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The Early Rehabilitation Results of
Pediatric Patients with Refractory Epilepsy

After Hemispherectomy

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee:: The aim of this study was to de ter mi ne the early re ha bi li ta ti on re sults af ter
epi lepsy sur gery of pa ti ents who we re fol lo wed be ca u se of epi lepsy. MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss:: Ni ne pa -
ti ents who had in trac tab le epi lepsy and un der went epi lepsy sur gery we re inc lu ded in this study. Pa -
ti ents who we re he mi pa ra sis be fo re the sur gery we re left with a re si du al he mi pa re sis af ter the
he misp he rec tomy. The re ha bi li ta ti on prog ram was star ted as so on as the me di cal sta tus of pa ti ents
was stab le af ter the sur gery, and it was con ti nu ed un til the pa ti ents we re disc har ged. The Ca na di -
an Ne u ro lo gi cal Sca le, the Gross Mo tor Func ti on Me a su re and Func ti o nal In de pen den ce Me a su re -
ment for Child Pa ti ents (We e FIM) we re used for the as sess ment of the pa ti ents. The he mi pa re sis
tre at ment prog ram ac cor ding to the ne u roph ysi o lo gic ap pro ach was per for med for all pa ti ents. RRee  --
ssuullttss::  The mo tor mo ve ment of the af fec ted si de of ni ne chil dren in cre a sed af ter re ha bi li ta ti on prog -
ram, but only the im pro ve ment of leg was sta tis ti cally sig ni fi cant (p< 0.05). Mo tor func ti on
im pro ved [Gross Mo tor Func ti on Me a su re: ba se li ne 36.41(Ran ge 91.92); af ter re ha bi li ta ti on 46.82
(Ran ge 78.74) p< 0.05]. Func ti o nal skills in cre a sed and ca re gi ver as sis tan ce les se ned. CCoonncc  lluu  ssii  oonn::
Alt ho ugh he misp he rec tomy of ten con trols the se i zu res, pa ti ents are left with a re si du al he mi pa re -
sis. This si tu a ti on re ve als the ne ces sity of re ha bi li ta ti on for the se pa ti ents. The re sults of this study
ha ve shown that the early re ha bi li ta ti on prog ram was use ful to im pro ve the func ti ons of epi lep tic
pa ti ents af ter sur gery. Fol low-up stu di es of lar ger samp les of chil dren who are fol lo wed over lon -
ger ti me spans will be ne e ded to con firm the se re sults.

KKeeyy  WWoorrddss:: Epilepsy; hemispherectomy; motor activity; pediatrics;
recovery of function; rehabilitation 

ÖÖZZEETT AAmmaaçç:: Ça lış ma nın ama cı, epi lep si ne de ni ile ta kip edi len has ta la rın epi lep si cer ra hi si son ra sı
er ken re ha bi li tas yon so nuç la rı nı be lir le mek ti. GGee  rreeçç  vvee  YYöönn  tteemm  lleerr:: Ça lış ma ya di renç li epi lep si ye
sa hip olan ve cer ra hi ye gi den 9 has ta dâ hil edil di. Cer ra hi ön ce si he mi pa ra zi ye sa hip olan has ta la rın
he mis fe rek to mi son ra sı he mi pa ra zi le ri de vam et miş tir. Re ha bi li tas yon prog ra mı na cer ra hi son ra sı
has ta la rın tıb bi du rum la rı sta bil olur ol maz baş la nıl dı ve has ta lar ta bur cu ola na ka dar de vam edil di.
Has ta la rın de ğer len di ril me sin de Ka na da nö ro lo jik ska la sı, Gross Mo tor Fonk si yon Öl çü mü ve fonk -
si yo nel ba ğım sız lık öl çe ği (We e FIM) kul la nıl dı. Tüm ol gu la ra nö ro fiz yo lo jik yak la şım la ra gö re dü -
zen le nen he mi pa ra zi te da vi prog ra mı uy gu lan dı. BBuull  gguu  llaarr:: Re ha bi li tas yon prog ra mı son ra sın da 9
ço cu ğun et ki len miş ta raf mo tor ha re ket le ri art mış tır. Fa kat sa de ce ba cak ha re ket le rin de ki ge liş me is-
ta tik tik sel ola rak an lam lı dır. Mo tor fonk si yon lar ge liş miş tir. [Gross Mo tor Fonk si yon: baş lan gıç
36.41(Ran ge 91.92); re ha bi li tas yon son ra sı 46.82 (Ran ge 78.74) p< 0.05]. Fonk si yo nel be ce ri ler art-
mış ve yar dım mik ta rı azal mış tır. SSoo  nnuuçç:: He mis fe rek to mi sık sık nö bet le ri kon trol et me si ne rağ men
has ta lar da he mi pa ra zi ka la bil mek te dir. Bu du rum re ha bi li tas yo nun ge rek li li ği ni açı ğa çı kar mak ta -
dır. Ça lış ma mı zın so nuç la rı, cer ra hi son ra sı epi lep tik has ta la rın fonk si yon la rı nı ge liş tir me de re ha -
bi li tas yon prog ra mı nın ya rar lı ol du ğu nu gös ter miş tir. Bu so nuç la rın doğ ru lan ma sı için da ha faz la
has ta üze rin de ve uzun ta kip le ri içe ren ça lış ma la ra ih ti yaç ola cak tır.  

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr::  Epilepsi; hemisferektomi; motor aktivite; pediatri;
fonksiyonun geri kazanılması; rehabilitasyon
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e misp he rec tomy re fers to a va ri ety of op-
e ra ti ons that func ti o nally iso la te the ol ce -
reb ral cor tex of one he misp he re from the

rest of the ner vo us system.1 Pa ti ents with ma jor or
dif fu se he misp he ric in jury and in trac tab le se i zu -
res are usu ally con si de red for sur gery du ring child-
ho od. They suf fer from a wi de va ri ety of con-
di ti ons, which may be di vi ded in to thre e gro ups
ba sed on the mo de of on set of the di se a se and tem -
po of its prog res si on. The first gro up con sists of pa-
ti ents with a sud den, mas si ve in sult that re sults in
fi xed ne u ro lo gic de fi cit. The se are usu ally chil dren
with in fan ti le he mip le gi a, but tho se with post tra -
u ma tic bra in in jury or vas cu lar in sults of va ri o us
eti o lo gi es may al so be inc lu ded. The se cond gro up
is ma de of pa ti ents with con ge ni tal con di ti ons
such as Stur ge-We ber syndro me or ne u ro nal mig -
ra ti o nal di sor ders such as he mi me ga len cep haly,
who se ne u ro lo gic ma ni fes ta ti ons of ten ha ve a la ter
on set and may be prog res si ve. The fi nal gro up con-
sists of di se a se with a de la yed pre sen ta ti on and
prog res si ve co ur se, such as Ras mus sen en cep ha li -
tis.2

Early sur gery of fers the ad van ta ges of se i zu re
re duc ti on whi le ma xi mi zing the com pen sa tory
abi li ti es of the im ma tu re ner vo us system. Both re-
se arch and ca se re ports in di ca te that he misp he-
rec tomy can be an ef fec ti ve in ter ven ti on for se i -
zu re con trol. Abo ut 80% of the pa ti ents ha ve ap-
pro xi ma tely 80% re duc ti on in the fre qu ency of
the ir se i zu res af ter he misp he rec tomy.3-5 Dec re a se
of the se i zu re fre qu ency and se ve rity wi dens the
sco pe of mo tor and so ci al func ti o ning. In li te ra tu -
re, t[13] J.A. Gon za lez-Mar ti nez, A. Gup ta and P.
Ko ta gal et al., He misp he rec tomy for ca tas trop hic
epi lepsy in in fants, Epi lep si a (2005), pp. 1518-
1525. Vi ew Re cord in Sco pus | Ci ted By in Sco pus
(22)tttThe sen so ri mo tor re co ve ri es af ter ce reb ral
he misp he rec tomy ha ve be en well do cu men ted.6,7

In 1999, Bat tag li a D and ot hers per for med a long-
term fol low-up of 10 pa ti ents with he mi me ga len -
cep haly and ref rac tory epi lepsy, af ter ha ving
tre a ted them with he misp he rec tomy. They conc -
lu ded the ne u ro lo gi cal de fi cit did not in cre a se af -
ter the sur gery, and the qu a lity of li fe im pro ved
sig ni fi cantly.6 On the ot her hand, Van Em pe len R

and ot hers exa mi ned im pa ir ments, ac ti vi ti es and
so ci al par ti ci pa ti on in 12 chil dren (me an age at
sur gery 5.9 ye ars) who we re in ves ti ga ted be fo re
and thre e ti mes over a 2-ye ar pe ri od af ter he misp -
he rec tomy. They re por ted that ran ge of mo ti on
was ab nor mal pri or to the ope ra ti on and re ma i ned
so af ter the ope ra ti on. Mo tor func ti on in cre a se was
20% af ter 2 ye ars.7 Ho we ver, no study has at temp -
ted to show whet her the acu te re ha bi li ta ti on in-
ter ven ti on can im pro ve mo tor func ti ons fol lo wing
the sur gery. To ma xi mi ze com pen sa ti on of the ne -
u ro nal mec ha nism to get her with the pos sib le be -
ne fits of the early ope ra ti on must we igh the
re ha bi li ta ti on in ter ven ti ons af ter the sur gery. No -
ne of the li te ra tu re has des cri bed the pos to pe ra ti -
ve early physi cal the rapy ma na ge ment for this
pa ti ent po pu la ti on. 

This study ad dres sed the qu es ti ons to what de-
g re e mo tor im pa ir ments, mo tor func ti ons and as-
pects of ac ti vi ti es da ily of li ving exist af ter re ha-
bi li ta ti on. 

MA TE RI AL AND MET HODS

PA TI ENTS

Bet we en 1996 and 2008, 9 chil dren (fo ur girls, fi ve
boys), all of whom had be en re fer red to the Ha cet -
te pe Uni ver sity Hos pi tal, un der went func ti o nal he -
misp he rec tomy. Exc lu si on cri te ri ons we re be ing
age ol der than 18 ye ars at the ti me of the sur gery,
the pre sen ce of tu mo urs, and me ta bo lic di se a se.
The pat ho logy had be en as cer ta i ned both by ima -
ging and pat ho lo gi cal exa mi na ti on of the sur gi cal
spe ci men. Six of the ni ne had en cep ha lo pathy; the
ae ti o lo gi es we re Ras mus sen en cep ha li tis (n: 4), me -
nin gi tis (n: 1), bra in in jury (n: 1). One child had
Stur ge We ber Syndro me and, the re ma i ning two
chil dren had cor ti cal dyspla si a. The cha rac te ris tics
of the pa ti ents and type of the sur gery tech ni qu es
we re shown in Tab le 1. Fi ve chil dren un der went a
right-si ded and fo ur chil dren a left-si ded he misp -
he rec tomy. Me di an age at the sur gery was 10.46 ±
4.08 Af ter the sur gery pa ti ents we re left with a re -
si du al he mi pa re sis. All pa ti ents at ten ded a re ha bi -
li ta ti on prog ram me af ter he misp he rec tomy. The
pa rent(s) of the chil dren and, if over 12 ye ars of
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age, the chil dren them sel ves, ga ve in for med writ-
ten con sent for par ti ci pa ti on in the study. 

INS TRU MENTS

Pa ti ents we re as ses sed in the ne u ro sur gery de part-
ment of the Ha cet te pe Uni ver sity Hos pi tal with a
stan dard pro to col be fo re and af ter the re ha bi li ta -
ti on prog ram me. Func ti o nal sta tus was as ses sed
using the We e FIM (The Func ti o nal In de pen den -
ce Me a su re for Chil dren). Gross mo tor func ti on
was eva lu a ted by the GMFM-88 (Gross Mo tor
Func ti on Me a su re-88). Ca na di an Ne u ro lo gi cal
Sca le was used for the ne u ro lo gi cal as sess ment of
pa ti ents.

MO TOR IM PA IR MENT: CA NA DI AN NE U RO LO GI CAL 
SCA LE (CNS)

To as sess mo tor im pa ir ment, we used the Ca na di -
an Ne u ro lo gi cal Sca le.8,9 The Ca na di an Ne u ro lo gi -
cal Sca le was de sig ned as a simp le cli ni cal to ol for
eva lu a ting and mo ni to ring the ne u ro lo gic sta tus of
acu te he mi pa re sis or he mip le gi a pa ti ents. This sca -
le inc lu des two sec ti ons (men ta ti on and mo tor
func ti on). We only tes ted the mo tor func ti on in leg
and arm. This sec ti on are sco red on fo ur-po int (0:
To tal pa raly sis, ab sen ce of mo ti on or con trac ti on of
musc le wit ho ut jo int mo ve ment, 0.5: Sig ni fi cant,
can not comp le tely over co me gra vity in ran ge of
mo ti on, 1: Mild, ab le to mo ve aga inst gra vity but
in comp le te re sis tan ce to for ce, 1.5: No ne). The to -
tal sco re are cal cu la ted and hig her sco re me an bet-
ter mo tor func ti on.

EVA LU A TI ON OF AC TI VI TI ES OF DA ILY LI FE (ADL): THE
FUNC TI O NAL IN DE PEN DEN CE ME A SU RE

The Func ti o nal In de pen den ce Me a su re for Chil-
dren (We e FIM) is a simp le-to-ad mi nis ter sca le for
as ses sing func ti o nal in de pen den ce ac ross 3 do ma -
ins (self-ca re, mo bi lity, cog ni ti on) in chil dren. The
We e FIM is a va li da ted and re li ab le to ol and de sig -
ned as an eva lu a ti ve me a su re that ope ra ti o nally de-
fi nes tasks per ti nent to a child’s in de pen den ce
ac ross dif fe rent set tings. It me a su res usu al per for -
man ce to cri te ri on stan dards and inc lu des 18 items
ac ross 3 subs ca les (self-ca re, mo bi lity, cog ni ti on)
for chil dren with de ve lop men tal di sa bi li ti es. The
child’s per for man ce on each item is sco red on a 7
po int le vel or di nal sca le, one in di ca ting comp le te
de pen den ce and 7 sig nif ying comp le te in de pen -
den ce. The to tal sco re is cal cu la ted from the sco res
ob ta i ned for the thre e subs ca les.10-13

MO TOR CA PA CITY IN CHIL DREN: THE GROSS MO TOR
FUNC TI ON ME A SU RE

The Gross Mo tor Func ti on Me a su re (GMFM-88) is
a stan dar di zed cli ni cal ob ser va ti o nal ins tru ment
de sig ned to eva lu a te chan ge in gross mo tor ac ti vi -
ti es in chil dren with ce reb ral palsy. It as ses ses how
much of an ac ti vity a child can ac comp lish, rat her
than how well the ac ti vity is per for med. The
GMFM-88 con sists of 88-264 items gro u ped in to fi -
ve di men si ons: lying and rol ling (17 items 51); sit-
ting (20 items 60); craw ling and kne e ling (14 items
42); stan ding (13 items 39); and wal king, run ning
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Age(years) Age (years) Rehabilitation 

No Sex (at seizure onset) (surgery) Type of operation Aetiology Duration (days)

1 M 6 11 Right frontotemporal lobectomy Brain injury 3

2 F 4 8 Rigth frontotemporal lobectomy Meningitis 12

3 F 0.5 9 Left temporal+frontal+oksipital lobectomy Cortical Dysplasia 14

4 M 11 13 Left frontal lobectomy Cortical Dysplasia 21

5 F 5 6 Rigth hemipherectomy Rasmussen encephalitis 7

6 M 7 14 Left hemipherectomy Rasmussen encephalitis 14

7 M 4 9 Rgth hemipherectomy Rasmussen encephalitis 63

8 F 0.5 3 Left hemipherectomy Sturge weber 54

9 M 8 10 Rigth hemipherectomy Rasmussen encephalitis 15

Total X ± SD 5M+4F 5.11 ±  3.40 9.22 ±  3.38 22.56 ±  21.11

TABLE 1: The characteristics of patients and rehabilitation duration (days).

F: Female; M: Male; SD: Standart deviation.



and jum ping (24 items 72). The items are sco red on
fo ur-po int or di nal sca les [0 = can not ini ti a te, 1 =
ini ti a tes, but comp le tes less than 10%, 2 = par ti ally
comp le tes item (11-99%), 3 = comp le tes item in de -
pen dently]. Go od re li a bi lity using the in trac lass
cor re la ti on co ef fi ci ent has be en re por ted; the va lu -
es va ri ed from 0.87 to 0.99. Per cen ta ge sco res for
each of the fi ve GMFM di men si ons and a to tal
GMFM per cen ta ge sco re are cal cu la ted. Hig her
sco res me an bet ter per for man ce.14

RE HA BI LI TA TI ON PROG RAM

Re ha bi li ta ti on prog ram me was star ted when me -
di cal con di ti ons of the pa ti ents we re stab le im me -
di a tely fol lo wing epi lepsy sur gery at the hos pi tal
and con ti nu ed un til pa ti ents we re disc har ged (me-
di an 19.19 ± 20.32 days). The Bo bath ne u ro de ve -
lop men tal the rapy (NDT) ap pro ach which is the
most com mon physi ot he rapy ap pro ach was used in
chil dren with he mi pa ra sis. NDT ap pro ach fo cu ses
on sen sory mo tor com po nents of musc le to ne, ref -
le xes and ab nor mal mo ve ment pat terns, pos tu ral
con trol, sen sa ti on, per cep ti on, and me mory. Al so,
the ma in aim of NDT is to chan ge the ne u ral-ba -
sed mo tor res pon ses of the cen tral ner vo us system.
The con cept en com pas ses thre e ma in prin cip les in-
c lu ding fa ci li ta ti on, sti mu la ti on,and com mu ni ca ti -
on in or der to pro vi de nor mal mo ve ment ex pe ri -
en ce, mi ni mi ze mo tor-sen sory di sor ders, and im-
pro ve func ti o nal in de pen den ce le vels of chil dren.15

The Bo bath con cept was per for med by an ex pe ri -
en ced physi ot he ra pist (S.B) that had 10 ye ars of ex-
pe ri en ce in the pa e di at ric re ha bi li ta ti on fi eld.
Exer ci ses we re do ne for at le ast 30 mi nu tes,,  5 days
a we ek.

PPaass  ssii  vvee  ssttrreettcc  hhiinngg::  It was a ma nu al app li ca ti on
for spas tic musc les to re li e ve soft tis su e tigh tness.
Ma nu al stretc hing may in cre a se ran ge of mo ve -
ments, re du ce spas ti city, or im pro ve wal king ef fi -
ci ency in chil dren with spas ti city.

SSttaa  ttiicc  wwee  iigghhtt--bbee  aa  rriinngg  eexxeerr  ccii  sseess..  They we re
used in or der to sti mu la te an tig ra vity musc le
strength, im pro ve bo ne mi ne ral den sity, im pro ve
self-con fi den ce, re du ce spas ti city, and im pro ve fi -
ne mo tor func ti on.

MMuusscc  llee  ssttrreenngg  tthhee  nniinngg  eexxeerr  ccii  sseess..  It ai med to in-
cre a se the po wer of we ak an ta go nist musc les and of
the cor res pon ding spas tic ago nists and to pro vi de the
func ti o nal be ne fits of streng the ning in chil dren.

FFuunncc  ttii  oo  nnaall  eexxeerr  ccii  sseess..  Wal king and clim bing sta -
irs tra i ning im pro ve ae ro bic ca pa city, physi cal fit-
ness, the in ten sity of ac ti vi ti es, and qu a lity of li fe. 

EElleecc  ttrrii  ccaall  ssttii  mmuu  llaa  ttii  oonn..  It is a use ful mo da lity
du e to the lack of se lec ti ve musc le con trol re qu i red
for spe ci fic streng the ning prog rams. In par ti cu lar,
ne u ro mus cu lar and thres hold elec tri cal sti mu la ti -
on was used for streng the ning the qu ad ri ceps mus-
c les in chil dren with he mi pa ra sis. 

DDaa  ttaa  aannaallyy  ssiiss

Non pa ra met ric tests we re used as the gro up
was small and da ta co uld not be pro ved to be nor-
mally dis tri bu ted. All dif fe ren ces be fo re and af ter
tra i ning we re analy zed with the Wil co xon sig ned
rank test. Sig ni fi can ce le vel was set at p<0.05. 

RE SULTS

MO TOR IM PA IR MENTS

At the pre-re ha bi li ta ti on ba se li ne, the mo tor mo ve-
ment of the ex tre mi ti es on the af fec ted si de was
mildly to mo de ra tely im pa i red. Af ter re ha bi li ta ti -
on, the af fec ted leg had re co ve red (p < 0.05). In the
arm, pro xi mal and dis tal mo tor mo ve ment  re co -
ve red, alt ho ugh this was not sta tis ti cally sig ni fi -
cant. (Tab le 2).

GMFM-88 

The GMFM ad mi nis te red to the ni ne chil dren sho -
wed sta tis ti cally sig ni fi cant chan ge at fol low-up as-
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Pre-treatment Post-treatment- P 

Median(range) Median(range) value

Arm proximal 3.00(6.00) 3.50(4.00) 0.066

Arm distal 0.50(5.50) 1.00(5.50) 0.317

Leg proximal 4.50(3.00) 5.00(2.00) 0.023*

Leg distal 1.00(3.00) 2.00(2.50) 0.039*

Total 8.50(15.50) 9.50(13.00) 0.012*

TABLE 2: The results of the Canadian neurological
scale of patients.

*p< 0.05.



sess ment when com pa red with the pre vi o us as sess -
ment (p<0.05). The chan ge bet we en pre- re ha bi li -
ta ti on  and post-re ha bi li ta ti on da ta was sta tis ti cally
sig ni fi cant (p < 0.05) in all do ma ins of ac ti vity (Tab -
le 3).

ADL: THE FUNC TI O NAL IN DE PEN DEN CE ME A SU RE FOR
CHIL DREN (WE E FIM):

The chan ge bet we en pre-re ha bi li ta ti on and post-
re ha bi li ta ti on da ta was sta tis ti cally sig ni fi cant (p <
0.05) in all do ma ins of func ti o nal skill ex cept of the
cog ni ti on do ma in (Tab le 4).

DIS CUS SI ON
Ce reb ral he misp he rec tomy is an in cre a singly used
sur gi cal pro ce du re to tre at the rapy-re sis tant epi -
lepsy.16 He misp he rec tomy of ten con trols se i zu res,
but pa ti ents are left with a re si du al he mi pa re sis.
Alt ho ugh most chil dren af ter he misp herec tomy
even tu ally le arn to walk, they disp lay hip cir cum -
duc ti on and ot her ga it de vi a ti ons to ad van ce and
cle ar the af fec ted fo ot. In this term, to ma xi mi ze
com pen sa ti on of the ne u ro nal mec ha nism to get her

with the pos sib le be ne fits of early ope ra ti on must
we igh the re ha bi li ta ti on in ter ven ti ons.17 In this
study has analy zed the out co mes of 9 chil dren who
at ten ded the re ha bi li ta ti on prog ram af ter he misp -
he rec tomy at the ne u ro sur gery de part ment. Af ter
the sur gery chil dren we re se i zu re-fre e and all chil-
dren had shown im pro ve ment at the end of re ha -
bi li ta ti on tra i ning.

MO TOR OUT CO ME

In our study, the arm abi lity of all pa ti ents is mo re
im pa i red than the leg be fo re re ha bi li ta ti on. Af ter
he misp he rec tomy the dif fe ren ce in co ur seand deg -
re e of im pa ir ment bet we en the up per and lo wer
limbs can be exp la i ned by se ve ral hypot he ses. The
up per limb, par ti cu larly the hand, has be co me spe-
ci a li zed to per form skil led hand mo vements and is
mo re un der the con trol of the cor ti cos pi nal path-
ways than the leg, whi le the lo co mo tor task of the
lo wer limbs is mo re un der the con trol of the spi nal
ne u ro nal cir cu its. This co uld be a re a son why the
arm is mo re im pa i red than the leg af ter he misp he -
rec tomy. It was sug ges ted that the lum bo sac ral spi -
nal cord con tri bu tes to the abi lity to walk in ani mals
and hu mans.18,19 The re is so me in di rect evi den ce
that the lo co mo ti on de pends upon ne u ro nal cir cu -
its (net works of in ter ne u rons) wit hin the spi nal
cord which are tho ught to be a type of cen tral pat-
ternge ne ra tor. Anot her exp la na ti on may be the fol-
lo wing: pre ser va ti on of the abi lity to am bu la te may
be du e to con tri bu ti onsof sub cor ti cal re gi ons of the
ner vo us system. Se ve ral struc tu res in the ner vo us
system ot her than the cor tex are known to sup port
co or di na ted mo ve ment; the se inc lu de the ce re bel -
lum and the me sen cep ha lic lo co mo tor re gi on of the
bra in stem, struc tu reswhich are pre ser ved af ter he -
misp he rec tomy. Thirdly, in tact ip si la te ral cor ti cal
path ways co uld be res pon sib le for pre ser ved lo co -
mo ti on. Wi e ser and his col le a gu es des cri bed the
trans fer of mo tor con trol of the left leg to the ip si -
la te ral pri mary mo tor cor tex in a pa ti ent with a
right-si ded sur gi cal re sec ti on. He re a so ned thatboth
mo tor are as ha ve the la tent ca pa city to con trol mo-
to ri city bi la te rally and that the ip si la te ral ca pa city
is bro ught in to func ti on only af ter re mo val of the
op po si te he misp he re. This li ne of re a so ning do es
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Pre-treatment Post-treatment P

GMFM (%) Median(range) Median (range) value

Lying. rolling 80.39(82.35) 90.20(49.02) 0.012*

Sitting  68.33(100.00) 78.33(61.67) 0.018*

Crawling. kneeling  33.33(100.00) 47.62(100.00) 0.028*

Standing   7.69(89.74) 17.95(92.31) 0.008*

Walking. running. jumping 0(87.50) 0 (95.83) 0.465

Total score  36.41(91.92) 46.82(78.74) 0.008*

TABLE  3: The results of the gross motor function
measure (GMFM-88) scores of patients.

Pre-treatment Post-treatment P

WeeFIM Median (range) Median(range) value

Self Care 29(41) 38(32) 0.018*

Mobility 14(30) 20(21) 0.018*

Cognitive 35(19) 35(10) 0.180

Total score 78(78) 89(60) 0.012*

TABLE 4: The results of the functional independence
measure for children (WeeFIM) scores of patients.

*p<0.05.

*p<0.05.



not, ho we ver, ac co unt for the fact that, ap pa rently,
trans fer of mo tor con trol of the arm is less suc cess -
ful than that of the leg.20 In our study the mo tor
func ti on of our pa ti ents re co ve red on he mi pa re sis
si de af ter re ha bi li ta ti on prog ram, but the im pro ve -
ment of pro xi mal and dis tal mo tor func ti on of the
af fec ted leg we re mo re than up per ex tre mity du e to
the abo ve-men ti o ned re a sons. Si mi lary to our study,
Van Em pe len R and ot hers re por ted im pa ir ments
in 12 chil dren (me an age at sur gery 5.9 ye ars) who
we re in ves ti ga ted be fo re and thre e ti mes over a 2-
ye ar pe ri od af ter he misp he rec tomy. All pa ti ents at-
ten ded a re ha bi li ta ti on prog ram me at a re gi o nal
re ha bi li ta ti on cen tre af ter he misp he rec tomy. At the
pre sur gi cal ba se li ne, the musc le strength of the ex-
tre mi ti es on the af fec ted si de was mildly to mo de -
ra tely im pa i red. Six months af ter he misp he rec tomy,
sco res ref lec ted a furt her post sur gi cal sig ni fi cant de-
c re a se in the arm and a non-sig ni fi cant dec re a se in
the leg. Two ye ars af ter sur gery, the af fec ted leg had
re co ve red to pre sur gery strength. In the arm,
strength re ma i ned very po or dis tally, whe re as pro -
xi mal strength re co ve red, alt ho ugh this was not sta-
tis ti cally sig ni fi cant. They sho wed that the mo tor
func ti on of chil dren  in cre a se was 20% af ter 2 ye ars.
But the re we re no re ports whet her the chil dren at-
ten ded the re ha bi li ta ti on prog ram me .21

Af ter ward, Van Em pe len R and ot hers exa mi -
ned whet her se ve rity of epi lepsy, mo tor func ti o -
ning, and epi lepsy-re la ted res tric ti ons chan ge in
chil dren with me di cally in trac tab le epi lepsy who
are ine li gib le for epi lepsy sur gery. The study was a
pros pec ti ve, lon gi tu di nal, 2-ye ar fol low-up of 28
chil dren. They re por ted that musc le strength, ran -
ge of mo ti on, and musc le to ne did not chan ge sig-
ni fi cantly du ring fol low-up. But in this study the re
we re no re ports whet her 28 chil dren at ten ded the
re ha bi li ta ti on prog ram me.22

In ad di ti on the re ha bi li ta ti on du ra ti on can be
the ot her re a son for this re sult. All pa ti ents we re
tre a ted un til disc har ged and then, they we re re fer -
red for ad mis si on to anot her re ha bi li ta ti on unit.
The re fo re, pa ti ents we re tre a ted only for 19.19 ±
20.32 days. Even tu ally, the up per ex tre mity im pro -
ve ment was less than lo wer ex tre mity im pro ve -

ment for a shor ter pe ri od of ti me. Whi le mo tor
con trol of the lo wer ex tre mity can be im pro ved
thro ugh gross mo tor ac ti vi ti es li ke stan ding, wal k-
ing, etc, the fi ne mo tor co or di na ti on ac ti vi ti es is
ba sis for the up per ex tre mity func ti on. We know
that fi ne mo tor skills typi cally de ve lop af ter gross
mo tor skills. The re fo re, this short re ha bi li ta ti on
du ra ti on co uld not eno ugh for up per ex tre mi ti es
im pro ve ment. 

GMFM

To our know led ge, this is the first study com pa ring
mo tor ac ti vity in chil dren who had epi lepsy sur-
gery af ter acu te re ha bi li ta ti on prog ram me with re f-
e ren ce GMFM-88 sco res as des cri bed in the GMFM
ma nu al by Rus sell and col le a gu es14. The re sults of
GMFM se em to be use ful when de ter mi ning whet -
her the child is per for ming in ac cor dan ce with
her/his ex pec ted growth cur ve of gross mo tor de ve -
lop ment. At le ast af ter the sur gery the re sults can
help to pre dict mo tor de ve lop ment in chil dren. We
as ses sed the GMFM af ter re ha bi li ta ti on, and fo und
chan ges in sco res in all chil dren. Our da ta sug gests
that the mo tor ac ti vity in cre a ses in chil dren who
has jo i ned the re ha bi li ta ti on af ter the epi lepsy sur-
gery. This fin ding is im por tant, con si de ring the un-
cer ta in ti es of pa rents and chil dren abo ut mo tor
func ti on af ter the sur gery.

The re are only a few stu di es that ha ve exa mi -
ned the GMFM in chil dren who un der went epi -
lepsy sur gery.21-23 The aim of the se stu di es was to
exa mi ne whet her se ve rity of epi lepsy, mo tor func-
ti o ning, and epi lepsy-re la ted res tric ti ons chan ge af -
ter sur gery in chil dren with me di cally in trac tab le
epi lepsy.  All chil dren we re in ves ti ga ted be fo re and
thre e ti mes over a 2-ye ar pe ri od af ter he misp he -
rec tomy and it was fo und that the func ti o nal mo -
tor abi li ti es of chil dren in cre a sed af ter the sur gery.
Ho we ver in only one study, re se arc hers in di ca ted
that all pa ti ents at ten ded a re ha bi li ta ti on prog ram -
me at a re gi o nal re ha bi li ta ti on cen tre af ter he mi-
sp he rec tomy.

ADL

In our study, we cal cu la ted both a to tal sco re and
do ma in subs co res in self-ca re, mo bi lity, and cog ni -
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ti on. All We e FIM do ma ins ex cept cog ni ti ve in cre -
a sed. All pa ti ents had a bet ter cog ni ti ve per for -
man ce sta tus be fo re re ha bi li ta ti on. The sco res of
cog ni ti ve sta tus of all pa ti ents be fo re re ha bi li ta ti -
on was 86% of the nor mal va lu e and so cog ni ti ve
sta tus not sho wed mo re im pro ve ment in a short pe-
ri od of ti me. In our study, in chil dren the sco res for
func ti o nal skills on the We e FIM in cre a sed from
be fo re re ha bi li ta ti on: 78 to 89, af ter re ha bi li ta ti on,
in di ca ting a cli ni cally re le vant im pro ve ment. Si m-
i lary to our study, Van Em pe len R and ot hers exa -
mi ned the ac ti vi ti es da ily of li ving by The Pe di at ric
Eva lu a ti on of Di sa bi lity In ven tory (PE DI) in chil-
dren with me di cally in trac tab le epi lepsy who are
ine li gib le for epi lepsy sur gery and they re por ted
the chil dren ne ed less as sis tan ce with self-ca re, mo-
bi lity and so ci al func ti o ning over a 2-ye ar pe ri od
af ter he misp he rec tomy.21,22

Al so syste ma tic re por ting of type and qu an tity
of re ha bi li ta ti on prog ram me with func ti o nal as sess-
ments be fo re and af ter re ha bi li ta ti on wo uld al low
re se arc hers to track func ti o nal chan ges as in our
study. 

RE HA BI LI TA TI ON TI ME 

Re ha bi li ta ti on du ra ti on is very im por tant af ter the
epi lepsy sur gery. To ac hi e ve in de pen den ce, all the
pa ti ents ne ed to ta ke long ti me re ha bi li ta ti on. In
our study, the du ra ti on of the re ha bi li ta ti on prog -
ram me was not lon ger be ca u se all pa ti ents we re
disc har ged from the hos pi tal on ce they be ca me sta-
bi le. The re fo re in our study, the de si red re sults ex-
actly co uld not be re ac hed.

In li te ra tu re, the re are few evi den ces to sup-
port short-term re ha bi li ta ti on in ter ven ti ons that
we re app li ed to chil dren who un der went epi lepsy
sur gery. de Bo de S and col le a gu es exa mi ned whet -
her lo co mo tor tra i ning, which inc lu ded body 
we igh t- sup por ted tre ad mill the rapy, im pro ved
wal king af ter ce reb ral he misp he rec tomy. He misp -
he rec tomy pa ti ents (n = 12) un der went 2 we eks of
ga it tra i ning for at le ast 30 ho urs each. They fo und
lo co mo tor tra i ning of he misp he rec tomy pa ti ents
im pro ved mo bi lity and re por ted that the se fin dings
sup por ted the no ti on that he misp he rec tomy pa ti -
ents may res pond to re ha bi li ta ti on in ter ven ti ons

thro ugh mec ha nisms of ac ti vity-de pen dent cor ti cal
plas ti city.24 Then de Bo de S and col le a gu es des cri -
bed the fe a si bi lity and ef fi cacy of the use of cons -
tra int-in du ced mo ve ment the rapy (CIMT) in 4
in di vi du als (aged 12-22 ye ars) who un der went ce -
reb ral he misp he rec tomy (age at ti me of sur gery= 
4-10 ye ars). The pa ti ents re ce i ved a shor te ned ver-
si on of CIMT for 3 ho urs each day for a pe ri od of
10 days. In ad di ti on, a stan dard res ting splint was
used for the unim pa i red hand for an 11-day pe ri od.
The fin dings sug ges ted that CIMT may be a fe a sib -
le met hod of re ha bi li ta ti on in in di vi du als with
chro nic he mi pa re sis, pos sibly le a ding to ne u rop las -
tic the rap y-re la ted chan ges in the bra in. 25

Re se arc hers eva lu a ted mo re the func ti o nal re-
sults of chil dren who un der went epi lepsy sur gery.
Tan Q and ot hers ret ros pec ti vely analy zed the ir ex-
pe ri en ce to eva lu a te the se i zu re con trol and comp -
li ca ti ons of this sur gi cal tech ni qu e in 8 ca ses of
in trac tab le se i zu res whom func ti o nal he misp he -
rec tomy was per for med. All the pa ti ents we re fol-
lo wed up for 3-11 ye ars (me an 6.7 ye ars). Sa tis-
fac tory se i zu re con trol was ob ta i ned in all the ca ses.
Li fe qu a lity im pro ved and pa ti ents wor ked or stu -
di ed well af ter the ope ra ti ons.23 In 2007, Ter ra-Bus -
ta man te VC and ot hers analy zed out co me of
he misp he ric sur ge ri es for ref rac tory epi lepsy in 39
pe di at ric pa ti ents. Most fre qu ent eti o lo gi es we re
Ras mus sen en cep ha li tis (30.8%) and mal for ma ti on
of cor ti cal de ve lop ment (23.1%). Post sur gi cal out-
co mes we re En gel clas ses I and II for 61.5% of the
pa ti ents. In ge ne ral, 89.5% of the pa ti ents ex hi bi ted
at le ast a 90% re duc ti on in se i zu re fre qu ency. All
pa ti ents had acu te wor se ning of he mi pa re sis af ter
sur gery. They sho wed that a mar ked re duc ti on in
se i zu re fre qu ency may be ac hi e ved, with ac cep -
tab le ne u ro lo gi cal im pa ir ments.26

But the re we re no re ports abo ut the ef fects of
short- and long-term re ha bi li ta ti on prog ram me or
whet her the chil dren at ten ded the re ha bi li ta ti on
prog ram me.

We think that our study shed light on re ha bi -
li ta ti on stu di es abo ut epi lepsy sur gery in the fu tu -
re. Be ca u se early sur gery in child ho od may ta ke
ad van ta ge of the child’s bra in plas ti city and en han -
ce the chan ces of re co very from se i zu re re la ted da -
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ma ge and from pos sib le post sur gi cal ne u ro lo gic de -
fi cits.27-29 The pe ri na tal in farct gro up de mons tra ted
gre a ter ac ti vity in the cin gu la te cor tex, whe re as the
Ras mus sen’s en cep ha li tis gro up had sig ni fi cant ac-
ti va ti ons in the in su la, sug ges ting eti o logy-spe ci fic
dif fe ren ces in re or ga ni za ti on. The se fin dings are
dis cus sed in the fra me work of our un ders tan ding of
mec ha nisms of cor ti cal plas ti city in the in ju red bra -
in and its re le van ce to ne u ro lo gic re ha bi li ta ti on. Re-
ha bi li ta ti on stra te gi es, sho uld tar get cor ti cal
plas ti city and pro mo te suc cess ful rep re sen ta ti o nal
com pe ti ti on of ne u rons with di rect and in di rect in-
puts to the af fec ted si de’s spi nal mo tor po ols from
the re ma i ning cor tex. It is known that task-spe ci fic
tre at ment of ten le ads to bet ter per for man ce and
cor ti cal rep re sen ta ti o nal plas ti city by a growth-re -
la ted mec ha nism, such as in cre a sing num bers of
den dri tic spi nes, axo nal and den dri tic branc hing,
and synap to ge ne sis. It was sug ges ted that chil dren
who un der go he misp he rec tomy and cur rently do
not ro u ti nely re ce i ve re ha bi li ta ti on to im pro ve ga -

it and use of the up per and lo wer ex tre mi ti es sho uld
re ce i ve task-spe ci fic tra i ning to en han ce bra in re-
or ga ni za ti on fol lo wing he misp he rec tomy.17

Epi lepsy is an evo lu ti o nary di se a se pro cess that
chan ges with the ma tu ra ti on of the cen tral ner vo -
us system. The re ha bi li ta ti ve mo del pro vi des the
fra me work for a dyna mic tre at ment plan to me et
the chan ging ne eds of the child with epi lepsy thro -
ugh the so ci al and de ve lop men tal chan ges of child-
ho od and ado les cen ce. The de ve lop ment of
epi lepsy may comp li ca te the re co very from many
acu te and chro nic con di ti ons that af fect the cen tral
ner vo us system. The re ha bi li ta ti on pro cess must
ad dress the se many of the se as pects of the di se a se
pro cess and its se qu e la e, inc lu ding epi lepsy. This
ma kes ne u ro lo gists uni qu ely qu a li fi ed to ma na ge
the re ha bi li ta ti on te am.30
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