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Supplementary Analyses
To examine the potential confounds of depression, age, disease severity, and head motion we performed several additional analyses:
Age: 
In terms of age, although the NP group was significantly older than the non-NP group, we do not think that age was driving the differences that we saw between groups because of several analyses that we ran. First, our additional correlation analyses revealed that there was no significant relationship between age and any brain measure (Supplementary Table 1). Second, when we organized the MS data into 2 groups (n = 15, n = 16) by age instead of by NP and non-NP, we did not see any significant brain differences. Third, using age as a covariate, we still found a significant SN-DMN cross-network abnormality in the mixed-NP group (p <.001).  The cross-network abnormality in the non-NP patients was only a trend (p = 0.08) (Figure 2). However, mixed-NP and non-NP groups did not have significantly different SN-DMN sFC (p = .7).   
Furthermore, we used a second approach which considered age as a covariate in the dFC analyses.  For this analysis, the outcome of the results did not change. As seen before, both the mixed-NP and non-NP groups had higher dFC compared to their respective control groups although only the non-NP was significantly different (mixed-NP; p = .11, non-NP; p = .03). The SN-ascending dFC was not statistically different for the NP versus non-NP subgroups (p = .84). Finally, the SN-descending dFC did not differ significantly between patients and control groups (p = .24), however, it was significantly attenuated in the NP group compared to the non-NP group (p = .04).

Disease severity:
Disease severity did not correlate with any brain measure (Supplementary Table 1) and division of groups by disease severity did not demonstrate brain differences (all Ps > .05).  However, as we did not have EDSS scores for controls, we were unable to control for this variable as a covariate. 

Depression:
A closer look at our data showed interesting findings from two types of evaluations of depression.  The more widely used measure of depression, the Beck Depression Inventory (BDI), did not indicate any statistically significant differences between groups.  The symptoms that the BDI assesses correspond to the DSM-IV criteria for identifying depression, lending to its clinical utility.    According to the BDI, both mixed-NP (mean ± SD;  16 ± 9) and non-NP (10 ± 10) groups had average scores between 10-18 which reflect only mild depression. However, the HADS depression scores were slightly different between neuropathic and non-neuropathic groups.  The HADS depression scale does not measure the physical symptoms of depression but rather focuses on measurements of emotional distress [9]. Therefore, MS patients were only mildly depressed as a group/subgroup and mixed-NP and non-NP subgroups had overlapping depression scores that were not significantly different according to the BDI and only marginally different between HADS scores.  Most important was the finding that neither depression score was significantly correlated with any brain measure (p > .05). Including depression as a covariate, the group differences between SN-DMN cross-network connectivity for the mixed-NP group were on the cusp of statistical significance (p= .05).   The cross-network abnormality in the non-NP patients was only a trend (p = 0.08) (Figure 2). However, mixed-NP and non-NP groups did not have significantly different SN-DMN sFC (p = .7).   Including depression as a covariate in the dFC analyses did not alter the main findings. Both the mixed-NP and non-NP groups had higher SN-ascending dFC compared to their respective control groups although only the non-NP was significantly different (mixed-NP; p = .12, non-NP; p = .03). The SN-ascending dFC was not statistically different for the mixed-NP versus non-NP subgroups (p = .84). Finally, the SN-descending dFC did not differ significantly between patients and control groups (p = .24) however, there was a trend toward an attenuation in the mixed-NP group compared to the non-NP group (p = .08).

Relationship between FC and painDETECT scores:
Using a regression analyses we examined the relationship between brain measures and features of neuropathic pain (painDETECT scores) in patients with MS. We included age, depression, disease severity as covariates in the model. Across the whole MS group, there were no significant relationship between functional connectivity or dynamic functional connectivity measures and painDETECT scores, controlling for the covariates (all p > .05).

Head Motion:
We implemented several motion correction and physiological noise reduction steps in the preprocessing of the data in order to minimize the potential effects of head motion on the results. Furthermore, independent t-test analyses confirm that there were no significant differences in relative head motion between controls or patients (p = .4) or between pain subgroups (p = .13). We also included head motion as a covariate in the BOLD variability analyses and correction for mean relative head displacement did not change the significance of the results. Finally, we found that there were no significant relationships between relative head motion and SN-DMN dFC (Rho = -.08, p = .66), SN-Asc dFC (Rho = -.27, p = .13), or SN-Des (Rho = -.21, p = .24).

Sensory loss and mechanical thresholds
We examined the mechanical threshold in all patients to assess the issue of sensory loss, known to be an important characteristic of NP [5]. The mechanical threshold was determined using calibrated Von Frey filaments on the wrist area of the right hand with the following forces:  0.124, 0.25, 0.50, 1.0, 2.0, 4.0, 8.0, 16.0, 32.0, 64.0, 128, 256, 512 mN. The mechanical threshold was determined by the filament at which the participants indicated that they felt a sensation. We found that patients in both the NP (with scores > 18) and Mixed subgroups (scores 13-18) had significantly higher mechanical detection thresholds compared to the non-NP group (scores < 12) (p = .02, p = .008, respectively). However, there was no difference between the NP and mixed subgroups (p = .90) (see Supplemental Figure 1). This provides additional evidence that the mixed subgroup also has a neuropathic pain component.

MS pain characteristics
Common examples of nociceptive pain in our sample were musculoskeletal back pain and migraines, while a common example of neuropathic pain included ongoing extremity pain[10]. No clinical assessment of neuropathic pain was conducted, however patients were asked questions regarding their pain history, pain chronicity, and type of pain (Are you currently experiencing pain on a regular basis (“yes” or “no”)? Have you experienced pain on a regular basis in the past 6 months (“yes” or “no”)? Have you ever had pain that lasted more than 3 months (“yes” or “no”)? Describe the types of pain you experience). A summary of their responses are described in Supplementary Table 2. 
Salience network nodes
To ensure that the rTPJ was working in conjunction with other key nodes of the salience network, as previously described [1-4; 6; 7], we conducted functional connectivity analyses between the time series of the rTPJ and the right anterior insula (aINS) and midcingulate cortex (MCC); two other core hubs of this network [8].  The time-series of the MCC seed (8 mm ROI located at MNI x = 2, y = 6, x = 36) was highly correlated with the time-series of the rTPJ in both HC (z = .47) and MS patients (z = .46).  Similarly, the time-series of the aINS seed (8 mm ROI located at MNI x = 42, y = 10, x = -12) was highly correlated with the time-series of the rTPJ in both HC (z = .56) and MS patients (z = .48). There were no significant differences between the connectivity of the rTPJ-aINS or rTPJ-MCC between MS patients and HC (all p values >.05).


Supplementary Table 1: Spearman’s correlation matrix to evaluate the relationship between confounds and brain measures
	
	SN_DMN
FC
	SN_ASC
FC
	SN_DES
FC
	SN_DMN
dFC
	SN_ASC
dFC
	SN_Des
dFC
	BOLD Var
Sw3
	BOLD Var
sw4

	Age
	0.01
	-0.02
	0.03
	0.20
	0.26
	0.06
	-0.06
	0.04

	EDSS
	0.1
	.05
	-0.32
	0.14
	0.09
	-0.07
	-0.21
	0.16

	Depression 
	0.35
	-0.03
	0.03
	0.01
	0.08
	-0.11
	0.04
	.27


*Indicates significant correlations


Supplementary Table 2: Pain characteristics in MS patients
	
	Mixed-NP
	Non-NP

	Pain on a regular basis
	80%
	53%

	Pain on a regular basis > 6m
	87%
	53%

	Pain lasting > 3m
	67%
	20%

	Pain in multiple body quadrants
	69%
	40%

	Average severity (mean ± SD)
	4.2± 2.7
	2.3± 2.1

	Average interference (mean ± SD)
	4.8± 2.8
	2.0 ± 1.9

	Pain detect (mean ± SD)
	19.8 ± 4.1
	5.3 ± 3.0

	Examples
	Extremity, neuralgia pain
	Back pain, headaches






Supplementary Figure 1: 
[image: ]The mechanical detection thresholds of healthy controls, non-neuropathic pain patients, mixed pain neuropathic patients, and neuropathic pain patients.
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