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Intrasubject Reproducibility of Functional MR
Imaging Activation in Language Tasks

G.S. Harrington
M.H. Buonocore

S. Tomaszewski Farias

BACKGROUND AND PURPOSE: The purpose of this study was to examine the reproducibility of
functional MR imaging (fMRI) activation (volume and laterality) within both inferior frontal and tem-
poroparietal regions of interest for both receptive and expressive language tasks.

METHODS: Ten healthy volunteers participated in fMRI experiments for 6 language tasks: verb gen-
eration, confrontation naming, semantic decision making, visual sentence comprehension, auditory
sentence comprehension, and story listening. Each subject was scanned during 2 separate sessions
separated by a minimum of 4 weeks. Laterality of activation was defined by laterality indices (LIs),
which were calculated by 2 methods: one method based on the measured volume of activation and the
other method based on the F statistic of the activation. Reproducibility was calculated by using
concurrence ratios for the volume of activation (Roverlap, Rvolume) and test-retest correlation for LIs.

RESULTS: All tasks generated reproducible LIs within at least one of the regions of interest, but verb
generation produced the highest test-retest correlations (r � 0.99) within both regions of interest. Verb
generation was associated with the highest average concurrence ratios within the inferior frontal
region of interest (Roverlap � 45.2; Rvolume � 70.9). In general, the concurrence ratios were lower within
the temporoparietal region of interest compared with the inferior frontal region of interest. LIs
calculated with F statistics were more reproducible than the LIs calculated by activation volume.

CONCLUSION: fMRI is able to provide reproducible LIs in both inferior frontal and temporoparietal
regions for assessing hemispheric dominance in language processing. The volume of activation,
especially within the temporoparietal regions, is less reproducible than the laterality of activation, so
the former should be used with caution.

The most common clinical application for functional MR
imaging (fMRI) of language processing is the determina-

tion of language dominance during the presurgical evaluation
of temporal lobe epilepsy (TLE) patients. Most studies evalu-
ating language tasks for this purpose use large regions of inter-
est covering both inferior frontal and posterior regions com-
bined.1-8 Activation of temporal regions, however, may be
more appropriate for mapping patients with a posterior tem-
poroparietal seizure focus and for predicting language changes
after anterior temporal lobectomy.9-11 In addition, expressive
and receptive language functions may be differentially lateral-
ized in patients with epilepsy.12 Fernandez et al13 reported the
test-retest correlation of laterality indices (LIs) within a tem-
poroparietal region to be lower than within an inferior frontal
region. Unfortunately, that study was limited to the evaluation
of only one semantic decision task. Tasks that focus on recep-
tive language processing could result in higher test-retest re-
producibility of fMRI activation in temporoparietal regions.13

Volume of activation is another fMRI parameter, in addi-
tion to lateralization indices, that has begun to be used in some
clinical applications. For example, a number of investigators
have begun to use fMRI to examine change in activation vol-
ume during the course of natural recovery or direct interven-
tion following a neurologic insult (eg, stroke).14-21 The ability
to detect small changes in activation volume related to the
cortical representation of language processing is dependent on

a high degree of intrasubject test-retest reproducibility of ac-
tivation volume.

The purpose of this study was to examine the intrasubject
test-retest reproducibility of fMRI activation (volume and lat-
erality) within both inferior frontal and temporoparietal re-
gions of interest for 6 language tasks with differing degrees of
receptive and expressive language requirements. We also ex-
amined the intrasubject test-retest reproducibility of com-
bined datasets. In general, combined datasets are presumed to
be able to yield higher test-retest reproducibility because of the
increase in statistical degrees of freedom.5,22

A second goal of this study was to evaluate the influence of
the method for calculating the LIs on its reproducibility. LIs
are commonly calculated by using a formula based on the
number of voxels above a specified threshold (volume of acti-
vation) within a given region of interest.1,2,7,9,10,23-26 The vol-
ume of fMRI activation and the calculated LIs based on vol-
ume of activation have been found to vary widely depending
on the chosen threshold.27-29 LIs that are calculated so that
they are less dependent on thresholding may be more repro-
ducible than those that are based on a single threshold. We
compared 2 different methods for calculating LIs: one method
is dependent on a single threshold, and the other is less depen-
dent on thresholds.

Methods
The study was approved by the University of California—Davis Hu-

man Subjects Protection Committee, and written informed consent

was obtained from all participants. Ten healthy right-handed subjects

(average age, 34.7 years; 6 women) performed the 6 language tasks on

2 separate days (average interval between sessions, 25.3 weeks; range,

4-53 weeks). Tasks were incorporated into block design paradigms

with experimental conditions lasting 12–30 seconds (depending on
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the specific task) alternating with baseline conditions of similar dura-

tions. Visual stimuli were projected onto a screen located at the end of

the scanner patient table by using the Presentation software package

(www.neurobs.com), and the subject viewed the screen via a mirror

on top of the head coil. Auditory stimuli were delivered to the subject

by using the same software package through MR imaging– compat-

ible headphones (Resonance Technologies, Northridge, Calif). Move-

ment of the subject’s head was restrained by using a moldable air bag

(Vac-Fix; Bionix, Toledo, Ohio).

The following 6 language tasks were used in the study because they

are believed to test a full range of language functions thought to in-

volve both frontal and temporoparietal language areas: confrontation

naming, verb generation, visually presented sentence comprehen-

sion, orally presented sentence comprehension, semantic decision

making, and story listening.

In the experimental condition for the confrontation-naming task,

subjects viewed line drawings from the Boston Naming Test30 every 3

seconds and were instructed to name the drawing covertly. The base-

line condition for this task consisted of the presentation of sets of

vertical, horizontal, diagonal, and crossing lines, during which sub-

jects were instructed to attend to these images closely.

In the experimental condition for the semantic decision task, sub-

jects were visually presented a different word every 3 seconds and

were instructed to decide covertly whether the meaning of each word

represented an abstract or concrete concept. For the baseline condi-

tion, strings of either upper- or lowercase letters were presented and

subjects were instructed to decide whether the letters were upper- or

lowercase.

The experimental condition of the visual sentence-comprehen-

sion task consisted of simple 3– 4-word sentences presented every 3

seconds. The experimental condition consisted of sentences that were

syntactically and semantically correct, as well as sentences that had

either a semantic or syntactic error. The subjects were instructed to

read each sentence covertly and decide covertly whether it was both

syntactically and semantically correct. The baseline condition con-

sisted of a visual display of forward and backward slashes of similar

length as the sentences, and subjects were instructed to attend to these

strings of lines.

For the auditory tasks, the baseline condition consisted of words

or sentences played backwards and subjects were instructed to listen

closely to these stimuli.9,31,32 The experimental condition in the audio

sentence-comprehension task was the same as used in the visual read-

ing sentence-comprehension task except the subjects listened to

rather than read the sentences. The experimental condition for story

listening consisted of auditory passages containing several sentences

and subjects were instructed to listen to each passage.

Finally, the auditory nouns for the verb-generation task were pre-

sented every 3 seconds, and the subjects were instructed to generate an

action verb covertly for each noun presented. To help ensure that

participants were adequately attending to the baseline conditions, the

duration of baseline conditions were variable to make it difficult for

the subject to anticipate the switch from baseline to experimental

condition, and no cues were provided to indicate or suggest that the

switch was about to occur.

Scanning and Data Analysis
During the fMRI tasks, 21 contiguous 5-mm axial sections were ac-

quired with a gradient-echo, echo-planar imaging (EPI) sequence

(TR, 2000 milliseconds; TE, 50 milliseconds; flip angle, 90°; field of

view [FOV], 22 cm; matrix, 64 � 64, using a 1.5T GE Signa NV/I MR

imaging system, LX version 8.2.5 [GE Medical Systems, Milwaukee,

Wis]). In each functional scan, a dataset consisting of 196 image vol-

umes was acquired during 384 seconds (ie, 2 seconds per volume).

The first 4 image volumes were removed from the dataset to ensure

that image intensity variations due to the magnetization approach to

dynamic equilibrium were not included in the functional analysis.

High-resolution structural images were obtained for use as anatomic

references by using a 3D T1-weighted fast-spoiled gradient recalled-

echo sequence (section thickness, 1.2 mm; FOV � 22 cm; 256 �

256 � 124; TE, 1.8 milliseconds; TR, 8.7 milliseconds; flip angle, 15°;

bandwidth, 15.63 kHz).

The echo-planar images were reconstructed by using standard

Fourier transformation combined with image-phase correction33,34

to reduce the N/2 ghost artifact. The images were registered to the

third image in the fMRI time series with a 3D registration algorithm.35

All statistical analyses were performed with the AFNI analysis and

display software package.36 Statistical maps were generated by using a

multiple regression algorithm with a boxcar (6-second lag) reference

waveform, and linear trends were included as covariates. Activation

maps were created by applying a P value and cluster size threshold37,38

to the statistical maps. The program AlphaSim within AFNI was used

to estimate the cluster size necessary to achieve a significance level

�.05 with an individual voxel threshold of P � 1.0 � 10�4. The

statistical maps were transformed to Talairach coordinates39 with lin-

ear interpolation by using a transformation36 derived from the 3D

anatomic images acquired at the same scanning session as the func-

tional images used to generate the statistical maps. “Combination”

datasets were constructed by concatenating the single datasets from

the different tasks. One combination set consisted of the datasets

from all the tasks and 2 other combination datasets contained the data

from 3 of the 6 tasks; one set consisting of the 3 language tasks involv-

ing single word or picture processing (verb generation, semantic de-

cision, and confrontation naming) and the other set consisting of the

3 tasks involving sentence processing (oral sentence comprehension,

visually presented sentence comprehension, and story listening). The

combination datasets were analyzed in the same manner as the indi-

vidual datasets, except that the baseline and linear trends used in the

regression analysis were calculated separately for each dataset.

Variables estimating the head motion and the temporal signal

intensity–to-noise ratio (SNR) were calculated for each single dataset.

These variables were used to estimate the quality of the images for

each subject and each fMRI acquisition. The variable “maximum

head motion” was defined as the maximum range of head displace-

ment in any one direction, as revealed by the motion registration

algorithm. To estimate whether significant head motion was associ-

ated with the experimental paradigm, a correlation analysis was per-

formed between the experimental paradigm and the time series of the

values of the motion registration parameters. For a single voxel, tem-

poral SNR is defined as the average signal intensity of the time series

divided by the standard deviation calculated across that times series.

Two temporal SNR estimates, each based on a different collection of

voxels, were calculated for each functional scan. To calculate the tem-

poral SNR estimates, a mask identifying “brain-only” voxels was cre-

ated for the image volume and the SD of the time series for each brain

voxel was calculated. Then, a 9-bin histogram of the SDs for the brain

voxels was created. The first temporal SNR estimate, denoted

tSNRmed, was defined as the average temporal SNR of all the voxels

falling into the median bin. The second estimate, tSNRlow, was de-

fined as the average temporal SNR for the 256 voxels with the lowest
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SD. In addition, regression analysis was used to investigate a possible

relationship between head motion and these temporal SNR estimates.

Anatomic Regions of Interest
Anatomic regions of interest for the inferior frontal and temporopa-

rietal language regions were hand drawn according to Talairach co-

ordinates40 by using the Talairach atlas.41 The inferior frontal region

of interest covered the inferior frontal gyrus (BA 44 – 47), and the

temporoparietal region of interest covered the supramarginal, infe-

rior parietal, middle temporal, and superior temporal gyri (BA 21, 22,

39). The regions of interest were created from a single Talairach image

and applied to all of the subjects.

LIs
LIs can range from 1.0 (strong left hemisphere dominance) to �1.0

(strong right hemisphere dominance). Four LIs were calculated for each

acquisition. Two LIs, denoted LIVOL1, and LIVOL2, were derived from the

volume of activation within each region of interest by using the formula:

LIVOLUME � (VOLleft � VOLright) / (VOLleft � VOLright). The volume of

activation for LIVOL1 and LIVOL2 were calculated by using the P value

thresholds of P � 1.0 � 10�4and P � 1.0 � 10�3, respectively. For the

other 2 laterality estimates, instead of weighting all voxels above the cho-

sen threshold equally, each voxel was weighted in proportion to its F

statistic generated from the regression analysis.13 The LI was calculated as

the sum of the F statistics from voxels above the chosen threshold in the

left region of interest, minus the sum in the right region of interest, and

then that difference was divided by the sum of the F statistics across both

regions of interest. The first LI based on F statistics (LIF) was calculated by

using a P value threshold of P � .01. For the other F-based LI, LIs were

calculated for a range of P value thresholds starting at P � .01 and pro-

gressing to P � 1.0 � 10�6. The final index (LIF-Ave) assigned to each

region of interest was defined to be the average of the LIs over this range

of thresholds. Paired t test comparisons were made for all LIs generated

by the 2 methods.

Test-Retest Reproducibility
Test-retest reproducibility of laterality of activation was evaluated by

examining the test-retest correlation of LIs between 2 separate imag-

ing sessions. Test-retest reproducibility of the volume of activation

was evaluated by calculating 2 concurrence ratios for activation, de-

noted Rvolume and Roverlap.13,22,32,42-46 Rvolume measures only the vol-

ume of activation, whereas Roverlap combines location of activation

and volume of activation into a single test-retest reproducibility vari-

able. Roverlap is particularly valuable in evaluating test-retest repro-

ducibility in fMRI, because fMRI activation maps are often inter-

preted qualitatively by both location and volume of activation. The

concurrence ratios for volume and overlap (in percentage) were cal-

culated within the regions of interest by using the formulas from

Rombouts et al47:

Rvolume � 2 �
VOLUMEmin

VOLUME1�VOLUME2

Roverlap � 2 �
VOLUMEoverlap

VOLUME1 � VOLUME2

where VOLUME1 and VOLUME2 are the activation volumes within

the given region of interest for the first and second session, respec-

tively, VOLUMEmin is the smallest of the 2 volumes, VOLUME1 and

VOLUME2, and VOLUMEoverlap is the overlap of activation between

sessions. All volumes were calculated from the spatially normalized

datasets. Analysis of variance tests were used to determine the effect of

task and region of interest on the Rvolume and Roverlap values.

Results

Test-Retest Reproducibility
Figure 1 shows the LIs and the reproducibility results for the
LIs by using the LIF-Ave method. The verb-generation task
showed the highest degree of left hemisphere lateralization.
The test-retest correlations for LI were high within both re-
gions of interest. The test-retest correlations were especially
high (r � 0.90) for the verb-generation and visual sentence-
comprehension tasks within both regions of interest. The test-
retest correlations were also �0.90 for the story-listening task
within the temporoparietal region of interest. The combina-
tion of tasks also produced test-retest correlations �0.90 for
both regions. The test-retest correlations for the combinations
of tasks, however, were not better than for the verb-generation
task. In addition, although the story-listening task yielded re-
producible LIs within the temporoparietal region of interest,
the test-retest correlation within the inferior frontal region of
interest was low.

Figure 1 also shows reproducibility results for the volume
of activation. There was not a significant session effect; for all
tasks, the average volume of activation during the first session
was not significantly different from the average activation dur-
ing the retest session. However, verb generation and visual
sentence comprehension were the only single tasks that
showed activation within the inferior frontal and temporopa-
rietal regions of interest for both scanning sessions in at least
90% of the subjects. All of the combination datasets also
showed activation at both scanning sessions in at least 90% of
the subjects.

There was a significant task effect (P � 2.3 � 10�5) for
Rvolume, but the main effect for region of interest (P � .65) and
the interaction between task and region of interest (P � .26)
were not significant. The verb-generation task produced the
largest volume of activation within the inferior frontal region
of interest and the largest Rvolume within both regions of inter-
est. The combination dataset consisting of verb-generation,
confrontation-naming, and semantic decision making tasks
produced a slightly higher Rvolume within the inferior frontal
region of interest, as compared with the best single tasks. Fur-
thermore, all 3 combination datasets produced a slightly
higher Rvolume within the temporoparietal region of interest,
compared with the best single tasks.

There was a significant task (P � 6.2 � 10�6) effect for
Roverlap but the region of interest effect (P � .40) and the in-
teraction between region of interest and task (P � .06) was not
significant. Of the 6 tasks, verb generation produced the high-
est average overlap of activation within the inferior frontal
region of interest and produced Roverlap values within the tem-
poroparietal region of interest that were equivalent to those
produced by the story-listening and visually presented sen-
tence-comprehension tasks within the same region of interest.
Visual sentence comprehension and story listening were the
only tasks to produce greater average overlap of activation
within the temporoparietal region of interest compared with
the inferior frontal region of interest. For the combination
sets, the combination of the sentence-comprehension tasks
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with the story-listening task also produced a higher Roverlap

within the temporoparietal region of interest compared with
the inferior frontal region of interest.

Figure 2 shows examples of activation, including overlap,
for the verb-generation task from 2 subjects. The Table lists
the activation and test-retest measurements for each example
in Fig 2. For subject 1, the activation was strongly left lateral-
ized during both sessions and both concurrence ratios were
above average. Most of the nonoverlapping activation oc-
curred adjacent to and was contiguous with the overlapping
activation. For subject 2, the activation was lateralized to the
right hemisphere during both scanning sessions. During the
second session, the volume of activation was approximately 3
times greater than for the first imaging session, whereas the LIs
calculated with the F statistic average method were almost
identical.

Comparison of LI Calculation Methods
LI calculations based on volume of activation were not possi-
ble for subjects who did not show any activation above the
chosen P value threshold (“% Active” in Fig 1). Paired t tests
revealed significantly higher test-retest correlations with LIF-

Ave compared with either LIVOL1 (P � .02) or LIVOL2 (P � .03).
In addition, LIF resulted in significantly higher test-retest cor-
relations compared with LIVOL1 (P � .04), or LIVOL2 (P � .01).
In most healthy, right-handed individuals, language functions

are mediated predominantly by inferior
frontal and temporoparietal regions of
the left hemisphere.48 One subject, how-
ever, showed strong right lateralization.
The LIs for this subject were not in-
cluded in the calculations of the average
LI for each task. The subject was in-
cluded in the calculation of all test-retest
indices. Overall, LIF-Ave produced higher
LIs compared with the other methods,
and this difference was significant for
LIVOL1 and LIVOL2 (P � .05; Wilcoxon
signed ranks test).

Motion and Temporal SNR
Figure 3 shows the line estimate repre-
senting the association between the tem-
poral SNR of a dataset and the maximum
head motion detected during the acquisi-
tion of that dataset. The correlation be-
tween the maximum head motions and

the temporal SNR estimates was significant for tSNRmed (P �
2.2 � 10�6) but not for tSNRlow (P � .13). The average max-
imum head motion (ie, average of the maximum displace-
ments) for all acquisitions was 0.52 � 0.25 mm, and the aver-
age temporal SNR estimates were 99.5 � 11.2 for tSNRmed and
143.8 � 14.7 for tSNRlow.

Discussion
The test-retest correlations for language LIs were very high
within both inferior frontal and temporoparietal regions.
Some investigators have predicted that for anterior temporal
lobectomy candidates the evaluation of posterior temporal
language function may be more useful than the evaluation of
inferior frontal language function.9-11 Of the tasks evaluated in
this study, verb generation would be the best task for the clin-
ical evaluation of language dominance, because this task re-
sulted in highly reproducible lateralized activation within
both posterior temporal and inferior frontal regions in healthy
individuals. A previous study13 using a single semantic deci-
sion task reported that the test-retest correlation of LIs within
a temporoparietal region was lower than within an inferior
frontal region. The current study, however, found higher test-
retest correlations for LIs within temporoparietal regions for 3
of the 6 tasks. As such, it appears that the reproducibility of an
LI in a given region of interest depends on the particular lan-
guage task used. The inclusion of a sentence-comprehension
or story-listening task, along with the verb-generation task,

Fig 1. Reproducibility for fMRI activation: LI and volume.

Top row, The LI and test-retest correlation of LI for all tasks
and task combinations within both regions of interest.
Middle row, The average volume of activation and %
subjects with activation during both imaging sessions
within the language dominant hemisphere for both regions
of interest. Bottom row, Average concurrence ratios (Rvolume

and Roverlap) within the language dominant hemisphere for
both regions of interest. SD � semantic decision; CN �
confrontation naming; VG � verb generation; AS � audio
sentence comprehension; VS � visual sentence compre-
hension; SL � story listening; CTa � combination of SD,
CN, and VG; CTb � combination of AS,VS, and SL; Ctc �
combination of all tasks.
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may be useful in cases where the evaluation of posterior tem-
poral regions is required.

A significant finding from this study regarding LIs was that

the LI test-retest correlation values were
significantly better when using the cal-
culation method based on F statistics
compared with the method based on
volume of activation. By weighting the
above-threshold voxels with a measure
of the strength of the activation, as with
the F statistic– based method, high LIs
can be obtained even if a low threshold
is implemented. The benefit of LF-Ave is
due to the difficulty in determining op-
timal thresholds5,13,22,27; LF-Ave avoids
these problems by averaging results
over a range of P value thresholds.

For fMRI activation volume, the abil-
ity to detect activation changes in longi-
tudinal studies is reduced when there is
significant intrasubject variability. The
high intrasubject variability in fMRI ac-
tivation volume found in this study, as
measured by concordance ratios, indi-
cates that small cortical changes in
longitudinal studies will be difficult or
impossible to detect. This high intrasu-
bject variability in fMRI activation vol-
ume is not exclusive to language tasks,
as the concordance ratios for verb gen-
eration were similar to other studies of
primary cortices.44,47

One important factor affecting fMRI
volume measurements is variability in
the orientation of the subject’s head in

each scanning session. All subjects were scanned in 2 separate
sessions, and hence the orientation between axial section loca-
tions and the brain tissue are not expected to be the same for
each session. In addition, differences in EPI image appearance
due to section excitation profiles, and differences in distortion
due to magnetic susceptibility, are caused by differences in the
position of the head relative to the main magnetic field and
cannot be corrected in postprocessing.

Subject motion and temporal noise are factors that could
also influence the test-retest reproducibility of the activation.
Head motion that is correlated to the experimental paradigm
can result in an increase in the number of false-positive detec-
tions. For example, the correlation between the head motion
and the experimental paradigm for subject 2 (see Fig 2, Table)
was much higher in the second session compared with the first
session. The increased correlated motion in the second scan-
ning sessions cannot be excluded as an explanation for the
overall 3-fold increase in activation detected in the second
scanning session. Head motion that is uncorrelated to the ex-
perimental paradigm can contribute to the fMRI temporal
noise (Fig 3) and generally will lead to a decrease in the num-
ber of activated voxels (ie, an increase in false-negatives). High
levels of temporal noise may be sufficiently greater than the

Fig 2. Verb-generation overlap.

Activation for the verb-generation task in 2 example sub-
jects. Images are in radiologic view. Yellow � session 1
only; red � session 2 only; blue � overlap between
sessions. Activation information provided in the Table.

Test–retest results for example subjects in Figure 2

Subject 1 Subject 2

S 1 S 2 S 1 S 2
fMRI acquisition tSNRmed 107.0 100.9 102.8 93.9

quality Motion (mm) 1.08 0.58 0.38 0.34
Motion correl* 0.06 0.12 0.14 0.20

Inferior frontal LIF-Ave 0.94 0.88 �0.83 �0.80
ROI LIVOL 0.87 0.70 �0.59 �0.47

Volume (mm3) 4102 3893 2506 5881
Rvolume 97.4 59.8
Roverlap 63.2 37.6

Temporoparietal LIF-Ave 0.98 0.90 �0.89 �0.92
ROI LIVOL 1.00 1.00 �0.65 �0.76

Volume (mm3) 1644 1506 2431 5364
Rvolume 95.6 62.4
Roverlap 58.2 35.2

Note:—fMRI indicates functional MR imaging; ROI, region of interest; tSNRmed, first
temporal signal-to-noise ratio estimate; LIF-Ave, LI calculated using F values; LIVOL, LI
calculated using activation volume. Rvolume, reproducibility of volume of activation; Roverlap,
reproducibility of location of activation and volume of activation combined. Volume and
concordance ratios are for the language dominant hemisphere.
* Correlation between head motion and experimental paradigm.
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task-related blood oxygen level– dependent signal intensity
change and result in the inability to detect localized regions of
true activation.

Two different estimates for temporal SNR were evaluated
in this study. The tSNRlow is calculated based on a fixed num-
ber of voxels, 256, whose time series have the smallest level of
temporal fluctuations of all voxels in the brain. This criterion
leads to selection of voxels principally located in deep white
matter that have less temporal noise originating from physio-
logic or motion-related sources. Alternatively, the method for
calculating tSNRmed does not seek out voxels with minimum
noise and hence is more sensitive to head motion and physio-
logic noise. The increased sensitivity to head motion is illus-
trated by the strong correlation between head motion and
temporal SNR in Fig 3. For these reasons tSNRmed serves as a
more useful estimate of temporal SNR in a clinical setting.

Improvements in the reproducibility of activation volume
may be possible with the combination of different carefully
selected tasks, or by repeated scans by using a single carefully
selected task. The concordance ratios in this study, however,
did not improve significantly with the concatenation of mul-
tiple datasets. In most cases, the concordance ratios from the
combination datasets were only slightly improved relative to
those values from the dataset of the best single tasks. It is likely
that repeating and combining datasets by using the best single
task—for example, verb generation—would yield higher re-
producibility results than a some combination of different
tasks used this study. Combining different tasks may provide
an advantage of increasing sensitivity to activation in brain
areas that activate in all of the included tasks, whereas decreas-
ing the sensitivity to activation in brain areas that activate with
only one of the tasks.5

Conclusion
For fMRI to be useful as a clinical diagnostic tool of language,
test-retest reproducibility of activation must first be demon-
strated. This study showed that fMRI can provide reproduc-
ible LIs within temporoparietal regions as well as within infe-
rior frontal regions. The degree of reproducibility, especially
within temporoparietal regions, was dependent on the fMRI
task; however, quantitative measures of the volume of activa-
tion were less reproducible than quantitative measures of lat-

erality. The low reproducibility of activation volume limits the
utility of fMRI for evaluation of activation volume changes in
longitudinal studies.
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