.

PATRICIA T. BECKER·

EVELYN B. THOMAN

Department ofBiobehavioral Sciences,
University of Connecticut, Storrs 06268

References and Notes

1. E. B. Thoman, P. T. Becker, M. P. Freese, in
Observing Behavior, vol. 1, Theory and Appli
cations in Mental Retardation, G. Sackett, Ed.
(University Park Press, Baltimore, 1978), p. 95;
E. B. Thoman, C. Acebo, C. A. Dreyer, P. T.
Becker, M. P. Freese, in Origins o/the In/ant'S
Social Responsiveness, E. B. Thoman, Ed. (Erl
baum, Hillsdale, N.J., 1979), p. 305.

2. M. M. Gross, J. Nerv. Ment. Dis. 142, 493
(1966).

3. E. B. Thoman, Merrill-Palmer Q. 21, 295 (1975).
4. A lo-second epoch in which eye movements

with moderate excursions occurred sporadically
or continuously for less than 5 seconds would be
judged as light REM. An epoch in which moder
ate eye excursions occurred for about 5 to 8
secoDds, or one in which wide excursions oc
curred but for less than 5 seconds, would be
judged as moderate REM. An epoch in which
moderate eye movements occurred continuous
ly throughout the epoch, or one in which there
was intensive eye movement, would be judged
as an REM storm. Interobserver reliability on
observation of REM storms, based on correla
tions over 32 observations, was .98.

5. E. B. Thoman, M. P. Freese, P. T. Becker, C.
Acebo, V. N. Morin, W. D. Tynan, Physiol.
Behav. 20, 699 (1978).

6. Although the subjects in this study were all
normal full-term infants, one infant subsequent
ly experienced serious developmental difficul
ties. The data for this infant highlight the poten
tial significance of REM storms. There were no
apparent problems until the infant was about 6
months of age, at which time an assessment
indicated some delay in his mental development.
Shortly thereafter he was diagnosed as suffering
from infantile seizures with electroencephalo
graphic hypsarrhythmia. The sleep observation
at 6 months showed that the distribution of sleep
states and total REM levels were within the
normal range. However, the rate ofREM storms
was 3 standard deviations above the mean for
the group. At 12 months the infant's develop
mental quotient was 50, and he has continued to
show severe developmental delay. The group
correlation remains significant when this subject
is excluded from the analysis.

7. For a glossary of terms used in the sleep disor
ders classification, see Sleep 2 (No. 1), 123
(1979).

8. V. Castaldo and V. Krynicki, Bioi. Psychiatry 9,
231 (1979); J. Clausen, E. A. Sersen, A. Lidsky,
Electroencephalogr. Clin. Neurophysiol. 43, 183
(1977); O. Petre-Quadens and C. DeLee, Dev.
Med. Child Neurol. 12, 730 (1970); J. Neurol.
Sci. 26,443 (1975); P. E. Tanguay, E. M. Ornitz,
A. B. Forsythe, E. R. Ritvo, J. Autism Child.
Schhophr.6,275 (1976).

9. O. Pompeiano and A. R. Morrison, Arch. Ital.
Bioi. 103, 569 (1965).

10. M. Jeannerod, J. Mouret, M. Jouvet, Electroen
cephalogr. Clin. Neurophysiol. 18, 554 (1965).

11. Supported by NIH grant HD-12948 and by
grants from the William T. Grant Foundation,
Inc., and the Spencer Foundation.

• Present address: School of Nursing, Center for
Health Sciences, UDiversity of Wisconsin, Mad
ison 53792.

5 November 1980; revised 3 February 1981

while the reverse relationship occurred
in non-right-handed individuals. We
have analyzed data obtained and classi-
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Fig. 1. Rate of REM storms during active
sleep in the- two groups of subjects.

Levy and Levy (1) found that right
handed males had longer right feet and
right-handed females had longer left feet,

investigated bQth the overall frequency
and the distribution or clustering of REM
during periods of active sleep. These
temporal characteristics have been
found to discriminate between normal
and abnormal children (8), but they have
not been reported to discriminate differ
ences among normal individuals. Simi
larly, in the present study temporal char
acteristics alone (REM frequency) did
not have predictive validity. Only the
REM storm measure, which takes into
account both frequency and amplitude,'
predicted developmental scores. This
finding indicates that REM amplitude, as
well as clustering and overall frequency,

. is an important expression of the phasic
eNS activity that occurs during the sleep
of infants.

As a sleep phenomenon in infancy,
REM storms may be viewed as resulting
from immature inhibitory feedback con
trols in the CNS pathways responsible
for sleep organization and sleep-related
eye movements. Eye movements are
triggered in the pontine vestibular nuclei,
and specific neural networks responsible
for burst patterns (as opposed to single
eye movements) have been described
(9). Bursting is facilitated by input from
the occipital cortex and is inhibited by
input from the frontal cortex-influences
that are further mediated in the midbrain
(10). Thus, control over burst patterning
should become more refined as encepha
lization progresses, leading to the ob
served decrease in the incidence of REM
storms with age. Failure of these control
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ment were administered to each infant at
12 months of age by a psychometrician
who knew nothing about the early obser
vations of the infants. In the group 1
infants, neither the amount of active or
quiet sleep nor the total REM at any age
was related to the Bayley scores. How
ever, there was a significant negative
correlation between REM storms at 6
months and Bayley scores at 1 year
(r = -.65, P < .01). The REM storm
rate was relatively low at this age, and in
fact ten of the subjects had scores of
zero. Therefore, the REM storm data
were also analyzed with a biserial r test,
yielding a value of - .59 (P < .05).

For group 2 infants the correlation
between REM storms at 6 months and
Bayley scores at 1 year was - .88
(P < .01). This finding replicated that
obtained for group 1 and was the only
significant finding consistent across the
two groups. Of the 14 subjects in group
2, five had scores of zero for REM
storms at 6 months. Therefore, the rela
tion was further examined by dividing
the ranked scores for the 14 subjects into
three groups based on the rate of REM
storms at 6 months: no REM storms
(N = 5), moderate rates (N = 5), and
high rates (N = 4). The mean Bayley
scores for these groups were 112.6,
104.8, and 88, respectively. An analysis
of variance revealed a significant lin
ear trend across means [F(I, 11) = 5.2,
P < .05]. Figure 1 presents the rate of
REM storms over the 12 months for the
two groups combined.

Several sources of potential bias in the
findings were explored. Although sex
differences have been found in some
sleep measures (5), no such differences
were found for either the 6-month REM
storm rates or the Bayley scores in either
group of infants. There were no differ
ences in group 2 between the first-and
second-born infants in either REM storm
rates at 6 months or Bayley scores. Six
of the infants in group 2 had siblings in
group 1 and one had a sibling in group 2;
there were no significant correlations in
REM or Bayley scores between these
first- and second-born sibling pairs.
Thus, there is no evidence that our re
sults were influenced by either of these
factors. The findings, from two indepen
dent samples, demonstrate that the rate
of REM storms at 6 months is predictive
of mental development at 1 year (6).

We could find no other report describ
ing a study in which the amplitude of
REM in infants or children was assessed.
In fact, REM intensity is generally de
fined strictly on the basis of frequency
(7); accordingly, previous studies have
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fied primarily for other purposes to see if
the data support Levy and Levy's con-
clusion.
Our sample consisted of 146 under-

graduates, 56 percent of whom were
mate. Handedness was categorized into
two classes, right and left, on the basis of
writing hand. The classification of hand-
edness is controversial, but McManus
(2) has shown that a person's handed-
ness is best assessed by means of the
hand used for writing, provided that no
forced change of writing hand had oc-
curred. We therefore excluded five per-
sons who experienced such a history
from the analysis. The distribution of
handedness by sex did not differ between
our study and that of Levy and Levy.
Foot length was measured by standard

anthropometric technique (3). All mea-
surements were taken by one of us
(A.M.M.) without prior knowledge of
the subjects' handedness.
For the total sample, length of the left

foot (L) exceeded that of the right foot
(R) measured by both absolute length
[L = 257.76 mm ± 1.48, R = 256.99
mm ± 1.42; paired t (280) = 2.62, P <
.01] and standardized length of
100(L - R)/(L + R) (4) (mean, 0.140 +
0.057; t = 2.46, P < .02). This finding
that L > R is in agreement with previ-
ously published results of either paired
comparisons of foot length of adults and
fetuses (5-8) or measures of osteological
asymmetrics (9-11), but is in the oppo-
site direction to Levy and Levy's find-
ings for males (12).

Analysis of variance of 100(L - R)/
(L + R) by handedness and sex showed
no evidence of a main effect due to
handedness [F(1, 137) = 0.112, P =
.738]. In agreement with the work of
Garn et al. (13), there was no sex-hand-
edness interaction [F(1, 137) = 1.174,
P = .280]. The main effect of sex was
significant [F(1, 137) = 3.934, P =
.049]; previous studies have found a sim-
ilar trend (6, 7).
The mean foot-length differences for

each study by sex and handedness are
shown in Table 1. Because of measure-
ment differences between studies, it is
difficult to compare our results with
Levy and Levy's directly. However,
sign differences indicate that our results
are in the opposite direction.
Our failure to replicate Levy and

Levy's findings of a sex-handedness in-
teraction could be due to many factors,
but at least sample sizes and distribu-
tions of right- and non-right-handers
were similar in the two studies. The
major difference was one of methodolo-
gy. Our results were obtained from a
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Table 1. Mean foot-length asymmetry (L - R)
by sex and handedness. The number of sub-
jects in each cell is shown in parentheses.

Right-handed Non-right-handed

Sex Cam- Levy Cam- Levy
bridge and brid and

Levy ge Levy

Male +0.26 -1.2 +0.20 +1.1
(62) (40) (17) (12)

Female -0.02 +0.9 +0.29 -1.4
(56) (87) ( 6) (11)

recognized anthropometric and quantita-
tive approach, whereas Levy and Levy
used a rating method and a less quantita-
tive analysis.
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Levy and Levy (1) reported foot-
length asymmetries that related signifi-

cantly to sex and handedness. We have
collected contradictory data.
We measured the lengths of the right

and left feet of 365 undergraduate univer-
sity students; all were volunteers. Hand-
edness was assessed by recording which
hand was preferred for writing, throw-
ing, hammering a nail, drawing, and
brushing the teeth. [These are items cat-
egorized by Bryden (2) under factor 1,
common activities.] Subjects who per-
formed all these activities with the right
hand were classified as right-handers,
while subjects who did not were classi-
fied as non-right-handers. Foot prefer-
ences were assessed by recording which
foot was preferred for kicking a ball.
Levy and Levy used foot sizes to mea-

sure foot length; we recorded the exact
length. For measurement, each subject
was required to sit and plant each foot
firmly on a sheet of paper. A mark was
made where a vertical stop, against
which the heel rested slightly, touched
the paper. Another mark was made
where a vertical stop, against which the
most protruding part of the anterior end
of the foot rested, touched the paper.
Lines were drawn through these marks
at right angles to the length of the foot,
and the distance between these lines was
measured to the nearest millimeter
(Table 1). The differences between the
feet were often close to or within the er-
ror of measurement (+ 1.5 mm). There
were no significant differenices between
the left and the right foot for any sex or
handedness group.

There remains the possibility that
the measure used in this study was
inadequate. However, anthroprometric
data support our results (compare values
with those in Table 1). A study of right-
foot length of 565 adult Canadian males
(3) gives an average length of 26.46 cm.
Another study of the left-foot length of
2000 English adult males (4) gives an av-
erage of 26.49 cm. Finally, a study of
right-foot length in 137 adult Canadian
females (5) gives an average of 23.77 cm.

Unfortunately, none of these studies
provide values for both the right and left

Table 1. Average length of left (L) and right (R) feet and direction of asymmetry.

Foot length (cm) Direction of asymmetry
Handedness N

L R L>R L=R R>L

Females
Right-handed 208 24.08 24.06 96 18 94
Non-right-handed 27 23.82 23.89 11 3 13

Males
Right-handed 114 26.47 26.51 44 15 55
Non-right-handed 16 26.39 26.36 9 1 6
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