
Supplementary Material 

 

Subjects:  Participants were 7 woman and 8 men healthy control subjects 

(Age: 39.6 ± 3.43 years; Beck Depression Index: 8.96 ± 1.3; Beck Anxiety 

Index: 7.46±1.98); and 7 woman and 8 men suffering from chronic back pain 

(CBP patients)(Age: 43.8 ± 4.11 years; Beck Depression Index: 7.25±1.3; Beck 

Anxiety Index: 9.12 ± 1.7; pain duration: 6.3 ± 0.98 years), data presented as 

mean± s.e.m.  Subjects were all right-handed, and all gave informed consent to 

procedures approved by Northwestern University IRB committee. 

 

Scanning Parameters: Functional MR data was acquired with a 3T Siemens 

Trio whole-body scanner with echo-planar imaging (EPI) capability using the 

standard radio-frequency head coil Multi-slice T2*-weighted echo-planar images 

were obtained with the following parameters: repetition time TR = 2.5 s, echo 

time TE = 30 ms, flip angle = 90°, slice thickness = 3 mm, in-plane resolution = 

3.475 × 3.475 mm2. The 36 slices covered the whole brain from the cerebellum 

to the vertex. An average of 244 volumes were acquired per condition in all 

participants. A T1-weighted anatomical MRI image was also acquired for each 

subject using the following parameters: TR = 2.1 s, TE = 4.38 ms, flip angle = 

8°, FOV = 220 mm, slice thickness = 1 mm, in-plane resolution = 0.86 × 0.86 

mm2 and number of sagital slices = 160. 

 

Supplementary Fig. 1 and Supplementary Table 1 expand the results shown 

in Fig. 1, presenting the full activation maps and coordinates and activity 



strengths for each group, and the activity contrast between normal subjects and 

CBP patients (the opposite contrast was empty). Given that both groups 

perform the task similarly well and yet we observe a significant difference in 

deactivations, we examined multiple potential sources for this difference in brain 

activity. First we tested the notion that task performance may differ when 

subjects are sub-grouped based on performance, and also that patients may 

either become tired or lose attention at later time periods from start of task. 

Supplementary Fig. 2 illustrates performance similarity between CBP patients 

and control subjects both after sub-grouping by performance and as a function 

of time from start of task.  Next we examined brain activity differences when 

both groups were separated by performance, asking the question whether we 

can identify brain activity differences between high and low performers in 

normal subjects and in CBP patients differ from each other.  Supplementary 

Fig. 3-4 indicate that performance level does not differentiate brain activity in 

either group. Two brain regions, mPFC and LIPS, are studied as to their BOLD 

time course and their connectivity with the rest of the brain. Therefore, we 

tested the idea that the time course of these areas may be differentiated by task 

performance. Supplementary Fig. 5 indicates that segregating normal subjects 

and CBP patients by performance shows no BOLD time course differences, as 

tested by task triggered averaging and by crosscorrelating activity with task 

tracking. We derived one other measure with which we can test individual 

subjects’ performance and its related brain activity. Percentage of voxels 

activated or deactivated in each subject was examined relative to their overall 

measure of performance (individual correlation coefficient between target and 

tracking).  Supplementary Fig. 6 shows no relationship between total number 

of voxels activated or deactivated relative to performance, in either group. 

Chronic pain patients invariably move during brain scans because of their 



general discomfort. We take various precautions to minimize the contribution of 

head motion artefacts to brain activity.  Still, this parameter may underlie activity 

differences between normal subjects and CBP patients. Therefore, we 

examined head motion parameter in all participants. Supplementary Fig. 7 

shows group-averaged head motion for both groups. Although head motion is 

larger in CBP patients, the difference is small (~ 1 mm) and not significant. 

Overall, we can therefore discount attentional or performance related artefacts 

as being the reason for brain deactivation differences seen between the two 

groups.  

 

 



 

Supplementary Figure 1:   

Detailed activation and deactivation maps for Figure 1. Presented are group 

average activations (red-yellow) and deactivations (blue-green) (Random 

effects z > 2.3,  cluster p < 0.01; corrected for multiple comparisons) in CBP 



and healthy controls and healthy controls – CBP contrast, overlaid on standard 

space. List of brain regions are presented in Supplementary Table 1. 

 

 



 

 

Supplementary Figure 2:  

Tracking performance is stationary and independent of performance level.  CBP 

patients and normal subjects were divided into two subgroups by the median 

performance, resulting in a High performance of 7 subjects and a Low 

performance group with 8 subjects. The performance was recalculated for each 

subject in ten non-overlapping consecutives windows of 840 samples, (i.e. 60 

seconds) and group average recomputed as well. Comparison between groups 

and linear regression with time reveals 1) no significant differences between the 

two subgroups and 2) that the tracking performance is equally stable through 

time (i.e., linear time trend is not significantly different from zero) in all groups. 



 

Supplementary Figure 3:  

In normal subjects the activation/deactivation map is not different between high 

and low task performers: Subjects were segregated (as explained in 

Supplementary Figure 2) to low and high performers. Group average 

activations (red to yellow) and deactivations (blue to violet) (Random effects z > 

2.3, p < 0.01; corrected) in healthy controls for high-performers (left column) 

and low performers (middle column) overlaid on standard space. Both group’s 

maps show the same areas positively correlated to the task including bilateral 

SII, insula, pre-motor, posterior parietal, supplementary motor, mid anterior 

cingulate cortex and right dorsolateral prefrontal areas; and areas anti-

correlated with the task including medial prefrontal cortex, inferior parietal 

cortex, bilateral hippocampal/parahippocampal region, bilateral amygdala, and 



posterior cingulate cortex.  The maps in the right column demonstrate the 

absence of any significant difference between the two groups (contrast high - 

low; t-test, z > 2.3, p < 0.01) implying that the height of activity is not 

differentiated with tracking performance. 

 

 

 

 

 

 

 

 

 

 

 

 



 

Supplementary Figure 4:  

In CBP patients the activation/deactivation map is not different between high 

and low task performers: Group average activations (red to yellow) and 

deactivations (blue to violet) in CBP patients for high-performers (left column) 

and low performers (middle column) overlaid on standard space. The maps in 

the right column demonstrate the absence of any significant difference between 

the two groups (contrast high - low; t-test, z > 2.3, p < 0.01) implying that the 

height of activity is not differentiated with tracking performance in the CBP 

patient group as well. 

 

 



 

Supplementary Figure 5:  

Task triggered average BOLD and average crosscorrelation between BOLD 

and tracking are not different between high and low performers in both control 

subjects and CBP patients. Subjects were segregated in two groups as low and 

high performers. Task triggered average BOLD signal was calculated for both 

groups (as in Figure 2) for mPFC (top) and LIPS (bottom) activities. Plots 

(similar formats as in Figure 2) show average BOLD (± s.e.m.) across normal 

subjects (left), and chronic pain patients (right), segregated by performance, 

with corresponding average cross-correlation between the BOLD signal and 

tracking time course. The average tracking performance for the segregated 

subgroups are not significantly different from each other (bottom two panels) in 

both normal subjects and CBP patients. 



 

Supplementary Figure 6:  

Extent of activation or deactivation for CBP and Normal subjects is not related 

to tracking performance. The ordinates are the percentage of voxels with 

activation/deactivation values larger than 2.3, (i.e., beyond the threshold for 

statistical significance) computed from each subject’s z maps. The abscissae 

show tracking performance computed in each subject as the linear correlation 

coefficient between the time series of target bar heights and the time series for 

tracking. The plots do not reveal any dependency of the extent of activation or 

deactivation on tracking performance. 

 

 

 

 

 



 

 

Supplementary Figure 7: 

Average head displacement in normal subjects (black) and CBP patients (red) 

across scan duration. Head displacement relative to its position mid way 

through the scan (t = 300 seconds) is routinely computed (and corrected) in 

each subject by the Mcflirt script, part of FSL software package. Additionally 

head motion time course is also used in all first level analyses as a covariate of 

no interest, as a second step to further minimize its contribution to brain activity. 

The plot depicts the group average head motion as a function of time (lines 

correspond to the mean values and bars are standard deviations, plotted every 

25 seconds). Notice that although the CBP patients exhibit a relatively larger 

displacement, in both groups the deviation is smaller that 1 mm (smaller than 

the voxel’s size) during the entire task. 

 

 
 
 
 
 
 
 
 
 



 
Supplementary Table 1. Peak foci for activation and deactivation of visual 
tracking task for normal subjects and CBP patients. 

Brain region  Normals  CBP  Normals - CBP 

 Coordinates 
x,  y,  z Z-score 

 Coordinates 
x,  y,  z Z-score 

 Coordinates 
x,  y, z Z-score 

Activations 
R DLPFC (9/46) 42, 34, 30 7.29(6)  32, 38, 30 6.34(5)    
SMA  (6) -4, -4, 54 5.37(6)  -4, 0, 68 8.12(5)    
mACC (24) 0,12, 36 7.37(6)  2, 6, 32 7.30(5)  8, -12, 44 -4.12(4) 
L INS (13/14) -44,10, 0 8.62(3)  -42, 4, -6 7.99(2)    
R INS (13/14) 48,18, -2 11.6(6)  42, 12, 0 9.59(5)    
R S2 60, -38, 22 9.63(5)  62, -38, 16 7.48(3)    
L S2 -52, -32, 16 5.13(4)  -68, -28,16 7.75(4)    
R IPS (40) 36, -50, 52 6.91(5)  30, -56, 56 6.77(3)    
L IPS (40) -40, -48,58 7.73(4)  -42, -44,58 6.62(4)    
R FEF/preM (4/6) 34, -12, 56 6.62(6)  32, -4, 52 4.11(5)    
L FEF/preM (4/6) -40, -6, 56 6.92(5)  -34, -12, 52 6.62(4)    
L MT+ -52, -60, -2 8.83(2)  -48, -68, -4 6.03(4)    
R MT+ 50, -68, -10 5.15(1)  50, -66, -8 5.41(1)    
R TH    14, -18, 2 5.82(2)  12, -22, -2 -3.04(2) 
L TH    -8, -22, 0 3.51(2)    
         

Deactivations 
MPFC (32/10/11) -2, 46, -14 -9.92(1)  0, 44, -14 -5.62(5)  0, -48, -18 -4.94(3) 
PCC (23) -4, -50, 26 -8.51(1)  -4, -54,30 -5.32(6)  -4, -48, -18 -4.72(1) 
PreCu (31/7) 0, -60, 32 -8.69(1)  6, -66, 36 -4.83(6)  -2, -58, 28 -4.22(1) 
R LP (39/40) 40, -70, 34 -5.07(1)  46, -68, 36 -3.09(6)    
L LP (39/40) -52, -70, 34 -5.89(2)  -54, -66, -34 -5.22(4)    
R GTI (20/21) 62, -16, -14 -6.47(1)  62, -8, -12 -4.48(6)    
L GTI (20/21) -64, -14, -12 -6.65(1)  -64, -12, -12 -4.25(4)  -36, 8, -34 -2.86(4) 
R paraC (5) 16, -40, 66 -4.88(1)     14, - 42, 64 -3.89(2) 
L paraC (5) -20, -34, 68 -4.79(1)     12, -40, 68 -3.40(4) 
R PHG (30) 22, -28, -16 -6.77(1)  28, -28, -22 -4.11(2)  20, -30, -18 -3.12(2) 
L PHG (30) -24, -30, -18 -7.12(1)  -24, -22, -24 -3.84(3)  -20, -30, -14 -3.08(4) 
R AMYG 26, -10, -16 -5.19(1)  28, -12, -22 -3.72 (5)    
L AMYG -22, -10, -18 -4.92(1)     -24, -10, -20 -3.65(4) 
Cereb 10, -48, -16 -5.89(1)  8, -46, -2 -3.62(6)  10, -50, -18 -3.52(4) 
R LG (17/18) 16, -72, -2 -4.64(1)  18, -72, -6 -3.11(6)    
L LG (17/18) -18, -70, -4 -4.52(1)  -20, -68, -4 -2.79(1)    
R HG (20) 26, -20, -8 -5.11(1)  24, -24, -10 -2.98(2)  24, -26, -10 -3.50(3) 
L HG (20) -24, -18, -12 -4.98(1)  -26, -20, -14 -3.01(3)  -26, -16, -20 -3.16(4) 

 
 



 
 
 Cluster numbers area shown in parentheses, x, y, z coordinates in mm. DLPFC 

= dorsolateral prefrontal cortex; SMA = supplementary motor area; mACC = mid 

anterior cingulate cortex; INS = insular cortex; S2 = secondary somatosensory 

cortex; PP = posterior parietal cortex; IPS = intraparietal sulcus; FEF = frontal 

eye fields; preM = premotor cortex; MT+ = middle temporal cortex; TH = 

thalamus; MPFC = medial prefrontal cortex; PCC = posterior cingulate cortex; 

preCu = precuneus; LP = lateral parietal cortex; GTI = inferior temporal gyrus; 

paraC = paracentral lobule; PHG = parahippocampal gyrus; AMYG = amygdala; 

Cereb = cerebellum; LG = lingual gyrus; HG = parahippocampal gyrus.  

 

 

 

 

 

 

 

 

 

  


