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Exploring N eurcnal P lasticity : Language D evelopm ent n Pediatric
H em ispherectom ies

Stella de Bode (edebode@ ucla edu)
UCLA , D eparm entof L inguistics; 405 H ilgard A ve
LosAngeles,CA 90095

Susan Curtss (scurtisse ucla edu)
UCLA , D eparm entof L inguistics; 405 H ilgard Ave
LosAngeles,CA 90095

Abstract

W e Investigated the categories of neural plasticity and
the genesis of the neural representation for language n
population of 43 pediatric hem ispherectom ies. W e
have chosen to conelate language outcom es w ith the
stages of neuronal plasticity mather than age at insult
because of the unavoidable confound between the
tter and etiblogy (Curtiss and de Bode, subm itted).
W e amgue that by exam ning the neural substate for
lIanguage and language outcom es post-
hem ispherectom y, it is possible a) to nvestigate the
progression  of neurml Epresentation fiom

plurpotential and dismbuted to localized and
specialized and b) t© accumtely predict language
outoom es.

Introduction and R ationale

Tt is sdllunclearw hetherneural system s underlying
adultorganization forlanguage crucially differ from
thefr respective counterparts In the young bran.
Though the assum ption of com plete and 1apid
recovery of children afterbrain lesionshasbeen
abandoned by the m ajority of researchers, there isno
question that the rate and extent of reorganization in
children differ from adults recovering from sin ilar
Tsults. The tw o m ostobvious hypotheses explaining
this phenom enon m ake tw o different sets of

assum ptions. Fit, it ispossible that language
1Epresentation  a young brain isnot dentical to its
adultcounterpart. Thdeed, m ore diffiise brain
organization of the in m ature brain is suggested both
by recentbrain in agihg studies and language
acquisition research I clinical and norm al
populations (O apretto, W oods, & Bookhein er,
2000;M ills, CoffeyCorna, & Neville, 1993;
Papanicolaou, D iScenna, G illegpie, & Axam ,1990).
Underthishypothesis faster recovery rates n
children m ay be explained by the fact that functional
Jocalization and cortical com m im enthave notyet
eached theirpeak, ie. theradultpattem. An
altermative explanation doesnotneed to assum e brain
oganization that is different from adults. Em pirical

support for this hypothesis is provided by
Tnvestigations of childhood acquired aphasia. This
research ndicates the presence of adultlike neural
representation forlanguage and sim ilar
consequencies of brain dam age n children and adults
(Pagquier& Van Dongen,1998).Thus itispossible
thatm ore efficient reorganization is achieved due to
neural plagticity of a young brain, n otherw oxds,
w ith the help of the sam e m echaniam s thatare
already in place guiding and supporting bran
m aturation n the firstdecade of life.

The tw 0 accounts need notbe m utually exclusive.
Tt ispossible thatw hat seem s Tke w ider imctional
distrbution is, n fact, the reflection of both
exuberantneuronal connectivity and ncreased
neuronal excitation characteristic of an mm ature
brain. This suggestion is supported by the findings of
som e recentbran I aging studies. D apretto etal.
2000) dem onstrated thatboth phonologicaland
gem antic conditions activated sim ilar though not
com pktely dentical areas h adults and children.
Furthemm ore, cortical areas activated only by specific
Iinguistic tasks n adults show ed relisble activation
during all tasks m children. The authors nterpret
these findings In temm s of ncreased fimctional
goecialization w ith developm entand redundancy in
the neural system subserving language early n
developm ent. Taking these conclusions one step
further, w e suggest that the dichotom y of
‘pluropotential and distrbuted 'versus Specialized
and Jocalized’exists only on the fimctional level.

O n the neurbivlogical level, language representation
I children is sin ibrto adults, butthis sin farity is

m asked by diffuse connectivity and exuberant
synaptic proliferation that characterize the young
brain.

Forthe purpose of this paperw e assum e thatan
Tnnate endow m entand cortical representation for
language are present from birth. W e also assum e that
quantiative differences ofan Inm ature cortex lead t©
som e qualiative differences (such as pluripotential



cortex and distributed fimctional organization in
Infants) but representa developm ental continuum

w ithin the fram ew ork of sim ilar Janguage
representation I children and adults. W hatdowe
attribute to the processes underlying quantitative
differences betw een the young and m ature brains?
Sin ilarto anim al research, m orphom etric and brain
In agihg studies EEG , glicode m etgbolism , blood
flow volum eg, etc.) n hum ans in ply the presence of
the period of m assive overproduction of synapses,
dendritic atbors and exuberant connectivity. This

period, known as the C riticalM aturation Period,

leads o the next stage of developm ent - the process
of elin ation w hen neuronal/gynaptic num bers,
density, connectivity are adjusted to their regpective
adultvalies. Though there isno com plete data
regarding the exact tin et@bles of these events forthe
entire brat, itisknown, forexam pl, that these
overproduction/adjustm entprocesses in the frontal
Jobes continue nto adolescence Huttenlocher, 1993).
The outline of ourhypothesis is shown n Table.1:

Table 1.Rationale forourhypothesis

Y oung brain

Adulbran

Sin ilar Janguage representation

N eurcbiclogical level
M orphologicalQ uantiative changes underlying brain m aturation
togenesis, dendrtic proliferation, neuronal volum e adjustm ent)
P luripotential& Specialized &
Functional level distributed Tocalized
fimctional and neurologicalm aturation of language:
M ethods (1) developm ental processes thatare nsensitive t©

Subects consisted of 43 patients w ho underw ent
hem ispherectom y for ntractable seizures at the
UCLA M edicalCenter. Etiology w as catalogued
according to the follow Ing breakdown :

developm ental pathology - 28 subjects

(hem im egalencephaly -HM , cortical

dysplasia fn ultilobar involvem ent -M L, and prenatal
Infarct) ; acquired pathology - 15 subjcts

R asm ussen § encephalitis -RE and posmatal
nfarct). Postoperative spoken language outcom e

w as rated based on spontaneous speech sam ples from
0 = no language to 6 = fluentm ature gram m ar.
Language scores w ere defined on the basis of stages
Tn nom al language developm ent. The com plete
Inform ation regarding the breakdow n of our
population isshown in Table 3.

D iscussion
Based on the anin al studiesw e suggest that the
CriticalM aturation Period in hum ans is 1in ied by
the follow ing thresholds: the Jow erthreshold that is
characterized by the com pletion of
neuro,fm orthogenesis and esablishm entof experience
Independent connectivity; and the upperthreshold of
the com pletion of the period of neuronal/synaptic
adjusm ent. N ext, follow ing G reenough etal. 1999)
w e assum e that the follow ing com ponents underlie

experience, 1e. the genetic envelope of

predeterm ned plasticity; @) an experience-expectant
period of neuronal plasticity also known as the
CrtbcalM aturation Period; and 3) an experience-
dependent period of neuronal plasticity w hich
underlies the ability to encode new experiences
throughout the lifespan (Table 2). W e thus
hypothesized that superin posing effects of gpecific
etiologies on these developm ental stages w ould allow
form ore accurate prediction of lJanguage outcom es
follow ing hem ispherectom v, since n curm odel
functional reorganization reflects undertying
neurobiological reorganization .

O urresults confirm ed ocurhypothesis 1 that
postoperative language outoom es conelated w ith
etiology . Thisw ould be expected since as shown n
Table 2 different etiologies result in different
potential forrecovery (due to tim Ing and extent) .

D evelopm enalplasticity, ie. imervation and
neuronal sparing, seem o bem ore efficient n
etivlogiesw ih lateronset. Tn addition, w hen
pathology dismipts genetically determ ined processes
(@s . hem m egalencephaly and cortical dysplasia)
functional developm ent seem s to be particularly
com prom ised. Thus the best language scoresw ere
found In R agm ussen § encephalitis and the poorest in
hem Im egalencephaly. M oreover, etiology



(developm ental oracquired) consistently em exged as
a significant variable distihguishing linguistic

outoom es I all statistical analyses. T allcases twas
possible to predictpostsurgery language outoom es by
considering the effect of specific etiologiesw ithin the
fram ew ork of the categories of neural plasticiy . &
should be noted thatw e have deliberately chosen t©
relhte finctional cuttom es and the broad
categories/stages of neuronal plasticity nstead of
providing direct conelations w ith age at nsult. tis
ourbelief that n such conelations the confound

betw een etiology and age at nsult isunavoidable
(Curtdss, de Bode and M athem, subm itted) .

The rate and quality of neuronal reorganization
reflected In Janguage outoom e also confim ed the left
hem isphere§ predigposition to support language,
since children w ith an isolated righthem isphere had

siognificantly m ore problem s acquiring festoring their
lenguage. In portantly, how ever, though age at
surgery fortw o of ourRE children wasasold as12,
neitherof them has rem ained m ute after left

hem ispherectom vy, suggesting that language
goecialization had notyetreached itspeak, and
1eowganization w as sdllpossble. O urpreln nary
research also indicates thateven in the m ost severely
com prom ised cases, language developm ent follow s
the nom al cour=e of language acquisition albeiton a
prolonged scale. These findings lead us to suggest
that nnate language universals are resilient to bran
dam age, although language representation in the
brain doesnotseem s to be anatom ically-bound to the

Jefthem isphere only.

Table 2. The in pactof specific etiologies on the categories of neural plasticity

G enetic Envelope (Tmate Experience-Expectant ExperienceD ependent
consttaints specifying Period (=Cntical Period fplastcity
. cortex differentiation M aturation Period, Tnput- underlying the ability to
Stages/E tiology ncluding ensem bles that dependentperiod of Tnocorporte new
w ould support language- m axin um plasticity) experiences throughout the
related properties) lifegpan)
birth - 12 years, reduced .
Nom als nom al vuhersbility o frimy nom al, life-long
Hem in egalencephaly affected Tncreased vulerability
Cortacal Dysplasia o J-to-nom al “ble
. L i i q %&S,
Ihfarctprenatal affected-o-nom al variable gﬁ? " o}s; sD
Ihfarctpostmatal nom al r=duced vulnerability t©
Tnjury sin farto nom als
R asm ussen s Encephalitis nom al r=duced vulnerability t©
Tnjury sin farto nom als
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Table 3. Subjcts

No/Sex

M
2M
3M
4F
SF
6F
™

8M

9F

10M
1M
12M
13M
14F
15M
16F
17F
18F
19M

20M
21M
22M
23M
24F
25F
26F
27F
28F
29M

30F
31M
32M
33M
34F
35M
36F
37
38F
39F
40M
41M
42F
43F

Side
1L4L,2R

NNNMNNRRERER R R P R NN NR R R

NNNNR R R R R R

B

1post
1lpre
1lpre
1lpre
1lpre
1lpre
1post
2pre
2post
2post
2pre
2pre

Post-op
(years)

52
101
738
33
43
6.7
62

31
51
8.0
93
58
72
74
81
56
53
61
86

4.7
43
42
411
20
31
8.7
121
59
51

06
51
102
411
31
738
89
52
838
81
49
112
79
81

Agepnset Agekurgery Sz control
(years) (years) lyes2no
H em in egalencephaly

0.05 28 1
0.08 33 2
001 025 1
05 26 2
0.02 21 2
001 041 2
001 15 2
CorticalD ysplasia M ulbHlobar lnvolvem ent
05 16 1
001 14 2
001 0.7 1
001 14 2
001 1 1
05 15 1
0.05 04 2
01 0.75 1
001 03 2
04 0.75 1
001 11 2
0.75 38 2
R agm ussen 's Encephalitis

33 458 2
225 35 1
29 595 2
103 12.75 1
5 10 1
55 691 2
475 57 1
418 14 2
11 173 2
205 341 1
Infarct

001 69 1
3 95 2
08 62 1
025 26 1
002 13 2
06 86 2
001 4 1
05 9.75 1
15 6.75 1
03 08 2
4 7.75 2
06 22 1
12 425 1
016 51 2
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