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h i g h l i g h t s

� In 46 healthy newborns, activity from both the primary (SI) and secondary somatosensory cortices (SII)
was detectable with magnetoencephalography to tactile stimulation of the contralateral index finger dur-
ing quiet sleep (QS).
� No significant interhemispheric differences in the responses from SI or SII existed.
�Within the neonatal period [postmenstrual age (PMA) between 37 and 44 weeks] PMA, height, or gen-
der did not significantly affect the latency or strength of the somatosensory evoked magnetic fields
(SEFs).

a b s t r a c t

Objective: To determine interhemispheric differences and effect of postmenstrual age (PMA), height, and
gender on somatosensory evoked magnetic fields (SEFs) from the primary (SI) and secondary (SII)
somatosensory cortices in healthy newborns.
Methods: We recorded SEFs to stimulation of the contralateral index finger (right in 46 and left in 12)
healthy fullterm newborns and analyzed the magnetic responses with equivalent current dipoles.
Results: Activity from both the SI and SII was consistently detectable in the contralateral hemisphere of
the newborns during quiet sleep. No significant interhemispheric differences existed in SI or SII response
peak latencies, source strengths, or location (n = 8, quiet sleep). SI or SII response peak latency or source
strength were not significantly affected by PMA, height, or gender.
Conclusions: During the neonatal period (PMA 37–44 weeks), activity from the contralateral SI and SII can
be reliably evaluated with MEG. The somatosensory responses are similar in the left and right hemi-
spheres and no corrections for exact PMA, height, or gender are necessary for interpreting the results.
However, the evaluation should be conducted in quiet sleep.
Significance: The reproducibility of the magnetic SI and SII responses suggests clinical applicability of the
presented MEG method.
� 2012 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights

reserved.
f Clinical Neurophysiology. Publish

pital District of Helsinki and
, Helsinki, Finland. Tel.: +358

valainen).
1. Introduction

In current neonatal medicine, improving the neurological out-
come of increasing numbers of very preterm infant survivors re-
mains a major challenge. At present, brain pathology in at risk
infants or after insults is routinely evaluated by means of structural
ed by Elsevier Ireland Ltd. All rights reserved.
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neuroimaging, including cranial ultrasound and conventional MRI,
both having incontrovertible prognostic significance (Woodward
et al., 2006; Mathur et al., 2010). However, combining structural
neuroimaging with methods assessing functional integrity could
provide not only new insights into the mechanisms of brain
pathology, but also powerful, clinically applicable tools to further
delineate prognostic evaluations in at risk infants or after early
brain insults (Majnemer and Rosenblatt, 1996; Vanhatalo et al.,
2009; Trollmann et al., 2010).

The intactness of the somatosensory pathways from the periph-
ery to the primary somatosensory cortex (SI) is reflected in the
somatosensory evoked potentials (SEPs), which are also applicable
in infants (Hrbek et al., 1973; Desmedt et al., 1976; Willis et al.,
1984; Zhu et al., 1987; Laureau et al., 1988; George and Taylor,
1991; Trollmann et al., 2010). The earliest cortical SEPs are, how-
ever, of limited value in evaluating higher level cortical processing.
In recent years, several groups have employed new tools such as
functional magnetic resonance imaging (fMRI) (Erberich et al.,
2006; Heep et al., 2009; Arichi et al., 2010) and magnetoencepha-
lography (MEG) (Pihko et al., 2004, 2005; Lauronen et al., 2006;
Nevalainen et al., 2008a,b; Pihko et al., 2009, 2011) as well as novel
EEG techniques (Vanhatalo et al., 2009) in studies on cortical
somatosensory processing in newborns.

Similar to electroencephalography (EEG), MEG provides a tem-
poral resolution of millisecond scale. Additionally, MEG’s spatial
accuracy is reasonable also in newborns (Pihko et al., 2011) en-
abling, e.g. separation of activity from the primary (SI) and second-
ary somatosensory cortices (SII) (Nevalainen et al., 2008a; Pihko
et al., 2011). SI and SII activation is indeed consistently seen after
tactile stimulation of the index finger in newborns, but there are
marked differences in the activity patterns of these areas as com-
pared with adults (Lauronen et al., 2006; Nevalainen et al.,
2008a). In adults, the initial SI response, N20m, is quickly followed
by a P30m/P35m at a similar location but opposite (posterior)
source current orientation. In newborns the shift in current orien-
tation is not seen but instead a prolonged anteriorly pointing cur-
rent source underlies the response during the first 100 ms
(Lauronen et al., 2006). Over the first 2–3 years of life, the SI re-
sponse gradually develops from the neonatal form to an adult-like
multipeak pattern (Pihko et al., 2009). In addition, in newborns the
SII activity is strong during quiet sleep (QS) (Nevalainen et al.,
2008a), whereas in adults SII responses diminish during sleep
(Kitamura et al., 1996; Kakigi et al., 2003). Similar to adults, the
SII activity in newborns is also significantly weakened by shorten-
ing the interstimulus interval (Nevalainen et al., 2008a). In some
newborns, ipsilateral responses, mostly arising from SII but also
from SI are detectable during QS (Nevalainen et al., 2008a).

This study aimed at characterizing the normal variation in the
newborn SEFs in a relatively large subject group for future patient
studies. To maximize the power of SEFs as a clinical measure in the
newborn period, determining the effects of exact developmental
state [postmenstrual age (PMA)], body size (height), and gender
is essential. In addition, the previous studies have mainly concen-
trated on recording SEFs from the right hemisphere and no inter-
hemispheric comparisons are presently available. This study was
undertaken to evaluate these issues.

2. Methods

2.1. Participants

The study group comprised of 46 healthy fullterm newborns (19
females, 27 males), recruited from the maternity ward of the Hel-
sinki University Central Hospital during years 2002–2008. The par-
ents gave their written informed consent. The Ethics Committee for
Pediatrics, Adolescent medicine, and Psychiatry, Hospital District
of Helsinki and Uusimaa, approved the study protocol. Data of
44/46 of the newborns has been used for other purposes in one
or several previous publications (Pihko et al., 2004; Lauronen
et al., 2006; Nevalainen et al., 2008a,b; Pihko et al., 2009, 2011).
The newborns’ gestational age (GA) ranged from 37 to 42 weeks
(mean 40 weeks, SD 1 week 2 days; data missing from 3 new-
borns). We recorded the SEFs 1–6 days after birth in all but five
newborns, in whom the recording took place 15–23 days after
birth. Consequently, at the time of the MEG recording the post-
menstrual ages (PMA i.e. gestational age + chronological age) ran-
ged between 37 weeks 6 days and 43 weeks 1 day (mean
40 weeks 4 days, SD 1 week 2 days). The 1-min Apgar score was
P8 in all but five newborns of whom one had score 5, one had
score 6, and three had score 7, with 5-min follow-up scores P8
in four and 7 in one. The mean birth weight was 3620 (SD 420;
range 2622–4578) g, head circumference 35 (SD 1, range 33–37)
cm, and body length 51 (SD 2, range 46–56) cm. The weight, height,
and head circumference were appropriate for gestational age in all
newborns. Compared with the females, the males were slightly
heavier [males 3730 (440) g vs. females 3470 (350) g; Student’s
t-test for independent samples with equal variances:
t(44) = �2.13: p = 0.04] and taller [males 51 (2) cm vs. females 50
(2) cm; t(44) = �2.66: p = 0.01)]. No gender difference existed in
head circumference.

2.2. Procedure

MEG was recorded in the magnetically shielded room (Euro-
shield Ltd., Finland) of the BioMag Laboratory of the Helsinki Uni-
versity Central Hospital (HUCH) with a helmet-shaped MEG sensor
array consisting of 306 independent channels: 204 planar gradi-
ometers and 102 magnetometers (Elekta Neuromag�, Elekta Oy,
Helsinki, Finland). Simultaneous EEG, from one to three silver-sil-
ver-chloride disposable electrodes placed at F4, P4, Cz, or P3, and
electro-oculogram (EOG), from two electrodes placed above the
left and below the right eye canthi, were recorded for sleep stage
monitoring. The reference electrode was on the left mastoid and
the ground electrode on the forehead. The bandpass for EEG and
MEG was 0.03–257 Hz and the sampling rate 987 or 1002 Hz.

Before the measurement, we attached the EEG and EOG elec-
trodes on the scalp and additionally four position indicator coils
on a cloth cap. We then determined the coil positions, relative to
anatomical landmarks, with a three-dimensional digitizer (Polhe-
mus) to construct an individual Cartesian coordinate system. In
this coordinate system the preauricular points determined the x-
axis, which pointed towards the right ear. The y-axis was perpen-
dicular to the x-axis pointing towards the nasion, and the z-axis,
perpendicular to the x-y-plane, pointed upwards. In the beginning
of each recording set, we determined the head position inside the
sensor array by feeding the position indicator coils with excitation
currents to find their positions by modeling them as magnetic di-
poles. The head position measurement was repeated at least twice
for each recording set and the location of the head coordinate sys-
tem origin with respect to the device coordinate system was ex-
pected to be stable between two consecutive head position
measurements for reliability.

When necessary, the newborn was fed before placing him/her
on a bed next to the MEG measuring helmet. The MEG device
was in the supine position, and the newborns lay with one hemi-
sphere downwards over the occipital part of the adult-size helmet.
The tactile stimuli were taps to the tip of the index finger, contra-
lateral to the recorded hemisphere, delivered with a diaphragm
driven by an air pressure pulse (Somatosensory Stimulus Genera-
tor, 4-D NeuroImaging Inc., San Diego, USA). The stimulation and
recording started when the newborn naturally fell asleep and
was lying still. No sedation was used. One or two researchers were
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in the measurement room with the newborns in order to hold the
stimulator on the index finger and observe the newborns’ behavior.
The researcher(s) coded the newborns’ behavior (whether the eyes
were open or closed and the presumed sleep stage) onto trigger
channels linked to the raw data file. This behavioral coding, to-
gether with EEG and EOG, served for off-line sleep stage determi-
nation. In addition, the researchers observed the newborns’
movements. In general, the sleeping newborns lay very still, but
when occasional twitches occurred and the head moved, we inter-
rupted the MEG recording and repeated the head position mea-
surement. The complete session with each newborn lasted
approximately 2 h.

All 46 newborns underwent recordings from the right hemi-
sphere with stimulation of the left index finger. Of them we ob-
tained data in quiet sleep (QS) in 42 newborns and in active
sleep (AS) in 32 newborns. In addition, we obtained recordings
from the left hemisphere with stimulation of the right index finger
in 12 newborns (11 in QS and 6 in AS).

2.3. Data analysis

To remove possible magnetic artifacts, we begun the data anal-
ysis by preprocessing the data with a Spatiotemporal Signal Space
Separation (tSSS) method (Taulu and Simola, 2006) of the MaxFil-
ter™ software (Elekta Neuromag, Helsinki, Finland) using an 8-s
time window, thereby also suppressing frequencies below
0.125 Hz. The correlation limit for tSSS was 0.9 (Medvedovsky
et al., 2009). After tSSS, we manually discarded periods with move-
ment artifacts from the data before averaging it according to the
sleep stage. We characterized the sleep stages as quiet (QS) or ac-
tive sleep (AS) (Prechtl, 1974) using EEG, MEG, EOG, and behavioral
coding. In quiet sleep (QS) the infant had his/her eyes closed and a
regular respiration pattern. EEG showed high voltage low fre-
quency activity or tracé alternant and there were no rapid eye
movements in EOG. In active sleep (AS) the infant had his/her eyes
closed and an irregular respiration pattern. EEG showed low volt-
age high frequency activity and rapid eye movements were de-
picted by EOG. We discarded periods with unreliable sleep
staging from further analyses (for more details see e.g. Pihko
et al., 2004). The mean number of epochs in each averaged file
was 265 (85). Before ECD modeling, we baseline corrected (�100
to 0 ms) and lowpass filtered (at 90 Hz) the averaged signals.

We then estimated the location, strength, and orientation of the
neural sources by calculating equivalent current dipoles (ECDs) for
SI (M60) and SII (M200) (Nevalainen et al., 2008a) in a spherical
conductor model. We first visually identified the response peaks
on the channel waveforms and observed the magnetic contours
to ensure a dipolar field pattern coincided with the peaks. We then
modeled ECDs, from an individually selected subset of MEG chan-
nels (approximately 20 channel triplets including all channels that
showed a clear signal deviating from the baseline), with 1-ms
intervals around the visually determined peaks. Of those ECDs with
a dipolar field pattern and a goodness-of-fit (GOF) over 70%, we se-
lected the ECD with the greatest dipole moment for further analy-
sis [mean GOF of the selected dipoles was 90% (7%)]. In some cases
the source activity seemed to persist for a longer period of time,
however, and the waveforms showed no clear single peak but a
platform after the initial rise. In such cases the beginning of the
strongest activity was identified from the waveforms and the di-
pole marking the beginning of the strongest activity was chosen
for further analyses. Finally, we inserted the ECDs for SI and SII into
a time-varying multidipole model where the ECD locations and ori-
entations were fixed but source strengths were allowed to change
as a function of time in order to study the overall explanation by
the selected ECDs for data from all sensors. When there was no
peak on the channel waveforms, the magnetic contour maps
showed no dipolar field pattern, and/or the ECD could not be mod-
eled with the required GOF, the response was considered to be
absent.

2.4. Magnetic resonance imaging (MRI)

Twelve newborns underwent MRI with a 1.5-Tesla scanner (Phi-
lips Medical Systems Achieva). In those 12 newborns, the MRI find-
ings were within normal limits. We used the T1-weighted images
for MEG-MRI integration and figures.

2.5. Statistics

For correlations of PMA, body length, and gender with the SEF
parameters we applied multiple regression. Before testing, the
independent variables PMA and body length were centered accord-
ing to their mean, and the genders were assigned weights �1/2
(male) and +1/2 (female). In case the normality assumption was
violated (Komogorov-Smirnov Normality test), we used Spear-
man’s rho for correlations. For interhemispheric comparisons in
those newborns with recordings from both hemispheres we ap-
plied Student’s paired two-tailed t-tests or, when the normality
assumption was violated, the Wilcoxon Signed Ranks test. We also
checked the data for outliers and excluded values >3 SD from sta-
tistical analyses. In the comparisons of source strengths, when a re-
sponse was absent we considered the strength to be 0 nAm. For
level of statistical significance we chose p < 0.05.

3. Results

Fig. 1 presents the grand average source waveforms as well as an
example of typical individual source waveforms, magnetic field
patterns, and source locations for the two prominent neonatal re-
sponses: M60 from SI and M200 from SII. In QS, the contralateral
M60 response was identifiable in all newborns [mean peak latency:
right hemisphere 67 (12) ms, n = 42; left hemisphere 67 (8) ms,
n = 11]. Comparably, the M200 was present in 38/42 newborns in
the right [mean peak latency 218 (36) ms] and 11/11 in the left
hemisphere [226 (31) ms]. M60 and M200 explained the data well
during the first 300 ms in the multidipole model (Figs. 1 and 2). Ten
newborns underwent recordings of both hemispheres in QS and in
all of them the M60 and M200 responses were present in both
hemispheres. In two of these newborns, the head position measure-
ment for the left hemisphere was unreliable and we thus excluded
these two newborns from statistical interhemispheric comparisons.
In the remaining eight newborns, no significant differences existed
between the hemispheres in peak latency, source strength, or abso-
lute value of the location coordinates. Table 1 presents the mean
(SD) interhemispheric differences for peak latencies, source
strengths, and location coordinates. Fig. 2 displays SI and SII source
waveforms from both hemispheres in four newborns.

In active sleep (AS), the M60 was present in the right hemi-
sphere of 30/32 newborns [mean peak latency: 64 (11) ms] and
the left hemisphere of 6/6 newborns [63 (9) ms]. On the contrary,
the M200 in AS was identifiable in 50% of the newborns only [16/
32 right hemispheres: 265 (82) ms; 3/6 left hemispheres: 216 (43)
ms]. In AS, only four newborns underwent recordings from both
hemispheres and the interhemispheric differences were therefore
not assessed.

As we found no interhemispheric differences we only used SEFs
from the right hemisphere (details in Table 2) in the correlations
with gender, PMA, and height. The multiple regression models
including gender, PMA, and height as independent variables and
peak latency or strength (of M60/M200 in AS/QS) as the dependent
variable revealed no significant correlations (Fig. 3). As there was a
tendency towards females having stronger M60 responses than



Fig. 1. Left: Multidipole model showing the grand average (±95% confidence intervals) SI and SII source waveforms for the right hemisphere and an example of the individual
waveform of one representative newborn. The arrows mark the typical M60 and M200 peaks. These two dipolar sources explain the data well as indicated by the goodness-of-
fit (GOF) at the bottom. Middle: magnetic field patterns during M60 and M200 peaks of the representative newborn reflected on a spherical surface and projected onto a
schematic newborn head. Solid lines indicate magnetic flux exiting the head and dotted lines magnetic flux entering the head. The arrow displays the location and orientation
of the ECD with length proportional to source strength. Right: The coronal image above shows the SI (white circle) and SII (white square) ECD locations in the newborn’s brain.
The sagittal brain slice below is on the level of the SI and SII ECDs (rendered with Voxlab; Seppä, 2011).

Fig. 2. Multidipole models showing source strengths and goodness-of-fit for the
right and left hemisphere in four newborns in QS. The time scale is �100 to
1000 ms. The two ECDs explain the data well as indicated by the goodness-of-fit
(GOF). Note also the similar peak latencies of M60 and M200 in the two
hemispheres within individuals. (RH = Right hemisphere, LH = Left hemisphere).

Table 2
Number of newborns (n) with M60 and M200 responses from the right hemisphere in
quiet and active sleep, together with mean (SD) peak latencies, ECD strengths,
location coordinates (x, y, z), and goodness-of-fit (GOF) values.

Quiet sleep Active sleep

M60 M200 M60 M200

n 42 38 30 16
Latency [ms] 66 (12) 218 (36) 64 (11) 265 (82)
Strength [nAm] 12 (6) 10 (8) 10 (7) 4 (6)
x [mm] 21 (7) 31 (7) 21 (7) 32 (7)
y [mm] 4 (10) 1 (9) 5 (12) 0 (9)
z [mm] 61 (9) 41 (10) 60 (8) 41 (11)
GOF [%] 90 (7) 91 (7) 93 (4) 88 (7)
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males (Fig. 4), we further tested this possibility with independent
samples t-tests, but found no significant effects (QS p = 0.06; AS
p = 0.09).

4. Discussion

This study characterized the normal variation of SI and SII re-
sponses as well as interhemispheric differences and effects of gen-
Table 1
Interhemispheric comparisons.

Right hemisphere Left hem

M60 M200 M60

Latency [ms] 68 (9) 229 (41) 69 (8)
Q [nAm] 11 (4) 21 (15) 13 (6)
x [mm] 22 (5) 29 (7) �22 (8)
y [mm] 1 (11) �4 (11) 3 (8)
z [mm] 61 (8) 42 (9) 62 (8)

Mean (SD) peak latencies, source strengths, and source locations (in the head coordinate
eight newborns with recordings from both hemispheres. No significant group level inter
mean (SD) of absolute individual interhemispheric differences.
der, postmenstrual age, and height on contralateral SEFs in healthy
fullterm newborns. In this relatively large group of 46 newborns
M60 from the primary and M200 from secondary somatosensory
cortex were consistently present after tactile stimulation of the in-
dex finger, particularly in quiet sleep. PMA, height, or gender had
no significant effects on M60 or M200 peak latencies or strengths
within the fullterm neonatal period. In all the eight newborns with
successful recordings from both hemispheres in QS, both M60 and
M200 responses were present in both hemispheres, and there were
no significant interhemispheric differences in any of the SEF
parameters.

At present SEP techniques used in clinical neurophysiology al-
low evaluation of the earliest cortical responses. The N1 of median
nerve SEPs (Klimach and Cooke, 1988; Willis et al., 1989; Majn-
emer et al., 1990; Pierrat et al., 1996, 1997; Smit et al., 2000; Troll-
mann et al., 2010) and P1 of tibial nerve SEPs (White and Cooke,
1994; Pierrat et al., 1997; Pike and Marlow, 2000) do indeed pos-
sess predictive value in evaluating neurodevelopmental outcome
in at risk infants (e.g. preterm infants), though the specificity, sen-
isphere Interhemispheric difference

M200 M60 M200

229 (35) 8 (4) 36 (22)
12 (10) 4 (3) 12 (14)
�32 (9) 7 (6) 7 (6)

2 (10) 8 (7) 12 (8)
48 (9) 8 (3) 8 (6)

system) of M60 and M200 responses from the right and left hemisphere in QS in the
hemispheric differences existed. The interhemispheric differences column displays



Fig. 3. M60 (upper row) and M200 (lower row) peak latency plotted against height (left) and postmenstrual age (PMA) (middle). On the right, M60 (upper row) and M200
(lower row) source strengths plotted against PMA. Regression lines are presented separately for active and quiet sleep (females and males are combined within the sleep
stages). No significant correlations existed. Note also that the absence of M200 in AS (strength zero) was not dependent on PMA.

Fig. 4. Source strengths in females and males in quiet sleep (left) and active sleep
(right) with error bars indicating 95% confidence intervals. There were no
significant differences between the genders.
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sitivity, and positive and negative predictive values vary. This is at
least partly explained by between studies differences in patient
inclusion criteria, outcome measures, measurement settings, tim-
ing of SEP assessment, and criteria of SEP abnormality. Further-
more, many of the above mentioned studies applied recording
setting (stimulation frequency and band pass filtering) now con-
sidered suboptimal for testing newborns (Vanhatalo and Lauronen,
2006).

The N1 SEP reflects intactness of the somatosensory pathways
from the periphery to the SI, but is of limited value in evaluating
intracortical processing. Our SEF method adds to the widely avail-
able SEP techniques by allowing evaluation of activity not only
from SI but also from SII. From a basic physiologic perspective SII
plays a role in e.g. tactile learning (Ridley and Ettlinger, 1978), hap-
tic size and shape perception (Hsiao, 2008), bimanual integration
(Simões and Hari, 1999), and integration of sensory and motor
information (Huttunen et al., 1996). In adults, SII lesions cause tac-
tile agnosia (Caselli, 1993). However, SII lesions in newborns may
not manifest themselves in exactly similar ways as those in adults
as during early development the brain has remarkable plastic po-
tential to compensate for brain damage (for a review see e.g. Sta-
udt, 2010). For example, in macaques, adults develop severe
impairment of texture and shape perception after SII lesions (Rid-
ley and Ettlinger, 1978), whereas infants only display a moderate
and temporary deficit in such texture tasks (Carlson and Burton,
1988).

Only few clinically oriented adult MEG studies have concen-
trated on the SII responses, probably due to the dependence of
these responses on e.g. attention and vigilance state (Kitamura
et al., 1996; Kakigi et al., 2003) whereby SII responses are not al-
ways detectable even in normal adults (e.g. Wikström et al.,
1997). Recently, however, Forss and colleagues (2011) reported
in adult stroke patients that whereas SI responses to index finger
stimulation did not correlate with hand motor function or its
recovery, amplitudes of SEFs from the contralateral parietal oper-
culum (near or at SII) did. The weaker the parietal opercular source
strength, the clumsier the hand’s function was (Forss et al., 2011).
In our healthy newborns, the SII activity was clear in more than
90% of cases in QS and, particularly, none of the newborns with
recordings from both hemispheres displayed SII activity on one
side only. Previously, a preliminary study in very preterm infants
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measured at term age noted some correlation between absence of
SII activity in QS and brain pathology identified from structural
MRIs (Nevalainen et al., 2008b). Given this and the high prevalence
of SII responses during QS in our healthy newborns, the lacking SII
activity in QS is apparently an attractive candidate to be tested for
prognostic implications also in newborns.

In clinical settings, individual interhemispheric differences may
aid in discovering unilateral brain pathology. Our data from eight
healthy newborns during QS showed no significant differences in
SI or SII SEFs between the hemispheres at group level, and also at
individual level the time course of activity of the SI and SII sources
was remarkably similar. In healthy adults, the group level results of
interhemispheric comparisons are somewhat contradictory: some
suggest the SI sources in the right hemisphere to be located more
laterally than in the left hemisphere (MEG: Wikström et al., 1997;
EEG: Jung et al., 2003, 2008; Sutherland and Tang, 2006), but oth-
ers found no differences in source locations between hemispheres
(MEG: Rossini et al., 1994; Tecchio et al., 1997). Furthermore,
stronger SI source strengths (MEG: Rossini et al., 1994; EEG: Jung
et al., 2003, 2008) have been reported in the left than right hemi-
sphere, but these findings were not corroborated by others
(MEG: Tecchio et al., 1997; Wikström et al., 1997). At an individual
level, in adult stroke patients, initially large interhemispheric dif-
ferences in latency of SI SEFs were associated with worse func-
tional recovery (Gallien et al., 2003). Regarding the SII, in adults,
some studies suggest stronger responses in the left than right
hemisphere (MEG: Forss et al., 1994; Simões et al., 2002; EEG: Jung
et al., 2009). Others, however, found no significant interhemi-
spheric differences in SII source strength in adults (Wikström
et al., 1997) which was also the case with our newborns.

Finally, our results indicate that in fullterm newborns, studied
during the neonatal period, PMA, height, or gender exhibit no sig-
nificant effects on peak latency or strength of the M60 or M200 tac-
tile SEFs. An earlier newborn SEP study noted no gender differences
in the latency of the earliest cortical response to electric stimula-
tion of median nerve, N1 at around 30 ms, either (Lafrenière
et al., 1990), whereas no previous reports on effects on response
amplitudes exist. On the contrary, in another SEP study, the latency
of the N1 to median nerve stimulation was significantly shortened
with increasing PMA from 36.5 to 43 weeks (Gibson et al., 1992). In
addition, during the same period, the SEP waveform changed from
a simple negative deflection towards a more complex multipeak
pattern (Gibson et al., 1992). However, with our tactile stimulation
protocol the 30 ms peak corresponding to N1 SEP is not usually dis-
tinguishable from the broader M60, which did not exhibit any la-
tency effects. Furthermore, no clear changes existed in source
activity patterns to tactile stimulation with increasing PMA.

As a technical note, the evoked responses in infant (and adult)
MEG studies are affected by movements of the head with respect
to the MEG device. In infants, the disproportion between the head
and the measuring device further emphasizes the head movement
issue. We dealt with this problem by conducting the recordings
when the infants were asleep and lying still. One or two research-
ers were constantly observing the infant and when occasional
twitches occurred and the head moved, the MEG recording was
interrupted and the head position measurement was repeated. As
the SI and SII responses are reliably recorded during quiet sleep
in particular, conducting somatosensory MEG studies in infants
during sleep will be method of choice in the future as well. In addi-
tion, continuously measuring the head position may facilitate the
infant measurements as at least part of the head movements can
be compensated without interrupting the recording.

MEG consistently detects activity from the primary and second-
ary somatosensory areas in healthy fullterm newborns after tactile
stimulation of the index finger during quiet sleep. Thus, a multi-
channel recording and source analysis approach clearly add to
the traditional SEP methods, that concentrate on the earliest corti-
cal responses, by enabling studying higher level somatosensory
processing also in clinical populations. In clinical settings, as long
as the somatosensory evoked fields are recorded within the neona-
tal period (PMA 37–44 weeks), no corrections for height, PMA, or
gender are necessary for interpreting the results but, importantly,
the evaluation should be conducted from quiet sleep data.
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