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Effects of Repetitive Transcranial Magnetic Stimulation in
Aphasic Stroke
A Randomized Controlled Pilot Study

Nora Weiduschat, MD, MSc*; Alexander Thiel, MD, PhD*; Ilona Rubi-Fessen;
Alexander Hartmann, MD, PhD; Josef Kessler, PhD; Patrick Merl, MD; Lutz Kracht, MD;
Thomas Rommel, MD, PhD; Wolf Dieter Heiss, MD, PhD

Background and Purpose—Although functional imaging studies suggest that recruitment of contralesional areas hinders
optimal functional reorganization in patients with aphasic stroke, only limited evidence is available on the efficacy of
noninvasive brain stimulation such as repetitive transcranial magnetic stimulation aimed at suppression of contralateral
overactivation.

Methods—In this randomized, controlled, blinded pilot study, the effect of 1-Hz repetitive transcranial magnetic
stimulation over right-hemispheric Broca homolog in subjects with poststroke aphasia in the subacute stage was
examined. According to their group allocation, patients received, in addition to conventional speech and language
therapy, multiple sessions of repetitive transcranial magnetic stimulation either over the right-hemispheric inferior
frontal gyrus (intervention group) or over the vertex (control group). The primary outcome parameter was the change
in laterality indices as quantified by activation positron emission tomography before and after the 2-week intervention
period. The clinical efficacy was evaluated with the Aachen Aphasia Test.

Results—At baseline, no group differences were discovered for age, laterality indices, or mean Aachen Aphasia Test
scores. Four patients were lost to follow-up, but none due to side effects of the transcranial magnetic stimulation.
Positron emission tomography revealed an activation shift toward the right hemisphere in the control group (P=0.0165),
which was absent in the intervention group. Furthermore, the latter improved significantly clinically by a mean of 19.8
points in the Aachen Aphasia Test total score (P=0.002), whereas the control group did not. There was however no clear
linear relationship between the extent of laterality shift and clinical improvement (r=0.193, P=nonsignificant).

Conclusions—Repetitive transcranial magnetic stimulation might be an effective, safe, and feasible complementary
therapy for poststroke aphasia. (Stroke. 2011;42:409-415.)

Key Words: plasticity m recovery m stroke m transcranial magnetic stimulation m treatment

phasia is a frequent sequel of stroke with serious effects on inhibition of the overactive right homotopic frontal speech areas
the patient’s autonomy and quality of life and requires with repetitive transcranial magnetic stimulation (rTMS) as a
speech and language therapy by which significant improvements complementary treatment is linked to better recovery.>” Re-
of language and communication deficits can be achieved if cently the electrophysiological effects of transcranial magnetic

stimulation on chronic aphasia have been investigated.®* We now
report the first preliminary randomized and sham-stimulation
controlled study in patients with subacute stroke designed to
investigate this concept and demonstrate the associated effects
on activation patterns and clinical outcome.

administered intensively and for prolonged periods.!? Addi-
tional drug treatment was only of limited efficacy in a few
studies®* and therefore new supportive therapies are required.
One strategy might be the inhibition of abnormally activated
areas of the language network, which might affect the reintegra-

tion of primary speech areas. Although clinical improvement is Materials and Methods
also seen in patients with right-hemispheric activation, prelimi- Recruitment

nary studies. in a few patients Wi'th Chl”'OIliC aphasia suggest that Study patients were recruited at the rehabilitation hospital RehaNova
the restoration of the left-hemispheric language network by in Cologne, Germany. Inclusion criteria were aphasia due to cerebral
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Recruitment and baseline examinations

Activation PET and language testing

February 2011

Random group allocation and two-week intervention period

Intervention group:
TMS over right IFG and SLT

Control group:
TMS over vertex and SLT

Figure 1. Activation PET imaging and
language testing were performed at
baseline before randomization and after
the rehabilitation period.

Follow-up examinations

Activation PET and language testing

infarction, recruitment within 16 weeks poststroke, right-handedness
(as determined by the Laterality Questionnaire by Salmaso and
Longoni), age between 55 and 85 years, and German as the first
language. Exclusion criteria were symptomatic prior cerebrovascular
accidents, neurodegenerative or psychiatric disease, epilepsy or
electroencephalography-documented epileptic discharges, insulin-
dependent diabetes mellitus, renal or liver failure, metal parts in the
body, life-threatening diseases, and auditory or visual deficits that
might impair testing. Medication that alters brain excitability was not
exclusionary. Written informed consent was obtained from all
subjects. The Ethics Committee of the University of Cologne and the
Federal Office for Radiation Protection approved the study protocol.
Due to the pilot character of the study, no sample size calculation
was performed.

Language Performance and Positron Emission
Tomographic Imaging

Each subject was examined with the Aachen Aphasia Test (AAT)
battery by experienced speech and language therapists.® In German-
speaking countries, the AAT is a commonly used assessment tool for
aphasic patients, which includes evaluations of spontaneous lan-
guage production (communicative behavior, automatized language,
articulation and prosody, semantics, phonetics and syntax); general
comprehension (Token test); oral repetition of phonemes, words, and
sentences; written language (reading and writing functions); capa-
bility of describing objects, situations, and actions (confrontation
naming); and comprehension of spoken and written language.
Obtained scores can be transformed into standardized scores (t
values) and percentile ranks.

The activation condition during H,0'> positron emission tomog-
raphy (PET) consisted of a silent verb-generation task.'® During the
activation condition, patients had to generate semantically matching
verbs to high-frequency German nouns presented over headphones at
a fixed rate of 1 noun every 5 seconds. Before the scans, patients
were extensively trained in and outside the scanner room as well as
with and without headphones, being confronted with different nouns
every time. Participants were scanned with eyes closed. The activa-
tion and the resting condition were each presented 4 times in a
balanced sequence. Each condition was started simultaneously with
injection and continued until scan completion.

The PET scans measuring the regional cerebral blood flow at rest
and during the activation condition were performed on a CTI/
Siemens ECAT EXACT HR Scanner in 3-dimensional mode.!! PET
sessions consisted of 8 subsequent scans each with an intravenous
bolus injection of 370 MBq of H,0' and a waiting time of 10
minutes between injections. Data acquisition started automatically,
when the number of true counts exceeded the baseline level for >5
kcounts and lasted for 45 seconds. After corrections for random
coincidences, scatter, and measured attenuation, each scan was

reconstructed to 47 slices (3.125-mm thickness and 2.2-mm pixel
size) using 3-dimensional filtered backprojection yielding images of
relative cerebral blood flow. After the 2-week rehabilitation period
including rTMS and speech and language therapy, the AAT was
repeated and further PET scans were obtained using the same
verb-generation paradigm with different nouns (Figure 1).

Repetitive rTMS Sessions
After the baseline examinations, sealed envelopes with the random
group allocation were sent to the rehabilitation facility. According to
this allocation, subjects received either inhibitory 1-Hz rTMS over
the right triangular part of the inferior frontal gyrus (IFG; TMS
group) or over the vertex (sham group) using a Magstim Rapid?
stimulator with a double 70-mm coil. Choosing the right triangular
part of the IFG as a target structure was based on previous studies
demonstrating its significance in patients with chronic poststroke
aphasia.”-!2

T1-weighted, high-resolution MR scans were obtained to deter-
mine the optimal position for the TMS coil according to the surface
distance measurements method.!*> The distance measurements to
localize the IFG were applied with a marker in both groups, although
this target structure was only stimulated in the intervention group.
Following Naeser et al, treatment and sham stimulation sessions
were conducted 5 days per week for a 2-week period, yielding 8 to
10 sessions per subject (mean, 9.2). Not every patient received 10
sessions of TMS due to patients’ indispositions unrelated to the
study. During every session, subjects were stimulated for 20 minutes
with a frequency of 1 Hz and a stimulation intensity of 90% of the
daily defined individual motor threshold. The stimulation parameters
were chosen according to current safety guidelines for rTMS. !4

Speech and Language Therapy Sessions

Each TMS session was immediately followed by speech and lan-
guage therapy by clinically certified and blinded therapists. We
refrained from concurrent magnetic stimulation and speech therapy
due to the noise of the stimulator and the muscle contractions, which
would have prevented effective therapy. All patients received model-
oriented aphasia therapy focused on the individual specific linguistic
problems. A duration of 45 minutes was chosen to fully use the
assumed TMS effects on the cortical excitability (which are esti-
mated to persist for at least 30 minutes) at the time of not
overexerting the patients.!> The speech therapy plans had in common
that such tasks were chosen that are assumed to activate left-
hemispheric language areas.'°-'® Strongly stimulating techniques
such as the melodic intonation therapy were foregone.

Data Analyses
Peak activations in the IFG, upper temporal lobes, and the supple-
mentary motor areas were localized and quantified on the
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z-transformed activation images merged with the coregistered MR
images (Figure 2) as previously described.?® For data analysis, we
used SPSS Statistics Version 17.0. We calculated laterality indices
(LIs) as a measure of the hemispheric dominance in every region
according to the formula LI=([peak_left—peak_right]/[peak_left+
peak_right])*100 with positive values representing left-hemispheric
dominance. These indices as well as the standardized language test
results (t-scores) at different time points were analyzed with
2-sample 7 tests for paired and unpaired groups taking into account
the group allocation. The correlation between the extent of laterality
shifts and the clinical improvement were calculated using Pearson.
Gaussian distribution was confirmed with Shapiro-Wilk tests;
1-sided probability values were calculated to test the directed
hypothesis that the treatment group would show greater improve-
ment than the sham groups.

Results

Recruitment was undertaken from May 2008 until August
2009. Of 14 recruited right-handed patients with different
aphasia syndromes such as Broca and Wernicke, as classified
by the ALLOC classification procedure (Table 1), 3 were lost
to follow-up due to temporary malfunction of the TMS device
or claustrophobia in the PET or MR scanner. Furthermore, a
patient with amnesic aphasia was also excluded, because she
exhibited near complete spontaneous remission even before
intervention start. Six patients were allocated to the TMS
group, whereas 4 patients were in the sham group. All
subjects had left-hemispheric lesions due to first-time ische-
mic or hemorrhagic stroke that varied in size and location but
without any significant group difference concerning the
lesion size (Table 1). The mean age was 65 years with no
significant group difference (TMS group 66.6, sham group
63.75 years). No patient withdrew his or her consent because
of the TMS sessions and no serious adverse effect was
reported. However, in 2 patients of the TMS group, the
stimulation intensity had to be decreased because of patients’
discomfort on 2 of 10 and 7 of 10 stimulation days, respec-
tively. The mean required intensity decreases were approxi-
mately 15% and 30% of the target intensity.

On average, baseline PET were conducted 50 days poststroke
(TMS group 45 days, sham group 57 days, P=nonsignificant)
with no significant between-group difference in LIs for all
analyzed regions (Table 2). Comparison of LIs of the IFG pre-
and postintervention across the entire sample, independent of the
treatment groups, indicated an average increase in right-
hemispheric activity (P=nonsignificant). Subjects of the sham

Repetitive TMS in Aphasic Stroke 411

Figure 2. lllustrative single subject acti-
vation during verb generation in 1 sub-
ject of the TMS group (Patient 7) and the
sham group (Patient 6), respectively,
before and after the 2-week rehabilita-
tion period. Although there is a reactiva-
tion of left-hemispheric structures in the
patient of the intervention group, the
patient of the sham group presents with
increasing right-hemispheric activity.

group caused this overall increase having significantly lower LIs
posttreatment (P=0.0165) indicating greater right-hemispheric
activity. In contrast, a nonsignificant LI increase was observed in
the TMS group. Direct comparison of this change in LIs
(laterality shift) revealed a significant difference between groups
(P=0.008; Figure 3). For the supplementary motor area and the
upper temporal region, there was a nonsignificant tendency to
lateralize to the left hemisphere without any significant group
difference (Table 2).

Concerning the clinical improvement as determined by the
increase of the total AAT score, exploratory analyses showed a
significant group difference (P=0.047; Figure 4; Table 3). At
baseline 49 days poststroke (TMS group 45 days, sham group 57
days), there had been no significant group difference concerning
mean AAT scores (TMS group 239, sham group 249), but
during the intervention period, patients of the TMS group
improved significantly by 19.8 points in the AAT total score
(P=0.002), whereas sham-stimulated subjects improved by 8.5
points (P=nonsignificant). However, there was no clear linear
relationship between the extent of laterality shift and clinical
improvement (r=0.193, P=nonsignificant). Exploratory Wil-
coxon signed-rank tests revealed a significant improvement in
the subtest naming of the AAT (P=0.03) only in the TMS
group. There was however no significant group difference
concerning the improvement in single subtests.

Discussion

Rationale

The rationale of using rTMS as a complementary therapy in
neurorehabilitation is mainly to decrease the cortical excit-
ability in regions that are presumed to hinder optimal recov-
ery.?! In our pilot study, we assumed that right-hemispheric
activation in aphasia patients represents an inferior adaptive
strategy’ and hence we aimed to suppress activation in right
the IFG with low-frequency rTMS.

Most adults exhibit lateralization of the language relevant
areas to the left hemisphere.??> Functional imaging studies
have suggested that this specialization is facilitated by the
inhibition of adjacent, but also more remote cortical re-
gions.?* A recent PET study directly demonstrated the dis-
continuation of this inhibition by suppressing the cortical
excitability of the left IFG using repetitive rTMS.24
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Table 1. Demographic and Language Data

Patient Age, Days Since Infarct SLT
No. Group Years Sex Infarction Type of Aphasia Volume, mm* Lesion Location Method SLT Tasks
1 Sham 59 M 37 Broca, nonfluent 6975 Frontal operculum, inferior PO NP, R, MP, WN
precentral gyrus
6 Sham 68 M 97 Broca, nonfluent 687 Supramarginal gyrus, PO NP, R, WN
posterior superior temporal
gyrus
8 Sham 61 M 50 Global, nonfluent 17 978 Entire MCA territory S NS, WP, YN
12 Sham 67 M 46 Wernicke, fluent 88 882 Frontal operculum, SP NS, SFA, R
posterior inferior frontal
gyrus, anterior insula
Mean, 57.5* Mean, 28 630.5*
3 ™S 59 F 50 Wernicke, fluent 12 956 Posterior superior temporal P NP, R, MP
gyrus
4 ™S 66 F 78 Amnestic, fluent 1209 Putamen, external capsule, P NP, R, MP
posterior insula
7 T™S 59 F 44 Global, nonfluent 1114 Posterior superior temporal SP NS, R
gyrus, angular gyrus
10 ™S 83 M 21 Wernicke, fluent 61238 Frontal operculum, S, SP NS, WP, YN
posterior inferior frontal
gyrus, anterior insula
13 ™S 63 F 60 Wernicke, fluent 15 047 Putamen, external capsule, P NP, R
anterior insula
14 ™S 70 F 18 Wernicke, fluent 46 511 Posterior superior temporal SP NS, WP, YN
gyrus, angular gyrus
Mean, 45.2* Mean, 23 012.5*

The applied speech and language therapy methods and tasks are coded as follows: MP indicates minimal pairs; NP, naming with progressive phonemic cues; NS,
naming with semantic cues; P, phonological therapy aiming at the phonological output lexicon; PO, phonological therapy aiming at the phonological and orthographic
output lexicon; R, repetition; S, semantic therapy aiming at the semantic system; SFA, semantic feature analysis; SP, semantic therapy aiming at the connection
between the semantic system and the phonological output lexicon; WN, written naming; WP, word—picture matching; YN, yes—no judgments for attributive information

about the pictures.
*No significant between-group difference.

SLT indicates speech and language therapy; M, male; F, female; MCA, middle cerebral artery.

In a similar way, the functional networks involved in
language tasks are modified in patients recovering from
aphasic stroke. The cortical excitability in perilesional, but
also contralateral homologous, regions is increased.?32¢ Sev-
eral studies indicated the unfavorable influence of these

Table 2. Lls for the IFG, the Upper Temporal Region
(Temporal), and the Supplementary Motor Area Before and
After the Intervention Period (Pre/Post), No. of TMS Sessions,
and Time Between Infarction and Baseline PET in Days

Patient LI IFG LI Temporal LI SMA
No. Group Pre/Post Pre/Post Pre/Post
1 Sham 12/-30 —34/-8 20/22
6 Sham 17/-12 —20/-12 18/24
8 Sham 22/3 —100/—100 —38/39
12 Sham 27/—41 —51/—-49 —100/—100
3 T™S 17/54 38/—47 2711
4 T™MS 8/—12 —24/—6 40/24
7 T™MS —49/-17 1/0 -10/2
10 T™MS —100/—31 —15/24 —29/2
13 T™S 81/59 —7/20 —-19/11
14 T™S —8/35 -100/2 0/6

SMA indicates supplementary motor area.

abnormal right-hemispheric activation patterns for language
recovery?’-2%; other neuroimaging studies confirm that pa-
tients with a favorable outcome predominantly functionally
reintegrate left-hemispheric structures.?-27-39 Thus, recovery
of poststroke aphasia seems to be most effective when
perilesional cortical areas can be reactivated.>2? This was

80
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Figure 3. Change of LlIs in Broca area with positive values indi-
cating a shift toward the left hemisphere and negative values
indicating a shift to the right.
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Figure 4. Clinical improvement as measured by the AAT.

confirmed by studies aiming at facilitation of left-
hemispheric activation in patients with chronic aphasia using
transcranial direct-current stimulation, which suggested in-
creased naming accuracy after anodal or cathodal stimulation of
left-hemispheric areas, respectively.3’32 The role of a persis-
tently increased contralateral activation however remains open
to debate. According to some authors, it should be seen as a
maladaptive, ineffective compensation channeled by the loss of
left-hemispheric inhibition due to the lesion.!®-30.33-35

Uncontrolled case reports indicate persistent positive ef-
fects of repeatedly administered, inhibitory rTMS to the
right-hemispheric Broca homolog in patients with chronic
aphasia,®” although a recent open-protocol study by the same
group suggests a good response for some patients only.>
Another uncontrolled case-series presented a clinical im-
provement in patients with chronic aphasia who were treated
with low-frequency rTMS over the area that was homologous
to the most activated one during word repetition, arguing that
transcallosal inhibition of the compensating region should be
suppressed irrespective of the hemisphere.?® However, the
lack of a control group in all of these studies does not allow
a final conclusion.

Repetitive TMS in Aphasic Stroke 413

PET Imaging and Data Analysis
Our data analysis focused on the change of the laterality index
in the IFG, calculated by subtraction of the laterality indices
pre- and post-TMS, with additional exploration of clinical
outcome parameters. LIs were based on peak values within
the regions of interest. In patients in whom the IFG is
completely destroyed, left frontal activations can occur in
cortex adjacent to the lesion.?® We thus evaluated peak
activations in the immediate surrounding target area in those
cases. Because the absolute level of activation can vary
between patients, we used LIs as outcome variables to test our
primary hypothesis that inhibitory stimulation of the con-
tralateral homologous region would shift task-induced brain
activity back to the left hemisphere. As hypothesized, we
observed an activation shift toward the right hemisphere in
the control group, which was suppressed in the therapy group.
The observed between-group differences in both network
reorganization and clinical improvement were relatively large
so that they were significant despite our limited sample size
and the use of a placebo group, which typically decreases
observed effects.>” We did not control for factors such as
gender, infarction size, or time since stroke, which may have
caused significant bias into any direction. However, infarc-
tion size and time since stroke did not differ significantly
between the groups.

Transcranial Magnetic Stimulation
In contrast to former studies, we included a control group that
received speech and language therapy and TMS with the
same intensity and duration as the therapy group, but that was
stimulated over the vertex instead of the right-hemispheric
IFG. Because TMS elicits sensations such as muscle twitches,
this sham-stimulation procedure as well as the high level of
blinding increased the specific contrast between the groups.
Stimulating the vertex very probably has no negative effect
on speech and language, as it has none in healthy subjects.38
To establish a therapy protocol that could easily be used in
large multicenter trials of stroke rehabilitation, we chose a
navigation method that is based on individual neuroanatomy
but does not require devices for stereotaxic tracking. Com-

Table 3. Subtest and Total Scores in the AAT Before and After the Intervention Period (Pre/Post) TT Token Test

TT (Error) Repetition Written Naming Comprehension Total

Pre/Post* Pre/Post* Pre/Post* Pre/Post* Pre/Post* Pre/Post
Patient  Maximum 1T Maximum Rep. Maximum  Written Maximum  Naming Maximum Comprehension ~ Maximum
No. 50 T-Value 150 T-Value 90 T-Value 120 T-Value 120 of T-Value 530
01 0/0 73/73 99/110 48/50 47/61 50/53 90/111 53/68 114/113 78/73 302/317
06 0/5 73/65 83/92 45/46 57/53 52/51 50/57 47/47 105/108 64/67 281/276
08 45/40 40/44 0/15 36/37 0/0 34/34 1/0 34/34 0/44 40/40 184/189
12 36/33 46/48 127/132 55/57 47/63 50/54 19/55 41/47 36/52 37/42 229/248
03 40/26 44/50 70/88 43/46 37/65 48/54 80/103 50/60 88/99 54/60 239/270
04 4/3 66/67 146/147 66/68 86/85 68/67 88/106 53/62 84/100 52/60 305/324
07 35/35 47/47 71/54 43/42 15/20 44/45 12/45 41/46 59/73 44/48 219/228
10 32/32 48/48 146/146 66/66 65/82 54/64 40/63 45/48 65/62 46/45 259/271
13 33/27 48/50 97/130 47/56 15/23 44/45 51/83 47/51 49/75 41/49 227/251
14 41/44 43/41 0/59 29/42 10/32 42/47 0/31 34/43 49/46 41/40 189/213

*All scores are raw scores.
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pared with state-of-the-art frameless stereotaxy systems, this
method for localization of Broca area is sufficiently precise.'?
Surface distance measurements were calculated in the imag-
ing laboratory and could then easily be communicated to the
rehabilitation facility. In the same manner, this could be done
in multicenter trials, which increases the applicability of our
approach in future studies.

Clinical Variables

Analyses of the change in total AAT score revealed a
significant clinical improvement in the therapy group,
whereas the patients of the sham group did not improve
significantly. The fact that all patients showed some clinical
improvement is not contrary to our hypothesis that right-
hemispheric recruitment impedes optimal functional recov-
ery. At baseline, there had been no significant group differ-
ence concerning mean AAT scores. The significant clinical
group difference concerning the AAT improvement in addi-
tion to the PET results supports the assumption of a regional
hierarchy in regeneration of poststroke aphasia. Looking at
the AAT subtests, we found a significant improvement in the
naming subtest in the TMS group (P=0.03) in line with
previous studies.®’

The patients in our study had different aphasia types with
Wernicke aphasia being the most common followed by Broca
and global aphasia and 1 patient with anomic aphasia. These
figures differ slightly from previous studies with more global
and anomic aphasia cases,?*~*! but this can be explained by
our selection of moderately affected subjects. Random allo-
cation to the groups resulted in both Broca aphasia cases
being treated in the sham group and the only subject with
anomic aphasia being treated in the TMS group. Due to the
pilot nature of the present study, the significance of this can
only be speculated. Generally it can be said that Broca is
more severe than anomic aphasia,? but also might have a
larger potential for clinical improvement.*?

Furthermore, given the rationale behind inhibitory stimu-
lation of the right IFG, we would expect the therapy to be
especially effective in Broca aphasia. The fact that all patients
with Broca aphasia were assigned to the sham group thus
indicates that right frontal stimulation is effective, although
the lesion does not necessarily affect the Broca area per se.
This is in accordance with a previous study in patients with
brain tumor, in which we have shown that for a right frontal
activation to occur, the lesion needs to affect the perisylvian
cortex.2? Such similar remote effects of lesions in different
locations may also explain why there is no clear 1-to-1
relationship among lesion location, aphasia type, and extent
of improvement of language function.*!

Especially the contribution of subcortical structures in
language is not clear.*> A recent study found more severe
aphasias in patients with cortical than in subcortical dam-
age,? but this might be partly due to lesion size rather than
specific location alone. In the present study, 2 patients in the
TMS group presented with subcortical lesions and had clear,
but not higher-than-average, increases in total AAT scores.
Interestingly, these 2 patients did not show a shift back to the
left hemisphere in response to stimulation.

The inclusion of subjects with heterogeneous aphasia
forms and different lesion locations might complicate the
interpretation of our preliminary results because these vari-
ables affect the activation patterns and mechanisms of corti-
cal reorganization.?>#+45> However, as discussed, both frontal
and temporal lesions lead to activation of right-hemispheric
Broca homolog and thus might benefit from complementary
rTMS.2° Furthermore, effectiveness in only selected aphasia
syndromes or lesion locations would severely limit the
clinical significance of this new approach. It remains however
to be tested in future studies if the outcome can further be
improved by stimulating syndrome- or lesion-specific sites.

We took several measures to provide for best possible
blinding. Subjects in both groups were treated and examined
following a protocol that differed only by the magnetic
stimulation location. Everyone except those applying the
rTMS was blinded. Unblinded analysis was performed only at
the level of statistical group comparisons. In retrospect, it
might have been advantageous to let an outsider perform a
group allocation aimed at balancing for selected patient
factors such as the patient gender (minimization) instead of
the restricted block randomization (fixed block size of 10
patients without stratification) we used. Randomization strat-
egies are however mostly favored because minimization does
not account for elimination of bias on unknown factors.*°

Summary

We examined patients with aphasia in the subacute phase
after first-time stroke. Our results suggest that inhibitory
magnetic stimulation of the right-hemispheric Broca homolog
together with subsequent speech therapy prevents establish-
ing right-hemispheric lateralization and, furthermore, that this
normalization of the activation pattern might be accompanied
by better clinical improvement. These results should encour-
age the next step toward larger multicenter clinical trials. To
explore the long-term effectiveness, applicability, and safety
of rTMS as a complementary aphasia therapy, large clinical
trials including the systematic assessment of adverse effects
and the comparison to other methods of noninvasive brain
stimulation are necessary. Furthermore, they will examine the
value of different rTMS protocols and the effects of rTMS in
different lesion locations, thus defining indications and con-
traindications for specific patients with aphasia.
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BEufiop tpeyrantuod wacte HAH npapore nomymapus
B KANESTRE DEAEROR oEMASTE G 00y EIOEEE PETIk-
TATAMN NPAMIYUIHE BIIER0MRENH, NPOREMOHITRH-
PORIANTHE 2E JHAYEHEE ¥ NALHENTOR £ adanneit nozee

wra [T, 12

Tl memenmie MP-moffase s ILCOKDnD paipe-
MIEHES HETOTHIRTE A8 CEPEISIEHEE ORTEELTLE0rT
nonoxenms conpane pes TMC o eooreerernnm & wero-
A0M MIMEpCHEE paccToRNRS mo noscpxacerm |13]
Hosepeume paceTommes or maprepa go HITH senoneao-
BTE B O T NIEAN, XOTH 3TY BE1EHyE ST]Y| ETH-
MYEHPCSANH TEILED B FPYENE auemaTeneT@. B coor-
weTeTEnn @ pocosoarnaus MA L Nasser nocoasr,
ceanck seuefinofl B POXR0R STEMYESUNH NpoacamIn
5 paa @ mERETD B TEuOHES I-NEARNLEOrD NEPHOGIA, BPR
ITOH EXEROMY ynanock npomecTe ot  go 10
cnumnn{[n cpeamen 9,20, Boow magnentay no 10 coan-
eom TMC nposecma Me ¥AAR00L B0 NPHMEHE WX HERD-
MOMAHER, B0 CREIAHNORS ¢ meenctomenes. Bo spous
EAKROMT CEAR. CTHWY ANIEE GCFIIECTRISE B TESEHEe
10 mmnyT ¢ uzeTorod | Ny @ AHTCHCHER0CTL D CTHAMY IE-
umn #FE o7 oEprALICHEDR EHARENAYZIAECH] QHERHOR
noporoncl seaErtHER. [lapaseTpu cTHNEIRENE BRSH-
FANE B COOTRETETRHN & RS HAMH EHETPEURIME
norexunEe Goomewocrie pe nTMO [14].
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Suoke JEETETH
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CEAHCH| ROMOTERANMH

Mocwe waxgorn crames TMO coprasdinmpomnmue
B OCOCNCEHLE OTHOCHTENLED KOHENUECEHE JAHEWE
CIEUNANHCTR £JAY HPOBGIETH CrRAECL NOMTTE[AmHE
M or HOMD NPOBCAEHENR
P f—— rmuqn.m.ucl H EOFOTCpANHE W3-3

ahamel TRCEE MPHNIGN. BICTCPTHTL, NOCK0TLEY ¥ B

oo mmeneen @ rpynny TMO 1 d — 8 enrpomano
nEy. Y [oEN MANMENTOR 0URMH NOPAKCEMS NOKETE-
WEATHEL B NESOM DOIVURAMEH H ORanH ofyCeoRIEHE

BC0SEX B HHEE [FMA STHME EETOR. N WIS HLIN S0k

HHil, EOTOPLWE MorEH Gl NpensTCTRORTE Sdxbormuannd
Tepamin. Berw naumceTad mpooamnn peurEee aga-
TN B IARSCHEMOITE OT £ THER, & YIOPOM H3 KOPpEk-
HHED OTAETLENY SREER$EISCcHE ANErIHSTHYECKHE Bpo-
B [pofananmenEeT KEKsom SNl cosTaaa
45 MHHYT, WTO NOIRCTHAT B NOAHOR MOPS PRI
mpegnoemeil 3gdoer TMC =2 sootymnsocm. sopea
DOTFIIAPHA MUCEROMT MOGM (EOTOPAH 0O NoAcTeras
CONPHECTCN B TCNCHED mouIllm?'l‘; Hu
T Ko BPCME HO NEpCHAanpamTh amncamod | 15]. B wenos
BT BLTAHESE NN NBCECERH SOroTepanus fun opecs-

LI R ETHERH N S ER 300 AR DO AfHE
[l 19]. Henoasaomnm soToNd METCHCHERDE CTHMYIE-
HHH, TAKNE KAK MEANEHTHYIO HETOHAISOHID TEPansEn.

AHANHE QAHHLE

Onpeaemnm soamemmn maa acrammn ® HIH,
BEpXHER OHECTHON AGAE M ASTOTHETEILHLY QEHMETETL-
HUE MM, KOANECTREOHNG FASTITATH 28 AKTHOHOOTL,

BT - mpeotip ar ey HH HOH AKTE-
BRHE e Y Ty e MP-
ECR AN IR 1 oW um. neneitiy), kax Suno
CEHEANT o | Il.ln mnmmm MRS

soponm [T 0L

, [y
AeumEs mnﬁmm nOTyIEpES M0 KXKEO 30HE
mo thopuyae HT={lmx crems—mx cnpasalf o ee-
m-nuk cnpaa|jxl0l, npa smos WEWE TH3-
HEHHE OTPAEITE SOMHEHPOSINHE NEROIT TCTylURps.
S i, A TAKEE HWE Py NETATR

HLX TECTOM {HHase s i) 8 e MOMERTIS

E- npn-m-::upum- c‘}-mmnm u.qn-:ionpo-“
L TECTOS AN MAPHEX M HEMEPHIX SERHEHHE & yHETOM
pacEpemencund mo rpynmas. Koppeasumo Mexgy ore-
BEHLE ZIENRE SITE[RUSHEHN B KEHHUECKHM FIyuie-
HHOM pacciHTAT no spErcpEn [Inpooiz. [zyoconcsoe
PACIPEAENCHEE NOATREPARTH Mo PENMIITIM TECTA
llkamnpo-¥ mxa; caHoCTopoEHES THAHCEAS ROPOHTECCTE
PACCTHTATH A8 M BCPER IEIERHE MHEOTER — @ Iy
ACCHES NPOHICHRET Coape BEINETEIRHDE FTPRIEEND,
HEM B IPYTINE SCOCHDE CTHMY SN

B PE3¥ NETATH

pary o

BinereEne MEUEEETON B HoCIEANMEHE RO
lrmpmnnnm:r no asryer 209 r. ]-'Izld-u'mn'pu.l
HLE MEHENTOR-EfASMEH & POUTHTELME SHHT M
ahaHn, TAKHMH K38 3y Eszzuuﬂeptmu DO
w0 kmaremdeanan no ALLDC (mafimm 1), 3 mammem
Beanm yTepuHM L mmmﬁ\mﬂ:lm
e I ana TMC mm

d NAT mma
MPT. Kpcnne‘mm mmcm

e HUCMEYECCKHM WE FEMOars-
HECKN HEYTILTAME, ROTOIME OTENTELTECL B0 pmuq:ml

1 1). Cpeaumns
lmpac'rrnl.ml'mn coeTamIL Guzrﬁﬂ.:]z.:n--ﬂu
TEFEMUL MCATPYIROEME e (0 rpymne TMC —
66,6 roga, B KOHTpoEkHol rpynme — 63,75 roaa). He ogne
01 EANHERTOE BE OTEELT SH60 SOMSASHE B NPORGIEHNE
ceancon TMC, saneEnx o cophmmky potiomiu sbhdoxmx
we fiemn. Oumxe ¥ 2 maumermos wm npynmd TMC oie-
FATH EHTEHCHEHOCTE CTHMyIHOHN Ex3 geekmedopm
1@ n T-it 1) guck cTHMY TSNS COOTRCTCTRCHEG.
Cpeguoe HooS0THMOE CHEKOEHE HETEHCHEHOCTH CTHSY-
MHIEH cocTaEno npuimomeneo 15 w318 or ueeson
FPCEER HHTERCEEROOTH SOOTRETETRENED.

B cpopmen, mepmirnio 13T mposemm wepe 50 guek
moene nepeeeeEnore nEcy LT (rpynm TMC — 45 aeei,
EDETPULES TN — 57 guel, IMANCEHE o REmRE-
un| B3 EAKHT-THEC TEATHMLIY MEKINTNOELT [aTTE-
mefl 5 M1 ann seex anamespyesus son (e 1)
Np= cpaauenen 1 0 HIH ao v nocne asenareserss
0 necf ANBOpKE, SERERCHMO OT IRV SeucEns, ofia-
PFEILTE SPERNEES ¥ REANMEHNE KTHEHOITE NRARSTD Ty
mape (TEreEns poeesrmol ¥ i conTpom and
PV EperanEch TTors ofimere yeervenmn ue ma-
mmeminns ysesumenme W1 moene nevenms (p=0,0065),
VRIS H Gy AKTHE ENOETS. IPEROND B 13-
p. B ormmrane ot svoro, o rpynne TMC omsenann uema-
unresine yeemmeune HIL Tlps npauos cpasucmmns
aroro msekenns W (zaaer mmepeiscanmm) s
TEFETEIRHOE PELErThe Meacty rrynnas {p=0,008; pee.
3. Jlan goocrurmeIkHol SESETENLE0R J0HK B RS
MEOTH ESCOMHOE OSICTHHE OOHAIYICHTH BT
o THH B STOPOHY SERXD
DOTYApHE el mn—n-ﬁo CYUECTRCHERWY  PaLTnini
MEEZY Fpy nmsn i I

CTHoCHTENRE0 KTHENSCESTD FIFMNCHHE, R E-
BT B EHAD FRCTHUEEHA ofupsil CUEHEN N0 PIyELTITaM
AAT, poLmETE NOECKORSTD AHAMHER HPGITMOHCTRE-

B THE TR HOE el wame (=0, 47;
Fo 3 e 3. B s e, wepes 4 Anch
o7 Hana mHcnkT (B rpymne TMC - 45 guehl, ® woaT-
poaLunit rpynne— 37 gEeit), we S0 T N -
N WERCTY FPYTIEAMM N0 CPEANER GLESKS P LI
AAT [rpymm TMC — 139 Sannon, KoomponLims rynm —
149 fiannoa), N0 22 NEPRDN EUENETENLITEY § MANHEETON
1 e TMC nposmonmo masimenEne yeemmeime
ofmef owenxn no AAT = 195 danna {(p=0,002), Torm
EZK B IPYENE SOKHOE STHMYISHNE NPORSOIES ¥I-
menm i 35 o (mwemse poommun). OmeEcn
ueTknit H STH MEXTY & K0 STIENTE
ETEPATHIANME H KAHENYSCKHM FEVINCHESH HE Suno
{r=0,153, ;umemne p eesamec). [lo pauromus gpeme-
poem ¥ mnkoksoma Tanes 8 rpymne TMO susmeens ma-
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- 00— ofpama T — PR B HET W THOEH
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.
3 e gt 20 2
0
H_
i
=: T
=g
sl
N
1 g r
o KoeTpar. oA
Proyuos 14 ST o DSTaCw Epoeg,

70T C T G R VG SR A DT 0 OO00W mRrn

[2=]

anp
-
H o
a til g =BT
i e
a
Z mpE
4 OrF
[]
n L L |
e pue THE
] WD, DT At T

o AT
MNTETLHOE FAPILERNE B Pey T T oy fTeem Saumums
mpegseron B pauxar AAT (p=0,03). Onmako cymecmoes-

HOTD WERTYENOROTD [AXTETHE B CTPRIIEEHN N0 PETk-
TaTAM OTREIRH LN Sy freeToa we fwmo.

B OECYRIEHHE
OEOCHOEAHHDC TR
Oiocnommnmeen. meponacsEns nTMC 1 oo
=ofl TEpanHE § -
NORTEHA 0 OCHOEECM CHHECHHCW 'nmﬁp.nmcn m
B o X HTEELHG oI

MATLECMY lo‘ecnunlnmum [EI'I.‘ B m.m;u EHADTEOM
EOTERORAHEN ML IPEANCACICHTH, 70 AKTHIRLIEE EpRp-
PO NOAVIRPHS ¥ NAINERTOR ¢ afnmell OTRIICET Hemas-
BOUNEHHM wenne amanramnn [T w, eregomsTenLm,
M cTposmTnc nomanT akmemupEn B HITH spasoro
BOTFUIEPHA £ BOMOIILE HHkracTorroi ol MC.
¥ CoELEHHCTR EIpOLILN NOECEOEHT CHOUEEHE
X PoCELX 108 B 0o norymapee [12]
PonmimT fyEK o aE IR N IR

EANDANEETR, W0 IT0T NPOEee: ofIerarTes mps Top-
MOMEIHN SOCETIHE, 3 TAKKE SOSEs TN HELY 2086 KOfkd
[23]. B noiamsn mpoee HE R SCC ORI ¢ HETk-
somaumen T15T wemeon npopssonCcTpEpomAN TpEKpa-
EEHEE ITOM TOPMOXENES EPH NOTRRIEHNH Dopkomod
smiyamsoeTh @ 2oue HITH aesor nomymopes m doue
aTMC [14].

AnanonrmEus offfeoy §¥ HENHDELLILE CETH, Yac-
TIICUMHE B OPMHPOMEHE [N, HIMEHEIOTES ¥ TEIE-
eumon & adwneit noene weoymee. Kopeosas mofy-
ANMGITL B OSMASTHE, OKPVEIDNMHY 08V NOpEXEHEE,

a TAKXE @ ARHEN TOMCTOTHHME [erms-
max possanmerzs |15, Jo). B peexnnuenx woeeipsannax
mpa THposLmn - E ]

ANCMANLINTG KNI acTnmae ARG EURY LIAHE
R BOCCTARGEIEHNE pena [27-29]. B apy rux nosse pomnE-

2 neEnoa POSIITLTEIUME NOATRENEICT,
e ¥ I BENONOM TR -
mwmummumm
CTPWETYp SEROGTD NOayumpeEs Ilﬁ 17, 30). Taknw obpa-
WAL, B e PR NoOne EHOEIRTR,
B0 Beril EEEHMOCTH, EpoNCAnAET Soace sdeberTHEmo
= fone peopramsaEn ofinzeTell Kopa, OKpFXAK-
gy JoEy nopaxeEns |3, 22|, Bror ssmon nogrecpap
PEIRRTI uz ofinerie-
mmmmum‘mﬂmrmum
il € IR TR HETRH O STHAMY IEIHE DOCToHE -
HiM TOEDM, COTTRCHT EOTOPRIM EPCOCEmT YA ICHHE
§ CECHES N0 TECTY TOMEOCTH HEIMEENE NOCE SHoaHoSE
ELTH KETOEDH CTHMYIRUHE J0H JEEND BOTFUEPHE f00T-
srremmeinn |31, 5. Omnams por SecToaEnn Iomkdes-
Bl AXTHERIEH HOMD TIPS B0 CHX
DOp HE PRCKRRTAL HHEHHD HEEOTOPWY SETOROE, of
CRERYET PACTWETPHEATL KAK BEATEKIATEYE Bedpierrmn-
HYI EOMINENZAITHD, CHREIYD 00 CHHEENEEH AKTHE-
ECITH NEROMT DOAVINARHE B PENTILTETE EATRTHE 0 HEM
o nopaxeans |19, 1, 33-35].

Peymmama uexn HEZTEIDALHHE
CNYUREH ¥ EATM AR HA cTOHENS NOnGE T LS T
umorocparun pomamesnit TMC ofimern, amaaore-
mafl 3oue Bpoxa @ npasos NoTyERmpEH PO Wi
¥ maumenton ¢ afame [i, 7], xote o nocwegues omepes-
TOM HOIMELOEANMH CPEAE Tol NE CPVIIDN UHOETOR
OTMETIEH NOMEHTELNLE HfeET TILRKD ¥ oTReLE0T
mu [5]. B gpyros nocoimpoasperecd Mociminarims
P CTRAEE MO EMCHETTHPORATE KIS EIesioe T -
mEHE ¥ MRMENTOR & XpoRreceol adaanei, KoTopla
EpoRoaeTE HeoacrorEyn TMO ux om0, rosscamo-
FerHOR HANGONEE AXTHEHGR B0 SPCMS NORTOSE NS OO0,
FTHEPACIRS, TT0 TOPMOKIEHE EDMECHEHTY KILIErD ErHOua
uEps TER0 ) DCUARTETE MR-
cHe o o7 noTymepes |36]. Dapako oTeyTeTESs KOHTPOL-
=ofl YNNG B0 BEK STHX HECOSICEIEHNE BO BOORGANET
CARAETL OEOHATETLILIL QE0E

mgeEc: marcpammmone 8 HIH, pocmmmmms myms
ELMETRENS HEAEKSD mTepanscanmn oo B moene TMC,

64
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m
Ha Nz T Hocrpsaes O
ap Ol T Monmose Ll pegPo “'“""- mm-t. Miriamsss, P Ton, ':'_"" Pre, P,
R T = Pend, v =, Poad, IHS MIECFMYN =L merErE [ SO N [T
T e m T 128 1 T =
o nm T3 w10 AED AT SED o1l L3 TTITE] ™3 W2ALT
o6 oS TaE STl A4 ETSE3 L yET ATouT Ly 10 GAET o
o ALSAD Ay ores IT e FIRET] ] F T 1] [[TrTY Aoy 4D LB L
az T QT ] LFT 13T EESET  ATSER I fLoTY FrrT = 2] anA2 2728
oa A6 a4ED B AAE ETEE M By 0,0 By B4ED 23T
o a3 BG/ET Ly 14T BGGH BGOES GG [T, L33 B0 B30 208,T4
ar INSE AT EETER ] A4 OARSID A 13748 FrrT my T3 FrerT ] FEL T
an A A L 185 [ A ) CrerT] wEs e BAED FrarTs ot
a3 IAET D aryLsn ATEE ANSTE Mg BLES AT TS A3740 T
a8 Alpen agpal ] AT AO7IT ATGAT g ] Ay 43740 LB LT

Npsvsaamss., [T — Tooo

€ AONUTHETSIRHEM ENPICHHEN KTMHEECKHE RPaNET-
pom werpagoR. Hegeke savepauemamin pascuMTRBITE,
CORORLIEARCL HA THEONLE THAUEEHEK AKTHIAIEH 8 PEMH-

OHAN, EPEACTARRCIHE BHTEpeE. ¥ M2HEHTE & Ok
magymenmed HITH, axmmmms aofeol oo seworm
THUTY IR MOKET ECH ATH B oSS aTa 00, M-
oaghx & oy nopaxesns [20]. Mo oo meemes § e
CTPTANE HAUELTH MEE IETHEMME 0 ofinaae, memoe-
FERSTRENES SKIYRANINY J0uy nopaxenes. [leexoaucy
ABSOTOTHIIE FPOBEHL ACTHIRIHN § CUSHONTON MOXET

TEHHD pEUNER Moxgy rpynmsE, CTEdpispomime
TEMENRON OfCTH, N0 Seell MHEMMOCTH, HE DEAIHEIET
HMEMTHEHOE ETESHNE M3 §YUEmD pea, moeK
¥ M0PORKE T HAPYIEHHE Poil B paams o [38].
Jxm panpatioTion IOTOEDAA DEYEHEE, KOTOPIH Moo
SYIET RErKD MCNGALIONITL B KDY TEIY M0 MOEeiT ORI
HELIEDEIE N METOAOH PEFHTAIMN BOCNE HECY LT,
BASTANH METON MISERUEN, OCHOSIENRIR 1A HIIEEETY-
ATunl NERPCAHITOMNE, N0 25 TROSVIOUINE MemOALI-
A ]mpum M CTEpROTAKSMECEOIT EIEKEHNS.

pamErETLes, uu senonacaxts W & caseerse nep

HOE HEAOED 19 EROEEPEH EUNER OEHOEHDE PHEOTEIL,
aErREnEmEics B TOM, TT0 MOAARIHIONES CTHMY RN
ICASCECTH NS OEEETH KOHT]RL BOTD

[To

TREIETECEHMN mmu: ITOT METCA AN

uEs poamrErEn 3oua Bpoee poeraroums mouen [13].
=

NMHBCIET K CHIMCHHE SKTHEERY 308 MO,

HH 00 OORCPRECCTH PAICH T RUTH

PORHEME BRNOINCHECH IJAREHES, DHpaTio @ crnpo-j'

zeporo moryumpey. Kak n npoamosaravock, M mation-
AANH CMEHIENES J0HM IXTHENDCTH B STOPONY NpBorm

NOTYURPHS B KOETPOALHOR PRFTINE H NOSENEEHE JT00

HHO# CITH N KIEHEYSCEDM ]’!’YLIJEH-K

BRI IPETCEHH,, BOCNE SETD HX MOOH T
SN0 I6TED NEMEEPARNTL B PeafeeHTamaHiil uesTp.
Takny xe olifamu MOEHD TOCTYTIETE B MHOMOEEHTPORRI

uTO ITh HELETT

TOEAA B O I mwu;

HNHHHWYECHHE MOEASATENH
Az muedenich no mxae AAT manman e

R 0T OC ETE R R AT LI | P
ua urpulmmmr FUMEE BROPEH B HCIOLIORIHEE
nnzgotio, ¥To ﬁu E VMCHRIICHHE B
Apoumax agdexom [37] HE FTHTLIEATH TAKHE §aKT0-
P, K3K A, Rvep 3060 HEdRPETY BUH BPCMA O HEa-
A HHCYALTRA, EOTOPKE MOTYT NEHBCCTE K IHITHTENLE RN
CMEICEHAM 0 TO00M EanpaancEni. (aHakD THIHMED
PATIEl B PEIMC 30EE BHEAPKTE H BPCMEHE OT HIm-
I HEDY LT MERCTY T TTasH e e,

TPARCEFPAHHA TEHAR MATHHTHAR CTHMY FRLHA

B orurmse oT SpeRLTFIERT HECEADRIENS, Wi B
THAN KOETROALHYE TPV, B ROTOROR NORCIREH A0r-
repanen @ TMC = il X2 HuTERCMERDETLD B TR0A0-
ENTETLHOETID, IAK H @ FPYTIRE ACTEHHE, B0 STHMYIH-
OEATH TEMENEYD ofmems, 2 ue HAH npameo nomymm-
poun. [Nocxansy TMC moumer ooy mesHe Mume o
NIOBEPTEEHIER, HENDALIRUTHE THOUETYT SOKnod oTH-
MCTHIGEH B B0k FPoBeih SEISINCEHE OTROCHPETRHD
ETHHHUCCKHY MIEHEE OPHECT K THRTMTLIRHOMY ¥ RCIH-

HoE K WHE B TPYIND DCMEHES, B TO
BPEME KZK ¥ MASCHTOR KONTPOTLEcH Iy IEW oTHETHIR
TIILED HEIHANHTEN LR 0 Yoy e e Tor §aur, 'y neex
TERUMENTEH NPOHLI BEEDTORE KTHHEDSskos Famme-
HEEZ, HE NPOTHEOPCYHT EAMEH MHEOTEE, 910 ETHEALNA
TIECTT DO LA TPCIHTCTHYOT CITEMEILHOMY §yHE-
UHDEZIRHONY BoccTRHORCHED. B nanane nocicioaasms
THTTHHLE MOKTPYINOEHE POUmrmE 8 ofinel oo
noAAT He B, JHENHTENLE DD KITHHIMNICEE Ji e
MCETY TVENEMH B BRI YOODCENS oocise oo AAT
u pononuenme © penmiraas [13T noanepammer npea-
TONOKEHEE O . 1 BOCCTRHORIERHT
TN adaTm E:Tnmmmqﬂmm AAT mma ofiumpy-
KIOE EFETEILHOE FIVIILEHNE 00 CYOTesTy HATLEAIN
¥ MASEHTON PPy I C {p=0,03), v cooTReTeTEVET
TANELIN EREELTVIHE ReeneanmeEni o, 7).

¥ mausesmon S pEImiriELE QA SaHn, St e
=eTn ETpeiamm. ahasey Bepiumne, mrew sfanm Epoa
n mofanos afoms, ¥ | mumesm fuwm smosiree-
1an atamn. Zho g BECKLILED OT
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O MEALLTY LMK MoERERORAHEH, B KDTORLIE Suno Gorume
COy@En rcfanceol = asoameckod agaem [39-41),
B0 0 MOKHD OOLSCHETL HMIHM GLOOpOM § DOEL
M & MEHEE IWEEIE NIV iapymeEnnsn. Crpmiiuoe
PACEPEEEIENHE MFFEN NERENG K TOMY, T ofa MmHeTs
o afamel Epok: mpoanaun® SEUENHE B KONTROR
FPWTIEE, & EANHETECHE LI FUEeET ¢ ancmreco il adene-
el — m rpymme TMC. Ha-m moomaorn mpacreps noste-
ANMERE THEWEHHE 700D PACHfEOiciEE 10 rEymm
MOEHD TOTLKD . B npwow moxms exnaTs,
s npq:.rmmn :
ueM ancaorecias adan, [35], mo ¢ Sdaumns poromEE-
AN AH KIHEHECKOTT ¥ um [42].

lpm:mnmmcgc:nu SRR TL, MOARTHIes
criynmumn HITH np ML EpEAr
m&mmmnmﬂpﬁrnﬂﬂem:ﬂﬂ:n-
LM e adecme Bpoxa. B oo o omeEw Tor das,
T BT NAUMCETH ¢ apasecd Bpoma G parnpoaeteH
B KOHTPORRHYID TRYTIEY, YEZIEET Ha TO0, 970 STHEY-
AHIES NOGHOE BOTH EPABOPD DONVINAPHE HpdekTHEN,
XOTH {42 NOPANEHHE WOXET Be STpouyTe Joay Bpoxa
EAK TAKDEYE. DTH SHEOEK SOOTRETSTHYIOT JANELM Npe-
ARITFINEG BECTEROEUIHE & TRASTHEM NALNEHTON & offy-
FONLE! FOOORHON: MOOTE, 0 KOTOPOM ML DOKIATH, WT0
JUIH [RSEHTHE SETHEEIHE JOSHOR ADTH N2S0re Mo a-
pias moolivogmec, Tl 0NAr DOPAXCHES PACTICURILICH
1 WO B HENoopeacTReHEOR fmnocrn or Camanemod
menn (M. Takse asaicrermue OTENCHHES EOCHEe-
TEES DOPANCHHI PEUmrHE IOGTHRNHE MO T TAKED
OFLACHNTE, DOSNEMY OTCYICTEVOT SCTERS IHOCTOPOEHRE
CEE WERTY NOCIRRHEH NOPEKENHN, THEOM aganm
B CTENEHLD ¥ nneHEs pevench gy o [41].

Pom MLHLN CTPYETY] B peurmod §WHE-
mHn 3o conm we aneeE [41]. Permmma soamsn
EPOEEIEHEON EACTEROEANEN NOKIIATH, W0 ¥ MameE-
o @ ECPTHEATLICUMN NOAKIHIWN [aEEseTen fanee
TENETEE S$TINN, W ¥ MATHENTOS & NOPLKCEHEM of-
sopTHERE NN eTpyenyp [39], wo 1o woxer Sum. orae-

OfCYEIANOCL PANEE, NOEATICANHE DOfREEHl o animd
¥ EHCOTHO BTN TPHBOAHT K AXTHIRIRH [0S0 MH
Epoxa @ npamoa NOoIpEE H, TR ofipano, Jonoe-
mnmemens BTMC 5 o cnposy uoaeT S sgahex-
mhmz [M. Kpose Toro, shée cmemmceTl. MeTony oL
O CEpEAEEN LY SHUAPOSAN 33T | e peneund
MOELTHININE NOAEETHL WOMET SEpLETID
ETEHIMECEDE BPIENEE ITOM HOEoin NOANE K nee-
. Dmuacs o Byay ey secTesomIrHI MoEHn Symner
T WP IIEHES BEXOR0E B thoms oTE-
MYEEIHE OPH ONPEIENEEHGE AKATHININE TI0[EeiHE
EEH KOHEPETHOD QA aderisn.

M npumzmn AN ofecnciEHES Ero
nnnrn:g—. [hmm o 0 ofies rpynmax :.Iwm-
B RENICTE § COOTRETETREH © PO, [RLETHE SLns
TOLED § I0He MarenT=oil sy Boo woeieyoaa-
TENH, KPOME TEX, KTO TPOSOEICT i, Sann oonemeEHLL
A fe DEIELICEE IPGECTH TIILED HA YPOSHE CTa-
THETHYECKOrD ] nu rpynm. B pep THES MOXED
CIAWTR, 9T0 & NEEME GOSN OTHEILHAN JANNLY,
TAKHX K2X DO TRHENTS { MHHEM S nEs), B0 Bumoss
PACEPESEIEHNE FANNENTCE H2 TPYENM NOCTOPORHNME
MIRME SWSCTC CTFREH tinoma

EMfl pascp thosa wa 1D mu:u:mcl 5]
r:rpmmu:l CrparereEn pauaoMEIanmn  Hanso-
0% EPSANCUTHTEALHE, NOCEOGRKEY NPE MHHHMERINE
BE PUHTLIEACTEN FOTPANEHEE CHMEMEHHHE N0 HORMIRECTHEIM
takTopaw [46).
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