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Abstract. The connectivity between perisylvian language areas is subserved by the three segments of the arcuate fasciculus
(AF): the long segment (AFlong), connecting posterior temporal and inferior frontal areas, and anterior and posterior
segments (AFant, AFpost), connecting the inferior parietal lobule to inferior frontal and posterior temporal areas, respectively.
Damage to the AFlong induces conduction aphasia, which manifests itself in impaired repetition likely due to a deficit in
sensorimotor integration in speech. However, systematic investigations of the specific contributions of the three AF segments
to language processing are lacking. The current study addressed the roles of these white-matter tracts in language production
and comprehension at word and sentence levels. We found that lower volume of the AFlong following neurosurgery was
associated with a greater deficit in language repetition, consistent with the tract’s role in sensorimotor integration in speech.
Furthermore, we found that a postoperative decrease in AFlong volume was associated with lower postoperative sentence
comprehension abilities. We did not observe any relation between postoperative decreases of the AFant and AFpost volumes,
and language deficits. One plausible explanation is that these tracts are not critical for language processing, while the functions
they underlie in healthy speakers demonstrate a greater capacity for reorganization during slow brain tumor growth, as
opposed to those carried out by the AFlong.
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Introduction

Growing evidence is challenging the long-held view on Bro-
cas area as critical for language production. In fact, focal Bro-
cas area damage only causes a transient and rapidly recov-
ering language production deficit (Dronkers, Redfern, &
Knight, 2000; Penfield & Roberts, 1959). By contrast, dam-
age to the long segment of the arcuate fasciculus (AFlong),
the white-matter tract connecting Broca’s area and, more
broadly, the inferior frontal gyrus (IFG) and the precentral
gyrus, to the posterior temporal language areas, causes a
severe and largely irreversible Broca’s or conduction aphasia
(Catani, Jones, & ffytche, 2005). In the same vein, AFlong
damage is associated with the severity of the central symp-
toms of Broca’s and conduction aphasia types — impaired
syntactic processing (Caramazza, Berndt, Basili, & Koller,
1981; Schwartz, Saffran, & Marin, 1980; Wilson et al., 2015)
and repetition (Sierpowska et al., 2017), respectively. This
makes a strong case for the critical role of the frontotempo-
ral connectivity via the AF in language production.
However, questions remain regarding the linguistic
contribution of the adjacent frontotemporal pathway via
the inferior parietal lobule (IPL; Catani et al., 2005). This
pathway comprises the posterior (AFpost) and anterior
(AFant) segments of the arcuate fasciculus, connecting

the IPL to the posterior temporal and inferior frontal
areas, respectively. The IPL is heavily involved in semantic
processing during word production, as suggested by
extensive functional neuroimaging and lesion evidence
(for a review, see Coslett & Schwartz, 2018). Furthermore,
IPL lesions impair comprehension of complex syntactic
constructions, which is a central linguistic symptom
in patients with semantic aphasia (Dragoy, Akinina,
& Dronkers, 2017; Luria, 1969; Newhart et al., 2012). Thus,
the strong involvement of the IPL in language processing
points to a possible role of its white-matter connectivity to
the frontal and temporal language areas via the AFant and
AFpost in language processing.

To date, the evidence regarding the roles of the AFant
and AFpost in language processing remains inconclusive.
For example, Fridriksson, Guo, Fillmore, Holland, and
Rorden (2013) reported that lower AFant integrity was
associated with lower speech fluency in aphasia. By
contrast, Basilakos et al. (2014) found that only damage
to the junction between the AFant and the frontal aslant
tract, but not to the AFant itself, was a significant predictor
of lower speech fluency. However, these inconsistencies
may arise for methodological reasons. For example, the
use of atlas-based estimations of tract integrity (Basilakos
et al, 2014) may overlook great individual variability
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Table 1. Participants’ Clinical Information
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£ Tumor I 59 % AF Segments 588 52
o Age Sex Histopathology =  Anatomical Location zZr> Damaged ' Onod ona Scanner
1 35 female astrocytoma 3 frontal 24.6 AFlong, AFant 2 2 GE HDxt
2 41 male oligodendroglioma 3 frontal, parietal 43.0 AFlong, AFant, AFpost 1 Siemens Skyra
3 49 male ollgodendrogllorzna frontal 12.6 None 4 5 GE HDxt
or astrocytoma
4 53 female glioblastoma 4 frontal, temporal, insula  64.6 AFlong, AFant 4 1 Siemens Skyra
5 43 male astrocytoma 2 frontal 14.0 AFant 4 0 GE HDxt
6 30 female astrocytoma 2 temporal, insula 23.3 AFant 32 4 GE HDxt
7 26 male astrocytoma 2 temporal 31.7 AFlong 9 4 GE HDxt
8 27 male astrocytoma 2 frontal 58.0 AFlong, AFant 5 3 Siemens Skyra
9 30 male astrocytoma 3 temporal 31.8 AFant 3 1 GE HDxt
10 47 female oligodendroglioma 3 frontal 50.4 AFant 2 4 GE HDxt
11 38 male astrocytoma 3 frontal 31.9 AFlong 4 NA GE HDxt
12 43 male astrocytoma 3 temporal 48.8 AFlong, AFpost 5 1 Siemens Skyra
18 59 male astrocytoma 2 frontal 7.7 AFlong, AFant 6 6 GE HDxt
14 21 female astrocytoma 2 temporal, insula 39.6 AFlong, AFant, AFpost 4 1 Siemens Skyra
15 35 male astrocytoma 3 frontal 12.0 AFant 2 1 GE HDxt
16 49 female ollgodendrogllorzna 3 temporal 19.7 AFlong, AFpost 1 5 GE HDxt
or astrocytoma
17 31 female ganglioglioma 1 temporal 28.3 AFlong, AFant 3 24 GE HDxt
18 40 male astrocytoma 2 frontal 59.0 AFlong, AFant 6 1 Siemens Skyra
19 34 female astrocytoma 3 temporal, insula 35.9 AFlong, AFant 4 6 GE HDxt
20 30 male astrocytoma 2 temporal, insula 21.0 AFlong, AFpost 2 7 GE HDxt
21 46 male astrocytoma 2 temporal 21.9 AFlong 4 5 GE HDxt
22 44 female dlioblastoma 4 temporal, insula 124.6 AFant 5 1 Siemens Skyra
23 53 female Ol00dendrogioma 5 gy 27.7 None 1 4  GEHDxt
or astrocytoma 2
24 63 male astrocytoma 2 temporal, insula 39.9 AFlong, AFant, AFpost 4 1 Siemens Skyra
25 43 female Olgo0endrogioma 5 oo 145  AFant 4 12 GEHDxt
or astrocytoma 2
26 26 male astrocytoma 2 frontal 12.2 AFlong, AFant 2 5 GE HDxt
27 31 male astrocytoma 2 temporal 26.3 AFlong, AFant, AFpost 2 21 GE HDxt
28 55 female astrocytoma 2 temporal 9.5 AFlong, AFant, AFpost 2 1 Siemens Skyra
29 19 male astrocytoma 3 temporal 40.7 AFlong, AFant, AFpost 6 1 GE HDxt
30 28 male oligodendroglioma 3 frontal 44.0 AFpost 1 4 GE HDxt
31 33 male astrocytoma 2 frontal, insula 221 AFlong, AFpost 4 4 GE HDxt
32 33 male astrocytoma 2 temporal, insula 44.5 AFlong, AFant 5 1 GE HDxt
33 25 male oligodendroglioma 2 frontal 14.8 AFpost 2 1 GE HDxt
34 44 male astrocytoma 2 temporal, insula 46.6 AFant 2 4 GE HDxt
35 42 male oligodendroglioma 2 temporal 21.4 AFlong, AFant 3 4 GE HDxt
Note. ' To assess tract damage, a formal criterion was applied: a tract was considered damaged if its postoperative tract volume

Abbreviations:

was lower compared to the preoperative volume.

2 The final histopathological diagnosis was not available at the time of publication.

AF — arcuate fasciculus; AFlong — long segment of the AF; AFant — anterior segment of the AF; AFpost — posterior

segment of the AF; DTl — diffusion-tensor imaging; NA — not available; WHO — World Health Organization.
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in white-matter anatomy (Thiebaut de Schotten et al,
2011). Furthermore, since different AF segments are often
concurrently damaged, correlating each AF segment with
behavioral measures separately (as opposed to fitting
a single regression model) may result in spurious positive
results precluding inferences about their unique linguistic
functions. Finally, with regard to the linguistic function of
the AFpost, several studies have reported language compre-
hension deficits following parietal lobe damage likely
involving the AFpost (McCarthy & Warrington, 1984;
Newhart et al., 2012). However, direct evidence for the
correlations between the AFpost integrity metrics derived
from individual diffusion-tensor imaging (DTI) and
language processing is still lacking.

To overcome the above limitations and further explore
the roles of the three AF segments in language processing,
we combined DTI tractography with detailed language
assessment in individuals with brain tumors. In contrast
to post-stroke aphasia, where a premorbid anatomical
baseline is not available, preoperative tract integrity metrics
serve as an individual anatomical baseline for postoperative
tract measurements. This constrains the factors underlying
the variability in tract integrity metrics to those related
to focal surgery-induced damage (resection and edema),
rather than the premorbid individual variability. Finally,
all three tracts were included in statistical models simulta-
neously. This allows inferences regarding the unique contri-
butions of each AF segment to language processing while
controlling for damage to the adjacent segments. For the
language assessment, we utilized a series of tests tapping
into participants’ language production, comprehension
and repetition abilities at the word and sentence levels.
Given the well-established role of the AFlong in language
production, we expected to replicate previous findings and
confirm its role in language production and repetition.
Additionally, we aimed to explore its potential contribution
to language comprehension. Finally, based on evidence
attributing the IPL a role in processing complex syntactic
constructions, we expected that the AFant and AFpost
would mediate an impairment specifically in the sentence-
level linguistic tests.

Method

Participants

Thirty-five individuals with primary brain tumors in the
left hemisphere participated in the study (mean age 39,
range 19-63 years). Table 1 presents the participants’ clini-
cal information. All participants underwent a craniotomy
for tumor removal. All participants were right-handed
monolingual native speakers of Russian. The participants
were recruited at the National Medical and Surgical Cen-
ter named after N.I. Pirogov and at the National Medical
Research Center for Neurosurgery named after N.N. Bur-
denko in Moscow. The participants signed an informed
consent form before participation.

Behavioral Assessment

Before and during the first week after surgery, all partici-
pants underwent magnetic resonance imaging and lan-
guage assessment. Pre- and postoperative language assess-

ment was performed using the Russian Aphasia Test (RAT;
Ivanova et al., 2016). RAT is a standardized assessment bat-
tery tapping into language production and comprehension
at different linguistic levels. In the present study, accura-
cies in the following RAT subtests were analyzed: noun and
verb comprehension, noun and verb production, sentence
production, sentence comprehension, and pseudoword
repetition, which is best suited for the assessment of sen-
sorimotor integration in language production (Sierpowska
etal., 2017).

Magnetic Resonance Imaging

Diffusion-weighted magnetic resonance imaging (DWI)
was performed using one of two scanners (Siemens
Magnetom Skyra in 9 participants and GE Signa HDxt
in 26 participants) with a single-shot echo-planar imaging
sequence. Critically, the same scanner was used to acquire
pre- and postoperative data in all participants, ensuring
consistency between scanning sessions. We used the fol-
lowing acquisition parameters: 64 non-collinear diffusion
directions, b-value 1500 s/mm? voxel size 2x2x2 mm
(Siemens Magnetom Skyra) or 2.5x2.5x2.5 mm
(GE Signa HDxt), number of non-diffusion-weighted
images — 1 (Siemens Magnetom Skyra) or 9 (GE Signa
HDxt). The sequence was repeated twice with opposite
phase-encoding directions: anterior-posterior (AP) and
posterior-anterior (PA). In addition, for participants with
one non-diffusion-weighted image in each sequence rep-
etition, we acquired two short sequences with opposite
phase-encoding directions (AP and PA), which contained
three non-diffusion-weighted images. To ensure a consis-
tent processing pipeline across participants, we used four
non-diffusion-weighted images (two in the AP and two in
the PA direction) in all participants for subsequent artifact
correction. DWI data were corrected for eddy-current-
induced distortions and subject motion using the ‘eddy’
function implemented in the FMRIB Software Library
(http://fsl.fmrib.ox.ac.uk/fsl/). We performed tensor-based
tractography using ExploreDTI (http://www.exploredti.
com/). Streamlines were propagated from all voxels with
fractional anisotropy (FA)=>.15 with a step size of 1 mm
until a streamline reached a voxel with FA below .15 or the
angle between two consecutive propagation steps became
smaller than 45°.

AF segments were manually reconstructed in TrackVis
(http://www.trackvis.org/) using three regions of interest
(ROIs) placed in the IFG, superior and middle temporal
gyri, and the IPL. Each AF segment was reconstructed
using two of these ROIs: AFlong — IFG and temporal ROIs,
AFant — IFG and IPL ROIs, AFpost — IPL and temporal
ROIs. All reconstructions were performed in the partic-
ipant’s native scanning space. We first placed three ROIs
strictly according to anatomical landmarks: for the IFG
ROI — a sphere covering pars opercularis, pars triangularis
and the ventral portion of the precentral gyrus; for the
temporal ROI — a sphere covering the posterior thirds of
the superior, middle and inferior temporal gyri; and for the
IPL ROI — a sphere placed immediately above the temporal
ROI extending to the intraparietal sulcus. This particular
default ROI placement was utilized to cover the cortical
terminations of the AF segments as reported previously for
healthy individuals (Catani & Thiebaut de Schotten, 2012).
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We then increased the radiuses of the spheres to ensure
that all fibers with trajectories corresponding to those of
the AFlong, AFant and AFpost were included in the tracts’
reconstructions'. The resulting mean (SD) sphere radius
was 8.04 (.23) for the IFG ROI, 8.00 (0) for the temporal
ROI, and 8.09 for the IPL ROI (0.29). After this, exclusion
ROIs were used to remove the artifacts, such as fiber loops
and fibers belonging to the adjacent tracts. To minimize
potential anatomical biases, each reconstruction was then
verified by an expert in white-matter anatomy (O. D. or
S.M.). Since the reconstruction for each participant was
not performed independently by two raters, we do not
have data on the inter-rater reliability. The rationale behind
using the manual reconstruction approach, as opposed
to an automated one, was that it allowed us to take into
account individual variability due to pathology-induced
tract displacement. This is especially relevant for brain
tumor patients, since a tumor gradually displaces white
matter in an often unpredictable manner, adding to the
premorbid individual variability in white-matter anatomy
(Thiebaut de Schotten et al., 2011). The tracts’ pre- and
postoperative volumes were extracted and, to control
for total brain volume, divided by the participant’s total
brain volume obtained from the brain-extracted native
T1-weighted images. We then calculated the difference
between post- versus preoperative tract volumes for each
of the three AF segments.

A high-resolution  postoperative ~ whole-brain
T1-weighted (voxel size 1x1x1 mm) and, when available,
T2- and FLAIR-weighted images were reoriented to the
AC-PC plane and co-registered in the SPM12 Matlab
toolbox. The resection cavity was manually delineated in
ITK-SNAP (Yushkevich et al., 2006) and then normalized
using the MR segment-normalize tool in the Clinical
Toolbox (Nachev, Coulthard, Jager, Kennard, & Husain,
2008) for SPM12. A non-enantiomorphic normalization
algorithm and a younger T1 template were used. The
volumes of the normalized resection cavity masks were
extracted to be used as covariates in our statistical analyses.

Data Analysis

Single-trial accuracy data were analyzed in linear mixed-
effects models fitted using the Tme4’ package (Bates,
Maechler, Bolker, & Walker, 2015) in R (R Core Team, 2017).
Fixed effects of our interest were: testing session (post- ver-
sus preoperative assessment), and the post- vs. preoperative
difference in tract volumes for each AF segment. Word pro-
duction and comprehension analyses additionally included
part of speech as a fixed effect (categorical variable with
two levels: nouns and verbs). To account for potential con-
founds, we also included normalized resection cavity vol-
ume, number of days between surgery and postoperative
behavioral assessment, and number of days between sur-
gery and postoperative DWI acquisition as covariates. Test-
ing session was treatment-coded with postoperative assess-
ment taken as a baseline. Therefore, the coefficient estimate
of each predictor refers to the relation between this predic-

1 In two participants, the AFpost had a large fork-shaped parietal projec-
tion. Therefore, one sphere ROI in the parietal lobe could not completely
cover the parietal projections of both the AFant and AFpost. In these two
participants, we used two spherical ROIs in the parietal lobe to encom-
pass the AFant and AFpost parietal projections separately.

tor and postoperative behavioral performance. The tracts’
and resection cavities’ volumes were centered and scaled.
Random effects were by-participant and by-item random
intercepts. Below, we report uncorrected p-values and spec-
ify which predictors retained their significance at the a=.01
following a Boferroni correction for the total number of fit-
ted models.

Results

Mean (SD) volume of the AFlong was 13.2 cm® (6.0 cm?)
preoperatively and 11.6 cm® (6.5 cm?®) postoperatively;
AFant: 8.0 cm® (4.7 cm®) preoperatively and 7.1 cm’
(4.0 cm?®) postoperatively; AFpost: 9.8 cm® (4.3 cm®) pre-
operatively and 9.5 cm® (4.6 cm?®) postoperatively. Post-
operatively, 23 participants presented with a decreased
AFlong volume, 24 showed a decreased AFant volume, and
12 showed a decreased AFpost volume.

Table 2 summarizes participants’ pre- and postop-
erative behavioral performance.

Table 2. Participants’ Pre- and Postoperative Behavioral
Performance
Preoperative Postoperative Paired
Subtest Score, Mean Score, Mean T-Test
% (SD) % (SD) Statistic
Word comprehen- B
sion (verbs and 98.0 (2.2) 90.9 (16.6) t33)=2.43
p=.020
nouns, mean)
Sentence t(33)=2.29
comprehension EB () SBR) el p=.030
Word production B
(verbs and nouns, 95.3 (6.2) 74.3 (34.5) (34)=3.60,
p=.001
mean)
Sentence t(32)=3.33,
production 95.1 (8.4) 74.5 (34.5) p=.002

Figure 1 presents the distribution of participants’
average postoperative accuracies in each test as a function
of post- vs. preoperative tract volume differences.

Three participants were excluded from the compre-
hension analyses as their single-trial performance data
were missing for technical reasons. Table 3 presents the
results of linear mixed-effects modelling. Greater resection
cavity volume was associated with lower accuracy in all the
analyzed tests (for model estimates, see Table 3). However,
only the effect of resection cavity volume on sentence
comprehension retained significance following a Bonferroni
correction. We found thata postoperative decreasein AFlong
volume was associated with lower postoperative accuracy
in word comprehension, p=1.08, SE=.47, z=2.29, p=.02,
OR=2.96, 95% CI [1.17,7.48], sentence comprehension,
B=142, SE=.41, z=3.45, p=.0006, OR=4.15, 95% CI
[1.85,9.31], and pseudoword repetition, p=1.15, SE=.37,
z=3.14, p=.002, OR=3.15, 95% CI [1.54,6.45]. Postop-
erative decrease in AFlong volume was not associated with
postoperative word and sentence production performance
in our cohort. Preservation of both the AFant and AFpost
volumes postoperatively was associated with lower postop-
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Figure 1. Scatter plots
showing the distribution of
participants’ average post-
operative accuracies in each
behavioral test as a function
of postoperative volume
changes in each segment
of the arcuate fasciculus A)
for language comprehen-
sion subtests and B) for lan-
guage production subtests.
AFlong — the long segment
of the arcuate fasciculus;
AFant — the anterior seg-
ment of the arcuate fascicu-
lus, AFpost — the poste-
rior segment of the arcuate
fasciculus.
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Results of Linear Mixed-Effects Modelling

Table 3.
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.05 significance level are highlighted in bold. Predictors that retained their significance following

Predictors significant at a

Note.

.01 level) are labeled with **.

the Bonferroni correction for the total number of models (that is, significant at the a

Abbreviations: AFlong — difference in post- vs. preoperative volumes of the long segment of the arcuate fasciculus; AFant — difference

in post- vs. preoperative volumes of the anterior segment of the arcuate fasciculus, AFpost — difference in post-

vs. preoperative volumes of the posterior segment of the arcuate fasciculus; Cl — confidence interval; ICC — intraclass

correlation coefficient; NA — not applicable. ID and Item labels indicate random effects parameters that are related

to the by-participant and by-item random intercepts, respectively.
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erative sentence comprehension accuracy, AFant, p=-.80,
SE=.35, z=-2.28, p=.02, OR=.45, 95% CI [.23, .89];
AFpost, B=-1.50, SE=.60, z=-2.50, p=.01, OR=.22,
95% CI [.07, .72]. These effects did not retain signif-
icance following a Bonferroni correction. All other effects
of decreased volumes of the AF segments on postoperative
performance were non-significant.

To validate these findings and address several method-
ological concerns, we performed a supplementary analysis
on a subset of participants. First of all, visual inspection of
the data in Figure 1 revealed an apparent outlier data point
in AFpost volume. Secondly, combining data from two
different scanning protocols could have biased our model
estimates since different voxel sizes in the two protocols
could have impacted the variances of the tract volumes.
To address whether these factors affected model estimates,
we excluded the participant represented by the outlier data
point (n=1) and the participants scanned using Siemens
Magnetom Skyra (n=9) from the sample, and reanalyzed the
resulting subset of participants (n=25). Appendix A presents
the results of this analysis. The relations between lower
postoperative volumes of the AFant and the AFpost and
sentence comprehension became non-significant (AFant:
p=.18; AFpost: p=.05). Otherwise, inferences regarding
AF segments remained unchanged compared to our main
analysis, suggesting that the outlier point and combined DTI
data from the two different MRI protocols did not affect the
results obtained in the main analysis. No other control for
outliers was applied, as linear mixed-effects models have
generally low sensitivity to outliers (Gelman & Hill, 2007).

Discussion

The current study addressed the effects of surgery-induced
damage to the three AF segments on language production,
comprehension and repetition. First of all, we aimed to
reproduce previous findings showing the relation between
AFlong integrity and language production and repeti-
tion abilities (Catani et al., 2005; Sierpowska et al., 2017).
In addition, we sought to explore the linguistic contribu-
tions of the IPL connectivity with the frontal and tempo-
ral language areas via the AFant and AFpost, respectively.
Based on the data attributing the IPL a role in comprehen-
sion of syntactic constructions, we expected to observe
a relation between the AFand and AFpost and sentence-
level linguistic performance.

In line with previous studies (Catani et al., 2005,
Sierpowska et al., 2017), we found that lower volume of the
AFlong following left-hemisphere surgery was associated
with lower postoperative performance in pseudoword
repetition. However, our analysis revealed only a borderline-
significant trend for lower word production accuracy
postoperatively in participants with lower postoperative
AFlong volume, and no effect of the AFlong postoperative
volume changes on sentence production performance. Only
larger resection cavity volume was associated with lower
word and sentence production performance postopera-
tively. However, this result did not retain significance after
applying a Bonferroni correction. A potential explanation
for these partially negative results lies in the abundance
of transient tissue pathology, such as edema, at the acute

postoperative stage (first days and weeks after surgery). It is
plausible that the transient tissue pathology was the most
salient factor mediating postoperative language production
performance in our cohort, whereas permanent damage to
specific anatomical structures only made a relatively small
contribution to language production performance. This
warrants further research addressing the relation between
the integrity of AF segments and language impairment in
patients at the subacute and chronic stages after surgery.

Notably, we observed a relation between the lower
postoperative volume of the AFlong and postoperative
impairment in sentence comprehension and word compre-
hension (the latter did not retain significance following
a Bonferroni correction). These findings are consistent
with the previously reported relation between AFlong
integrity and sentence comprehension in patients with
primary progressive aphasia (Wilson et al., 2015). This is
also in line with studies showing agrammatic compre-
hension in patients with Broca’s aphasia (Caramazza et al.,
1981; Schwartz et al., 1980), and studies showing that the
posterior temporal areas corresponding to the AFlong
projections are involved not only in phonological but
also lexical-semantic processing (for a review, see Hickok
& Poeppel, 2007). These data suggest that AFlong function
might be non-uniform; instead, its contributions to
language production and comprehension might be differ-
entially subserved by its layers that connect functionally
distinct subcomponents of posterior temporal and inferior
frontal lobes. Thus, further studies are needed to address
the mechanism driving the manifestations of AFlong
damage in production and comprehension modalities.

In contrast to the AFlong, postoperative decreases
in the volumes of the AFant and AFpost did not affect
language production or repetition performance in our
cohort. Unexpectedly, we found that the preservation of the
AFant and AFpost volumes postoperatively was associated
with lower postoperative sentence comprehension abilities.
However, these correlations did not retain significance
following a Bonferroni correction, and were not reproduced
in a supplementary analysis using data from a subset of partic-
ipants. Furthermore, no correlations between the AFant and
AFpost volumes and word comprehension were observed.

The negative results regarding the role of the AFant
in language production are consistent with Basilakos and
colleagues’ (2014) results. Furthermore, the absence of
a correlation between AFant volume and word production
in the current study suggests that the correlation between
the AFant and speech fluency reported by Fridriksson et al.
(2013) might be mediated by the deficits in processing
stages beyond word retrieval (such as executive functions,
which are heavily involved in speech fluency tests). An
alternative explanation reconciling the discrepancy between
our and Fridriksson and colleagues’ (2013) findings lies in
the different pathophysiological mechanisms underlying
stroke- (Fridriksson et al., 2013) versus surgery-induced
language impairments. In contrast to stroke, relatively
slow brain tumor growth induces a functional reorgani-
zation of the language network (Duffau, 2005). Therefore,
acute surgery-induced lesions act upon a preoperatively
reorganized language network. As a consequence, the
relation between AFant and AFpost damage and language
deficits in stroke patients, but not in brain tumor patients,
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likely reflects the tracts’ greater capacity for functional
reorganization over the course of tumor growth.

The negative results may have also been driven by
several methodological limitations of the current study.
First, although the language assessment used in our study
was well-suited to measure the overall severity of language
impairment at a given linguistic level, it did not specifically
tap into deficits at isolated processing stages, such as def-
icits in phonological or semantic processing, or articula-
tory planning. Therefore, it is plausible that our assessment
may have lacked sensitivity to detect the relations between
the AFant and AFpost and their contributions to these spe-
cific processing stages. Secondly, AFpost volume decreased
postoperatively only in a relatively small number of par-
ticipants (12 out of 35). Therefore, our patient cohort may
have lacked the anatomical variability in the AFpost needed
to establish the relation between its volume and language
performance. Finally, the relatively high incidence of con-
current damage to two or more AF segments in our cohort
(in 19 out of 35 participants) also presents a potential con-
found. Namely, this may have precluded us from revealing
the specific contributions of each segment to the word- and
sentence-level language deficits. The combined analysis of
the data acquired with two different DWTI protocols and an
overall small number of participants are also limitations
in our analysis. However, we believe that these factors are
negligible, given that a subsequent analysis performed on
a subset of participants (n=25), all scanned using an iden-
tical DWI protocol, yielded analogous results.

To conclude, the current data partially replicated
earlier findings regarding the role of the AFlong in
language production, and confirmed previous evidence
showing that the AFlong is involved in sentence compre-
hension. Our results suggest that the AFlong has a complex
function extending beyond language production, and
stress the importance of studying the mechanisms driving
production and comprehension deficits caused by AFlong
damage. Finally, studies utilizing evidence from patients
at the chronic stage after stroke and surgery are needed
to pinpoint the roles of the AFant and AFpost in language
processing and investigate their functional reorganization
after focal brain damage.
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Appendix A. Results from Participants Scanned Using GE Signa HDxt

Table A1. Results of Linear Mixed-Effects Modelling of the Data from Participants Scanned Using GE Signa HDxt, Excluding One
Participant Represented by the Outlier Data Point (see Figure 1)
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Note. Predictors significant at a=.05 significance level are highlighted in bold. Predictors that retained their significance following

the Bonferroni correction for the total number of models (that is, significant at the a=.01 level) are labeled with **.

Abbreviations: AFlong — difference in post- vs. preoperative volumes of the long segment of the arcuate fasciculus; AFant — difference
in post- vs. preoperative volumes of the anterior segment of the arcuate fasciculus, AFpost — difference in post- vs. pre-
operative volumes of the posterior segment of the arcuate fasciculus; Cl — confidence interval; ICC — intraclass corre-
lation coefficient; NA — not applicable. ID and Item labels indicate random effects parameters that are related to the by-
participant and by-item random intercepts, respectively.
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Annotanus. OyHKIMOHA/IbHAS CBI3aHHOCTD IE€PUCHIbBYEBBIX IPENCTABUTENbCTB peunt 06ecednBaeTCst CUCTEMON acco-
[[MATUBHBIX TPAKTOB, COEAVHSIOUNX 3a/fHIe OTAE/IbI BUCOYHOI [OIU U HIDKHIOW JOOHYI0 U3BWINHY (IIMHHBIA CETMEHT
myroo6pasHoro myuka, gamee — JIIT), a TakxKe KaXXAYI0 U3 9TUX 00/1acTell ¢ HIDKHEl TeMeHHOIT [O/IbKOIT (3agHuit u mepey-
Huit cermenTsl JIIT cooTBeTcTBeHHO). [Topaskenue nnuHHOro cermenTa JII1 BhI3BIBa€T IIPOBOLHUKOBYIO ahasuio, LeHTPasIb-
HOIT MaHM(ecTanueil KOTOPOIt SIB/SIETCS HapylleHNe [OBTOPEHNsI pedM BCIEACTBUE AepUINTAa CEHCOMOTOPHOI MHTe-
rpanyy B pedeBoll Mo#anbHOCTM. ONHAKO OTCYTCTBYIOT CUCTEMATHYeCKMe MICC/IeNOBaHMA TOTO, KaK/e acCIeKThl pedeBoll
06paboTKM 06eCIeunBaIOT TPAKTHI, CBSI3BIBAIOLIVE HIDKHIO TEMEHHYIO JO/IBKY C IOOHBIMMU U BUCOYHBIMI IIPEICTABUTEID-
crBamu peun. JlanuHas pabora HalpaB/IeHa Ha BBIABIEHUE POIU KaX/OT0 13 Tpex cerMeHToB [II1 B MOHMMaHMY, TOPOXKe-
HUJ U IIOBTOPEHMM PeYl Ha PA3/MYHBIX IMHTBUCTUYECKMX YPOBHAX. Mbl 0OHAPYXWIM, YTO YMEHbIIIEHVe 0ObeMa [AINH-
Horo cermenTa JIII B pesynbrare peseKUuy OIMyXO/IM TOIOBHOTO MO3Ta CBA3aHO C HAPYIIEHMAMM IIPU IIOBTOPEHUM pedn,
YTO COOTHOCUTCA C POJIBIO JAHHOTO TPaKTa B CEHCOMOTOPHOI MHTErpaluy B pedeBoil MofanbHocT. Kpome Toro, mocieo-
HepaIMOHHOe YMeHblIleHe o6beMa AMMHHOro cermeHTa JI1 610 CBsI3aHO C HAPYLIEHMAMM IIPY TIOHMMAHNH TIPEIOXKe-
HUiT. MBI He OGHAPY)XIIU CBSI3U MEX[Y M3MEeHEHUsIMU 00beMOB IlepefiHero U 3afHero cerMeHToB JIIT 1 peueBbIMU Hapy-
MIeHVSIMIL. J[IaHHBII pe3y/IbTaT MOXKET 00 BSCHATBCS TEM, YTO HepeqHuMIt 1 3agHuit cerMeHTs! [IT1 He SIBIISIIOTCST KPUTUIHBIMU
I1st pedeBoit 06paboTKy, a GYHKI[UM, KOTOPBIE OHY 00eCIIeYnBaIOT B HOPMe, MOTYT OBITH [IOf{BEPXKEeHbI OO/IbIIIEN peopraHu-
3alMM B XOJi€ TIOCTETIEHHOTO POCTA OIYXO/IM MO3Ta — B OT/INYME OT JUIMHHOTO CETMEHTa.
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