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Figure 4. Functional connectivity analysis demonstrating intrahemispheric connections seeding from left hippocampus to
language networks (CONN toolbox, SPM). Strength of connectivity slightly increases from left-TLE (A) to control (B) and
right-TLE (C) subjects, respectively” is more suitable.

increase in connections of left hemispheric language
regions, which in turn will make the LI score higher in
favour of typical dominancy. These results were compatible
with previous fMRI and WADA studies; rate of atypical
hemispheric dominancy in left-TLE patients were found
42.7% (Zatorre et al. [28]), 25% (Adcock et al. [25]), 38%
(Brazdil et al. [6]). Doucet et al. [29] also found highest
LI score in right-TLE patients. They also found only 4%
atypical dominancy in their fMRI study but they stated
that this could be resulted from the study group, having 23
years mean age of seizure onset. Duration of seizures and
age at seizure onset are very important factors effecting
language development processes. Hemispherectomy
studies [30] and studies with pediatric stroke patients [31]
have shown that hemispheric dominancy for language
establishes around the age of 5, however older children
and adults may also show varying levels of plasticity [25].
Higher ages of seizure onset may decrease the possibility of
functional reorganization [27,32]. Mean age of onset was
14.2 years, which’s lower than the aforementioned study.
Further studies in larger group of patients with different
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age of seizure onsets may define more precise functional
connectivity changes. Nevertheless, our findings support
the interhemispheric reorganization theory occurring
in left-TLE patients by continuous disruption of cortical
architecture.

Functional connectivity analysis was performed on
single subject basis. Since we wanted to make a comparison
of laterality indices and FC, we primarily focused on single
subject measures obtained from resting state fMRI data.
While mean FC values slightly differ between groups, our
results did not show any difference in both hemispheres
among three groups reaching statistical significance. This
result was actually unexpected because other studies
investigating FC in TLE patients mostly define varying
amounts of decreased total hemispheric connectivity in
the affected hemisphere [1,9,29,33]. Because we wanted
to clarify if FC measures of “hippocampal-lingual
network are decreasing in the affected side of epilepsy,
we did not consider atypical hemispheric dominancy
but analysed groups of right and left TLE patients
instead. To reveal intrahemispheric connectivity, we
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Table 3. Functional connectivity results of participants.

Subject Left hippocampal seed Right hippocampal seed

No. Left pars opercularis Left pars triangularis Right pars opercularis Right pars triangularis
1 -0.091 0.113 0.270 -0.042
2 -0.142 0.135 -0.150 0.004
3 0.141 0.118 0.140 0.021
4 0.026 0.134 -0.296 -0.052
5 0.001 0.084 -0.214 -0.032
6 -0.026 0.029 -0.294 0.001
7 -0.004 0.241 -0.239 -0.303
8 -0.359 -0.347 -0.299 -0.112
9 -0.338 -0.295 -0.266 -0.255
10 -0.088 -0.016 0.051 -0.021
11 0.076 -0.111 -0.201 -0.381
12 -0.048 -0.151 -0.353 -0.250
13 0.030 -0.024 -0.467 -0.236
14 0.092 0.146 -0.106 -0.201
15 -0.107 0.163 -0.073 -0.241
16 0.193 0.174 -0.016 0.027
17 -0.221 -0.164 -0.419 0.019
18 -0.140 0.192 0.003 0.125
19 -0.102 0.024 0.068 0.205
20 -0.084 0.038 0.172 -0.180
21 -0.023 -0.161 -0.504 -0.408
22 -0.087 0.001 0.080 -0.136
23 0.133 0.026 -0.031 -0.221
24 -0.340 0.298 -0.164 -0.022
25 0.225 0.303 -0.144 -0.080
26 0.166 0.175 0.020 0.214
27 0.047 0.100 -0.197 0.069
28 -0.038 0.084 0.066 -0.107
29 -0.056 0.069 0.004 -0.104
30 -0.271 0.202 -0.049 0.070
31 -0.213 0.064 -0.194 0.002
32 -0.073 0.058 -0.223 -0.212

Functional connectivity (FC) results are given in terms of beta values.

defined both hippocampi as seed regions in ROI to ROI
analysis. Decreased functional connectivity in the affected
hippocampus might be a logical expectation, moreover
some authors declare that FC may paradoxically increase
with some compensatory mechanisms on the non-
dominant hemisphere. Considering intrahemispheric
resting state functional connectivity in TLE patients;

Pravata et al. [34] presented no difference between controls
and patients in the right hemisphere while Bettus et al. [33]
presented increased FC in the hemisphere contralateral to
the side of epilepsy. Our results may be partially explained
with these studies’ results.

Hippocampus is thought to have an import role in
cognitive processing via its cortical reciprocal connections.
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Figure 5. Chart showing correlation of nLI scores and rs-FC beta values in right-TLE, left-
TLE and control group. Only statistically significant correlations are shown.

Table 4. Correlation analysis between FC and nLI scores.

g?;}:iﬁt;on Right-TLE Left-TLE Control group Whole subjects

. r = 0.740 r=0.610 r=0.638 Rho = 0.560
(L)Hip.~ (L)Oper. P=0.014 P =0.035 P =0.047 P = 0.001

. . Rho = 0.576 r=0.252 Rho = -0.394 Rho = 0.091
(L)Hip.— (L)Tri. P =0.082 P =0.430 P =0.260 P=0.622

. Rho = -0.224 r=-0.205 r=-0.374 Rho = -0.209
(R)Hip.- (R)Oper. P =0.533 P=0.523 P = 0.288 P =0.252

, , Rho = 0.200 r=-0.042 r=-0.081 Rho = -0.020
(R)Hip.~ (R)Tri. P =0.580 P =089 P =0.823 P=0914

FC: Functional connectivity; nLI: Normalized lateralization index; L: Left; R:Right; Hip: Hippocampus;

Oper: Pars opercularis; Tri: Pars triangularis.

Its malfunction causes cessation of not only memory
but also other various functions including language.
Furthermore, these findings maybe reversible after epilepsy
surgery supporting the view that whole hemispheric
cognitive impairment results from epileptogenic activity
of hippocampus [35,36]. Hippocampus contribute to
language functions by semantic memory functions or
direct acquisition of language [36]. Effect of hippocampal
sclerosis on language processing was very well discussed
in former studies [6,37,38]. The most commonly
accepted theory is the spread of epileptic seizures from
hippocampus to the ipsilateral hemisphere thus impairing
the basal cortical network. This, in turn causes TLE
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patients to lose language functions even if they do not
have morphological abnormality on the arcuate fasciculus,
Brocas and Wernicke’s regions. Normal development
processes include left hippocampal interaction with
left hemispheric language areas [39] giving the idea of
hippocampal laterality just as hemispheric dominancy
of language. There are plenty of studies mainly focused
on connectivities between two hippocampi or atrophied
hippocampus and whole hemisphere/brain or intra- and
interhemispheric connectivity between language networks
but hippocampal laterality and correlation of resting state
FC with LI scores [29] has been underestimated up to now,
being discussed only in few of them [40, 41].
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Our results have shown significant correlation between
laterality indices (nLI) and “hippocampal-lingual measures
of resting state functional connectivity (pars opercularis
targeted) in the left hemisphere in all subjects. With results
of LI analysis, which showed highest mean scores in right-
TLE patients, it can be commented that interhemispheric
reorganization of language functions occurs in TLE
patients and thus causes stronger “hippocampal-lingual
FC in right-TLE patients and vice versa. In another
words; higher left intrahemispheric hippocampus-
lingual FC values may predict typical; lower values may
predict atypical hemispheric dominancy for language.
Contrary to pars opercularis, there was no statistically
significant correlation found between hippocampus
and pars triangularis region of Broca in left hemisphere.
This may be explained with lesser contribution of pars
triangularis to the language network, just like Bernal et
al. [42], Brauer et al. [43], Brown et al. [44], Diehl et al.
[45], Doucet et al. [29] stated in their study or our word
generation task could have distinctly activated subregions
of Broca in favour of pars opercularis region. Furthermore,
right intrahemispheric FC values did not correlate with
LI. These results support the hypothesis of exclusive
contribution of left hippocampus to the language.
Hemispheric dominancy of language seems to be directly
related with the functional reserve of the left hemisphere in
the right-handed population. Right hemispheric mirrors
of language networks only come forward in cases of left
hemispheric insult. Similarly Pereira et al. [1], Josse et al.
[46] and Ellmore et al. [47] depicted a higher level of left
hemispheric connectivity associated with hippocampus in
language functions than the right side.

However, there are some limitations of this study.
First, sample size was relatively small to make precise
assumptions in some parts of the study. Studies with
larger sample sizes may provide additional information.
Second; although we described and used nLI scores for
correlation with FC values, classical LI scores were used
for determination of hemispheric dominancy. There is no
reliable cut-oft value for positive nLI scores referring to
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L m TR s Fov Stice
(ms) (ms) Thickness (mm) number

Sequences (mm)

T1w axial 9 360 5 220*320 20

T1w sagittal 9 400 5 240*240 20

12w axial 101 3500 3 230*230 20

FLAIR axial 90 9000 5 208*230 20

iy % 9000 3 180*230 20

oblique

S —— 380 3000 1 190*220 104

oblique

DWI axial *

(b1000) 90 9800 3 220*220 40

TIw sagittal 2,5 1900 1 250*250 176

*Note- Coronal oblique sequences were acquired perpendicular to the long axis of hippocampus

Supplement 1. Dedicated epilepsy protocol for MR imaging.
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