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Abstract

Objective: Repetitive transcranial magnetic stimulation (rTMS) can cause potentially useful 

changes in brain functional connectivity (FC), but the number of treatment sessions required is 

unknown. We applied the continual reassessment method (CRM), a Bayesian, adaptive, dose-

finding procedure to a rTMS paradigm in an attempt to answer this question.

Materials and Methods: The sample size was predetermined at 15 subjects and the cohort size 

was set with three individuals (i.e., five total cohorts). In a series of consecutive daily sessions, we 

delivered rTMS to the left posterior parietal cortex and measured resting state FC with fMRI in a 

predefined hippocampal network in the left hemisphere. The session number for each successive 

cohort was determined by the CRM algorithm. We set a response criterion of a 0.028 change in FC 

between the hippocampus and the parietal cortex, which was equal to the increase seen in 87.5% 

of participants in a previous study using five sessions.

Results: A ≥ criterion change was observed in 9 of 15 participants. The CRM indicated that > 

four sessions are required to produce the criterion change reliably in future studies.

Conclusions: The CRM can be adapted for rTMS dose-finding when a reliable outcome 

measure, such as FC, is available. The minimum effective dose needed to produce a criterion 

increase in FC in our hippocampal network of interest at 87.5% efficacy was estimated to be > 

four sessions. This study is the first demonstration of a Bayesian, adaptive method to explore a 

rTMS parameter.
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Introduction

Repetitive transcranial magnetic stimulation (rTMS) can alter brain function,1–8 making it a 

potential treatment for disorders, including depression,9 schizophrenia,6 memory disorders,
10 and migraine.11 A barrier to optimizing rTMS effectiveness is the multi-dimensional 

delivery parameter space, including the frequency, intensity, and duration of rTMS 

treatment, which has yet to be explored, except in limited cases. Dose-finding, in particular, 

is new to rTMS, and one reason for this lack of exploration has been the lack of reliable 

biomarkers for target effects.

Recently, Wang et al.4 demonstrated enhancement of resting hippocampal network 

functional connectivity (FC) by stimulating individualized targets in the left posterior 

parietal cortex (PPC), which is densely connected with the left hippocampus.12,13 This 

produced improvement in declarative memory, which correlated with the FC increase within 

individuals, and persisted two weeks after treatment.14 The correlation between memory 

improvement and FC suggests that this technique may be relevant for the treatment of 

memory disorders (e.g. 10). Wang et al.4 chose a treatment duration of five daily rTMS 

sessions. However, this choice was arbitrary and differed from both the single treatments 

employed in laboratory studies and the multiple weeks of treatment delivered in depression 

trials.15 Of all rTMS delivery parameters, duration carries the greatest logistical and 

economic burden for researchers and clinicians alike, and both groups should be motivated 

to find the minimum effective number of sessions to produce a desired outcome.

In a pilot study, we investigated the minimum number of consecutive daily rTMS sessions 

necessary to produce a clinically relevant increase in hippocampal FC using procedures 

similar to those of Wang et al.4 We defined a target network of brain regions based on their 

results and defined a threshold increase in FC between the hippocampus and that network. 

The trial design was based on the continual reassessment method (CRM),16 an adaptive, 

Bayesian technique originally developed to determine the maximum tolerable dose (MTD) 

in Phase I drug trials. In a CRM design, small cohorts are run consecutively at specified 

dosages, and toxicity (defined as exceeding a predetermined threshold) is noted as a 

categorical event. Based on this binary outcome for each individual in a cohort, the model 

recommends the dose for the next cohort until it converges on an estimate of the MTD. The 

main objective of this work was to adapt the CRM to estimate the minimum number of 

rTMS sessions, i.e., minimum effective dose (MED) necessary to produce a criterion 

increase in hippocampal-target network FC. To our knowledge, this is the first attempt to 

optimize a rTMS parameter based on a change in a quantitative biomarker in individual 

subjects using an adaptive design.
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Methods

Participants

Fifteen healthy adults (six female; mean age 25.87±4.64), free of neurological or psychiatric 

disorders and medications acting on the central nervous system, participated in the study. All 

participants reported being right-handed and passed screening for contraindications to 

TMS17 and MRI. Written informed consent was obtained and the study was approved by the 

National Institutes of Health Combined Neuroscience Institutional Review Board.

Procedures

Following consent and screening procedures, all participants underwent, in order, baseline 

scanning, One to four consecutive daily rTMS sessions, and a post-rTMS scan. Baseline 

scanning included an anatomical localizer, structural scan (for co-localization of functional 

data with anatomy and neuro-navigation), a single resting state scan, and diffusion tensor 

imaging (not reported here). Participants underwent their first rTMS session within 36 hours 

of baseline scanning. rTMS sessions were scheduled approximately 24 hours apart. The 

second scan occurred on the day after the final rTMS session and included only anatomical 

localization, structural, and resting state scans. To prevent our results from being confounded 

by time of day, the post-scans were scheduled within three hours of the same time of day as 

the baseline scan.

fMRI acquisition and preprocessing

MRI was acquired on a Siemen’s Magnetom 3T scanner using a 16-channel head coil with 

foam padding to prevent head movement. Participants were equipped with earplugs and 

headphones to protect hearing. Blood oxygen level-dependent (BOLD) data were obtained 

using a T2*-weighted gradient-echoplanar imaging sequence (EPI: TR = 2,000 ms, TE = 27 

ms, flip angle = 90°, 36 transversal contiguous interleaved slices per volume, 206 volumes, 

3.0 slice thickness, FOV 22 × 22 cm, matrix size 64 × 64, voxel size = 3.4 mm × 3.4 mm × 

3.0 mm; scan length ~6.8 minutes). During resting state functional imaging, participants 

were instructed to look at a cross, visible through a mirror mounted on the head coil, but to 

blink and breath normally. Structural images were acquired using a magnetization-prepared 

rapid gradient echo sequence (MPRAGE; TR = 2,530 ms, TE = 3.03 ms, 176 slices per 

volume, 1 mm thickness, FOV = 25.6 × 25.6 cm2, 256 × 256 acquisition matrix, voxel size = 

1.0 mm isotropic).

Image processing was performed with Analysis of Functional Images (AFNI;18) software. 

The first five volumes of 206 were removed to ensure that processing only included scans 

where magnetization was stabilized. Preprocessing included motion correction, slice-timing 

correction to the first slice, functional/structural affine co-registration to Talairach space 

(using a TT_N27 template;19), resampling to 2.0 mm3 voxel resolution, spatial smoothing 

using a four mm full width half maximum (FWHM) Gaussian kernel, and linear detrending. 

Each voxel time series was then scaled to a mean of 100, with a range of 0–200. Head 

motion was regressed from each voxel time series using the mean and derivatives of six 

parameter estimates (pitch, roll, and yaw, and rotation around each direction). Unlike Wang 

et al., we did not bandpass filter our data, which would have caused at least a 60% decrease 
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in degrees of freedom, and, instead, used spatial smoothing. Spatial smoothing was omitted 

by Wang et al. in order to permit a search for changes in FC with millimeter resolution. 

Finally, frames which included movement displacement greater than 0.3 mm were censored 

prior to statistical analysis to prevent inflated correlations.20

rTMS targeting

After each participant’s baseline scan and preprocessing, we identified six voxels along the 

longitudinal axis of the hippocampus in TT_N27 template space (Seed one: x = −26, y = 

−10, z = −17; Seed two: x = −22, y = −16, z = −13; Seed three: x = −30, y = −17, z = −14; 

Seed four: x = −30, y = −22, z = −12; Seed five: x = −30, y = −27, z = −9; Seed six: x = −30, 

y – 32, z = −6; see Fig. 1A) and averaged the time series within a three mm radius around 

each seed voxel to create a time series for that seed. For each seed, we searched for the 

maximally connected voxel in the left PPC, i.e., within a 15 mm radius sphere around 

Talairach location x = −47, y = −68, z = +36, which included the supramarginal and angular 

gyri, and was cut to exclude non-brain voxels (see FC calculations and voxel-wise analysis). 

This searchlight region in the PPC was similar to the one used by Wang et al.4 In each 

participant, the hippocampal seed that was maximally connected with any voxel in this 

sphere was chosen as the hippocampal target. The PPC voxel maximally connected with the 

hippocampal target was chosen as the rTMS location, marked in standard space, and back-

transformed into subject space using the inverse matrix of the original affine transformation. 

It was then transformed into a three mm radius sphere and overlaid on the participant’s 

structural MRI for targeting with the Brainsight® frameless stereotaxic system. In 

Brainsight, a stimulation trajectory was created so that the plane of the coil was tangential to 

the scalp and the induced current field was oriented perpendicular to the long axis of the 

gyrus containing the stimulation target.

rTMS

TMS was delivered with a MagStim Rapid2 stimulator through a Double Airfilm coil. The 

stimulating current was biphasic, with the initial phase in the posterior (cable side)-to-

anterior direction. rTMS intensity was referenced to the individual motor evoked potential 

threshold, which was determined in the current experiment immediately before the first 

rTMS session using the TMS Motor Threshold Assessment Tool (MTAT 2.0; http://

www.clinicalresearcher.org/software.htm). rTMS in the current study, and Wang et al.,4 

consisted of two-second trains at 20-Hz (40 pulses per train) with an inter-train interval of 28 

sec, at 100% of resting motor threshold. There were 40 trains, 1600 pulses, and a duration of 

20 minutes per session. A coil holder with pneumatic support was used to minimize operator 

fatigue during rTMS sessions. All participants were fitted with earplugs during rTMS.

FC calculations and voxel-wise analysis

To calculate FC, we focused on the cortical areas which showed the largest group-level 

increase in connectivity with the left hippocampus, relative to sham, in Wang et al.,4 

(precuneus retrosplenial cluster), which we treated as a region of interest (ROI). We created 

an ROI mask by reanalyzing the data from Wang et al.4 using their preprocessing pipeline 

and seed-based approach. For each subject, the pre-stimulation correlation map was 

subtracted from post-stimulation map, and the pre-sham map from the post-sham map. We 
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then fed these subtractions into AFNI’s 3dttest++ command for contrast. Like Wang et al.,4 

we applied a cluster size threshold of 290 voxels and identified a network encompassing the 

precuneus and occipital lobe. We created a mask of these areas by applying the 3dclust 
command in AFNI and resampling the mask to the geometry of our own data set (2 mm 

isotropic voxels; Fig. 1B). In Wang et al.4 active stimulation significantly increased 

hippocampal FC in this region [t(15) = 4.38, p < 0.001, Cohen’s d = 1.65] and this increase 

was significantly greater than the change produced by subthreshold control stimulation 

[t(15) = 5.42, p < 0.001, Cohen’s d = 1.36]. This ROI also contained the regions where the 

increase in hippocampal FC correlated with memory improvement.

For each participant in the current study, we calculated pre- and post-stimulation 

hippocampus-ROI FC. This was done using the hippocampal seed voxel that was maximally 

connected with the left PPC at baseline. For each subject and time point (pre- and post-

stimulation), that voxel was transformed into a three mm radius sphere (3dUndump) and an 

average time series was created using all time series data within this sphere (3dmaskave). 

This time series was then regressed against the time series of all voxels within our ROI 

(3dTcorr1D) and all resulting r-values were then r-to-z Fisher transformed (3dcalc; z(r)). 

Finally, we calculated an average z(r) value among all voxels within our ROI to form the 

final connectivity metric. For each subject, the difference between pre and post-rTMS z(r) 

(ΔFC) was then binarized and entered into the CRM (see below).

Statistical Analyses and Considerations

We chose an overall sample of 15 subjects, and a cohort size of three. The criterion change 

(ΔFC) was ≥ 0.028, based on the minimum change achieved in 87.5% of the sample in Wang 

et al.4 Thus, in order for a participant to meet the change criterion, the average change in z(r) 

across all voxels in our ROI, encompassing the left precuneus and cuneus (see Fig. 1B), 

must be equal to or greater than 0.028 z(r).. In Wang et al.,4 this threshold was met by 14/16 

participants receiving active PPC stimulation, but only by 3/16 subjects receiving 

subthreshold control stimulation. We modeled the probability of no meaningful FC change 

associated with each dose (number of sessions) so that the CRM would aim to identify a 

dose associated with 12.5% not achieving the criterion. The CRM used a one-parameter 

power dose-toxicity model, calibrated so that the CRM would eventually select a dose within 

3% of the target.21 The model was indexed by one parameter (power), the logarithm of 

which was assumed to follow a normal prior with mean of zero and variance of 1.34. This is 

a conventional model for the CRM (e.g. 22). We started the trial with a treatment duration of 

three sessions. Subsequent duration assignments were determined sequentially by the CRM: 

The ΔFC values for each cohort were reported to a statistician (KC) who estimated the MED 

with a dose-response probability model, based on available observations. The next group 

was then treated with the model-based estimate of the required number of sessions. The 

dose-response model was calibrated so that the CRM would converge on a dose associated 

with 0.875±0.05 probability of achieving a criterion FC change.23 The final dose-response 

estimate was based on the CRM. We also performed a sensitivity dose-response analysis 

based on a linear model of ΔFC as a continuous outcome.
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Table 1 shows the simulated operating characteristics of the CRM, where P(select) denotes 

the probability that a given dose level is selected. The method was able to select the correct 

dose with at least a 0.40 probability in all simulation scenarios, with an average probability 

of correct selection of 0.50. In addition, a sample size of 15 ensured that the estimate of a 

proportion of any non-dose dependent event would have a standard error < 0.13.

Results

The results for all 15 participants are detailed in Table 2. Overall, 9/15 participants met our 

ΔFC threshold, irrespective of number of sessions. Fig. 2A shows the course of participant 

flow, including dose escalation, de-escalation, and re-escalation in the study. Overall, the 

largest results were observed for participants receiving three sessions (0.22±0.11 z(r); Mean 

(SEM)), compared to −0.02±0.08 for one session, and 0.02±0.06 for four sessions. A 

maximum of four sessions was reached. However, the final CRM model estimate, based on 

all 15 participants, indicated that further escalation to five sessions might be warranted (Fig. 

3). While the CRM model and the sensitivity analysis using a linear model gave different 

projections at five sessions, both indicated that four sessions were not sufficient. The 

probability of reaching criterion efficacy with three and four sessions was estimated as 

approximately 59% and 73%, respectively, which were below the target of 87.5%.

Participants in Cohorts four and five, who received four sessions of stimulation, had lower 

FC between the hippocampus and our ROI at baseline than participants who received three 

(Cohort 1: 0.225; Cohort 3: 0.156; Cohort 4: 0.050; Cohort 5: 0.103). However, after 

statistically correcting for baseline differences, the CRM gave the same recommendation of 

five stimulation sessions.

Discussion

rTMS parameter space remains virtually unexplored for most cortical areas and networks. 

Early in the history of rTMS, the effects of varying frequency and stimulation intensity were 

studied in the corticospinal system using the amplitude of the motor evoked potential as a 

biomarker of neural pathway responsiveness.24–26 However, these observations were largely 

qualitative and specific to the motor cortex and its descending pathways. Although it is 

thought that multiple exposures to rTMS are necessary to cause stable changes in brain 

connectivity, this parameter has not been investigated prospectively.

This study is the first systematic attempt to determine the level of a rTMS delivery 

parameter required to produce a criterion change in a clinically relevant biomarker. Dose-

finding in rTMS requires a stable, reliable, and mechanistically relevant biomarker of 

response that can be rapidly measured in individual subjects. Resting state FC satisfies these 

criteria. It is stable across scanning sessions within individuals.27,28 Finn et al.28 

demonstrated that a machine classifier can identify individuals’ whole-brain patterns of 

resting state functional connectivity from a large group and across sessions with at least 

92.9% accuracy. In contrast, clinical outcomes, such as self-report or behavioral measures, 

are subject to wider variability and are influenced by factors other than the direct effects of 
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treatment, limiting their usefulness for dose-finding. Our study demonstrates the usefulness 

of FC as a biomarker of rTMS.

The results of our adaptive Bayesian trial suggest that five consecutive daily sessions of 

rTMS, delivered per Wang et al., are necessary to produce a criterion change in FC between 

the hippocampus and the precuneus/retrosplenial regions identified by Wang et al., with a 

probability of 87.5%.

There are several limitations to this study. We used only 15 participants and it is likely that 

with a larger sample, the CRM would have converged on the MED. However, we do not 

think adding more subjects would have changed the CRM’s final recommendation of five 

rTMS sessions. Five sessions of stimulation would have been the next recommended dose if 

we had included subjects for a sixth cohort in our study, and Wang et al.4 already 

demonstrated that five sessions of stimulation produces changes in 87.5% of participants. 

Thus, we are confident that five sessions of rTMS is the MED to meet our criterion.

The small sample may also have contributed to the seemingly paradoxical finding that 

participants who received four sessions of rTMS (Cohorts four and five) had lower ΔFC 

values than participants who received three (Cohorts one and three). This may have also 

been caused by variability in the effect of rTMS, which is not unusual.29,30 Other than 

variability due to sample size and the rTMS response, a possible cause for this pattern of 

results was that participants in Cohorts four and five, who received four sessions of 

stimulation, had lower FC between the hippocampus and our ROI at baseline (Cohort 1: 

0.225; Cohort 3: 0.156; Cohort 4: 0.050; Cohort 5: 0.103). However, after applying a 

statistical correction to account for the lower baseline values in Cohorts four and five, our 

pattern of results did not change.

The CRM has strengths over conventional dose-finding approaches that were borne out in 

our study: By using previous data to determine the criterion change, the CRM reduces the 

chance of drawing erroneous conclusions based on spurious or misleading results from a 

single study. In this case, we avoided the pitfall recommendation that three sessions of 

stimulation is significantly better than four sessions by including data acquired from five 

sessions from Wang et al.4 Additionally, because the CRM explores different doses based on 

small cohorts, the CRM allows dose space to be explored faster than a conventional 

escalating dose-finding design, where each successive dose must be tested in a 

predetermined number of subjects before escalation.

It should also be noted that we measured FC changes in a network which may be 

particularly sensitive to neuromodulation. The hippocampus is commonly studied for its 

neuroplastic properties, including long-term potentiation. Because the hippocampus may be 

more plastic than other networks, it may require less stimulation to induce a clinically 

relevant change. Thus, it should not be assumed that this duration of rTMS treatment will 

necessarily be effective in other pathways.
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Conclusion

The CRM can be used to explore rTMS dosing space rapidly and economically. This 

approach can be applied whenever a stable biomarker of response is available and could be 

used to optimize other rTMS delivery parameters, e.g., numbers of trains, frequency, 

intensity, etc. in laboratory and clinical applications.
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Figure 1. 
A. Location of hippocampal of seeds used for targeting overlaid on a Talairach (TT_N27) 

template brain. B. Mask of areas where hippocampal FC increased in Wang et al.,4 which we 

used as our ROI.
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Figure 2. 
Changes in hippocampal-ROI FC plotted for each cohort (A), number of rTMS sessions (B), 

and seed (C). The dashed line in all panels represents the CRM threshold of 0.028.
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Figure 3. 
Model-based probabilities of achieving criterion change in FC. Dark solid line represents 

estimates of the CRM model with 95% confidence intervals indicated by the dashed black 

lines. The red line represents the prior estimates used by the CRM. The green horizontal line 

indicates the rate achieved in Wang et al.4
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Table 1.

Operating characteristics of the CRM with n=15 under 5 simulation scenarios. The objective is to find a dose 

that achieves criterion FC change in 87.5% of participants. Under each scenario, the first row gives the 

probability of achieving FC change associated with each dose, and the second row gives the probability a dose 

is selected. The numbers associated with the true minimum effective dose in each scenario are in boldface. For 

example, under Scenario 1, the minimum effective dose is 5 sessions (with 87.5% probability of achieving FC 

change), and the CRM is correct with a probability of 0.68.

Number of sessions

1 2 3 4 5

Scenario 1: Minimum effective dose = 5 sessions

Probability of achieving FC change 45% 55% 65% 75% 87.5%

P(select) 0.00 0.01 0.05 0.26 0.68

Scenario 2: Minimum effective dose = 4 sessions

Probability of achieving FC change 55% 65% 75% 87.5% 94%

P(select) 0.29 0.46 0.20 0.05 0.00

Scenario 3: Minimum effective dose = 3 sessions

Probability of achieving FC change 65% 75% 87.5% 94% 97%

P(select) 0.04 0.20 0.41 0.29 0.05

Scenario 4: Minimum effective dose = 2 sessions

Probability of achieving FC change 75% 87.5% 94% 97% 98%

P(select) 0.19 0.41 0.32 0.08 0.01

Scenario 5: Minimum effective dose = 1 sessions

Probability of achieving FC change 87.5% 94% 97% 98% 99%

P(select) 0.55 0.31 0.12 0.02 0.00

Neuromodulation. Author manuscript; available in PMC 2021 April 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Freedberg et al. Page 14

Ta
b

le
 2

.

In
di

vi
du

al
 p

ar
tic

ip
an

t c
ha

ra
ct

er
is

tic
s.

 z
(r

) =
 F

is
he

r 
Z

-t
ra

ns
fo

rm
ed

 r
-v

al
ue

.

C
oh

or
t

N
um

be
r 

of
 r

T
M

S 
Se

ss
io

ns
H

ip
po

ca
m

pa
l S

ee
d 

(T
T

_N
27

 C
oo

rd
in

at
es

)
B

as
el

in
e 

H
ip

p-
St

im
 

L
oc

at
io

n 
F

C
 z

(r
)

R
es

ti
ng

 M
ot

or
 

T
hr

es
ho

ld
 (

%
 

St
im

ul
at

or
 O

ut
pu

t)

B
as

el
in

e 
H

ip
p-

R
O

I 
F

C
 z

(r
)

P
os

t-
st

im
ul

at
io

n 
H

ip
p-

R
O

I 
F

C
 z

(r
)

Δ
 F

C

1
3

Se
ed

 2
 (

x 
=

 −
22

, y
 =

 −
16

, z
 =

 −
13

)
0.

51
5

70
0.

11
9

0.
24

1
0.

12
2

1
3

Se
ed

 5
 (

x 
=

 −
30

, y
 =

 −
27

, z
 =

 −
9)

0.
48

0
56

0.
09

5
0.

60
1

0.
50

6

1
3

Se
ed

 5
 (

x 
=

 −
30

, y
 =

 −
27

, z
 =

 −
9)

0.
88

7
40

0.
44

1
0.

99
6

0.
55

5

2
1

Se
ed

 2
 (

x 
=

 −
22

, y
 =

 −
16

, z
 =

 −
13

)
0.

51
9

60
0.

30
0

0.
24

3
−

0.
05

7

2
1

Se
ed

 2
 (

x 
=

 −
22

, y
 =

 −
16

, z
 =

 −
13

)
0.

56
2

56
0.

37
9

0.
51

1
0.

13
2

2
1

Se
ed

 2
 (

x 
=

 −
22

, y
 =

 −
16

, z
 =

 −
13

)
0.

40
0

72
0.

15
5

0.
03

0
−

0.
12

5

3
3

Se
ed

 2
 (

x 
=

 −
22

, y
 =

 −
16

, z
 =

 −
13

)
0.

50
6

51
0.

25
5

0.
10

8
−

0.
14

7

3
3

Se
ed

 5
 (

x 
=

 −
30

, y
 =

 −
27

, z
 =

 −
9)

0.
43

4
59

0.
11

3
0.

34
4

0.
23

1

3
3

Se
ed

 3
 (

x 
=

 −
30

, y
 =

 −
17

, z
 =

 −
14

)
0.

47
6

51
0.

16
1

0.
22

4
0.

06
3

4
4

Se
ed

 2
 (

x 
=

 −
22

, y
 =

 −
16

, z
 =

 −
13

)
0.

42
1

55
0.

07
5

0.
12

6
0.

05
1

4
4

Se
ed

 2
 (

x 
=

 −
22

, y
 =

 −
16

, z
 =

 −
13

)
0.

38
1

64
0.

08
3

0.
36

2
0.

27
9

4
4

Se
ed

 2
 (

x 
=

 −
22

, y
 =

 −
16

, z
 =

 −
13

)
0.

27
9

57
0.

12
2

0.
08

6
−

0.
03

6

5
4

Se
ed

 1
 (

x 
=

 −
26

, y
 =

 −
10

, z
 =

 −
17

)
0.

30
7

57
−

0.
01

8
0.

02
0

0.
03

8

5
4

Se
ed

 2
 (

x 
=

 −
22

, y
 =

 −
16

, z
 =

 −
13

)
0.

39
0

50
0.

09
6

0.
03

8
−

0.
05

8

5
4

Se
ed

 5
 (

x 
=

 −
30

, y
 =

 −
27

, z
 =

 −
9)

0.
42

7
76

0.
22

1
0.

06
3

−
0.

15
8

Neuromodulation. Author manuscript; available in PMC 2021 April 01.


	Abstract
	Introduction
	Methods
	Participants
	Procedures
	fMRI acquisition and preprocessing
	rTMS targeting
	rTMS
	FC calculations and voxel-wise analysis
	Statistical Analyses and Considerations

	Results
	Discussion
	Conclusion
	References
	Figure 1.
	Figure 2
	Figure 3.
	Table 1.
	Table 2.

