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Summary: In neonates and infants, sleep-wake parameters indicate charac-
teristic ontogenetic features. Sleep spindle activity also changes with matura-
tion in terms of frequency, amplitude, and amount. For this reason, spindles
are one of the useful indices of cerebral function in infants. The literature on
the development of spindles in normal and mentally retarded children is re-
viewed. Key Words: Spindle evolution—Normal children—Mentally retarded
children—Spindle disorders.

A characteristic electroencephalogram (EEG) feature of light sleep in infants is
the presence of sleep spindles. Spindles are best seen in the parietal and frontal
cortices; the duration of each spindle burst varies from 1 to 3 sec; the frequency
varies between 14 and 10 Hz and tends to be lower in older children; the voltage
varies from 30 to 50 uV and tends to be higher in older children. As for the
ontogenesis of spindles, they are already seen in neonates (Petre-Quadens, 1966;
Roffwarg et al., 1966; Hagne, 1972; Metcalf and Jordan, 1972). This spindle activ-
ity, however, disappears with increasing age and reappears during non-rapid eye
movement (NREM) sleep by 3 months of age, when it shows features similar to
those encountered in adults (Schultz et al., 1968; Lenard, 1970; Metcalf and Jor-
dan, 1972; Schulte and Bell, 1973; Tanguay et al., 1975; Gibbs and Gibbs, 1978).
Spindle activity also varies with maturation in terms of frequency, amplitude,
amount, and location.

Ontogenesis of Sleep Spindles in Normal Children
From Birth to 3 Months

In normal full-term newborns, low-voltage (Petre-Quadens, 1974) and poorly
defined (Hagne, 1972; Metcalf and Jordan, 1972) vertex sleep spindles lacking the
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typical spindle form and duration (Roffwarg et al., 1966) are observed. As for the
the “‘rudimentary’” prespindle lasts a few days, followed by poorly developed
Grade I spindles persisting for approximately 7—10 days after birth; these give
way to well-developed Grade II spindles. Grades I and II spindles were defined by
Metcalf (1970) as follows: Grade 1 spindles are localized in the vertex, are not
fusiform in modulation, and are 0.4—1.0 sec in duration with an amplitude of 7—10
wV; Grade II spindles are vertex-dominant but may occur simultaneously in
anterior regions, are fusiform, and are 1—3 sec in duration with an amplitude of
25-30 wV. Well-defined spindles begin to make their appearance between 4 and 9
weeks (Samson-Dollfus et al., 1964; Paul et al., 1973; Dreyfus-Brisac, 1979; El-
lingson and Peters, 1980a) and emerge only during high-voltage slow wave sleep.
Spindle bursts seldom are seen before 4 weeks of age and may not develop before
7 or 8 weeks on rare occasions. When premature infants are compared to full-term
infants (conceptional age), the earlier onset of spindles in the former (Ellingson
and Peters, 1980b) suggests that the relevant central nervous system is particularly
susceptible to the influence of environmental factors. If the curve for the inci-
dence of spindles among premature infants of different ages from birth to 11
months is compared with a similar curve for normal control subjects, the two
groups are seen to differ not only in the age at which spindles appear (as might be
expected, spindles appear later in premature than in full-term infants), but also in
the incidence of spindles, which remains lower at all ages among premature than
among full-term infants (Gibbs and Gibbs, 1978).

Preterm infants show somewhat different types of spindle-like activity in both
REM and NREM sleep (Parmelee et al., 19685, Watanabe and Iwase, 1972; Lom-
broso, 1979). According to Parmelee et al. (19685), this EEG activity in the fre-
quency range of sieep spindles occurs during REM sleep in both pre- and full-term
neonates but disappears in the 3-month-old baby. Watanabe and Iwase (1972) re-
port that spindle-like fast rhythms occur in the central and occipital areas during
all behavioral states in low-birthweight infants (preterm and small-for-dates) but
disappear completely around term.

From 3 Months to 5 Years

By 3 months of age, mature sleep spindle bursts are present almost invariably
during NREM sleep and are similar to those seen in adults. Figure 1 shows
spindles recorded from Fpl-T3, Fp2-T4 leads during stage 2 sleep at 4, 7, 61, and
68 months in normal children. Spindle activity increases, reaching a peak between
3 and 9 months (Fois, 1961; Schultz et al., 1968; Lenard, 1970; Metcalf and
Jordan, 1972; Schulte and Bell, 1973; Tanguay et al., 1975; Gibbs and Gibbs, 1978;
Sterman, 1979). During the second year of life, spindle activity decreases, reaching
a minimal level at 27 months (Gross and Schulte, 1969; Lenard, 1970; Tanguay et
al., 1975), remains fairly constant to 54 months, then rises to the level of older
children (Tanguay et al., 1975) (Table 1). Metcalf and Jordan (1972), on the other
hand, have argued that there is in fact an increase in short spindles (about 1 sec in
duration) during the second year of life and that by 18 months of age there may be
as many as 4-5 spindles/10 sec of EEG.

Between right and left hemispheres, sleep spindles have been shown to be
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FIG. 1. Sleep spindles recorded from Fp1-T3 and Fp2-T4 leads during stage 2 sleep at 4, 7, 61, and 68
months of age in normal children. Figure 1 is reproduced, with permission of the publisher, from
Tanguay et al., 1975.

TABLE 1. Sleep spindle activity during stage 2 sleep measured from
Fpl-T3 leads in normal children

Age group (months)

Mean values 4-7(3) 8—18 (3) 19—-40 (6) 41-54 (8) 55—68 (6)
Spindle time during
stage 2 sleep (%) 14.0 —— 5.6 — 0.5 0.7 —_ 4.0
Number of spindles/10 )
sec stage 2 sleep 0.993 0.662 —— 0.078 0.086 —0— 0.507
Spindle-burst
length (sec) 1.64 —¢— 0.95 B 0.61 0.60 —— 0.78

Numbers of subjects are given in parentheses. Tables 1—-5 are adapted, with permission of the publisher, from
Tanguay et al., 1975.
ap <0.01;"p < 0.05,¢p < 0.10.
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asynchronous in the first 3 months (Gibbs and Gibbs, 1978; Ellingson and Peters,
1980a), at months 6—8 (Lairy, 1975), and during the first year of life (Fois, 1961;
Hagne, 1972); they also have been shown to be synchronous at months 10—12
(Gibbs and Gibbs, 1978; Ellingson and Peters, 1980c) and at 2 years of age
(Dreyfus-Brisac, 1979). Spindle onsets in the right and left sides of the head are
more often concurrent in older (> 54 months) as compared to younger (< 22
months) children (Tanguay et al., 1975).

The spindle-wave frequency is 13—14 Hz in children younger than 40 months
but 1s 12—13 Hz in older children (Tanguay et al., 1975) (Fig. 2). The 14-Hz
vertex-dominant spindle is commonly observed in children younger than 4 years,
while the 12-Hz frontal-dominant spindle is seen in children 4 years or older (Nieder-
meyer and Capute, 1967).

The voltage of sleep spindles tends to vary with age, being higher in relatively
older children (Fois, 1961; Petre-Quadens, 1974). Spindle bursts may reach very
high voltage during the second 6 months postterm (Ellingson, 1967).

At 6 Years or Older

As for sleep spindle activity in children of 6 years or older, Fois (1961) reported
that the spindles vary somewhat with the depth of sleep, being slower as sleep
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F!G. 2. Mean spindle-wave frequency as a function of age in normal children. Figure 2 is reproduced,
with permission of the publisher, from Tanguay et al., 1975.
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SPINDLE EVOLUTION IN CHILDREN 51

deepens. In 6- to 7-year-olds, spindles are of higher voltage, occur early in the
night, and have a frequency of 13—15 Hz with parietal-occipital predominance.
Later in the night, spindles may slow to 9—10 Hz, mainly in the frontal area. In 8-
to 14-year-olds, spindles are of lower voltage; 12-Hz spindles occur in somewhat
deeper sleep and are more pronounced in the frontal leads.

Development and Disorders of Sleep Spindles
in Mentally Retarded Children

Absence of sleep spindles is more commonly observed in mentally retarded
than in normal children (Fois, 1963; Gibbs and Gibbs, 1964; Monod and Ducas,
1968; Rhode et al., 1969; Petre-Quadens, 1972; Shibagaki et al., 1980). In particular,
the absence of spindles during sleep seen in infants between 3 and 8 months of age
is a severe anomaly never seen in normals (Monod and Ducas, 1968; Lairy, 1975).

Extreme spindles are reportedly common in mentally retarded children (Gibbs
and Gibbs, 1973) but rare in adult mental retardates (Gibbs and Gibbs, 1964).
Extreme spindles are rather similar to normal sleep spindles except for their
diffuseness, much higher voltage (200—400 nV), and more or less continuous
nature; they do not correlate with epilepsy but with mental retardation. Cerebral
palsy is common (26%) among children with extreme spindles, and the extrapyra-
midal forms of cerebral palsy are more commonly associated with extreme spin-
dles than are the spastic types (Gibbs and Gibbs, 1964). Moreover, spindle activity
increases in children with phenylketonuria (PKU) (Schulte et al., 1973). As there
is a report suggesting that mental retardates can have either large amounts of
spindle activity or virtually none (Bixler and Rhodes, 1968), no final conclusions
about the spindle activity of mentally retarded children can yet be made.

Parmelee et al. (19684) carried out a longitudinal study of the EEG in abnormal
infants. Two mongoloid infants showed normal sleep spindles during quiet sleep at
the age of 3 months. However, in two infants with prenatal or perinatal anoxia,
spindles during quiet sleep had not developed by 3 or 8 months of age, and these
infants later were found to have spastic quadriplegia and mental retardation.
Moreover, four hypothyroid infants did not have spindles during quiet sleep until
they received thyroid hormone therapy. Schultz et al. (1968), and Lenard and
Schulte (1974) also reported that hypothyroid infants showed a diminished
number, or total absence, of spindles. After thyroid therapy, some infants devel-
oped normal amounts of spindles, but others continued to show deficits. Those
infants who developed normal spindle activity tended to demonstrate normal de-
velopmental quotients (DQ) on follow-up evaluation, whereas those who did not
showed low DQs. In contrast, the number of spindles increased in infants and
children with PKU compared to age-matched normal controls (Lenard and
Schulte, 1974). Treatment with a low phenylalanine diet did not normalize the
number of spindles.

A more recent study by Ellingson and Peters (1980c) has indicated that sleep
spindle bursts during slow wave sleep appeared later and were less abundant in a
trisomy-21 group than in a control group throughout the first year, and in-
terhemispheric synchrony in the former did not improve significantly by 12
months of age.
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TABLE 2. Comparison of developmental quotient in mentally retarded children with

el vosrth it cmipm Al masiiles
and without spindle activity

Developmental quotient

Spindles Neonate 1 year 2 years 3-8 years Total

Absent 262 = 10.4 (5) 378 £ 12.2(4) 353 +21.7(4) 124 56(5) 26.8 = 16.2 (18)¢
Present 372+ 17.7(9) 45.1 = 13.2(8) 41.0 = 8.4 (5) 293 +247(03) 39.6 = 16.7 (25)

Means = SD are shown for the numbers of subjects given in parentheses.
“p < 0.05.

We (Shibagaki et al., 1979, 1980) investigated, according to the criteria of Tan-
guay et al. (1975), the evolution of sleep spindle activity during stage 2 of noctur-
nal sleep in 43 mentally retarded children aged 4 months to 8 years. The mean =
SD of DQs was 34.3 = 17.8. All subjects were inpatients classified into four age
groups: 4—11 months (n = 14), 1-2 years (# = 12), 2—-3 years (# = 9), and 3-8
years (n = 8). Only one infant had extreme spindles. A low DQ tendency was
observed in infants without spindles as compared to those with spindles in all age
groups (Table 2). Figure 3 shows spindles recorded from F3-C3 and F4-C4 leads
during stage 2 sleep, with examples from each of the four age groups. No signifi-
cant differences were found among the age groups in mean percent spindle time
during stage 2 sleep, mean number of spindles per 10-sec stage 2 sleep, mean
spindle-burst length, and mean spindle-wave amplitude (Tables 3 and 4). A signifi-
cant decrease in mean spindle-wave frequency was found in 4- to 6-year-olds as
compared with the 4—11 month-, 1-year-, and 2-year-old groups (Table 4, Fig. 4).
This tendency is similar to that found in normal children (Fig. 2). When our cases
were rearranged into the four age groups used by Tanguay et al. (1975), i.e., 4—7,
8—18, 19-40, and 55—68 months, no differences in spindle activity were found
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TABLE 3. Comparison of mean spindle time during stage 2 sleep and mean number of spindles/10 sec stage 2 sleep in
Sour different age groups of mentally retarded children

Age group Analysis
of
Parameter ) Neonate 1 year 2 years 3-8 years variance
Spindle time in stage 2 (%)
A 1.4 =12 (13) 20 *®25 (9 09 =13 (8 1.1 =16 (8 ns
B 22 £0.6 (8) 36 =23 (5 1.8 12 @ 31 x£09 (3 ns
Number of spindles/10
sec stage 2
A 0.144 = 0.131 (13) 0.218 = 0.225 (9) 0.103 = 0.138 (8) 0.130 = 0.178 (8) ns
B 0.235 + 0.082 (8) 0.393 = 0.152 (5) 0.206 + 0.130 (4) 0.346 =+ 0.098 (3) ns

Means = SD are shown for the numbers of subjects given in parentheses. Sampling was done from the F3-C3 leads. A, subjects with and without
spindle activity; B, subjects with spindle activity.
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TABLE 4. Comparison of mean spindle parameters in four different
s od '

age groups of mentally retarded children
Age group . Analysis
of
Parameter Neonate (8) 1 vear (5) 2 years (4) 4-6 years (3) variance
Spindle-burst
length (sec) 1.02 + 0.19 0.93 + 0.20 0.76 = 0.09 1.00 = 0.07 ns
Spindle-wave
frequency (Hz) 139 = 1.5 142 = 0.7 13.5 = 1.1 112 x 0.5 p < 0.05
Spindle amplitude
(nV) 479 + 185 443 7.0 37.6 + 10.1 63.5 =+ 29.1 ns

Means + SD are shown for the number of subjects given in parentheses. Sampling was done from F3-C3 leads.

(Table 5). The mentally retarded children under 18 months had definitely de-
creased spindle activity, and those who were 19—40 months old had increased
spindle activity in comparison to normal children (Table 1). With the exception of
a decrease in spindle-wave frequency, they did not show a developmental change
of spindle activity.

Theoretical Considerations

Sleep spindle activity is postulated to be dependent on the intralaminar thalamic
nuclei (Ralston and Ajmone-Marsan, 1956), frontal cortex (Velasco and Lindsley,

Hz °

17¢

16 t+
> o
(%) 0o °
c
o 15¢ o
3 °
8. - FIG. 4. Mean spindle-wave frequency as a
>= ° function of age in mentally retarded children.

14 } ° A clear difference in mean spindle-wave
g o frequency (Hz) can be seen when children
) 3 °8 ° 4—6 years of age are compared to children
|; ° between birth and 2 years.
w 13 o °
he s
£ °
212}
c | °
S 0
=1t

L o
10 T N I [ U S |

0123456 7yea

Sleep, Vol. 5, No. 1, 1982

Zz0z 1snbny oz uo 1senb Aq 21205.2/.¥/1/G/2101e/des|s/woo dno olwepeoe//:sdiy woij papeojumoq



SPINDLE EVOLUTION IN CHILDREN 55

TABLE 5. Sleep spindle activity during stage 2 sleep measured from F3-C3 leads in
mentally retarded children, classified into four age groups according
to Tanguay et al. (1975)

Age group (months)

Mean values 4-7 8-18 19-40 55-68

Spindle time during
stage 2 sleep
A

09 ) 24 (10) 0.8 (15) 3.7 (2
B 22 (3 3.0 ®) 2.0 ©) 3.7
Number of spindles/10
sec stage 2 sleep
0.098 (7) 0.251 (10) 0.098 (15) 0.415 (2)
B 0.230 (3) 0.314 (8) 0.244 (6) 0.415(2)
Spindle-burst
length (sec)
B 1.05 (3) 099 (8) 0.79 (6) 1.04 (2)

A, subjects with and without spindle activity; B, subjects with spindle activity.
Numbers of subjects are given in parentheses.

1965), and a complex interaction of many cortical and subcortical mechanisms
(Andersson et al., 1971). If it is reasonably assumed that thalamic structures
mature very early (Petre-Quadens, 1972), the increase of spindles with maturation
might be attributed to the development of cortical function during the first year of
life (Metcalf and Jordan, 1972). Moreover, spindles in early ontogenetic stages are
produced in the cortex itself and are not dependent on thalamocortical pathways
(Lenard and Ohlsen, 1972). Many studies have reported absent or decreased
spindle activity under various pathological conditions (Lennox and Coolidge,
1949; Jurko and Andy, 1965; Greenberg, 1966). The presence of extreme spindles
and the absence of sleep spindles therefore may be attributed to a certain lesion of
the structures in cerebral cortex or thalamus. It is suggested that the findings of
definitely decreased or no spindle activity and disturbed development of spindles
are due to these pathological changes, since it is highly probable that these lesions
may be present in mentally retarded children with various etiologies.

Conclusions

In the ontogenesis of sleep spindle activity in normal children, prespindles are
already seen in neonates, but these patterns disappear with increasing age. By 3
months of age, mature spindle bursts are present in the EEG during NREM sleep.
The spindle activity increases and peaks between 3 and 9 months after birth. It
decreases to reach minimal activity by 27 months, remains fairly constant to 54
months, then rises again to the level seen in older children. The frequency of
spindles also tends to vary with age, being lower in older children.

In the development and the disorder of sleep spindle activity in mentally re-
tarded children, those under 18 months of age have a definitely decreased level of
spindle activity in comparison to normal children. In infants aged 19—40 months,
spindle activity increases in comparison to normal children, who have minimal
spindle activity during this period. Thus, mentally retarded children do not show

Sleep, Vol. 5, No. 1, 1982
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normal developmental changes in spindle activity. The frequency of spindles

1 M Q1 rhildra ac 1n thai
tends to decrease with age in such children, as in thei

REFERENCES

Andersson SA, Holmgren E, and Monson JR. Synchronization and desynchronization in the thalamus
of the unanethesized decorticate cat. Electroencephalogr Clin Neurophysiol 31:335-345, 1971.

Bixler EO and Rhodes JM. Spindle activity during sleep in cultural-familial mild retardates.
Psychophysiology 5:212, 1968.

Dreyfus-Brisac C. Ontogenesis of brain bioelectrical activity and sleep organization in neonates and
infants. In: F Falkner and JM Tanner (Eds), Human Growth, Vol 3, Plenum, New York, 1979, pp
157—181.

Ellingson RJ. The study of brain electrical activity in infants. Adv Child Dev Behav 3:54—98, 1967.

Ellingson RJ and Peters JF. Development of EEG and daytime sleep patterns in normal full-term
infants during the first 3 months of life: Longitudinal observations. Electroencephalogr Clin
Neurophysiol 49:112—124, 1980a.

Ellingson RJ and Peters JF. Development of EEG and daytime sleep patterns in low risk premature
infants during the first year of life: Longitudinal observations. Electroencephalogr Clin
Neurophysiol 50:165—171, 1980b.

Ellingson RJ and Peters JF. Development of EEG and daytime sleep patterns in trisomy-21 infants
during the first year of life: Longitudinal observations. Electroencephalogr Clin Neurophysiol
50:457—466, 1980c.

Fois A. The Electroencephalogram of the Normal Child. Charles C Thomas, Springfield, Iilinois,
1961.

Fois A. Clinical Electroencephalography in Epilepsy and Related Conditions in Children. Charles C
Thomas, Springfield, Illinois, 1963.

Gibbs EL and Gibbs FA. Clinical correlates of various types of extreme spindles. Clin Electroen-
cephalogr (Chicago) 4:89—100, 1973.

Gibbs FA and Gibbs EL. Atlas of Electroencephalography, Vol I, Neurological and Psychiatric
Disorders. Addison-Wesley, Reading, Massachusetts, 1964.

Gibbs FA and Gibbs EL. Atlas of Electroencephalography, Vol IV, Normal and Abnormal Infants
from Birth to 11 Months of Age. Addison-Wesley, Reading, Massachusetts, 1978.

Greenberg R. Cerebral cortex lesions: The dream process and sleep spindles. Cortex 2:357—366, 1966.

Gross HP and Schulte FJ. Uber vermehrte Spindelaktivitat im Schlaf-EEG bei Kindern mit Phenyl-
ketonurie. Z Kinderheilk 105:324—-333, 1969.

Hagne I. Development of the EEG in normal infants during the first year of life. Acta Paediatr Scand
(Suppl 232), 25—53, 1972.

Jurko MF and Andy OJ. Serial EEG study following thalamotomy. Electroencephalogr Clin
Neurophysiol 18:500—503, 1965.

Lairy GC. The evolution of the EEG from birth to childhood. In: A Remond (Ed), Handbook of
Electroencephalography and Clinical Neurophysiology, Vol 6B, Elsevier, Amsterdam, 1975.
Lenard HG. The development of sleep spindles in the EEG during the first two years of life.

Neuropaediatrie 1:264—267, 1970.

Lenard HG and Ohlsen 1. Cortical responsivity during spindle sleep in young children. Neuropaediat-
rie 3:258—267, 1972.

Lenard HG and Schulte FJ. Sleep studies in hormonal and metabolic diseases of infancy and child-
hood. In: O Petre-Quadens and JD Schlag (Eds), Basic Sleep Mechanisms, Academic Press, New
York, 1974, pp 381—403.

Lennox MA and Coolidge J. Electronecephalographic changes after prefrontal lobotomy. Arch Neurol
Psychiatry 62:150—161, 1949.

Lombroso CT. Quantified electrographic scales on 10 pre-term healthy newborns followed up to
40—43 weeks of conceptional age by serial polygraphic recordings. Electroencephalogr Clin
Neurophysiol 46:460—474, 1979.

Metcalf DR. EEG sleep spindle ontogenesis. Neuropaediatrie 1:428—433, 1970.

Metcalf DR and Jordan K. EEG ontogenesis in normal children. In;: WL Smith (Ed), Drugs, Develop-
ment and Cerebral Function, Charles C Thomas, Springfield, Ill., 1972, pp 125—144.

Monod N and Ducas P. The prognostic value of the electroencephalogram in the first two years of life.
In: P Kellaway and I Petersén (Eds), Clinical Electroencephalography of Children, Almqvist and
Wiksell, Stockholm, 1968, pp 61-76.

Niedermeyer E and Capute AJ. A fast and spikey spindle variant in children with organic brain
disease. Electroencephalogr Clin Neurophysiol 23:67—73, 1967.

Sleep, Vol. 5, No. I, 1982

220z 1snbny 0z uo 1senb Aq 220G.2/.1/1/G/2101e/des|s/woo dno olwapede//:sd)y woly papeojumoq



SPINDLE EVOLUTION IN CHILDREN 57

Parmelee AH, Akiyama Y, Schulz MA, Wenner WH, Schulte FJ, and Stern E. The electroencephalo-
gram in active and quiet sleep in infants. In: P Kellaway and I Petersén (Eds), Clinical Electroen-
cephalography of Children, Almquvist and Wiksell, Stockholm, 1968a, pp 77—88.

Parmelee, AH, Schulte FJ, Akivama Y, Wenner WH, Schultz MA, and Stern E. Maturation of EEG
activity during sleep in premature infants. Electroencephalogr Clin Neurophysiol 24:319-329,
1968b.

Paul K, Dittrichova J, and Pavlikova E. The course of quiet sleep in infants. Biol Neonate 23:78—89,
1973.

Petre-Quadens O. On the different phase of the sleep of the newborn with special reference to the
activated phase, or phase d. J Neurol Sci 3:151-161, 1966.

Petre-Quadens O. Sleep in mental retardation. In: CD Clemente, DP Purpura, and FE Mayer (Eds),
Sleep and the Maturing Nervous System, Academic Press, New York, 1972, pp 383—417.

Petre-Quadens O. Sleep in the human newborn. In: O Petre-Quadens and JD Schlag (Eds), Basic Sleep
Mechanisms, Academic Press, New York, 1974, pp 355—380.

Ralston B and Ajmone-Marsan C. Thalamic control of certain normal and abnormal cortical rhythms.
Electroencephalogr Clin Neurophysiol 8:559—582, 1956.

Rhode JA, Kooi KA, and Richey ET. Sleep spindles, mental retardation and epilepsy. Electroen-
cephalogr Clin Neurophysiol 26:110—116, 1969.

Roffwarg HP, Muzio JN, and Dement WC. Ontogenetic development of the human sleep-dream cycle.
Science 152:604—619, 1966.

Samson-Dollfus D, Forthomme J, and Capron E. EEG of the human infant during sleep and wakeful-
ness during the first year of life. In: P Kellaway and I Petersén (Eds), Neurological Studies in
Infancy, Grune & Stratton, New York, 1964, pp 208228,

Schulte FJ and Bell EF. Bioelectric brain development. An atlas of EEG power spectra in infants and
young children. Neuropaediatrie 4:30—45, 1973.

Schulte FJ, Kaiser HJ, Engelbark S, Bell EF, Castell R, and Lenard HG. Sleep patterns in hyper-
phenylalaninemia: A lesson on serotonin to be learned from phenylketonuria. Pediatr Res
7:588-599, 1973.

Schultz MA, Schulte FJ, Akiyama Y, and Parmelee AH. Development of electroencephalographic
sleep phenomena in hypothyroid infants. Electroencephalogr Clin Neurophysiol 25:351-358, 1968.

Shibagaki M, Kiyono S, and Watanabe K. Evolution of nocturnal sleep spindles in mentally retarded
infants. Third International Congress of Sleep Research, 1979, p 249.

Shibagaki M, Kiyono S, and Watanabe K. Nocturnal sleep in severely mentally retarded children:
Abnormal EEG patterns in sleep cycle. Electroencephalogr Clin Neurophysiol 49:337—344, 1980.

Sterman MB. Ontogeny of sleep: Implications for function. In: R Drucker, M Shkurovich, and MB
Sterman (Eds), The Function of Sleep, Academic Press, New York, 1979, pp 207-231.

Tanguay PE, Ornitz EM, Kaplan A, and Bozzo ES. Evolution of sleep spindles in childhood. Elec-
troencephalogr Clin Neurophysiol 38:175—181, 1975.

Velasco M and Lindsley DB. Role of orbital cortex in regulation of thalamocortical electrical activity.
Science 149:1375-1377, 1965.

Watanabe K and [wase K. Spindle-like fast rhythms in the EEGs of low-birthweight infants. Dev Med
Child Neurol 14:373-381, 1972.

Sleep, Vol. 5, No. I, 1982

220z 1snbny 0z uo 1senb Aq 220622/ /1 /G/2101e/des|s/woo dno olwapede//:sd)y woly papeojumoq




