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TABLE 2. Changes in frequency (Hz) of ACC, EMG, and coherence in different postures and with loading of 1 kg
No, Frequency Posture 1 Posture 2 Other posture
(Hz) S S—
ACC 6.5 8.2 7.7 8.6 8.6 8.6 3394
1 EDC 8.5-9.4 8,5 9.8 8.5 8.3 N.D
Coherence 6.2-9.4 1.7 N.D. 8.9 8.9 N.D.
ACC 6.7-9.1 7.6 7.0 6.3-49.1 7.7 9.1
2 EDC 7.7-8.4 105,84 9.1 7.7-9.1 7.7 N.D.
Coherence 7.7 B4 7.7 7.7 84 7.0 7.7
ACC 6.5-8.4 6.1 8.5, 4.1 9.3
3 EDC 7.7 8.5 N.D. 9.3
Coherence 7.0 6.1 N.D. N.D
ACC 7084 7.0 7.8 35 78 7.8 35 6.1-8.7 3.5 6.7
4 EDC 7987 7.8 7.8 N.D N.D N.D 8.7 N.D 7.0
Coherence T.8-8.7 7.8 7.8 7.8 7.8 N.D 8.7 N.D 34
ACC 7.4 .83 7.8 7.9 6.5 3.5 4.1 29,52
5 EDC 7.8-8.3 7.8 7.9 8.2 N.D N.D. N.D.
Coherence 7.8-8.0 7.9 7.9 6.9-8.0 N.D N.D. N.D.
ACC 6.4-8.7 8.2 35 87,29 7.6 5.2 4.1
EDC N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Coherence N.D 8.2 N.D. 8.7 N.D. N.D. N.D,
ACC 29 2.9 2035 | PR30 4 2.9
EDC 9.2 9.9 9.9 8.7 N.D 9.9
Coherence N.D. N.D 8.1-9.9 8.7 N.D N.D,
ACC 7682 7076 7.5 35 7.5 1.5 7.6
EDC 8298 7.5 7.5 N.D. N.D. N.D. N.D.
Coherence N.D. 7.0 7.5 N.D. N.D. N.D. N.D.

Gray cells means “not done”. Dark gray cell in patient numbers indicates that their features are compatible with “mechanical tremor”.
ACC, accelerometer; EDC, surface electromyogram of musculus extensor digitorum communis; ND, not detected.

peak at 6.1 Hz appeared in addition to an 8.7 Hz peak
in the ACC spectrum. However, both EMG activity
and coherence showed a peak only at 8.7 Hz. Figure
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2A and B present power spectra of ACC and EMG
and their coherence in Case 6. In Posture 1, the tremor
peak frequency was 8.7 Hz without associated EMG
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FIG. 2. Power spectra of ACC, EDC EMG, and their coherence in Case 6 (A and B) and Case 2 (C and D). A, Posture 1, is holding out the
arm; B, Posture 2, is during wrist extension. For Posture 1, the tremor peak frequency was 8.7 Hz. Neither EMG activities nor their coherence
exhibited any peak. These results suggest that the tremor is a “mechanical tremor.” The ACC power spectrum showed two peaks (2.9 and 8.7
Hz) with no EDC EMG activities when the patient extended the wrist and finger (Posture 2). However, the coherence showed a small peak at 8.7
Hz. (C) Data for a subject holding the hand extended without a weight load and (D) with a load. Without any weight load, all ACC, EDC EMG,
and coherence showed peaks at similar frequencies: 7.0-7.7 Hz. The weight load changed the tremor frequency to 9.1 Hz. The EMG spectrum

showed no clear peaks, but the coherence had a small peak at 7.2 Hz.

activities (Fig. 2A). Another peak was observed at 2.9
Hz in addition to an original peak at 8.7 Hz in the
ACC spectrum (Fig. 2B) when the posture changed
from Postures 1 to 2. No EMG activity was associated
with a tremor peak in either posture. Nevertheless, a
significant coherence was found between ACC and
EMG at 8.7 Hz in Posture 2 (Fig. 2B). The results for
all patients are presented in Table 2.

The weight load on the hand changed the ACC peak
frequency in all patients (Table 2). It reduced the
tremor frequency in four patients (Cases 4, 6, 7, and
3), raised the frequency in two (Cases 2 and 5), and
added another peak in three (Cases 1, 3, and 6). None
of frequency changes induced by weight load was
associated with an EMG peak at the same frequency.
Figure 2C and D show power spectra of ACC and
EMG and their coherence with and without a load in
Case 2. The frequency of ACC changed from 7.7 to
9.1 Hz with load. The EMG from EDC showed a 7.7

Hz peak without load and no peaks with load. In six
patients, no peak was observed in the EMG power
spectrum during loading. In the other two patients,
EMG peaks were observed at different frequencies
from a peak of ACC frequency.

DISCUSSION

All of our patients with SBMA showed postural
tremor in the distal upper limb muscles at a frequency
of 6-9 Hz. The tremor frequency of 6-9 Hz was simi-
lar to that of essential tremor. We report here, for the
first time, that the physiological characteristics of
SBMA postural tremor differ from those of the essen-
tial tremor, which is considered to be generated by
central mechanisms (central tremor). In essential
tremor, tremor movement is always associated with
EMG grouping activities at the same frequency. It is
resistant to external perturbation, such as weight load-
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ing.!" In the patients described herein, some external
perturbation affected the tremor frequency; the move-
ment was not always associated with synchronous
EMG activities.

In five patients, EMG activities that were signifi-
cantly coherent with ACC were associated with
tremor. The tremor frequency was affected by postural
changes. Moreover, imposition of a 1 kg weight load
also changed the peak tremor frequency. According to
Deuschl et al.'' these physiological features suggest
“reflex tremor,” which is mediated through reflex
loops between peripheral nerves and the central nerv-
ous system such as stretch reflex. Changes in tremor
frequency by more than 1 Hz during 1 kg weight
loading in some of these patients are also consistent
with reflex tremor.'"'? In the other three of the eight
patients (Cases 6-8), the tremor was not associated
with EMG activities, which suggests that simple me-
chanical oscillation might produce tremor movement
(mechanical tremor).!' On the basis of the arguments
presented earlier, we conclude that two different
mechanisms might contribute to tremor movement
generation in SBMA: mechanical oscillation and reflex
mechanisms.

Peripheral input changes are important factors in
triggering reflex tremor movement. Peripheral nerve
involvement is one candidate for peripheral factors to
explain reflex tremor in SBMA. Some subclinical sen-
sory system involvement is suggested in SBMA.'>"
Small sensory nerve action potentials of our patients
are consistent with axonal or neuronal damage of the
sensory neurons'>'* even though they had no sensory
symptoms. This mild sensory system involvement
might partly produce reflex tremor. In patients with
some form of peripheral neuropathy, such as IgM
demyelinating paraproteinemic neuropathy, postural or
action tremor at 3—6 Hz is often observed in the upper
limbs.'>™"” Such tremor is often classified as “tremor
syndromes in peripheral neuropathy” or “neuropathic
tremor.”' In neuropathic patients, some mistimed
peripheral inputs attributable to abnormally prolonged
cortical stretch reflexes might induce malfunction of
the feed-forward loops caused by disruption of central
processing. Such loop malfunction might cause periph-
eral neuropathic tremor.'™'>'® A similar mechanism
putatively causes tremor in SBMA. In addition, the
motor unit discharges synchronizing originally at 6-10
Hz might be responsible for the frequency component
of physiological tremor during muscle contraction.'>?°
Muscle spindle feedback reportedly plays an important
role in the generation of 6-10 Hz rhythm.'® This 6-10
Hz motor unit synchronization might occur more easily

Movement Disorders, Vol. 24, No. 14, 2009

than in normal subjects in SBMA because the motor
units are markedly decreased. This tendency for
enhanced synchronization might be another factor gen-
erating reflex tremor in SBMA.

Mechanical tremor is a peripheral tremor caused by
the simple oscillation of the extremities when the ex-
tensor muscles are activated to keep the hands in the
outstretched posture to counterbalance gravity.'' The
frequency of mechanical tremor is determined by the
resonance frequency of the limb, which is affected by
muscle stiffness and the inertia of the oscillating limb.
Usually, the resonance frequency is 6—8 Hz in the
hands and 25 Hz in the fingers. The frequency
observed in our patients is consistent with resonance
frequencies of the hand. In SBMA, muscular atrophy
and motor unit reduction engender difficulty in main-
taining muscle contraction constantly because the
muscle activities might not be sufficient to cancel me-
chanical tremor motion during gravity-defying posture
maintenarnce.

Mechanisms underlying both mechanical and reflex
tremor might contribute to physiological tremor (8-12
Hz). In normal subjects, fatigue induces physiological
tremor at a similar frequency.?""** Similarly, tremor is
frequently observed during fatigue in patients with
SBMA. Easy fatigability also predisposes SBMA
patients to tremor, whether mechanical or reflex
tremor, In SBMA, the motor units are enlarged and
their number is decreased. Therefore, when patients try
to maintain a posture, the firing rate per unit is
expected to increase when maintaining the same level
of voluntary contraction. Under such conditions, the
motor unit might become fatigued quickly and engen-
der easy fatigability. In our patients, the tremor fre-
quency fluctuated from 0.6 to 2.4 Hz during mainte-
nance of a posture. This finding might be compatible
with fatigue induction.

Our results suggest that peripheral factors play major
roles in generating postural tremor in patients with
SBMA, even though the present results cannot com-
pletely preclude the possibility that some central factor
is also combined in tremor generation.
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REAFE MANEGE (transcranial magnetic stimulation,
TMS) &, 1985 4 Barker &V 2SRRI RESUME A 5 2,
FOHmHPOFRBEMLNFHETHILIIHIIL, 3FE
F A B RE ARG IS S T & 72, 1990 AL HIEEE
BEOWYRIEAR, TMS %@kt L TH WS IEREER
LHEE (repetitive TMS, rTMS) O F ERwAHENL L 7=,
Z OB IMS 2 & ) EEE 0K, RESHER S h
L1207, rTMS ORIBH 72 T SRR D
BEAMREEFMBALT, B - FHEREOBEIZCHT
LIENEZLNL LS hoT,

rTMS 2 3 Z UL EHANIE L < LIE S b TMS L3
FENTVD, TMSIZRIBHREA 1Hz 2 R 5 b
D% GHE FTMS (fast rTMS), 1Hz UL F Db D %K
SHEE 'TMS (slow rTMS) & 2FEEICK A &, 5Hz
PLE® fast rTMS Tld a4 VE T ORBMEEOBEEN
AL, slow rTMS Tl ABEEOBEEMITET S

EXEHRFEFHMENREHRE

HEEILNTWS, TO72HEICKMEEREND
{&F LTV A9HEE T fast rTMS 2%, #1270 L T
LIREETIE slow FTMS 281 & L THWwWH L TwW B,

WMETIEH LwBlE A3 L LT theta-burst stimula-
tion (TBS) ARSI N/, RO TMS & 1 5554
B (80% iR MEP Bifit) TEMHE (50Hz) 3:#%
FlE%x SHz THVETHIOTH Y, L 0T
HTHRELHHES LI ENTELY,

TMS D EEMEIZ DWW TIE, (TMS TIRYHM2 6 T
ADAREEEFHRTLTREE DR TE Y, B
ETCLTAPABEIEERIE LTCEETHS, £
7z, rTMS T3 KRB B s OV At 2 5.2 A 72
O, HEMRE ) v E 2 FfER OB A A —H —
WOART R EHBRE 2 BY, THARBRME A
& BMEREECHETAERS) THAREEORIK
SR EREHICHT MRS IPRFETIHICHAD,
TMS O&&eHIclT s EME T, EELFIE
RAPEL TRV IEEHLMIL TS, FHE
F TCOXHNRETHEE LAWY,
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=% Y VIROEEE L TIEEI P28 VEAR
F282 VB EREEESONRBESEERTH 525,
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EEEES OIERAEELZ EORERP B L 2 5,
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BEEETHY, BIGE R ORVENDSE, HITHE
EEHERZ &S ERT V.

1994 412 Pascual-Leone & i3, off IREED /X —F
VURBEEMBRIFOEHIT fast (TMS 2 5 2
BE, RGHEINET LI LEMELLY, 20k
Ghabra 512 5Hz @ rTMS 2 EB/EIZ 5 2 0568 %
FALRBED bz EHE LY, EHHITHT 2 fast
TMS OFJRIZ OV TIERIFED & T ABMIE I T
b, HATiX Shimamoto 5 2Tl # 58 &8 12 E By BY

PRMEAHY 37%6 5

ED 11EDORE T 0.2Hz @ slow rTMS % 8 1 [a] #
NETZEIXLDFERALEROYAENFEDO LN L
WMELTWAD, ¥EE LU CIRBIEITMS 2L b
GARD PRI Y LRLEEMT 52 &Y, GABA 2%
HEALEIHBFEER 2RET LY L) T
2z %h(bxéo FOHLBEXLIRT L) IEEE
WZH$ 5 rIMS BRIRERERIEZ {fThbh Tw ™2,
TR R T S N7z LB BRER PR SAER D A & AT T3 fast
rTMS CILEBHERICN T2 HELIRIEZDO SN2
75, slowrTMS TIZIZE A ERI R Loz & 23R
ELTWED,

FIR BT B L HERIEAE L LT, 2003 £,
SEBEVE N9 S 0.2 Hz ¥TMS 13 sham FIEUIC X 2 8
WEHREFETHD, placeboFFEEEDLL NI
RO MUY, FT 2008 4 R EB)E A
5 Hz 1 1 [l 800 [ o> #1 #8 % s 4% 8 M {Tv>, UPDRS
 HOSMEOME Tid, sham H# & i U EBER
DHELGESDRD LN, WF, S—F 2V UiE

Fl N—F vV RIS TS (TMS B#E

EH A% RIBREE SRR a4 il B2 HBARNL HEDR
Paoscual-Lenone & (1994)® 6 5 0.9 % rMT §NFE  EmRZL M1 WE
Siebner & (1999)" 12 5 0.9% rMT 8DF 750 M1 Y
Ghabra & (1999) 11 5 08~085xrMT 8DF izl M1 I3
Mally & (1999)'¢ 49 1 02X rMT M¥ 60 E/H x108 Cz &

Mally & (1999)"” 10 1 034~08xrMT M  60ME/H x7H Cz %
Tergau & (1999)" 7 1,5,10,20 0.9XxrMT MR 1000 Cz g
Siebner & (1999)' 10 5 0.9 % rMT 8DFE 750 M1 %
Boylan & (2001)® 10 10 L1XrMT 8 DF 2000 SMA HE
Shimamoto & (2001)'” 9 0.2 700V ¥  60[E/Hx 858 Cz g
Sommer & (2002)* 11 1 1.2xrMT 8DE 900 M1 U
Tkeguchi & (2003)% 12 0.2 700V M  30EIx2/Hx 28 F3,F4 UE
Okabe & (2003) %" 85 0.2 L1XrMT Mm% S0E/Ex 8B Cz placebo & [E1%
Lefaucheur & (2004)% 12 10 0.8XrMT 8DFE 2000 M1 i
Lefaucheur & (2004)% 12 05 0.8 X rMT 8DF 600 M1 %
Fregni 5 (2004)% 42 15 L1XrMT 8MDF 200[/Hx10H  ADLPC ¥
Boggio & (2005)® 25 15 1.1XrMT 8M%F 200E/Hx10H /4 DLPFC H&#&
Lomarev 5 (2006)* 18 LOXrMT 8M¥ 1200[m/Hx1H Wl DLPFC %¥%
Del Olmo & (2007)%" 13 10 0.9%XrMT 8% 4500 /Hx10H  DLPFC RE
Hamada & (2008) %' 99 5 L1XrMT 8DF 1000 [El/H/E*8# SMA W

EAFBHETENRE, M1 —daEHE, SMA : #2838, DLPFC : BTSEATE %4, rMT : resting motor threshold, Cz : &

B 10-20 RO BHETE
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FR/NEEMAEE, FE, NNEHICREOFEEZ LD
ERAES LC3EEEOEHERETHY, EEkH
EMEIRE T D, HEATCIGETEEoE A EEND
HHWRERL )N ) F—3 3 Y USMCER BB
AR,

Shimizu &% (3B 151 F B8/ 2 PEIE BB SR L
THE A VvER, DR~ 0.2 Hz slow rTMS
% 303VA/H, EHDOEREZHAATNDL, TOK
P XY, BEONIIHITEENSE L, TRHEIT/NK
HER, B, HROMEAEMLEHMEL TV B

2002 £ #aAlm&ym&%ﬂwn#ﬁbnto
MHBE T BE M/ NEERE & & EHE RN ERE
6% (SCA6) IZBREL, AEIf vax HWwT02Hz

473

® slow 'TMS # 30 SV A/H x15 B 5 2 72, #%
WA E BB L D IEROUEN AL N
7o, EEHMICHEERERALN o2, L L,
SCA6 DAHDIRANT CITIGHFMIAHR 4 BB 25 8 HH ¥
TORT, EEERIBA/ RS & U sham R &
HARTHEZ/MEEROBERBEIR RO bz, /MK
FIBUI KRB EEZRM T 256 LB LT, AR
HMAPFEL TV A2OPBBRICHETERNWIELH S
B, SHRABHMBEOS L L BEENETNE, S5
REDOERE TR WEBRT L2 COMBOEMEL LD
B0, L ORI T A =¥ 2 O IRENEE
oha,

PR REAE

BB X DR MBEDEREL LTINET, HE
NAF 74— FoNy 78, JERER LR O EE
(constraint-induced therapy), 5D ERMN B % &A%
BEINTWE2Y, EFICEREASD D EERICB W
TIIFCHEETH 2%,

REEIREOLEROEBEF L, BMBEENLTEWC
HHIEHEE 2L TWB EEL %nfwzﬂ”o YNEY
7 — ¥ 3 X128 v T constraintinduced therapy 73T H
N0y, Hre L TEMOESE HREEM O EEHEF
DOEEIZEZE Y RITTUREXH L L1285,

F2 BBEIIXNT A TMS HE

Ex AEC WEOREE WEGEE o 0 PR EEES FBER AL R

Khedr & (2005)* 52 3 12 x TMT  8®F 300E/H x10 B FE4BsE R AR E 2R HY

Mansur & (2005)* 8 1 1.0 x tMT 8 @ 600 [l ST E L IRCE Lt Hh

Takeuchi & (2005)% 20 3 12 x tMT 8 D5 1000 JEHEE M E B E HY

Boggino 5 (2006)” 1 1 11X rMT 8®F 1200E x1 H HY

Kim & (2006)* 15 10 0.8 x tMT 8 ™% 160 | x1 B HY

Fregni & (2006)* 15 1 10 x tMT 8 DF 1200%5 HY

Talelli & (2007)* 6 TBS 0.8 x rMT 8 D% 40 fbH iTBS : M AR —BUCFORENEE
eTBS : JEEZER AR 2L

Lazzaro & (2008)*” 12 TBS 0.8 x rMT 8 D% 40 F[H iTBS @ AEZEAAMFER B MEP IRIERE N

eTBS : JHFZEMIRR -3k B MEP IRIGHE M

Mally & (2008)* 64 1 HWHD30% 8DF 200[E/H =18 WEMEHY HY
Kirton & (2008)® 10 1 1.0 x tMT 8 ®ZF 1200 [ x 8 FEAR SR E Bl BT Hh
Tzumi & (2008)* 9 01 >100% rMT 8 D 100 [l x4 HENLER T Hh
Khedr 5 (2009 48 3,10 8DFE EEEEHT Hh

TBS : theta burst stimulation, rMT : resting motor threshold
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% TBS 2 & % kB F 0 MEP HRIED K2V & S
TwaYY K2 ICEELRBEMAEE R, Btk
BEE BB L T 8-20% DI fECH A — B AN L b
HHNTNDA, SHEBATREMELLEV, T
E3MbORBE R TREOKRE &, BEIHL GE
BB LONEET - Eo#EEORI R E) PEE
WEoTEFEETHA, Lizho THA DRESTH
BEEEER B TERS RS L, Bk
B REPBANTE D, EBFLUAPEVONE
MCEL) NI SIIAMENETALEEZLDS
Nb, WEFHIZLTH, YANEYF—¥ 3 VA
TAMBBEL LT, RERMEIFELN TV,

VAMZT

VAP TIEHBROBEICEICL DA ES D
LBEBORETHDL, BEY A P = TIZEERY
)X AGENEERTH Y, EUMETEROTE
MChHbH, ~HERED L LEEFRESD L5612
EEE XN TR VEENCES T 2O IET 25
BOMBER L 2D, 2O REFNIH L rTMS A5
INhTwsb,

EBEEVA F=TOWELSH, VAP T OHFEE
ELTEREEXEREVSME T EE RNV —TOR
EREZ LR TwRY, BRABENICIERICH
WCSEENE O 2 ESEH T short interval intracortical
inhibition (SICD) #"HEE S ERMEHIETLTw
BIENRENTWAEY, LdaT, YAL=TR
BT 2 EHRE 2 EMICL Cslow rTMS %
TTOEEE 2 B3 5 L VW RADIThI TV B,
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Siebner 5 (3 HEF 23 LT 1 Hz O slow rTMS
300ME 25T 8Ly, EEIFET LEREHR
FROEEOMAFEE B L-EMEL TS,
BASIEY 3FloREMEREIIT LT/ —%
YV UIRWCHEH LT o 72 R U ik C i R AT SEER LT slow
rIMS 25 27:6 24, €FTEROH G RIEN
FHONIE LT WD, F72 Murase 5°7 AT o 721
ML OMET T, EENE, BB, WEEETy
W3 5 &, BISEATE O 0.2 Hz 250 B O R H TR
DYE L EHEL TV, IAREENRI L LK
BHANIHR R KR 7Oy 7 % EOMOEEE
MARDLELIE T RPMRIEEMEIHF SN
Twh,

TADA

BN TAPADERIE, M TAPAETE
EREEIZHEELRVTADLATH ), TANPARSE
D3%EEDBLEESNTVE, ThED—ELIF
FHCTERENHET DAWCVELN TS, FEH &
FHRUADTANAEREE LTER ST 5000
FIMIC X 2B TH 5, FIBUEICEEENERE A
Thiz BEERRUET 2 HiEL rIMS EfZE s T
b, rTMS IZFEE RN 2 FEL V) L THEEERNH
IhERTWE LWL B,

AR L D RO R 2 /BT 5 & TAPATE
E2IH (FB) TEBZEVIREBEDOL E, £ O
EHAME SN T VD, RELD B TAPAERIKE
DEYTITMS 217\, BERRREOSE L EVLREC
FEORTEREL T b, ThHOEENS (TMS &
KEAY b7 — 7 TOREERZIH L, TAPAITH
LT VWA S 5 Z LA RIS 5,

Tergau 5™ X TADPABEIFICH L THE
A4 W& HWT0.33Hz @ slow rTMS % 500 7SV 2/ H
T, 8BV T6~8BIThl»> THEHESCE
EEFBERLALEHEL TS, FOB D cortical
dysplasia X cortical myoclonus 7 & ®BH 5 L T®
HEEERATRESTA SR, P RIEEREIK
BT L TrAIMS 2479 & 58k kD 5 2 & A5 fE
Tholtw)#HEbAD 5N 5, —H Theodore
5% 4%, 1Hz T 900 MH# % ZETH) 7 ba—n
THEE ol HMELTWD,
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TAMPALZK LT rTMS 217 o 2 FERIT9E % 2 7 fiF
L 72 review Y2007 4E12 Bea HICX Y HE XN TH
D, TADPAREEFRLLBIERE14%12T X
3, F7238%DIERFIT 50% UL EDFEIESEE DR F
D, ITMS DEEMADERIBEECTELEHRLT
Wb,

2 DR

D ORIIHT L TE L D) DEVKE S NEEER
EEELTWEA, ENTHEYEEOBEN BB
LSE0%BFHETHLEEDNTE, ZDL) BEY
EHHEOEEE ) W LT, A AHERITwh
AFEE (electroconvulsive therapy, ECT) 28{Thh T
& 72, rTMSIZ ECTIZHARTIE A NIH BT
KRB ZRHL ) B2 HETHL 20, ORI
5ITMSIZZ OB EF ), BIRIFRO®RE XS
Vo B EBITOMETCIIMSICE YT b=,
SHIAA DR TOMM, F/33 v 5 WA EiEE T,
AL, BREAE - E TN, BDNF OBMAEES 5
NBEZENEZLNRTWDE,

1993 4 Hoflich 5% A3#1& T 9 224 L T IE
BOMMS Z#f L7z, 20OBI T S LRBHENK
Aoz ht, TR LTI A Vv E v slow rTMS
THIBEBNL % vertex (282 € LCHB 0 FBER AL L #
FlTd o7z £DH% SPECT ® PET & L ORF5EL 5,
9 OO EE TEAEDOFEATEEMIE (dorsolateral
prefrontal cortex; DLPFC) @i A2MET L, H1E:8E
BTMRbUBET A ENWRENL LR, £
DLPFC ~® fast ITMS 287 b 5 & 9 12 7% » 72,
George & 14 1995 4 |2 A EB) BIE D 80% DR
BT 20Hz 2 WM ORI E 60 OB % BT 20
ATV 5 HREIEMRT 5 HEIC LD ) DRENSE L7
L7, B3k, £ DSPFC % RIBGERL & L<iTh
NHERE, RO rTMS OEMHO#®mE TS <
A G OERVPIREENT VD, AYBITDIZLA
EVHBESH R EDENIH SO0, LHEFTEIZ
95 2EMERDO TMS 3EF L) 2METHL
TV EMRIFTON TS, —H4 T Martin 5% @
HETEMRFZVEHROTLNTEY, rTMS%
I OMOGEE LTI B RICIEZ L v BT
WAA, METHRE LTRY EFshTwaiREDOKR

475

EAFTHE (sham Fl) L OB ZITo TV W &
PWREGZHEHDO 1 OTH 5,

2008 R AFRMEESFE (FDA) I, ) 2FHOEE
CHWA TMSHIBEEZ O TR Lz, BRRR
ERCIE rTMS BB O 6 B H %, BED24%I29 O
HMRECTEELRAITHUENZDSNZDIINL,
SRR EBM L7 75 bRl E ST BT E
NHRONTDE 12% THolz, THIZM) DHEOH
W L RSOMETH -7, BEBIEVREE
EHEES 275 HAARTHERET AL LEN SN
5,

Higv)

HE ) 38HEr Lok L3I S0 HEBRTH
Do, HADK10%IZELLEFIZLVEIRTH
Bo EHRELTIEIFEEBERVE-TH P, HFHEM
DEHBHIZLIELIEEETH Y, 1% TIEQOLI
BRELZRIILTVS, HENDO A H =X LIZDOWT
BB ST Wi WAS, SPECT % & O B fE T
BIOIZEL S, BEREEEOBIGEE OBEIRE SN
Twhb, TMS O#F & L THEEEEOESEOEL
PWEELTWBE VbR TWwAE?, Plewnia 5% i,
FBIBEFETEESESHED 1.2 < 10 Hz 3R o
MEiT, HFBYOGELHE L TV b, Khedr 5%
i%, sham # LB L rTMS TS IZEB ) & E
%O AHH, 1Hz, 10Hz, 25Hz ORI EEER T
HEEIROL o7 REL TV b, HBHEEICO
WTIESHLMEAPLETH L, $LEBYIT) DR
EEEN D L 70, FIMS OEB Y 1T 5308135
DIERITH T BB OMEE U T B EEME L RIE S
NTWb, ST KBRS RPN RO BEI
A (W

B EE

RS EEEICH LT, MITAPAE, oo
EPRINTOEPTRTCOBEZICAEDE XSV
Vo ThOZEEAEMEOBEHEEERE
L CEB T ESRBORE A 1990 FRICHE SN —
HOBBETEHOI»RERBERHEIH O, HEE
D—D & LTHEMN SN 7%, BB E S R (5
EAMZEBEEZBDAAR 1~10V, 10~100 Hz TH
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%3 BMEEICET A rTMS R

E ANE HEOE a4 T BB £ I EE L ERA R
Migita & (1995)%® 2 0.2 . 3% 200 M1 LAHES Y
Lefaucheur & (1998)%” 12 20 8 DF 120 M1 Hh
Lefaucheur & (2001)™ 18 0.5, 10 8DF 1000 M1 HY
Lefaucheur & (2001)"” 14 10 8 DF 1000 M1 H
Reid & (2001)™ 1 20 NR 1200 PFC Hh
Canavero % (2002)™ 9 0.2 8 %, DC 200 M1 3SANZHED D
Rollink & (2002)™ 12 20 C, DC 800 M1 38
Topper & (2003)" 2 1,10 8 DF 720, 400 PPC Hh
Lefaucheur & (2004)™ 60 10 8DF 1000 M1 HY
Pleger 5 (2004)™ 10 10 8 DF 120 M1 Hh
Lefaucheur & (2004)™ 1 10 8 DF 1000 M1 HY
Khedr & (2005)™ 28 20 8 DF 2000 M1 HY
Andre-Obadia & (2006)*” 12 1,20 8NF 1600 M1 SACHREDY
Hirayama & (2006)*" 20 5 8 DF 500 M1, S1,PMC,SMA  $ 1
Johnson & (2006)® 17 20 8 DF 500 ML, S1 HY
Lefaucheur & (2006)* 36 10 8 D 2000 M1 HY
Lefaucheur & (2008)% 46 10,1 8NF M1 10Hz THIESH Y
Borchard & (2009)% 4 10 8 NF PFC Ho

M1 : primary motor cortex, S1 . primary sensory cortex, PFC © prefrontal cortex, PPC . posterior parietal cortex, PMC © premotor

cortex

BELDThHAH, FOWFE LT, BAOERERS
R A EITHRHEE AT A MoRIBIC L 5 A {HE#R
Lo THFI SN D 20, RELMA,S &) HPRISE
WEBRL TR Z 1T ) & LW K D IERERIRI RISV &
EZZHNTWwh, Lo TLY)BEMTH S KEEE )
ERIE R A & T RMERAL L LTl L T 3%,
F 7> Garcia-Larrear &% (2 BBV EF I8t o ¥ 5547 %
PET CTEHME L, $#RRIEAMEIER, SARANMIER, i IR,
ERIER, B LmMomikEms s L, g LMK
ERZPBRHEEK KDL DEEREL TV 5,

TEE) I E R B E T ER Y B O AT ER T
PLETH L0, 1995 FI2 L ) REOL %W TMS
I & o CEENEFRIBA 1T HiEH Migita 5 125D
fThhiz, 2 AOBEIC—REEEIZ 0.2 Hz T 200 F
MHL1IADBRBE CRIEE R, £0BL —RKER)
B3t 4 B rTMS OE M % | L - BRT RIS
W BE T — RIRE R, E B AR 2 A BT B~
ORBLAENTVD (F3)®™, —} Rollnik 57
12 20 Hz O E MM CHETFWICHE LR RIIED

ol bBMELTVWS, FAROBEERICLAHEDE
VMBS TEB Y, MBI EAFDETHR LR
PUHETHD,

£EDH

MR BMEBICHE T A TMS I X B HREICDON
T 7z, BTl L2 BLLAMS, By BRE 0 M RE R e Jgs
e, RanvkreEE (KHEE PREHER TR
TMETFT2E) 12 IMS @RASN TV S, rTMS A
BRFOEEEBLUBEEELORALN L REITH
2B—FThb, LIL rTMS DEEMRICET L3R
BIIZ VA, TG REFEEFFIC U TRE IS
BB LB LN D R w &, &L T
TIBCHERE, RISGRE, REITH, RS ORIB S
HRMBEM I T T THAH L, RN 4K
BRHENOLLDERIN T VR EPLHEE T
DEZHTMS WEERIFHEEL L THRILINSGIE
BTV,

ITMS O BE RS & A RRIBERAL A 5 ATz
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oma. Surgical intervention was beneficial, and the patient was
cured. The possibility of an osteoma should be considered, and
that an osteoma may occasionally result in intracranial
pneumocephalus.
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Article history: Deep brain stimulation (DBS) of the ventral intermediate nucleus of the thalamus (VIM) is a powerful sur-
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surgical therapy that relieves medically refractory tremor in pa-
tients with Parkinson’s disease (PD).'"? Its therapeutic efficacy,
however, depends on the tremor distribution in patients with
PD. VIM DBS is highly effective in distal upper limb tremor, but
is less effective for tremor of other body structures, such as the
lower limbs.*~® In addition, the lack of reliable efficacy on other
motor symptoms has limited the use of VIM DBS for PD.? In this
study, we report two patients with PD in whom combined VIM
DBS and posteroventral pallidotomy (PVP) synergistically pro-
duced long-term suppression of disabling tremor not only in
the hand but alse in other areas of the body. The treatment also
suppressed other motor symptoms.

2. Case report
2.1. Patient 1

A 45-year-old right-handed man, a skilled laboratory techni-
cian, noticed tremor of his right arm 5 years earlier. It gradually
worsened and spread to his right leg. Because dopaminergic ther-
apy caused gastrointestinal side effects, yet only gave slight
improvement of his tremors, he discontinued the medication. Sub-
sequently, his hemiparkinsonian signs worsened and he found it
difficult to continue his laboratory work.

On admission, we noted severe tremor of his right hand and
leg (both at rest and standing) and mild rigidity of his right
upper and lower extremities. The pre-operative scores on the
Tremor Rating Scale (TRS)® for his upper and lower extremities
(Part A, score 5) were 8 and 6, respectively. His Unified Parkin-
son’s Disease Rating Scale (UPDRS) Part Il motor score was 10.
Pre-operative brain MRl was normal. He was referred for surgery
after obtaining prior informed consent from the patient and his
family.

A quadripolar DBS electrode (Model 3389; Medtronic, Minneap-
olis, MN, USA) was implanted in the left VIM with the aid of MR],
third ventriculography, and microelectrode guidance. The optimal

Fig. 1. Patient 1. Axial T1-weighted MRI 7 days after surgery showing the
coagulative lesion made by the left globus pallidus internus pallidotomy and the
deep brain stimulation lead more posteriorly in the left ventral intermediate
nucleus of the thalamus.

target was determined to be 7 mm posterior and 13.5 mm lateral
to the midpoint of the anterior commissure-posterior commissure
(AC-PC) line, and on the AC-PC line. After the insertion and stim-
ulation of the DBS electrode, his upper, but not lower, imb tremor
disappeared.

A left PVP was performed simultaneously according to the
method we have previously described.'® The optimal target
for the posteroventral part of the globus pallidus internus
(GPi) was determined to be 2 mm anterior and 20 mm lateral
to the midpoint of the AC-PC line, and 1 mm dorsal to the
third ventricle floor. After creating a test lesion (45°C, 605s),
a permanent anatomical lesion was made by heating the elec-~
trode tip to 72 °C for up to 70s. The electrode was moved in
2-mm increments in the lateral and dorsal direction, and the
lesioning process was repeated to increase the overall size of
the lesion.

During the pallidotomy his right leg tremor ceased and
disappeared within a few hours. An implantable pulse generator
(Soletra; Medtronic) was then placed in the left subclavicular re-
gion. The DBS lead implanted in the left VIM and the coagulative
lesion made by the left GPi pallidotomy is shown in an MRI 7 days
after surgery (Fig. 1).

After extensive trials, we delivered monopolar stimulation
using contact 0. The optimal stimulation parameters were a fre-
quency of 160 Hz, pulse-width of 90 ps, and an 1.5V amplitude.
Without stimulation, the TRS score for his upper extremity tremor
was 4. His lower extremity tremor remained completely sup-
pressed after surgery. At the 40-month follow-up, the therapeutic
benefits remained unchanged. With stimulation, his TRS score
was 0, and his UPDRS motor score was 1.

2.2. Patient 2

A 70-year-old right-handed farmer noticed tremor of his left
hand one year earlier. It gradually worsened and spread to the
jaw. Several pharmacological trials produced unsatisfactory
results and they were therefore discontinued. On admission,
there was no apparent neurological abnormality except for mild
rigidity on the left upper and lower extremities and severe par-
kinsonian tremor of the left hand, arm and jaw. His pre-opera-
tive TRS score was 23 and his UPDRS motor score was 13. Pre-
operative brain MRI was normal. He was referred for surgery
after obtaining prior informed consent from the patient and
his family.

The surgery for right VIM DBS and PVP was performed as de-
scribed above. Intra-operatively, the insertion and stimulation of
the DBS electrode produced immediate and complete alleviation
of his hand tremor, but not jaw tremor. His jaw tremor ceased
and disappeared after the creation of the PVP lesion.

For chronic stimulation, we applied bipolar stimulation using
contacts 0 and 2, as cathode and anode, respectively. Stimulus
parameters were frequency of 160 Hz, pulse-width of 90 us, and
amplitude of 2.5 V. Without stimulation, the TRS score for his left
upper extremity tremor was 4. During stimulation, his TRS score
was 0 and his UPDRS motor score was 2, These therapeutic benefits
with combined VIM DBS and PVP remained unchanged at the 41-
month follow-up after surgery.

3. Discussion

In selected patients with PD, disabling tremor can be the main
symptom.!! Because the patients suffering from tremor-predomi-
nant PD often have a benign disease course, unilateral VIM DBS
could be considered in those patients in whom other motor fea-
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tures are not a source of disability.>®!" Parkinsonian tremor is also
effectively treated with thalamic surgery (i.e. thalamotomy and
thalamic VIM DBD).2® However, the reversibility, ability to adjust
stimulating parameters, and the fewer adverse effects of DBS? have
led to its popularity and so VIM DBS has replaced thalamotomy for
parkinsonian tremor.

A disabling tremor might also be a suitable selection criterion
for DBS of the subthalamic nucleus (STN).'"!'? However, this is
largely based on results from patients with advanced PD who
had undergone bilateral STN DBS while receiving optimal medi-
cation."™'? It remains unknown whether the tremor-alleviating
effects of unilateral STN DBS are comparable to those of VIM
DBS in hemiparkinsonian patients. In addition, the therapeutic
benefits of VIM DBS are obtained immediately, while tremor
control with STN DBS might be delayed and programming is
complex.!?

Many studies have looked at changes in cognitive functions,
particularly in aged patients.'*'* It seems likely that thalamic
VIM DBS is currently the most reliable and safe procedure, with re-
spect to cognitive side effects, to control disabling tremor in hemi-
parkinsonian patients.

The therapeutic efficacy of VIM DBS in suppressing tremors de-
pends upon the distribution of the tremor in the body. VIM DBS is
highly effective in distal upper limb tremor, but is less effective for
tremor of the lower extremities, proximal limbs, or midline (axial)
body structures.*~® In addition, VIM DBS is not a reliable treatment
with respect to other motor symptoms such as rigidity and
akinesia.? ,

In our two patients with unilateral tremor-predominant PD, we
therefore carried out PVP in addition to VIM DBS surgery. The com-
bination of VIM DBS and PVP resulted in a long-lasting {over 3
years), marked alleviation of not only hand tremor, but also leg
or jaw tremor and other motor symptoms.

Randomized single-blind studies in PD patients have also
shown that PVP produced long-term significant reduction of con-
tralateral motor symptoms such as tremor and drug-induced
dyskinesias.'>'® However, PVP for PD has been largely restricted
to unilateral procedures because of reports of speech disturbance
and worsening cognitive function after bilateral PVP.?

In conclusion, similar to our report of a patient with Holmes’
tremor,!” we suggest that unilateral PVP is a useful additional
treatment option in hemiparkinsonian patients with disabling
tremor who undergo VIM DBS. However, this surgery requiring
multiple passes through the brain, may increase the risk of proce-
dural complications such as hemorrhage.'®

doi:10.1016/j.jocn.2009.02.006
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Abstract: Wilson’s disease (WD) is an autosomal recessive
disorder characterized by the functional disruption of the
copper-transporting protein adenosine triphosphatase 7B
(ATP-ase 7B). The disease is caused by mutations in ATP7B
gene. It seems that the type of mutation in ATP7B only to
some degree determines phenotypic manifestation of WD.
We examined two pairs of monozygotic twins discordant
for WD phenotype. The first set of twins were ATP7B com-
pound heterozygotes ¢.3207C>A (p.H1069Q)/c.1211_1212iusA
(p.N404Kfs). The index case developed severe liver failure
followed by depressive symptoms, dysarthria, and tremor at
the age of 36. Her sister remained presymptomatic at diag-
nosis at the age of 39. The second twins were ATP7B
¢.3207C.A (p.H1069Q) homozygotes. The index case pre-
sented with dysarthria and tremor at the age of 26. Her sis-
ter remained clinically presymptomatic at diagnosis at the
age of 28. We concluded that the phenotypic characteristics
of WD are possibly attributable to epigenetic/environmental
factors. © 2009 Movement Disorder Society
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Wilson’s disease (WD; OMIM #277900) is an auto-
somal recessive disorder characterized by the func-
tional disruption of the copper-transporting protein
adenosine triphosphatase 7B (ATPase7B; OMIM
*606882). This disruption results in the toxic accumu-
lation of copper, mainly in the liver and brain."* The
disease is caused by mutations in ATP7B located on
chromosome 13 (GC13M051404). The presentation of
WD is extremely variable and may be associated with
liver disease, with neurological or psychiatric features,
or with abnormalities of the blood or kidneys. In gen-
eral, WD manifests between childhood and young
adulthood, and approximately 4% of patients are older
than 40 at the onset.® It seems that the type of muta-
tion in the ATP7B determines the phenotypic manifes-
tation of WD to only a certain degree.*”” Twin studies
are an important approach in medical genetics, because
they help evaluate the relative roles of genetic and
nongenetic factors in disease. In particular, the occur-
rence of monozygotic (MZ) twins that are clinically
discordant may be important to determine the etiology
of a disease or the pattern of its inheritance.®'? We
report here on two pairs of MZ twins with WD. In
both twin pairs, monozygosity was confirmed by DNA
profiling using AmpFLSTR SGM Plus PCR Amplifica-
tion Kit that amplifies 10 short tandem repeat (STR)
loci (D3S1358, VWA, D16S539, D251338, D8S1179,
D21S11, DI8S51, D195433, THO1, and FGA) and the
gender marker Amelogenin. Concordance for all 10
loci predicts monozygosity with greater than 99.98%
probability. Despite their monozygosity, the twins had
different disease presentations.

TWINS Al AND A2

This set consisted of female twins born in 1956.
Both sisters grew up in the same village, graduated
eight school classes, and were working as helpers in
the school kitchen. Both sisters got married at the age
of 20 and always lived in close neighborhoods. Each
of them gave birth to two children. A molecular
genetic analysis of ATP7B mutations (kindly performed
by Department of Gastroenterology, Hepatology and
Endocrinology, Charite, Berlin, Germany) revealed that
both twins are compound heterozygotes carrying
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Twin Al

FIG. 1. The brain MRI: hyperintensive areas on T2-weighted images of the basal ganglia and thalami are visible in twin Al, and twins B1 and

B2 (changes are more advanced in twin Bl than in B2).

c.3207C>A (p.H1069Q) and the c.1211_1212insA
(p.N404Kfs) mutations.

Twin Al (Index Case)

The first twin was evaluated for WD at our center
in 1994, at the age of 38 years. At the age of 7-10
years she had mild jaundice that lasted for a few
days. At that time, a local pediatrician diagnosed vi-
ral hepatitis without performing any diagnostic tests.
The patient was clinically healthy until the age of 35,
when she started to complain of fatigue, but did not
yet seek medical help. One year later, she was admit-
ted to the local hospital because of jaundice, hemo-
lytic anemia, and liver function decompensation. Pos-
itivity for antibodies against hepatitis B (anti-HB)
and hepatitis B core antigen (anti-HBc) was detected,
but tests for antigens were negative. Liver USG
showed areas of increased nonhomogenous echoge-
nicity. Liver biopsy showed the presence of scars and
regenerative nodules with inflammatory infiltrates.
Liver cirrhosis postviral hepatitis was diagnosed. One
year later, she manifested with neuropsychiatric
symptoms and was admitted to our hospital. At
admission, the woman was hypomimic, and her
speech was monotonic, slow. She had moderately
increased muscle tonus, positional tremor of the
hands and legs; her gait was on a wide base and
ataxic. A psychiatrist diagnosed depression. A MRI
of the brain revealed hyperintensive areas on T2- and
PD-weighted images within the basal ganglia bilater-
ally, and features of cortical-subcortical brain atro-

phy (Fig. 1). Kayser-Fleischer (KF) rings were noted
bilaterally. The results of routine laboratory investi-
gations and copper metabolism parameters are shown
in Table 1.

Twin A2

The second twin was assessed for WD at the age of
39 years. She had no history of the hepatic, neurologi-
cal, and psychiatric symptoms. She had no KF rings,
and a brain MRI and liver CT did not reveal any
abnormalities. The twin had decreased serum cerulo-
plasmin and serum copper, and the results of other
routine laboratory tests were within normal limits
(Table 1). A serum positivity for anti-HB and anti-HBc
antibodies was detected.

TWINS B1 AND B2

This set consisted of female twins born prematurely
in 1979 in the 7th month of their fetal life. Both sisters
had vocational school education. Neither sister had got-
ten married; both were living with their parents at the
time of WD diagnosis. Both sisters had been working
since 18 years of age at a nearby supermarket as physi-
cal workers. A molecular genetic analysis of ATP7B,
performed using PCR-RFLP (polymerase chain reac-
tion-restriction fragment length polymorphism) method
(as described in Ref. 11), revealed the homozygous
missense mutation ¢.3207C>A (p.H1069Q) in both
twins.

Movement Disorders, Vol. 24, No. 7, 2009
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TABLE 1. Results of laboratory tests at diagnosis, in the twin pairs A and B

Twins A Twins B
Twin Al Twin A2 Twin Bl Twin B2

Biochemical parameters of copper metabolism

Serum ceruloplasmin (mg/dL) (normal: 25-45) 10.6 11.7 0.0 5.4

Serum copper (ug/dL) (normal: 70-140) 60.0 30.0 26.8 54.7

Copper excretion in urine within 24 hr (y1g/24 h) (normatl: 0-50) 50.0 69.0 427.0 349.0
Liver function parameters

Aspartate (IU/L) (normal 0-40) 37.0 19.0 19.0 14.7

Alanine aminotransferases (1U/L) (normal: 0-38) 32.0 38.0 10.0 10.7

Gamma-glutamy! transpeptidase (IU/L) (normal: 8.0-54.0) 70.0 nd 19.0 23.1

Alkaline phosphatase (IU/L) (normal: 35-123) 122.0 87.0 61.0 48.7

Bilirubin (mg/dL) (normal: 0.2-1.2) 1.2 0.9 1.6 2.8

Serum albumin (g/dL) (normal: 3.5-5.3) 3.4 3.4 4.5 4.2

INR (normal: 0.8-1.2) nd nd 1.2 1.1
Kidney function parameters

Urea (mg/dL) (normal: 15.0-39.0) 37.0 25.0 30.0 29.9

Creatinine (mg/dL) (normal: 0.4-1.4) 1.1 0.8 0.7 0.9
Routine hematological parameters

White blood cells (X10°/L) (normal: 4.1-10.9) 7.7 6.7 4.1 3.7

Red blood cells (X10'%/L) (normal: 3.5-5.1) 4.2 4.2 5.1 4.7

Platelets (X IOQ/L) (normal: 140-440) 100 243 128 80

nd, not determined.

Twin B1 (Index Case)

In 2000, the patient had her first hospital admission
for lung pneumonia. Then, thrombocytopenia was first
diagnosed. In 2005, at the age of 26, she began to ex-
perience dizziness, headaches, general weakness, and
speech slowness. In 2007, the patient was admitted to
our department for diagnostics. A neurological evalua-
tion revealed mild dysarthria; slight paresis of left
upper limb; slight ataxia, mainly of the lower limbs;
an unstable gait on a wide base; and a loss of balance.
She had KF rings. Brain MRI revealed extensive areas
of increased signal in T2-weighted images of basal
ganglia, thalamus, mesencephalon, pons, and cerebral
peduncle, it also detected distinct atrophy of the cere-
bellum and features of brainstem atrophy (Fig. 1).
Liver USG revealed hepatosplenomegaly within the
left lobe, multiple hyperechogenic lesions. The patient
had abnormal copper metabolism; she also had
increased blood bilirubin, leucopenia, and thrombocy-
topenia (Table 1). Tests for anti-HB and anti-HBc anti-
bodies were negative.

Twin B2

In 2007, the second twin was assessed for WD at our
department. She had irregular menstruations and periodi-
cally recurrent nose bleeding. A neurological examina-
tion did not reveal abnormalities. She had KF rings that
were less saturated than in the first twin. Brain MRI

Movement Disorders, Vol. 24, No. 7, 2009

revealed increased signal in T2-weighted images of the
lenticular ganglia, thalamus, cerebral peduncle, and pons
(Fig. 1). Liver USG revealed hepatosplenomegaly. The
portal vein was dilated (11.9 mm). Routine laboratory
investigations were normal with the exception of
increased bilirubin, a decreased leukocyte count, and
thrombocytopenia (Table 1). Test results for anti-HB and
anti-HBc antibodies were negative.

DISCUSSION

Some prior reports have postulated that ATP7B
allelic heterogeneity is the most likely basis for the
phenotypic variation observed in WD. However, the
high ranges for phenotypic presentations were detected
among patients with similar genetic defects of
ATP7B* The monozygosity of described twin pairs
further suggests that variability in the WD phenotype
does not arise solely from allelic ATP7B heterogeneity,
but is likely to be due to additional factors.>'*!3

In the case of our twin pair A, it might be supposed
that viral liver impairment during early childhood in
Twin Al may have triggered chronic hepatic inflamma-
tion and induced clinical manifestations of a copper-
overloaded liver, followed by the development of neuro-
logical symptom. However, it should be mentioned that
childhood jaundice in twin Al might be the first symp-
tom of WD and might not be related to viral infection
(none diagnostic tests were then performed). It is worth
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to mention that in 1993 both sisters were positive for
anti-HBs, HBc, and HBe antibodies in the serum. How-
ever, the precise determination of the exact time they
were infected with hepatitis B virus is difficult. Among
other factors that could contribute to liver damage in
our symptomatic patients, alcohol and drugs may be
considered. However, none of our patients drank alco-
hol, and none reported drug abuse before diagnosis.

The difference in the clinical phenotype among
MZ twins might arise from epigenetic differences,
that is, differences in DNA methylation and histone
modification.'*'” Some evidence indicates that rela-
tively small differences in epigenetic patterns can
have a large impact on phenotype. However, epige-
netic differences are more distinct among MZ twins
who are older, have different lifestyles, and have
spent less of their lives together, underlying the sig-
nificant role of environmental factors in translating a
common genotype into a different phenotype.”‘15 In
the case of the twins we described, both twin pairs
were reared together for the entirety of their lives,
had similar lifestyles, and similar social and eco-
nomic levels. So the impact of external factors on
differences in epigenetic patterns seems to not be of
great importance in this case. However, differences
in epigenetic patterns in genetically identical individ-
uals could be explained not only by the influence of
external factors, but also by the internal factors.

The precise role of genetic and nongenetic factors
in modifying the clinical phenotype of WD is far
from apparent. However, the discordance in the phe-
notype of the siblings described establishes that these
factors are important. In the future, defining the inter-
play among genetic, epigenetic, and environmental
influences will possibly be important for determining
the extent and age that any given individual with
WD will be affected.
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