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Trauma to the nervous system and its sequelae in a one-year
birth cohort followed up to the age of 14 years
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SUMMARY The one-year birth cohort of 12 058 children, 96% of all children born in the two
northernmost provinces of Finland, Oulu and Lapland, in 1966 was studied prospectively up to the age of
14 years. During this period 14 children, 1.2 per thousand, were lost from the follow-up. Data on
development, mortality, and morbidity were collected prospectively by means of questionnaires and from
various registers, the mostimportant of which was the National Hospital Discharge Register. A total of 299
cases of trauma to the nervous system (skull fracture, cerebral contusion, concussion, fracture of the
vertebral column with spinal lesion, injury to the cranial or peripheral nerves) occurredin 286 children, 116
girlsand 170boys, which yields acumulative incidence of nervous system traumaof 24. 1 per thousand. The
trauma was fatal in 11 boys and 7 girls, 63 per thousand of all children with neurotrauma, and 136 per
thousand of all cases of death occurring in the age group 29 days to 14 years. Spinal injury occurred in 12
children, cerebral contusion in 28, skull fracture in 19, and concussion in 216. Such trauma resulted in
chronic disease, cerebral palsy, mental retardation, and epilepsy in 16 children, 5.6% of all children with
neurotrauma and 3.2% of the 495 children in the cohort with cerebral palsy, epilepsy or mental retardation

only.

Accidents are at present the major cause of postneonatal
mortality and morbidity among children in the
developed countries.** According to Marcusson &
Oehmisch,! accidents account for well over 50% of
deaths among children aged 1 to 14 years in these
countries. The British 1958 cohort, National Child
Developmental Study, showed that 0.1% of the children
died accidentally before the age of 7.° There are several
other studies dealing with the incidence of childhood
accidents, predisposing factors, and their prevention,
but these are usually so different in study design that
comparability of the results is seriously hampered.®'®
Trauma to the nervous system, especially head trauma,
carries a risk of either death or chronic disablement, and
divergent outcome patterns for such accidents have been
reported in hospital-based series.**On the other hand,
relatively little has been said about the total impact of
nervous system trauma on chronic disablement in
childhood in the framework of a defined population.*®
The 1966 one-year birth cohort from northern Finland,
comprising 12 058 live-born infants, has now been
studied up to the age of 14 years, and the incidences and
aetiological risk factors for chronic disease have been

calculated.*® On the basis of these data it is possible to
evaluate the long-term effect of nervous system trauma in
childhood.

Series and methods

The series consists of 12 058 liveborn children from the
provinces of Oulu and Lapland, covering 96% of all
children born in this region in 1966. Only 14 children,
1.2 per thousand, were lost during the prospective
follow-up period of 14 years.

Collection of the series and data on the families and
children was started during pregnancy, and later data
were compiled basically in the following way: "

— Questionnaires concerning the pregnancy, the perinatal
period, and later morbidity and school achievements
were filled in by health care staff, parents, and the
children themselves.

— Diagnosis given on admission to hospitals in the region
and throughout Finland were recorded prospectively and
stored. Registers of children receiving various types of
social insurance support were also used to identify
children with chronic disability. Relevant information
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from other registers on children with chronic diseases
was also entered into the records.” During the final
process of identifying children with neurological
diseases the registers of hospitals in the region were
surveyed for information on children in the cohort. -8

The criterion for mental retardation used in this study
was an IQ of 85, while cerebral palsy was defined in
accordance with the principles of the Little Club of
London 1959%-* and epilepsy in accordance with the
International Classification.”-*° The 1975 International
Classification of WHO?*! was used for the identification
and definition of nervous system trauma. The cases
accepted included trauma to the skull, cranial fracture,
cerebral contusion and concussion, vertebral column
trauma if there was also injury to the spinal cord, and
trauma to the peripheral nerves.

Results

The total cumulative incidence of nervous system trauma
up to the age of 14 years was 24.1 per thousand (table 1).
The trauma was fatalin 18 children, 11 boysand 7 girls, 63
per thousand of all children with this type of trauma (table
1) and 136 per thousand of all deaths occurring in the age
group 29 days to 14 years. The total number of children
dying in this period was 132, of whom 44 (33%) died of
accidents. Eleven children died of drowning and one child
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suffered mental retardation and cerebral palsy following
rescue after drowning but is not included in the study.
Thus 40% of postneonatal accidental deaths were caused
by trauma to the nervous system. The mean age of death
following neurotrauma was 6.5 years, ranging from 9.5
months to 11.5 years. Cerebral contusion with or without
simultaneous skull fracture was reported in 28 children,
with a cumulative incidence of 2.4 per thousand, or 9.8%
of all children with nervous system trauma. The most
frequently occurring injury was concussion with or
without skull fracture, encountered in 216 children,
yielding a cumulative incidence of 18.1 per thousand and
representing 75.5% of all nervous system trauma cases
(table 1). The majority, 272 outof 299, or 91% of the CNS
trauma episodes, occurred after the age of 3 years (table
2). Atotal of 16 children, 5.6% of all children with trauma
to the nervous system, sustained a residual chronic
handicap as a consequence, and four children developed
multiple handicap. The distribution of the chronic
handicaps is presented in table 3.

In the total cohort there were 495 children with
cerebral palsy, epilepsy or mental retardation, of which
2.5% suffered such neurotrauma which did not cause
their handicaps. On the other hand, 4.9% of the children
with epilepsy, 7.3% of the children with cerebral palsy,
and 1.5% of the children with an IQ lower than 86
developed their handicap as a consequence of
neurotrauma.

Table 1 Nervous system trauma up to 14 years of age in the 1966 Northern Finland cohort

Type of trauma Girls Boys Total Deaths Cumulative % of all CNS
incidence per trauma
1000 alive at (N =286)
1 year
N N N N (N =11870)
Concussion 85 128 213 17.9 74.5
C and cranial frac 2 1 3 0.25 1.1
Cerebral contusion 10 9 19 1 1.60 6.6
Cranial fracture 9 10 19 8 1.60 6.6
Cerebral contusion and cranial fracture 2 7 9 0.76 3.1
Spinal fracture and spinal 3 9 12 9 1.01 4.2
cord lesion .
Intracranial haemorrhage 2 5 7 0.59 2.5
Miscellaneous 3 1 4 0.34 1.4
Total 116 170 286 18 24.09 100.0
Table 2 Nervous system trauma episodes by age group
Age (years)
Type of trauma <I 1<3 3<7 7<10 10<14 Total
N % N % N % N % N % N %
Concussion 8 3.7 11 5.1 59 27.3 63 29.2 75 34.7 216 72.2
Cerebral contusion 0 0.0 1 35 11 379 7 24.1 10 34.5 29 9.7
Intracranial 2 28.6 1 14.3 1 14.3 1 14.3 2 28.6 7 23
haemorrhage
Skull fracture 2 6.5 1 3.2 12 38.7 9 29.0 7 22.6 31 10.4
Spinal lesion 1 7.6 [} 0.0 6 46.2 3 23.1 3 23.1 13 4.4
Other_ 0 0.0 0 0.0 1 333 0 0.0 2 66.7 3 1.0
Total 13 4.3 14 4.7 90 30.1 83 27.8 99 33.1 299 100.0
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Table 3  Distribution of chronic neurological handicaps among 16 children who developed one or several sequelae after CNS trauma

Chronic disorder
Ty, trauma Epilepsy Cerebral Mental Chronic disorder
e preps) palsy retardation % of all injured Per injured

Concussion with or without 3 - - 1.4 3216

cranial fracture
Cerebral contusion with or without

cranial fracture 5 4 4 46.4 13/28
Intracranial haemorrhage 2 1 1 57.1 47
Other - - -
Total 10 5 5 7.0 20/286

Of the 266 surviving children with neurotrauma, 213
(86.8%) were able to attend an ordinary school in a class
appropriate to their age at the age of 14, compared to
94.2% of all children without neurotrauma, the differ-
ence being significant (p=0.0000, 2 test) (table 4). Of
268 children with nonfatal neurotrauma, one died of
bacterial meningitis not associated with neurotrauma and
another belonged to the group of untraceable children,
leaving 266 children for the evaluation of school
performance.

Discussion

This study can be assumed to be an almost complete
cover of severe neurotrauma, since it is based on records
of all cases of trauma leading to hospitalisation in this
birth cohort of 12 058 children. As expected, cerebral
concussion is the predominant type of injury, but this
dominance could perhaps be envisaged as being still
more marked, since all cases occurring at home may not
have been reported. The main results of this study are
that it is relatively rare for severe neurotrauma either to
prove fatal or to leave any persistent sequelae, as only 16
children suffered chronic disease attributable to
neurotrauma. As there were 495 children in the total
series with mental retardation, cerebral palsy or
epilepsy, and only 16 of them developed these

conditions following neurotrauma, it seems that this type
of accident is still of minor importance as an aetiological
factor in these disorders. School achievement is
probably a more sensitive indicator of minor
developmental handicap, and the fact that these children
as a group differed significantly from the others in the
cohort seems to show that neurotrauma may give rise to
minor dysfunction. Naturally it might be argued that
children with learning problems are more prone to
accidents than average children, and this factor may
contribute to the over-representation of those children
with subnormal school performance.2 Unfortunately,
other available population-based studies of accidents in
childhood do not present the results in similar
target-organ specific subgroups. Therefore meaningful
comparisons of the eventual prognoses between other
studies cannot be made.

Since 18 children, 0.15%, died after CNS trauma up
to the age of 14 years, and 0.1% of the children in the
British 1958 cohort died accidentally before the age of 7
years, when all types of accidents were included, it also
seems evident that the total number of fatal accidents
was higher in the present study.®

The preponderance of boys in both the mortality
figures and accident rates is in good agreement with most
other studies on childhood accidents. Rivara et al,® for
instance, report an over-representation of boys among

Table 4 Distribution of children with trauma to the nervous system by type of school at age 14.

School
Type of trauma Normal school Normal school School for mentally Notar Total number Percentage of
class appropriate class lower subnormal or school of children children not receiving
forage than normal handicapped normal schooling
children
N % N % N % N %
Concussion with or
without skull
fracture 191 89.3 13 6.0 6 2.8 4 19 214 10.7
Cerebral contusion
with or without
fracture 18 69.2 7 26.9 1 3.9 0 0.0 26 30.8
Intracranial
haemorrhage 6 85.7 0 0.0 1 14.3 0 0.0 7 14.3
Other 16 84.2 0 0.0 3 15.8 0 0.0 19 15.8
All children with
nervous system
trauma 231 86.8 20 7.6 11 4.1 4 1.5 266 13.2
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childhood accidents, which increases with age and
reaches a rate of 90% more injuries in teenagers. The
age distribution for accidents also shows the
characteristic curve for developed countries, a rapid rise
starting at preschool age.”

A reduction in accidents has taken place in Finland
and the other Nordic countries during the last decade,*
but the present results seem to suggest that such a
reduction in neurotrauma would in the first place lead to
a reduction in the postneonatal death rate but would not
substantially reduce the number of children with chronic
neurological disease.

This study was supported by grants from the Academy
of Finland.
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