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Effect of mild head injury during the preschool years
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Abstract

This article examines the evidence that the effect of head injury on young children may differ from that in adults, in
that while in the latter the pattern is of deficits that recover with time since the accident, this is not necessarily the
case with very young children. In this group, there may be no evidence of any deficit in the early days or weeks
after injury, but the children may fail to develop some skills as quickly as children who have not had a head injury.
Results from a series of studies of MHI in preschool children carried out over a more than 10-year period from
Auckland Hospital and recently published studies of pediatric MHI from other groups are reviewed. It is concluded
from a comparison of these data that there is a need for long-term prospective studies designed within a
developmental framework to clarify the issudlNS 1997,3, 592-597.)
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INTRODUCTION dose-response relationship, with severe head injury (SHI)
. . . showing more impairment than MHI.

Al_though thgre 'S nowa compelling bod_y of ewq_ence that Apart from the issue of severity of injury, there is no con-
m.'ld head injury in adults (MHI) results n cognitive defi- istent information about the effect of age at injury. It used
cits, mgludmg memory anq concentratlon problems an'cfo be considered that the younger the age at which brain
slowed information processing (Levin et al., 1989), there 'Sdamage of any etiology occurred, the better the outcome
. . : X ) iithe so-called Kennard Principle), but more recent evidence
(1992) reviews the literature to that date, including the iN-40es not support this view (see Anderson et al., this issue)

fluential studies by Rutter and his colleagues (e.qg., Ruttef ; - ;
X or a fuller discussion. However, given that the tremendous
et al., 1980). The Rutter group considered that though se- g

head ini SHI had sianificant effect i amount of learning that needs to take place in the first 5 or
vere nea _|njury_( ) had signi Icant €flects on cognition g years of life, and that MHI in adults can affect the ability
and behavior, this was not the case with MHI, and that thes

) L fo acquire new information (Levin et al., 1989), more dis-
children had been less capable even before the injuries. HOVYDption in younger children could be predicted. Unfortu-

ever Beers points out several problems with the design 0J1ately there are only a limited number of studies that include

these studigs, inclugiing inadequate control'groups and NOhe preschool child, no doubt because of the practical prob-
comparability of testing procedures for the different severlty-lemS in assessing either head-injury severity or cognitive

of-lnjurf); ch'\|l|o|l_r”en. Bee_rticoncludes that altf(;(_)ugbhl_the efftictsabi”ty in very small children.
seen arter are neither as common nordisabling as those€ 116 1 symmarizes results from five groups who have

associated with severe injury, they are important to addresi ; ; o
o . cluded a range of ages in studies of pediatric MHI. Two
because thancidenceof MHI is so much greater” (p. 314). me g ges In stuct peciat W

. . . . of the studies are published in this issue (Anderson et al.,
It is rather unfortunate that, in spite of the problems with

the studies f Rutter’ ¢ fth ises that h 1992; Ewing-Cobbs et al., 1997). This paper outlines the
€ studies from Rutter's group, two ot the premises thal Ny, o - 1yree studies and examines some factors that might
adopted have persisted. The first is that a deficit can be

. o - o ata'\cc;ount for the differences between their results and those
tributed to the head injury only if it shows successive IM-< 0m a series of studies from Auckland Hospital

provement over time. The second is that there must be a Unfortunately, Bijur et al.'s important longitudinal pro-

spective study (1990) is not considered in the Beers review.
Reprint requests to: Dorothy Gronwall/BCotton Street, St. Johns, B”_u.r exar_mned a SUbsample of a cohort of some 13,000
Auckland 6, New Zealand. British children whose parents reported that they had had
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Table 1. Comparison of a sample set of studies of pediatric MHI

Age at Injury—test Effects on Effects on Effect

Study injury interval cognition behavior of age
Bijur et al. (1990) 0-10 years 1-5 years No No

5-10 years ? No ?
Fay et al. (1993) 6-15 years 3 weeks No No /AN

12 months ? No XA*

3 years ?No No Xa*
Asarnow et al. (1995) 8-16 years 6 months No No /AN

12 months No No IMA*
Anderson et al. (1997) 2-7 years 0-3 months No No

12 months No No Yes
Ewing-Cobbs et al. (1997) 0-7 years 6 months No No

12 months No No No

2 years No No

*N/A = not assessed.

an accident needing medical advice between the ages offfavior. Each case was individually matched with a noninjured
and 10 years. Data on behavior and cognitive function werehild on the basis of age, sex, school grade, and premorbid
collected, and at age 10 years the battery included measurbshavior. They concluded that there was no significant ef-
of reading, mathematical ability, and vocabulary. Althoughfect of MHI on cognition or behavior because only the Cod-
Bijur et al. appear to support Rutter’s view that pediatricing score was significantly different in the two groups, and
MHI has no significant effect on cognitive functions, this then only at the 12-month follow-up. That is, the MHI chil-
interpretation depends on acceptance of Rutter’s first dicdren did not show an initial deficit that recovered over time,
tum. When the children were tested at the age of 10, therbut did show a deficit that onlgmergedver time. Data on
was a significant difference between the children on thahe effect of age at injury are not given.
mathematics test depending on age at injury. However, be- To summarize these studies, evidence that pediatric MHI
cause those injured when they were age 5 or 6 were moraffects cognition or behavior is at best equivocal. However
impaired than those with the most recent injuries, this wasvhere comparisons are available, it seems that children in
not taken as evidence of an association with MHI. the zero-to-six age-group may be more at risk after head
Two other groups have recently published data that eitnjury than older children. The next section reviews a re-
ther failed to find, or failed to identify, a significant effect search project started at Auckland Hospital more than 10
of MHI, though they meet the methodological problemsyears ago that has consistently found deficits after MHI. In
that confounded the earlier studies. The UCLA study is ahe final section, some possible reasons for the disparate
well-controlled prospective study of children aged from 8results are examined.
to 16 years examined 1, 6, and 12 months postinjury (Asar-
now et al., 1995). The children were_from a_consecut|ve SeTHE AUCKLAND STUDIES
ries of cases who met clearly defined criteria based on
transient symptoms, duration of coma, or amnesia. Two conAn ongoing research program was begun at Auckland in re-
trol groups were tested, one of uninjured children matchedponse to reports from parents and teachers that children
for sex and age, and the other children from the same hoswith problems learning to read were often found to have
pital who had injuries other than to the head. A range ofhad a head injury at some stage before starting school. The
memory, attention, and executive function measures wergvestigation has been focused on children with mild inju-
recorded, plus data on behavior. The authors found no clindes, consistent with the theoretical approach of this team. It
ically significant neuropsychological impairments at any testhad seemed logical to predict that, since we had found sig-
session postinjury. No comparison of the effect of age anificant deficits in information processing and memory af-
injury is made. ter MHI in adults, preschool children would be even more
The third group (Fay et al., 1993, 1994; Jaffe et al., 1995)mpaired, since the period from birth to age 5 years is a
tested children age 6 to 15 years at intervals up to 3 yearsme when considerable learning and development occurs.
after injury. Severity of injury was defined by GCS in the Because of the difficulty of measuring the duration of post-
emergency department. Cases with GCS scores between fraumatic amnesia (PTA) in this group, MHI was defined as
and 15 at that stage, and who achieved a score of 15 withian injury to the head sufficiently severe for the child to be
3 days of injury, were classed as MHI. Again, a consider-taken to the Emergency Department, and for the staff to ini-
able number of tests were used, as well as measures of beate 4 to 6 hr of observation, but not severe enough to war-
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rant admission to hospital. The issue of definitions of severitychildren were formed: those presenting with head injuries,
is considered further below. and those with injuries to other parts of the body. All met
The first pilot study (Dawe, 1982) used all the subteststhe inclusion criteria of no previous head injury, and had
from the lllinois Test of Psycholinguistic Abilities (ITPA) English as their first language. Both the MHI and accident
to examine language development. Children age 2.5 to 4.6ontrol children were tested within 1 month of injury, then
years who met the criteria for MHI given above, who lived 6 and 12 months later, with two sessions needed for each
in the Auckland area, who had had no previous head injuryassessment. At the first interview, family and socioeco-
and whose first language was English, were matched fonomic status and developmental history were recorded. The
age, birth order, socioeconomic status, and parent’s educ&eynell Developmental Language Scale, the ITPA, the Vine-
tion level with children who had not received any injury. land Social Maturity Scale, and the Connors Parent Ques-
Children in both groups were tested three times in their owrtionnaire were given at each test interval. A final follow-up,
homes at 4-month intervals. The unusual aspect of the raising an expanded battery including reading, memory, and
sults was that there were no significant differences betweeperceptual tests and the WISC Coding subtest, was made
the groups at the first test, done within 48 hr of injury, butwhen each child reached the age of 6.5 years.
both 4 and 8 months later the head-injured children were The results were generally similar to those from the ear-
significantly poorer than the control children on both thelier pilot study. Soon after injury there was no evidence of
Visual Memory and the Visual Closure subtests, but thereany significant difference between the groups on any demo-
were no significant differences on the other eight ITPA sub-graphic measure, on parent’s ratings of the child’s behav-
tests. One of the MHI children was an identical twin, andior, or on any of the cognitive measures. There was thus
her sister was her control. The parents were contacted whesvidence both that the groups were well matched, and also
the children had reached the age of 6 years and asked hawat the MHI children were unlikely to represent a different
they were doing at school. In contrast to her sister, the MHIpopulation, as Asarnow et al. (1995) had suggested. How-
twin had needed extra help to learn to read. ever 6 months later the MHI group were significantly worse
The second (retrospective) study followed from this. Parthan the accident controls on the ITPA Visual Closure sub-
ents of preschool children who had presented at the Aucktest, but not on any other ITPA subtest or on any of the Rey-
land Hospital Emergency Department in the previous 2 to Jiell scales. This difference was even greater 12 months after
years were contacted to ask for permission to interview thenthe injury, and the deficit in Visual Closure was still found
about their child’s progress at school. Significantly moreat the 6.5-year test. There was no difference on any of the
children who had had a head injury before they started schodiehavior measures or on social development at any stage.
were reported by the parent to have had problems learningable 2 summarizes the Visual Closure results from the two
to read than did children who had had an injury to otherstudies.
parts of the body. This was even though many parents of Importantly, significantly more MHI children had needed
head-injured children had forgotten the incident, and asspecial help with reading than children who had had a non-
cribed their child’s problems to other factors such as maritahead-injury accident before they started school. Children
upsets or change of teacher. were classed as having reading problems if they had been
These studies led to the design of a long-term prospeadncluded in the Clay Reading Recovery Programme at school
tive study aimed at forming a cohort of all 2.5- to 4.5-year-at the age of 6 years. Further, there was a significant corre-
old children who presented at the emergency departmerétion in the MHI group between the Neale reading score
after injuries that were not sufficiently severe to warrant ad{Neale, 1966) when the children were age 6.5 years, and
mission to hospital (Wrightson et al., 1995). Two groups ofthe Visual Closure score 12 months after injury. This rela-

Table 2. ITPA Visual Closure scores from (a) the pilot study and (b) the main Auckland study

(a) Pilot study (scaled scores) (b) Main study (raw scores)

Group/Test 48 hr 4 months 8 months <1 month 6 months 12 months 6.5 years
N =78

Head injury,N = 9 37.3 40.7* 43.3** 4.79 5.47** 6.6** 22.44*
Age range 28—49 months Age range 28-52 months
Mean age 37 months Mean age 40 months
Control,N = 9 41.3 48.5 58.8 N =79 5.11 7.00 8.42 25.7
Age range 28-50 months Age range 29-51 months
Mean age 38 months Mean age 39 months
*p < .05.
**p < .01.
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tion was not found in the control group. The pilot study hadso the Glasgow Coma Score (GCS; Teasdale & Jennett,
also found a difference on the ITPA Visual Sequential Mem-1974) becomes a very insensitive measure which can in-
ory subtest. The main study did not find an overall groupclude those whose duration of PTA varies from only min-
difference, but MHI girls were significantly worse than con- utes to several days. Further, there is evidence that PTA
trol girls on this measure. Again this difference developedduration is not related to return to work after MHI (Wright-
over time. son & Gronwall, 1981) and also that it cannot be reliably
Thus, the overall pattern of results from the Auckland stud-assessed (Gronwall & Wrightson, 1980). Asarnow et al.
ies suggests that MHI in the preschool years does not affe¢l995) note that PTA assessment in children is even more
already established skills, so that no group differences arproblematical, even though the children in their study were
found in the first few weeks after the injury, even in a studyall more than 8 years old. The children in the Auckland stud-
such as this, where the comparison is with a very appropriies were very much younger, so PTA assessment was even
ate control group of children who have also had minor ac{ess appropriate. Nor was it considered adequate to use loss
cidents. However, it seems that the MHI children did notof consciousness as the criterion, since it has been shown
develop whatever skills are needed to complete the ITPAhat the incidence is much lower in small children than in
visual puzzle as rapidly as the other children, and perforadults (Jamison & Kaye, 1974).
mance on this test 12 months after the injury was a good For this reason, an operational definition was used in our
predictor of reading performance when the child had hadtudy. Those children who were discharged home to the care
approximately 12 months at school. of their parents after 4 to 6 hr of monitoring head injury
Asarnow et al. (1995) identify three factors that might signs at 15-min intervals by emergency department staff were
account for conflicting results in the children’s MHI liter- classified as MHI, in contrast to those admitted to hospital.
ature: (1) Sample selection; (2) how MHI is defined; andlt is interesting that number of days in hospital is also used
(3) whether, and how, preinjury factors are controlled for.as a definition of MHI by investigators of adult MHI (Rimel
These are clearly important, but we consider that there aret al., 1981). It is important to stress, however, that coma
three other, equally important, factors. These six factors ardepth and duration and other factors were used to define
discussed below. severity of injury in the other studies presented here. No
two studies used identical criteria, and it is obviously un-
realistic to expect consistent results until consistent defini-

FACTORS AFFECTING RESULTS OF tions are used for pediatric MHI. Perhaps definitions may

STUDIES OF MHI IN CHILDREN need to wait for further refinements in technology. In the
interim, it is perhaps relevant that a recent study reported

Sample Selection an incidence of 9% abnormal MRI scans in adults with per-

) . _sistent problems after MHI, while 53% of SPECT scans were
There can be no argument that children who are included i, 1o rmal in the same group (Kant et al., 1997).

a study because they have been referred to a rehabilitation
facility for follow-up will have been preselected for the pres- o
ence of postinjury problems. However all except one of thePreinjury Factors

studies reviewed in this paper, including the main'A‘L’Ckl"’dehere is still conflicting evidence as to whether MHI chil-

study, studied children who were consecutive presentationgyen, are already problem children, with behavior and learn-
at a hospital emergency department, with the only selectloni'hg disorders that predate the injury, as the Rutter group

apart from age, residential, and language criteria, being thaty o ded. This evidence is reviewed by Beers (1992). The

they had not had a previous head injury or neurological disbrotocol for the UCLA study includes a comprehensive

order. The exception was the UCLA study, which did notyigiqry taking of preinjury behavioral and medical prob-
exclude children with previous injuries. This was 10 In- jo g “and level of achievement at school. Their MHI chil-
crease the generalizability of their data to the population Of,ey are reported to have had significantly more behavior
MHI ch|I.dren, .ba.sed on the|r.p.rem|se that these Chlldrerbroblems than the noninjury children (Asarnow, 1995). In
have a higher incidence of preinjury problems. However, ag,ntrast, Fay et al. (1993) found no such differences, either
noted be_Iow, Itis not alvyays the case that MHI children are, preinjury behavior, or in school performance. Neither were
from a different population. differences in preinjury behavior found in the main Auck-
land study, though there were differences in the incidence
How MHI is Defined pfi previous head injur.ies. However, al_thlough more of the
initial cohort of MHI children than other injury children had
The problem of an acceptable definition of MHI is not re- to be excluded because of previous head injuries, and al-
stricted to children. There is no generally accepted set othough significantly more MHI than control children were
criteria for adults (Kibby et al., 1996), and the measuredound to have had another head injury at the 6-month follow-
that have been taken on admission to hospital are not neewp, this apparent susceptibility to further head injury did
essarily relevant after MHI. For example, these cases areot persist, and 12 months after the initial injury, the num-
not comatose when they reach the Emergency Departmertigr of accidents in the two groups did not differ (Wrightson
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et al., 1995). Given the comparability of the groups on pre-and were not tested for a mean of more than 3 weeks after
injury factors, and the limited time during which it is present, injury. Again this makes it less likely that they would find
itis probable that the sensitive period reflects transient postthe type of impairment seen after adult MHI.
head-injury problems with attention and coordination, which A further confounding factor of injury-to-test interval is
would be likely to put these children more at risk for a fur- the assumption, first stated in the Rutter studies, that where
ther injury, rather than reflecting permanent accident-pronea deficit does not improve with time since injury, it cannot
personalities. have been an effect of the injury. This is also explicit in
Asarnow et al.’s (1995) statement that “impairments in the
head-injury group should be most apparent . . . 1 month post-
Age at Injury injury, because the normal course of CHI . . . is towards re-
covery of function” (pp. 136—137). As already noted, this
In spite of accumulating evidence that the “Kennard Prin-has resulted in the dismissal of some significant results. For
ciple” is untenable, and that brain damage does not havexample, Fay et al. (1993) report that the MHI children were
less effect on children than on adults, Johnson (1992) notesignificantly poorer than the controls on the WISC-R Cod-
that professional as well as lay people still consider that chiling subtest a year after the injury, though there had been a
dren do better than adults after equivalent injuries. In a renonsignificant difference at the first test. Bijur et al. (1990)
cent article, Webb et al. (1996) reported that groups of healtfiound a significant linear correlation between age at injury
care professionals asked to estimate expected recovery and arithmetic scores, so that children who had an MHI at
pairs of fictitious cases that differed only in the age of theage 5 did worse than children whose injury occurred closer
accident victim all predicted better recovery in younger thann time to the test at age 10 years. Both authors dismiss the
in older children. However, with actual rather than hypo-possibility that this is the result of the MHI. However both
thetical patients, as Anderson et al. (1997) have noted, sevesults are similar to those of Wrightson et al. (1995) and
eral studies have shown that head injury has more effect atise the possibility that the head injuries occurred at a time
earlier ages. They review evidence that children who suswhere they have interrupted the normal course of develop-
tain early injuries have poorer outcomes than those whosment of a skill, so that the MHI group begin to lag more and
injuries occurred later in childhood, and discuss factors thamore behind their controls.
may account for the extra vulnerability of younger chil-
dren. Consistent with this, the research they report finds that
in their group of children injured between the ages of 2 andrest Battery and Data Analysis
7 years, age at injury and injury severity are significant pre-
dictors of outcome. Children are not miniature adults, and just as clinical signs
In contrast, Ewing-Cobbs et al. (1997), with a similarly of head injury differ in small children (Jamison & Kaye,
aged sample of children (age range 07 years at injury) wh@974) it is evident from these studies that MHI may affect
were followed up for 2 years, found no significant effect of children’s cognitive skills differently from adults. Thus bat-
age on test scores. The difference between the two reportsries of tasks that sample developmentally sensitive areas
may be that, while Anderson et al. used multiple regressiomrould be the most appropriate to use, and investigation of
analyses to examine predictors, Ewing-Cobbs et al. usedthe effects of MHI in young children should be designed
median split, comparing children from birth to 41 monthswithin a developmental model.
at injury with those age 42 to 71 months. However, data analysis is a problem with all studies that
use multiple comparisons. Polissar et al. (1994) analyzed
the Fay et al. (1993) data using three different methods apart
Follow-up Interval from the Bonferroni correction used in the initial papers.
They concluded that Bonferroni was too conservative when
In adults, the majority of MHI cases have made a full func-an injury affects several areas weakly, rather than one sin-
tional recovery 1, or at most, 3 months after the injury (Levingle area substantially. However the alternatives are less pow-
etal., 1989) though between 5 and 10% can continue to hawerful in detecting one single area of deficit, which may be
problems months or years later. Thus, delaying the first aspresent in only a restricted proportion of the group. Yet this
sessment until 1 month after the injury reduces the probais exactly the situation with persistent cognitive deficits af-
bility of finding significant MHI versuscontrol group  ter adult MHI, where only 5 to 10% of the group may show
differences in adults. Since adolescents up to the age of 1deficits on formal tests.
were included in the UCLA study, and the mean age of the The simplest way to avoid the problem of multiple com-
group was 12 years, recovery patterns similar to those segrarisons is to design studies that have only one or two
in adults would be predicted and, given that the first testdependent variables. Unfortunately this could lead to time-
was not done until 1 month after injury, the trend towardsconsuming and expensive exercises unless specific predic-
nonsignificance on memory and information processing taskions are made within a rigorous theoretical framework.
would be expected. Children in the Fay et al. studies weré&urther, it does not address the issue of significant effects
younger M age= 9.4 years), but they ranged up to 15 years,that might occur in only a small proportion of the group.
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SUMMARY AND CONCLUSIONS Journal of the International Neuropsychological Sociétyjis
L . . issue).

Although there are no similar reports of impairment afterging-cobbs, L., Levin, H.S., Eisenberg, H.M., & Fletcher, J.
MHI in preschool children, the Auckland studies are notin-  (1987). Language function following closed head injury in chil-
consistent with the literature on pediatric head injury. Itap- dren and adolescentdournal of Clinical and Experimental
pears that if the injury occurs at an important developmental Neuropsychologyd, 575-592.
age the children may fail to develop a skill or skills as quickly Fay, G.C., Jaffe, K.M., Polissar, N.L., Liao, S., Martin, K.M.,
as non-head-injured children. In Wrightson et al. (1995), the Shurtleff, H.A., Rivara, J.B., & Winn, H.R. (1993). Mild pedi-
deficit 12 months after the preschool injury in the MHI group ~ &tric traumatic brain injury: A cohort studgrchives of Phys-
was significantly related to reading ability at age 6.5 years, c@l Medicine and Rehabilitatiarv4, 895-901.

This has important practical implications, since even inF &Y, G'}fl'\’/l‘]afgéf"\g' POI'ssar’f N"a'. Liao, S., R'Var?)’ J., & Mar-
Auckland, a city of only 1,000,000 residents, more than 900 tin, K:M. ( ). Outcome of pediatric traumatic brain injury

hool chil h at three years: A cohort studfuchives of Physical Medicine
preschool children each year are treated at emergency de- ;4 Rehabilitation75, 733—741.

partments but not admitted to hospital after head injury acgonwall, D. & Wrightson, P. (1980). Duration of post-traumatic
cidents (Wrightson, 1989). Pending confirmation of our  amnesia after mild head injurgournal of Clinical Neuropsy-
results by other workers, it would be sensible for primary chology 2, 51-60.
school teachers to monitor the reading skills of infants whalaffe, K.M., Polissar, N.L., Fay, G.C., & Liao, S. (1995). Recov-
have had head injuries. ery trends over three years following pediatric traumatic brain
There is an urgent need for well-controlled prospective injury. Archives of Physical Medicine and Rehabilitatjat6,
studies designed within a developmental model, and with 17-26. _ S
long-term follow-up to chart the achievement of MHI chil- Jamison, D.L._& Kaye, HH (1974).A(?C|dental head injury in child-
dren relative to non-head-injury controls. Such studies neegl thOd'ADrCX'Vizgé D:_Teajgs. of Ehm:jemg' 373_381' tion: A need
to be long-term. One year may be adequate for adolescent oo P - ). Head injured children and education: Anee

L2, ) for greater delineation and understandiBgitish Journal of
head-injuries, but to chart the long term effect of MHI in £ \cational Psychology2, 404—409.

infancy on development and maturation, a 10- or 15-yeagan: R., Smith-Zeemiller, L., Isaac, G., & Duffy, J. (1997). Tc-
follow-up is needed. This would help to answer the ques- HMPAO SPECT in persistent post-concussion syndrome after
tions raised by educators and others involved with problem mild head injury: Comparison with MRCT. Brain Injury, 11,
children, whether MHI-related frontal impairment might pre-  115-124.
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