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Auditory ERPs Reveal Brain Dysfunction
in lnfants With Plagiocephaly
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It is suspected that the developrnental delay in
school-aged children diagnosed as infants suffering from plagiocephaly is caused by the modification of the skull form. To detect Possible cognitive
impairment in these children, we examined auditory ERPS to tones in infant Patients. The inlants

with plagiocephaly exhibited smaller amPlitudes
of th€ P150 and the N250 resPonses to tones than
healthy controls. Differences between the patients
and control subiecls indicate that alr€ady at this eady
age the presence of the plagiocephalic skull signals
compromise of brain functioning The Present data
suggest that most of the plagiocephalic infants have

an elevated risk of auditory Processing disorders' In
the current study we demonstrated, for the first time,
that the central sound processing, as reflected by
ERPS, is alfected in childrcn with Plagiocephaly.
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lagiocephaly is a descriptive term defined
by Vtchow in 1851 that connotes an asymmetlically oblique or twisted head. Plagic
cephaly is etiologically and pathogenically
heterogeneous. Well-known tyPes include synostotic
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anterior and posterior plagiocephaly (unilateral coronal and lambdoid synostosis, respectively), and the
deformational or positional forms of plagiocephaly
where the sutures are patent.r ln synostotic plagiocephaly, unilateral coronal craniosynostosis results
in more s€vere cranial distortion than that found
with unilateral lambdoid synostosis, since more
growth occurs at the coronal than at the lambdoid
sutuie. ln general, the severity of plagiocephaly de.
pends on the developmental phase at which synostosis occurs, being more severe the earlier it occurs.
Non-synostotic (deformational) form of plagiocephaly, either anterior or posterior, can be caused by a
number of factors in utero. Factors such as hypotonia, fetal positionin& and prematurity can produce

asymmetric flattening of the occiput that becomes
favored by infants sleeping on their backs, exaggerating the plagiocephaly.'
The clinical and irnaging features of true lamF
doid s)'nostosis versus those of deformational plagiocephaly are inadequately dexribed in the literature and poorly understood.'The difficulty in

diagnosing posterior plagiocephaly is partlv the
result of confusion in the medical literature concerning the true characteristics of the lambdoid
synostosis. Posterior plagiocephaly in the absence
of the usual characteristics of suture fusion

h

opera-

tive and histopathological examination has been
called the "functional'; lambdoid synostosis.a The
findings in patients with functional lambdoid synostosis were considered t'?ical of larnbdoid synostosis, altiough synostosis was not confirmed. Accordhg to Huang and Posnickr'>, the features of posi-

land.
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tional plagiocephaly are clearly distinguishable
from those of lambdoid synostosis on physical examination. True lambdoid synostosis is actually
quite rare, constituting only 3 to 5% of all cases
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of craniosynostosis.
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AUDITORY ERPs lN PLAGIOCEPHAL\ IBala
Whether or not to perform surgical correction on
a child with anterior plagiocephaly seldom poses a
problem especially in cases where true coronary
synostosis is present. The resulting deformity js usually dearly visible and readily diagnosed, demanding surgical correction on aesthetic basis alone. On
the contrary, the diagnosis and treatment of posterior

plagiocephaly is one of the most controversial aspects of craniofacial surgery. It is generally accepted

that most cases of posterior plagiocephaly occurring
due to positional molding can usually be managed
nonsurgicalJy by conservative positional measures or
by using a moiding helmet.u z Some authors8 mention that physiotherapy h an early stage, dilected
toward plagiocephaly and associated disorders, results in a complete disappearance of symptoms in a
high percentage of the cases.
Due to the lack of aesthetic need, this type of
deformity may become neglected especially in cases
where the unilateral posterior flatness is relatively
mild. The decision of surgical correction is usually
reserved for cases with true lambdoid synostosis or,
in the absence of obvious synostosis, for Patients
with the most severe form of posterior flatness.
A few recent studies have pointed out a new
perspective on plagiocephaly. These studies addressed an increased rate of developmental delay in
school-aged children presented as inJants with deformational plagiocephaly without obvious signs of
delav at the time of the iritial evaluation."''u Miller et
al.e irentioned that 25 out of 63 (40%) children with
persistent deformational plagiocephaly had received
special help in primary school including special education assistance, physical theraPy, occuPational
therapy, and speech therapy. Only 7 of 91 siblings
(8o,"), serving as controls, required
l,rnce-o Another studvlo showed that

sirnilar assisall 12 children

diagnosed as plagioclphatic had auditory processing
and language disorders, Furthermore, some of these
children had aftention deficit disorder or attention
deficit with hyperactivity disorder. These results are
at odds with those suggesting that no functional neurological sequelae can occur subsequent to the skull
molding and that, consequently, early surgical intervention for patients with plagiocephaly is not necessary or desirable.3'll

The use of electrophysiological measures, such
as event-related potentials (ERPS), has gained increased popularity h predicting the developmental
outcome of infarts. Event-related potentials are elicited, among other things, by extemal stimuli and ap
pear as small voltage changes

h

the ongoing electri-

cal brain activity (EEG). They provide a direct
measure of neural

ir

orrnation processing and can be

et al

non-invasively and safely recorded from infants
starting from birth. The ERPs are extracted by averaging the EEC across multiple presentations of the
stimuli. The ERP curve is composed of a number of
peaks and troughs labeled according to their polarity
and latency. ln primary-school-aged childrer, the
ERP consists of the PI0GN25GN450 peaks." The
maturation of the ERP components during the first
year of lile is characterized by the shortening of the
peak latencies and the increase of the amplitudes''
commonly related to advanced myelination, increase
in synaptic density, efficacy, and synchronization.
Our recent longitudinal studyla has shown that the
precursors of all peaks obserued at the age of 1 year
were identiJiable already at birth and, by the age of 1
year, attained the rnorphology (P150-N250-N450)
that is seen during the next 10 years of life.
Several recent studies indicate the possibility of
predicting the developmental outcome on the basis
ot ttre Enps recordid at birth. Molfesels and
Molfesel6 reported that on the basis of the latencies
and amplitudes of the neonatal N250 and N450
peaks, the verbal performance at 5 and 8 years of age
can be-efficiently predicted. Furthermore, Deregnier

et al.r'found a significant correlation of the slow
negative wave of the newbom ERP with the l-year
Mental Developmental Index. This wave was elicited
in response to a stranger's voice as cornpared with
the mother's voice and was attenuated in the infants
of diabetic mothers who are at risk for fetal metabolic
abnormalities that potentially damage the recognition memory pathways. The difference in ERPs between the healthy infants and those with oral clefts,
another craniofacial dysmorphology, was demonstrated by Qeponiene eial.rs'ft Theimplitude of the
infantile P150,/P350 was significantly larger in
healthy infants than in those with oral clefts at the
newborn age. At the age of 6 months, the responses
of the infants with cleft Iip and palate showed an
abnormal ERP waveforrn lackhg the negative peak

(N2GN450).
ln the present article, we will investigate the fea-

sibility of the ERPs to measure aspects of brain functioning in the plagiocephalic patients in determining
whether the infants with plagiocephaly differ from
normally developing infants.
PATIENTS AND METHODS

Eifteen infant plagiocephalic patients were inI'cluded in the study. Ten infants had deformational posterior plagiocephaly with open sutures,
two had posterior plagiocephaly with lambdoid
synostosis, and three had anterior plagiocephaly
521
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with unilateral coronary sJmostosis as diagnosed at
the Cleft Lip and Palate and Craniofacial Centre, De-

partment of Plastic Surgery, the Helsinki University
Hospital. lnfants wer€ considered eliSible if they had
no other birth defects and no prenatal or perinatal
complications. None of the children were reported as
having any hearing problems. The control groups
consisd of 15 sex- and age.matched healthy, typically developing infants and 4 groups of representative infants at the age of 6,9, 12, and 1,1-16 months
(10 in each group).

4

luly 2n2

with 2 electrodes placed below ard at the outer corner of the right eye.
The P15O and N250 amplitudes were automatically measured for each subiect in a latency window
from 50 to 250 ms, and from 200 to 300 ms, respectively, The peak amp[tudes and latencies were com-

pared between the groups by using two-way
ANOVA (group lpatients vs controls] X Electrode
[F3, F4, C3, and C4]. The source of the significant
ANOVA effects was clarified using LSD (least significant difference) post-hoc

tiests.

At the time of recording, the mean age of the
patients was 11.1 a 3.1 (SD) months (range 6 to 14,
and that of tirc conhols 10.5 r 3.4 (SD) months (rarge
6 to 16). Ten patients were males, which is consistent
with population raies for infants with plagiocephaly.l
A written cons€nt was obtained from the parents before the study, which was accepted by the
Helsinki University Hospital Ethical Committee.

Stimuli and Procedure

During the experiment, the child was lying on
his/her parent's lap or sitting in a car seat between
two loudspeal(ers, located at a distance of 50 cm from

both side of the head, through which the stimuli
were stereophonica lly presented.

The continuous EEC was recorded Oandpass
0.'l-3o Hz, sampling rate 250 Hz) ushg Neuro$can
3.0 software. Single-use electrodes were attached to
the F3 (ftontal left) and F4 (frontal right) and C 4

REsuLTs

f

n both patients and controls, in agreement with the

Iearlier

studiesr2

"

the

ER.P

waveforms consisted

of the rnain P150 ard N250 peaks (Fig. 1).
The peak amplitude of the P150 was significantly larger ir controls as compared with that of the
patients (F(1, 28) = 11.67, P < 0.002; grand-average

peal amplitudes

7.15 and 3.01 pV at C3, and 7.90 and
2.98 p.V at C4, for controls and patients, respectively).

Similarly, the peak amplitude of the N250 was
significantly large! in controls than in patients (F(1,
28) = 11.92, P < 0.@2; grand-average peal amplitudes -5.11 and -1.91 pV at C3, and -5.24 and -1.01
pV at C4, for controls and patients, respectively).
The electrode effect was significant for the N250
peak in patients, being signilicantly smaller at the C4
than C3 electrode (F(3A2)=3.43, P < 0.02).

(central left-right, respectively) ralp sites, and to
mastoids, according to the Intemational 10-20 system. All experiments lasted for about one hour and
were completely painless,

Event-lelated potentials were recorded to 20G
ms spectrally rich tones composed of 3 lowest partials of the 50GHz fundamental frequency. Stimuli
were presented in blocks of 400 events, with a stimulus-onset-asynchrony (SOA) of 800 ms.

#fr

Data Analysis

During the recordings, scalp electrodes were referred
to the right mastoid. to avoid a hernispheric bias, the
data were offline re-referenced to the average of the
right and left mastoid recordings. The data were ep

oched into 90Gms stimulw-onsetlocked intervals
offline which included a 10Gms pre-stimulus. Ep
ochs were digitally filtered (bandpass 1.0-15 Flz) and
baseline corrected with respect to the mean of 1 OGms
pre-stimulus voltage. The first 4 epochs of each
block, as well as the trials with the EEG or EOG
voltage exceeding 150 pV in any channel, were omitted from averaging. Eye movements were monitored
522
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Typical auditory ERPS of plagiocephalic (solid line)
and conkol (dashed line) childr€n of 5 to t6 months of age.
The P150 and N250 deflections are visible.

AUDITORY ERP3 IN PLAGIOCEPHALY I Balan
The P150 and the N250 peak latencies did not

Illdtvlrtud

average peak latencies at C4: 139 and 157 ms for the

P150 and the 260 and 2g ms in the controls and
patients, respectively).
It was obrrved that the individual ERPs of all
patients did not exhibit the decreased gleak amplitudes (Fig. 2 and 3). The P150 amplitude was smaller
than the mean control value (t SD ) in 7 (Fig. 2) while
the N250 amplitude was decreased in 8 out of 15
patients (Fig. 3). Furthermore, the P150 amplitude of
one additional patient and the N250 amplitude of 4
additional patients were situated on the lowest border of the control range (Fig. 2 and 3). As a result,
only 3 patients (all with deformational posterior plagiocephaly) had both P150 and N250 h the normal
range.

DIscusstoN

neformational posterior

lJ

plaSiocephaly has in-

creased dramaticalJy since the 1992 recommen-

dation of the Amedcan Academy of Pediatrics to
avoid the prone infant sleep position which had been
linked to sudden hJant death syndrome, and to replace it with supine and side sleephg positions.B2a
Another factor having an impact to the incidence of
postedor plagiocephaly is the increased awareness of
the medical community of the importance of the

early referral of infants with skull deformities for
evaluation in the craniofacial units.s
At present, there remains a controversy whether
plagiocephaly, especially deformational plagiocephhdnftld pllglsf.j.lb
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Individual plagiocephalies versus healthy controls
amplitude at C3). The amplitudes (a SD) of the tone
elicited P150 deflection at the C3 electrode of the control
group are shown in black. The individual amplitude values of plagiocephalic patients are shown by the squares,
circles, and triangles.
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3

lndividual plagiocephalies versus healthy controls

(N250 amplitude at C4). The amplitudes (+ SD) of the tone-

elicited N250 deflection at the C,t electrode of the control
group are shown in black. The individual amplitude values of plagiocephalic patients are shown by the squares,
ctucles, and tliangles.

aly, has unlavorable effects on the developing brain
or not. According to literatureejo, it is suspected but
not clearly verified if the developmental delay in
school-aged children presented as infants with d€..
formational plagiocephaly is related to the modification of the skull form. A very recent study of Panchal
et al.'o showed that before any intervention, children
with plagiocephaly without synostosis demonstrated
delays in cognitive and psychomoto! development.
Thee authors demonstrated that in patients with deformational plagiocephaly, both psychomotor (PDI)
and mental developmental indexes (MDI) of the BayIey Scales of Infant Development were significantly
different from the normal curve distribution. With
regard to the PDI scores, 8 of the 42 patients had a
mild delay and 6 had a significant delay; while according to the MDI scale, 3 patients had a rnild delay
and 4 had a significant delay.
In order to detect early objective evidence of
possible cognitive impairment related to plagiocephaly, we examined auditory ERPs to tones in diagnosed infant patients and healthy controls. The ERP
waveform consisted of two prominent deflechons,
the P150 and N250, in all patients and conhols, independent of age.
tn this study, the infants with any type of plagiocephaly differed from the controls with lespect to
the P150 and N250 amplitudesr they were dramatically smaller than thor in contlols. The differences
between the patients and control subiects indicate
that already at this early age, infants with asymmetric skull form, resulting either from positional molding or from true synostosis, experience comprornised
fr.rnctioning of the brain.
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The low amplitudes of the ERPS in children with
plagiocephaly suggest depressed cortical sound processing by them. The decreased amplitudes might

all children diagnosed as plagiocephalic are at a
greater risk of auditory processhg disorders than

indicate an auditory processing dysfunction, as a
possible result of the delayed or disturbed maturation of the auditory pathways.
In 9-15 years old language.impaired children,
the amplitudes of the P2 and N2 peaks (corresponding to the P150 and N250, respectively, of the current
studv) were shown to be lower as comoared with
those of controls.2T Korpitahti and Lang! obtained
similar results, with the N250 peak amplitude being
smaller in dysphasic 8-13 year-old children than in
healthy controls.
lnterestingly, the plesent N250 amplitude was
significantly smaller in patients at C4 (right centlal)
than at C3 (left central), which may be related to the
fact that the majority of the infants (8 out of 10) have
right posterior plagiocephaly. However, the P150
amplitude was about the same for each hemisphere.
Thus, we can suggest that the N250 smaller amplitude over right central area might reflect underlying
brain dysfunction h addition to that imposed by
skull/bone deformation.
As far as pogterior plagiocephaly is concemed
our data suggest that the major impact on the brain
function does not depend on the presence of the true
lambdoid synostosis. The incidence of the true lamF
doid synostosis is low when compared with that of
the positional type of plagiocephaly. Nevertheless, it

sessments are needed to determine whether the ob-

was possible to analyz€ the 2 patients with all diagnostic criteria for lambdoid synostosis. On our ERP
ampLitude scale, only 3 out of the l0 patients with
deformational plagiocephaly had both the P150 and
N250 amplitudes in the normal range. The other patients had at least one of the peaks smaller than the
corresponding peak h the control group.

Even though the results obtained with the
present small sample can not be definitive, they
strongly support the idea that infants with deformational as well as s)'nostotic plagiocephaly comprise a
high-risk group for developmental difficulties. Very
much can not be said of the 3 analyzed cases with
unilateral coronary synostosis of our study. None of
them showed norrnal amplitudes of both peaks examined. Nevertheless, it can be suggested that in this
patient group, there may be also functional indications for corrective surgery in addition to the aesthetic reasons.

The higher percentage of brain dysfunctions
found in the current study together with those of
Miller, Scheuerle, and Panchale 10'26 indicate that
spontaneous recovery ir the brain might take place
in the early years of life. It seems that several but not
524

non-affected infants. Continued post-intervention as-

served developmental delays can be ame[orated

with treatment.

CoNcLUsIoN
he present study demonsttated, for the first time,
that sound processing at the cortical level, as reflected by ERPS, is affected in many of the children

with plagiocephaly. The presence or

absence of

lambdoid synostosis in children with posterior plagiocephaly does not seem to play a major role as far
as the brain dysfunction is concemed. Although our
results need the behavioral counterpart, nonetheless
they strongly suggest that auditory ERPs can be used
in detecting cortical dysfunction in plagiocephatic

children and in distinguishing these children from
those with normal-working brains. According to the
cuirent study, infants with plagiocephaly may comprise a high-risk group for developmental difficutties
presenting as subtle problems of cerebral dysfunction during the school-age years. There is an urgent
need for further reearch on the long-term develop
mental problems in inlants with deformational plagiocephaly.
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