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Abstract
The functional status of the descending
motor pathways was assessed in malnour-
ished children using transcranial electro-
magnetic stimulation of the cortex.
Twenty children with diVerent severities
of malnutrition and 20 control subjects
were studied electrophysiologically. The
circular coil of a Dentac MAG 2 magnetic
stimulator was applied tangentially over
the vertex to stimulate the cortex. The
muscle evoked potential in the children’s
arms was recorded from the abductor
pollicis brevis muscle and in their legs
from the extensor digitorum brevis mus-
cle on both sides of the body using surface
electrodes. The muscle evoked potential of
the abductor pollicis brevis and extensor
digitorum brevis muscles was further
obtained using root stimulation by apply-
ing the coil at the cervical and lumbar
spine, respectively. The indices of cortical
threshold, cortical latency, and central
motor conduction time (ms) were evalu-
ated in both arm and leg muscles on both
sides. The results showed an increased
cortical threshold (mean (SD) 1232.5
(134.06) in the study group v 1147.5 (99.31)
in the control group) for the abductor pol-
licis brevis muscle and for the extensor
digitorum brevis muscle (1325.00 (115.70)
in the study group v 1190.0 (125.24) in the
control group). Similarly, significant pro-
longation of the central motor conduction
time (ms) (study group 6.67 (0.91) v
control group 5.71 (0.74)) in the abductor
pollicis brevis muscle was seen in mal-
nourished children.
(Arch Dis Child 1997;77:323–325)
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Previous studies in animals and humans have
shown significant adverse eVects of malnutri-
tion on the structure and function of the
brain.1 2 Using transcranial magnetic stimula-
tion it is now possible to assess the central
motor conduction time as an objective measure
of the functional status of the central motor
pathways.3 Transcranial electromagnetic
stimulation uses a flat circular coil which
generates a pulsed magnetic field and thus
induces an electrical current in the brain. This
electrical current is assumed to excite the
superficial layers of the cortex. By stimulating
the motor cortex, the muscle evoked potential
is obtained, which can be measured by surface

electromyograph electrodes. This study as-
sessed the functional aspects of the central
motor pathway in malnourished children com-
pared with children who were not malnour-
ished.

Subjects and methods
The subjects in this study were 40 children
aged 1–5 years. Of these, 20 children who were
malnourished served as the study group,
whereas the other 20, who were within the nor-
mal range in weight for their age, were used as
controls. Body weight was used to grade the
severity of malnutrition as recommended by
the Nutrition Sub-Committee of the Indian
Academy of Pediatrics.4 Each child was
weighed with minimum clothing on a spring
balance which measured to the nearest 0.5 kg.
The weight of the 50th Harvard centile was
taken as a standard and each child’s weight was
compared with the standard expressed as a
percentage and graded as follows: >80% of
standard, control; 61–80% of standard, mal-
nourished grade 1, 12 children; and <60% of
standard, severely malnourished, grade 2, eight
children.
Each child enrolled for the study was evalu-

ated according to a pretested proforma. Infor-
mation collected included rural or urban
residence, literacy, occupation of father, size of
the family, and number of siblings. Immunisa-
tion status and feeding history were recorded
for each child. The historical profile of these
children included the presenting complaint for
which the child had attended hospital. Minor
ailments such as skin infection, acute respira-
tory infection, and viral febrile illness were
recorded. Patients with serious systemic dis-
eases and particularly those aVecting the nerv-
ous system were excluded. Similarly, past
significant history was recorded. Neurological
illnesses such as seizures, inflammatory brain
diseases, paresis, and other neurological defi-
cits were specifically queried and children were
excluded from the study in the presence of any
such past or present illness. Information about
their antenatal history and perinatal events
including exposure to drugs, irradiation, ma-
ternal infection, mode of delivery, birth as-
phyxia, and resuscitation was recorded with a
view to pinpointing other environmental in-
sults to the fetuses and infants during these
critical periods. Bedside clinical assessments of
significant milestones of development were
carried out for each child and a gross delay in
various fields was taken as an exclusion criteria.
A thorough physical examination included

vital parameters such as pulse, temperature
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and respiration, skull morphology, sutures,
fontanelle, eyes, skin, extremities, skeletal
system, and lymphadenopathy. Neurocutane-
ous markers and congenital anomalies were
looked for. The systemic examination included
particular emphasis on the nervous system,
including mental function, cranial nerves
(including fundus), the motor system, reflexes,
cerebellar signs, and any other abnormalities.
All electrophysiological investigations were

carried out in our laboratory at the Division of
Neurology, Institute of Medical Sciences,
BHU, Varanasi on a Neuromatic 2000 two
channel digital electromyograph system at-
tached to a Dentac MAG 2 magnetic stimula-
tor. Younger children aged 1–2 years were
allowed to go to natural sleep, preferably after
being fed in their mother’s lap. Hypnotic drugs
and sedatives were avoided as it is known that
almost all drugs that inhibit cerebral activity,
such as anticonvulsant, hypnotic, and most
anaesthetic drugs, reduce the amplitude of
muscle evoked potentials and increase the cor-
tical threshold. A circular magnetic coil was
used to stimulate the cortex and it was applied
tangentially over the vertex region to obtain the
muscle evoked potential in the arm muscle
(abductor pollicis brevis). To obtain the muscle
evoked potential of the leg muscle (extensor
digitorum brevis) the suggested point of stimu-
lation (7 cm anterior and 2–4 cm lateral to the
Cz point) was not valid for our subjects and
several attempts were needed to produce mus-
cle evoked potentials by repositioning the coil
on the vertex. Initially, the muscle was kept
relaxed and a DISA 13k60 surface electrode
was applied to obtain the muscle evoked
potential. All the children needed a facilitation
process, which consisted of voluntary contrac-

tion of the muscle to a moderate degree, or
passive contraction in younger children, again
to a moderate degree, to induce the muscle
evoked potential. Root stimulation was used to
obtain the muscle evoked potential by applying
the coil at the cervical and lumbar spine for the
arm and leg, respectively. This was easier in our
subjects who required less stimulus intensity.
The muscle evoked potential values obtained
from cortical and root stimulation were ana-
lysed for latency (ms) and amplitude (mV)
(measured from peak to peak positive and
negative deflection). The latency from cortical
stimulation to the onset of the muscle evoked
potential was recorded as the cortical latency,
whereas the latency from root stimulation to
the onset of the muscle evoked potential was
recorded as the root latency.
Several methods have been suggested to

determine the central motor conduction
time.5–7 In this work it was taken as the
diVerence between the cortical latency and the
root latency. Muscle evoked potentials were
recorded from the abductor pollicis brevis and
extensor digitorum brevis muscles on both
sides. The cortical threshold was defined as the
percentage of maximum output of stimulus
intensity (1500 tesla units) required to induce
an evoked response of >20 µV in amplitude.
The cortical latency and central motor conduc-
tion time indices were evaluated for the study
and control groups.
As there was no statistical diVerence in the

results between the two sides, the results from
the left side were used throughout the study.
Statistical comparison by Student’s t test and

the ÷2 test, and the trend of parameters by the
correlation coeYcient test of significance, were
used where applicable. We tested whether the
severity of malnutrition had any impact on
these indices.

Results
Table 1 gives the mean (SD) age, weights,
degree of malnutrition, and gender distribution
of malnourished children and controls. The
socioepidemiological factors of these children
were similar in the two groups.
A significantly higher threshold was required

to induce the muscle evoked potential in the
arms (table 2) and in the legs (table 3) in mal-
nourished children. The more severe the
malnutrition, the higher the threshold to
induce the muscle evoked potential.
The overall cortical excitability was reduced

significantly in malnourished children com-
pared with the control group as measured by
an increased cortical threshold for both mus-
cles in arms and legs. A trend of decreasing
cortical threshold with increasing age was
observed. This was statistically significant in
both study and control groups for both muscles
studied (p <0.001 abductor pollicis brevis
muscle, study group; p <0.01 abductor pollicis
brevis muscle; control group p <0.001 extensor
digitorum brevis muscle, study group; p <0.01
extensor digitorum brevis muscle, control
group).
Malnourished children showed a prolonged

cortical latency, central motor conduction

Table 1 Age, weight, degree of malnutrition, and gender distribution of study group and
controls

Malnourished children
(n=20)

Control group
(n=20)

Mean (SD) age (years) 3.2 (1.3) 3.3 (1.3)
Mean (SD) weight (kg) 10.15 (3.11) 13.55 (2.59)
Male:female ratio 12:8 13:7
Mean (SD) % of standard weight 63.3 (10.4) 85.1 (4.0)
No 61–80% standard weight (grade 1) 12 0
No <60% standard weight (grade 2) 8 0

Table 2 Cortical threshold required to induce muscle evoked potential in abductor pollicis
brevis muscle

Mean (SD)
cortical threshold (T)

Mean (SD)
% of maximum output

Control group (n=20) 1147 (99) 76.3 (6.4)
Malnourished group (n=20) 1233 (134)* 82.0 (9.0)*
Malnourished, grade 1 (n=12) 1192 (138) 79.4 (9.4)
Malnourished, grade 2 (n=8) 1294 (108)** 85.9 (7.2)**

* p <0.05 v control group; ** p <0.01 v malnourished grade 1.

Table 3 Cortical threshold required to induce muscle evoked potential in extensor
digitorum brevis muscle

Mean (SD)
cortical threshold (T)

Mean (SD)
% of maximum output

Control group (n=20) 1190 (125) 79.1 (8.3)
Malnourished group (n=20) 1325 (116)* 88.2 (7.8)**
Malnourished, grade 1 (n=12) 1279 (112)*** 85.2 (7.7)***
Malnourished, grade 2 (n=8) 1394 (82)**** 92.7 (5.6)****

* p <0.01; ** p <0.001; *** p <0.05; **** p <0.001, all v respective control group.
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time, and reduced amplitude of muscle evoked
potential compared with the control group, and
these diVerences were statistically significant in
the arm muscles (table 4).

Discussion
Barker et al used magnetic stimulation of the
motor cortex through the intact scalp to study
the central motor pathways.6 This non-invasive
technique allows the central motor function to
be studied with precision and objectivity. The
procedure has been safely used in children of
diVerent ages by Koh and Eyre.7

Stimulation of motor cortex generates an
impulse which travels through the corticospinal
tract to induce a muscle evoked potential in the
target muscle. Cortical excitability as assessed
by the cortical threshold and central motor
conduction assessed by diVerent indices of the
muscle evoked potential are established ways of
assessing the functional status of the cortico-
spinal tract.5

We easily obtained muscle evoked potentials
in all the children in this study; however, facili-
tation was required in all the children, as
reported elsewhere, and this has been attributed
to a lower cortical excitability than adults due to
functional immaturity.7 The malnourished chil-
dren had a significantly increased cortical
threshold and prolonged cortical latencies and
central motor conduction times; a prolonged
latency to muscle evoked potential after electro-
magnetic stimulation of the cortex is a sensitive
indicator of abnormality in the descending
motor pathway. The cortical threshold, repre-
senting cortical excitability, might be related to
the maturation process of the cortex. The rela-
tion with the maturation process at diVerent
ages has been studied in experimental primates,
but data in humans are scant.3 7 8

Our findings also confirm higher cortical
thresholds in infants and young children than
in adults, as shown by Flament et al.9 Malnour-
ished children also required a significantly
higher cortical threshold to induce a muscle
evoked potential, suggesting a dysfunction in
the maturation process as a result of undernu-
trition. An impact of the severity of malnutri-
tion on the cortical threshold was also
observed. Prolongation of the cortical latency
and central motor conduction time in mal-
nourished children is indicative of motor
conduction dysfunction. It has been estab-
lished that after transcranial magnetic stimula-
tion pyramidal tract cells of the motor cortex
are excited either directly or trans-synaptically
via tangentially oriented aVerent fibres.10 11 The
conduction time of the muscle evoked poten-
tial from the cortex to the C7–C8 segments of
the cervical spinal cord is about 5.0 ms. Such

short latencies can only be accomplished by the
fastest conducting pyramidal tract cells—that
is, giant Betz cells.12

It has been established that the conduction
velocities in peripheral motor nerves reach
adult values by 3 years of age.13 Histochemical
studies of necropsy samples suggest that myeli-
nation of the corticospinal tract is complete by
3 years of age.14 A progressive increase in con-
duction velocity within the descending motor
pathways has been reported until 11 years of
age, when adult values are achieved. It has been
suggested that an as yet uncharacterised proc-
ess of maturation exists that leads to an appar-
ent increase in the conduction velocity within
the corticospinal tract beyond completion.
This may be due to in part to the development
and maturation of interneural synaptic connec-
tion, both at the cortex and the spinal cord.7

The clinical implication of this observation
might explain the normal development of
motor behaviour, which shows the continued
acquisition of fine motor skills until the age of
8–10 years.15 16 Our study showed significant
dysfunction of conduction velocity in malnour-
ished children.
Our preliminary observation of lowered cor-

tical excitability and central motor dysfunction
in malnourished children will be of great help
in following up the functional assessment of
these children with nutrition rehabilitation. We
are currently assessing whether central motor
conduction dysfunction may be reversed when
malnutrition is treated.
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Table 4 Comparison between study and control groups of various indices of abductor
pollicis brevis muscle

Mean (SD)
cortical latency (ms)

Mean (SD)
amplitude (mV)

Mean (SD) central
motor conduction
time (ms)

Control group (n=20) 15 (1) 0.65 (0.30) 5.7 (0.7)
Malnourished group (n=20) 16 (0.5)* 0.43 (0.23)** 6.7 (0.9)***

* p <0.0001; ** p <0.02; *** p <0.001; all v control group.
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