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Amygdala functional connectivity mediates the association between 

catastrophizing and threat-safety learning in chronic pain 

Inge Timmers1*, Marina López-Solà2, Lauren C Heathcote1, Marissa Heirich1, Gillian Q Rush1, 
Deborah Shear1, David Borsook3, Laura E Simons1

1 Department of Anesthesiology, Perioperative, and Pain Medicine, Stanford University School of 
Medicine, Palo Alto, CA, United States; 2 Serra Hunter Program, Unit of Psychological Medicine, 
Department of Medicine, School of Medicine and Health Sciences, University of Barcelona, 
Barcelona, Spain; 3 Center for Pain and the Brain, Boston Children’s Hospital, Center for Pain and 
the Brain, Boston, MA, United States 

Abstract 

There is a need to identify brain connectivity alterations predictive of transdiagnostic processes 

conferring vulnerability for affective disorders. Here, we tested whether amygdala resting-state 

functional connectivity (rsFC) mediated the relationship between catastrophizing and threat-

safety learning in patients with chronic pain. We examined amygdala rsFC in 46 youth with 

chronic pain and 29 healthy peers (age M=15.8, SD=2.9; 64 females), and its relationship with 

catastrophizing and threat-safety learning. We used a developmentally appropriate threat-

learning paradigm and performed seed-based functional connectivity and whole-brain mediation 

analyses. Findings indicate that youth with chronic pain exhibited enhanced connectivity 

between left amygdala and supramarginal gyrus (p<.001, cluster-size p-FDR<.05). In patients, 

elevated catastrophizing was associated with reduced amygdala connectivity with supramarginal 

gyrus/parietal operculum, and increased amygdala connectivity with hippocampus, striatum and 

motor regions (p<.001). Additionally, weaker amygdala rsFC with supramarginal gyrus/parietal 

operculum fully mediated the relationship between catastrophizing and threat-safety learning 

(p<.001). To conclude, coupling between amygdala (a core emotion hub) and inferior parietal 

lobe (involved in appraisal and integration of bodily signals) underlies associations between 

catastrophizing and aberrant threat-safety learning. Our findings provide initial understanding of 

pathophysiology involved in core psychological processes that cut across affective diagnoses, 

including disabling pain, and are relevant for their etiology. 
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Sex Differences in Amygdalar Functional Connectivity in Paediatric Neuropathic Pain 

Madeleine Verriotis1,2, Lizbeth J. Ayoub3,4,5,6, Nancy D. Mugisha3,4, Clarissa Sorger1,2, Judy Peters1,2, 
Kiran Seunarine7, Christopher Clark7, Suellen Walker1,2, and Massieh Moayedi3,4,5 

1Pain Research, Developmental Neurosciences, UCL Great Ormond Street Institute of Child Health, London, UK; 
2Department of Anaesthesia and Pain Management, Great Ormond Street Hospital NHS Foundation Trust, 
London, UK; 3Centre for Multimodal Sensorimotor and Pain Research, University of Toronto, Toronto, ON, 
Canada; 4Faculty of Dentistry, University of Toronto, Toronto, ON, Canada; 5University of Toronto Centre for 
the Study of Pain, Toronto, ON, Canada; 6Division of Clinical and Computational Neuroscience, Krembil Brain 
Institute, Toronto Western Hospital, University Health Network, Toronto, ON, Canada; 7Developmental 
Imaging and Biophysics Section, Developmental Neurosciences, UCL Great Ormond Street Institute of Child 
Health 

In adults with chronic pain, there is evidence of altered corticolimbic circuitry [1; 3], but 
relatively little is known of neural mechanisms in adolescents with neuropathic pain (NeuP). 
Paediatric NeuP is etiologically and phenotypically different from NeuP in adults [2], and 
may involve different brain mechanisms.  

This prospective cohort study investigated amygdalar resting-state functional connectivity 
(rsFC) in adolescents aged 11-18 years with clinically diagnosed chronic NeuP (n=17), 
relative to healthy adolescents (n=17). We performed seed-to-voxel whole-brain rsFC 
analysis of the bilateral amygdala. 

Adolescents with NeuP had stronger rsFC between the bilateral amygdala and 
parahippocampal gyrus/fusiform cortex (PHG/FuG), and between the right amygdala and 
anterior midcingulate cortex (aMCC) and precuneus/posterior cingulate cortex (PCu/PCC), 
compared to controls (PFDR<0.05). The amygdala-aMCC and –PHG/FuG rsFC was negatively 
correlated with pain intensity. However, the increased amygdala-aMCC rsFC was 
significantly stronger in NeuP males compared to females (Fisher’s test, P<0.05), and this 
finding remained significant when compared with a large independent cohort of healthy 
participants. Similarly, the relationship between amygdala-aMCC rsFC and pain intensity was 
only significant in males. Future research will increase understanding of brain mechanisms 
underlying pain modulation, sexual dimorphism in central pain mechanisms, and additional 
sources of individual variability in paediatric chronic NeuP. 

Conflicts of Interest: None 

Funding: This research was supported by funds from Great Ormond Street Hospital Children’s 
Charity Research Awards W1071H, W1071I (S.M.W.) and a University College London – University of 
Toronto Joint Research Project and Exchange Activities Award (C.A.C., M.M., M.V., S.M.W.). C.S. is 
supported by a Child Health Research Charitable Incorporated Organisation (CHR CIO) Great Ormond 
Street Institute of Child Health – University of Toronto PhD Studentship. L.A. is supported by 
Canadian Institutes of Health Research (CIHR) Frederick Banting and Charles Best Doctoral Research 
Award. 

Ethical Permissions: Ethics Approval REC: 17/WM/0306, 23-8-2017; Clinicaltrials.gov NCT03312881. 
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Greater Somatosensory Afference with Acupuncture Increases Primary 
Somatosensory Connectivity and alleviates Fibromyalgia Pain via Insular GABA 

Trainee Name: Ishtiaq Mawla 
Institution: Neuroscience Graduate Program, University of Michigan, Ann Arbor, MI 
Mentors: Dr. Richard E Harris, PhD and Dr. Vitaly Napadow, PhD 

Abstract 

Objective: Acupuncture is a complex multi-component treatment with unclear analgesic 
mechanism of action. We sought to understand the specific contribution of 
somatosensory afference in acupuncture to improvements in clinical pain in 
Fibromyalgia (FM), and the specific brain circuits involved.  

Methods: 76 FM patients were randomized to receive 8 weeks of electroacupuncture 
(EA, with somatosensory afference) or Mock Laser acupuncture (ML, with no 
somatosensory afference). Brief Pain Inventory (BPI) Severity, resting state functional 
MRI (rs-fMRI), and proton magnetic resonance spectroscopy (1H-MRS) in the right 
anterior insula (aINS) were collected at baseline and following treatment.  

Results: FM patients receiving EA experienced a greater reduction in pain severity 
compared to ML. Participants receiving EA, as compared to ML, displayed increased 
resting functional connectivity between the primary somatosensory cortical 
representation of the leg (S1leg; i.e. S1 subregion activated by EA) and aINS. Increases 
in S1leg-aINS connectivity were associated with reductions in BPI severity and increases 
in aINS gamma-aminobutyric acid (GABA) following EA. Finally, post-EA changes in 
aINS GABA mediated the relationship between changes in S1leg-aINS and BPI severity. 

Conclusion: The somatosensory component of acupuncture modulates primary 
somatosensory functional connectivity in association with insular neurochemistry in 
order to reduce pain severity in FM. 
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Clustering pediatric patients with chronic back pain based on their psychophysical profiles 

Don Daniel Ocay1,2, Allison Loewen3, Shajenth Premachandran1,2, Pablo M. Ingelmo4,5, Neil 

Saran6, Jean A. Ouellet6, Catherine E. Ferland1,2,5,7 

 

1Department of Experimental Surgery, McGill University, Montreal, Quebec, Canada 

2Department of Clinical Research, Shriners Hospitals for Children Canada, Montreal, Quebec, 

Canada 

3Faculty of Medicine, McGill University, Montreal, Quebec Canada 

4Chronic Pain Services, Montreal Children’s Hospital, Montreal, Quebec, Canada 

5Department of Anesthesia, McGill University, Montreal, Quebec, Canada 

6Department of Pediatric Orthopedics, McGill University, Montreal, Quebec, Canada 

7Research Institute-McGill University Health Centre, Montreal, Quebec, Canada 

 

The objective of this study was to identify clinical profiles of children and adolescents that have 

similar psychophysical characteristics of chronic back pain (n=198), which have been shown to be 

heterogeneous. Pain assessment was conducted in the form of an interview and with the use of 

validated pain-related questionnaires assessing their psychosocial factors and quality of life. All 

patients underwent mechanical and thermal quantitative sensory tests assessing detection and pain 

thresholds, and conditioned pain modulation efficacy. Hierarchal clustering partitioned the cohort 

into three clusters. Cluster 1 represented 45.5% of patients and was characterized by high thermal 

and pressure pain thresholds. Cluster 2, representing 19.2% of patients, was characterized to use 

more sensory, affective, evaluative and temporal descriptors of pain, more likely to report their 

pain as neuropathic of nature, report more functional disability, report symptoms of anxiety and 

depression, and report poor sleep quality. Cluster 3, representing 35.4% of patients, displayed deep 

tissue sensitivity and thermal hyperalgesia. This study identified clinical profiles of children and 

adolescents experiencing chronic back pain based on specific somatosensory and psychosocial 

characteristics and highlights that chronic pain assessment should include multiple elements 

contributing to pain which can be addressed with tailored pain management. 
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Baseline Resting-State Functional Connectivity Determines Individual Pain Ratings 
to an Ecologically Valid Model of Orofacial Pain  

Lizbeth J. Ayoub1,2,3, Mary Pat McAndrews2,4, Alexander J. Barnett5, Ka Chun Jeremy Ho1, 

Iacopo Cioffi1,3,6, Massieh Moayedi1,3,6§

1Centre for Multimodal Sensorimotor and Pain Research, Faculty of Dentistry, University of 
Toronto, Toronto, ON, Canada, M5G 1E2; 

2Division of Clinical and Computational Neuroscience, Krembil Brain Institute, Toronto  
Western Hospital, University Health Network, Toronto, ON, Canada, M5T 2S8; 

3University of Toronto Centre for the Study of Pain, Toronto, ON, Canada, M5T 1P8; 
4Department of Psychology, University of Toronto, Toronto, ON, Canada;  

5Center for Neuroscience, University of California at Davis, Davis, California, USA; 
6Department of Dentistry, Mount Sinai Hospital, Toronto, ON, Canada, M5G 1X5. 

Laboratory studies investigating individual differences in pain have identified structural and 

functional neural correlates. However, stimuli used in these studies have limited ecological 

validity to real-life pain experience. Here, we use an orthodontic procedure—the insertion of 

an elastomeric separator between teeth—which induces pain that peaks within 2 days and 

lasts several days. We aimed to determine whether the baseline structure and resting-state 

functional connectivity (rsFC) of key regions of the ascending nociceptive and descending 

pain pathways, the thalamus and periaqueductal gray (PAG), respectively, correlate with 

subsequent peak pain ratings. Twenty-six healthy individuals underwent neuroimaging prior 

to the separator placement for five days. Participants recorded pain intensity ratings three 

times, daily. Peak pain was not significantly correlated with diffusion metrics of the 

trigeminal nerve, or grey matter volume of any brain region. However, peak pain correlated 

with baseline rsFC between the contralateral thalamus and bilateral insula, and negatively 

correlated with baseline rsFC between the PAG and default mode network nodes. Baseline 

rsFCs of both the thalamus and PAG accounted for 78% of the variance in peak pain ratings 

in a combined model. In sum, baseline rsFC determines the individual pain experience to a 

subsequent ecologically valid orofacial pain stimulus.   
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Title: Neural mechanisms supporting the relationship between resting respiration rate and pain sensitivity 

Jennifer N. Baumgartner1, Suzan R. Farris2, Youngkyoo Jung3, Robert C. Coghill4, and Fadel Zeidan1, 2  

1University of California San Diego, Department of Anesthesiology, 2Wake Forest School of Medicine, 

Department of Neurobiology and Anatomy, 3University of California Davis, Department of Radiology, 

4Cincinnati Children’s Hospital Medical Center, Department of Pediatrics  

The relationship between resting breathing rate on pain sensitivity and the corresponding neural mechansims 

are unknown. To bridge this explanatory gap, seventy-four healthy, pain-free participants were administered 

two innocous (35°C) and two noxious (49°C) heat stimulation series during pseudo-continuos arterial spin 

labeling functional MRI and respiratory recording. Subjects were instructed to “remain still and close their 

eyes,” and visual analogue scale pain intensity ratings were collected after each series. It was discovered that 

slower resting respiration rate was associated with lower pain intensity ratings (r = .26, p = .03) and greater 

activation in brain mechanisms supporting the self-regulation of pain [subgenual anterior cingulate cortex; 

dorsolateral prefrontal cortex; orbitofrontal cortex] and the salience network [right anterior insula; dorsal 

anterior cingulate cortex (dACC); mid-cingulate cortex (MCC); dorsal striatum; supplementary motor area 

(SMA), p < .001]. Conversely, faster breathing was associated with higher pain and greater activation in 

respiratory control centers (cerebellum; brainstem, p < .001). High salience network activation (dACC; MCC; 

SMA) moderated the positive association between respiration and pain (p < .01). These findings suggest that 

individuals who naturally breathe slower may elicit greater cognitive control of pain through unique processes 

supporting higher-order interoceptive awareness of self and psychological resilience.  
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Modulation of pain and taste perception by expectation 
Margaret Rose-McCandlish, post-baccalaureate fellow1, Inseon Lee 1,2, Qingbao Yu1, Lauren 
Atlas1,3,4 
1Section on Affective Neuroscience and Pain, National Center for Complementary and Integrative Health, 
2Kyunghee University, 3National Institute on Drug Abuse, 4National Institute of Mental Health 

Learned expectations strongly influence perception across domains, including pain, but it is 
unknown whether brain mechanisms are shared across pain and other modalities. We compared 
how expectation influences thermal pain, and aversive and appetitive taste perception. We 
hypothesized that perception would be influenced by predictive cues similarly across stimulus 
types. 60 healthy individuals received either thermal stimulation or gustatory stimulation 
(sucrose or saline) preceded by predictive visual cues, and participants rated intensity and 
valence (pleasantness/unpleasantness) on each trial. During conditioning, visual cues were paired 
with either high or low levels of stimulation. Following conditioning, we measured expectation-
based modulation as the difference in intensity and pleasantness/unpleasantness ratings of 
medium-level stimulations that were preceded by high versus low cues. We found significant 
cue-based modulation of intensity (t(1337)=5.71, p<.001) and valence (t(1317)=3.590, p<.001), 
and that there was no interaction with stimulus type (p>.1). This supports our hypothesis that the 
effects of expectation are similar for painful and gustatory stimulation. We are currently 
evaluating fMRI responses to determine whether brain mechanisms of expectancy are similar 
across domains. 

Ethics statement and conflict of interest disclosures: All participants provided informed consent 
in accordance with the Declaration of Helsinki and all study procedures were approved by the 
National Institutes of Health Combined Neuroscience IRB. The authors report no conflicts of 
interest. 
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Augmented Nociceptive Processing and Greater Pain Sensitivity in Adolescents: an fMRI Study 

Han	Tong,	MBBS,	MS	1,3		Thomas	Maloney,	MS	2		Michael	Payne,	MA	1		Susmita	Kashikar-Zuck,	PhD	1		Robert	C.	
Coghill,	PhD	1		Marina	Lopez-Sola,	PhD	1,4	

1Division	of	Behavioral	Medicine	and	Clinical	Psychology;	2Pediatric	Neuroimaging	Research	Consortium,	
Cincinnati	Children’s	Hospital	Medical	Center,	Cincinnati,	Ohio,	USA;	3Neuroscience	Graduate	Program,	
University	of	Cincinnati,	Cincinnati,	Ohio,	USA;	4Unit	of	Psychological	Medicine,	School	of	Medicine	and	
Clinical	Sciences,	University	of	Barcelona,	Barcelona,	Spain	

Pain	is	a	major	health	issue	for	adolescents.	However,	brain	mechanisms	of	pain	processing	in	this	
population	remain	unclear.	Previous	findings	from	adult	studies	may	not	be	applicable	given	that	
the	brain,	particularly	prefrontal	cortex	(PFC),	remains	immature	during	adolescence.	We	
investigated	brain	responses	to	experimental	pain	in	30	adolescent	girls	(ages	13-17)	and	30	adult	
women	(ages	35-55)	using	fMRI.	All	participants	received	12	noxious	pressure	stimuli	(2.5	or	4	
kg/cm2,	each	lasting	10	seconds,	applied	to	the	left	thumbnail)	and	rated	pain	intensity	and	
unpleasantness	on	a	0-100	computerized	visual	analogue	scale.	In	addition	to	the	standard	GLM	
analyses,	we	examined	Neurologic	Pain	Signature	(NPS)	responses	during	pain.	Adolescents	
reported	greater	pain	intensity	(p=0.009)	and	unpleasantness	(p=0.011)		in	response	to	
stimulations	at	2.5	kg/cm2.	However,	no	difference	was	found	for	stimulations	at	4	kg/cm2. 
Adolescents	had	greater	activation	in	PFC,	and	supramarginal	gyrus	(Z>3.1,	p<0.05,	cluster-
corrected)	in	response	to	stimuli	at	2.5/cm2.	The	medial	PFC	remained	significant	at	4	kg/cm2.	The	
NPS	was	significantly	more	expressed	during	pain	in	adolescents	than	in	adults	for	both	2.5	
(p=0.021)	and	4kg/cm2	(p=0.005).	These	findings	provide	preliminary	evidence	of	augmented	
nociceptive	processing	of	pain	that	accompanies	increased	pain	sensitivity	in	adolescents.	

This	study	was	approved	by	Cincinnati	Children’s	Hospital	Medical	Center	Institutional	Review	
Board	(ID:	2017-7771)	and	supported	by	Cincinnati	Children’s	Hospital	Medical	Center	Trustee	
Grant	Award	(P.I.	Marina	Lopez-Sola)	and	NIH/NIAMS	R01	AR074795	Grant	(P.I.		Marina	Lopez-
Sola,	Robert	C.	Coghill).	

This	work	has	not	been	published	yet.	

Trainee	Status:	PhD	Candidate,	Neuroscience	Graduate	Program,	University	of	Cincinnati	
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Disruption of Brain’s Functional Hub Topology in Chronic Osteoarthritis Pain 
  
Joana Barroso MD*, Kenta Wakaizumi MD, Ana Mafalda Reis MD-PhD, Thomas J. Schnitzer MD-

PhD, Vasco Galhardo PhD, Marwan Baliki PhD, A. Vania Apkarian PhD 
  
* Departments of Physical Medicine and Rehabilitation and Physiology, Northwestern University, 

Feinberg School of Medicine, Chicago, IL, USA 

 
Cognitive and perceptual processes are vitally supported by integrative and dynamic interactions 

between brain regions. Brain hubs occupy a central role in brain network architecture and have a 

critical role in information integration. They are also areas of vulnerability, and its reorganization 

has been shown in diverse chronic pain conditions. Here, we study brain hub topological 

reorganization in knee osteoarthritis (OA) patients and healthy controls. We apply a rigorous 

validation strategy, by dividing the knee OA data into discovery (n=46) and testing (n=45) groups, 

and further test generalizability in a hip OA group (n=23). Our results show that while brain global 

centrality properties are conserved, there is a network wide pattern of reorganization, captured 

at the subject-level by a single measure, the hub disruption index. We localize reorganization 

patterns and uncover a shift in the hierarchy of network hubs – primary sensory and motor regions 

become hubs and the insula loses its central placement. Furthermore, by modelling whole brain 

nodal degree properties, we identify a set of regions that reliably predict pain intensity. Together, 

our findings reveal that while global hub topology is conserved in OA, brain hubs are locally 

reorganizing, and the hub rewiring pattern may yield insights into the pathophysiology of OA pain. 
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Regular Cannabis Use Associated with Lower Pain Tolerance and Greater Pain-Related 
Interference: Results from Laboratory and Ecologically Relevant Assessments 

Julio A. Yanes1,2,3, Meredith A. Reid2,3,4, Lauren Y. Atlas5,6,7, Jarred W. Younger8, Raul Gonzalez9, 
and Jennifer L. Robinson1,2,3,4

1Department of Psychology, Auburn University, Auburn, AL, USA 
2Auburn University Magnetic Resonance Imaging Research Center, Auburn University, Auburn, AL, USA 
3Center for Neuroscience, Auburn University, Auburn, AL, USA 
4Department of Electrical and Computer Engineering, Auburn University, Auburn, AL, USA 
5National Center for Complementary and Integrative Health, National Institute of Health, Bethesda, Maryland, USA 
6National Institute of Mental Health, National Institute of Health, Bethesda, Maryland, USA 
7National Institute on Drug Abuse, National Institute of Health, Baltimore, Maryland, USA 
8Department of Psychology, University of Alabama Birmingham, Birmingham, AL, USA 
9Department of Psychology, Florida International University, Miami, FL, USA 

Although acute cannabis effects on pain have received considerable attention in recent decades, 
long-term effects remain severely understudied. Two studies were conducted. First, during the 
laboratory study, we measured pain ratings and pain tolerance in response to mechanical 
nociceptive stimulation in recreational cannabis users (n = 33) and cannabis non-users (n = 31). 
Mixed-effects models demonstrated that: (i) pain ratings (0-100 VAS) were not different between 
groups (B = 1.57 (-10.84, 13.99), p = 0.801) and (ii) pain tolerance (0-240 mmHg) was lower 
among users (B = -24.62 (-49.32, 0.43), p = 0.046) after controlling for anxiety (B = -5.33 (-8.29, 
-2.33), p < 0.001). Second, during the internet study, we retested meaningful associations using
ecologically relevant endpoints in a separate sample. Participants completed the Graded Chronic
Pain Scale, and pain-related interference was compared between users (n = 185) and non-users 
(n = 586). Linear models showed that interference (0-10 points) was greater among users (B = 
0.27 (0.09, 0.46), p = 0.003) after controlling for anxiety (B = 0.07 (0.06, 0.09), p < 0.001). When 
taken together, these outcomes suggest that regular cannabis use is associated with pain 
processing differences, however, additional studies are needed to provide mechanistic 
understanding. 

To protect participant privacy, the investigators secured a Certificate of Confidentiality from the National Institute on 
Drug Abuse (CC-DA-17-177) before data collection commenced. Participants were admitted to the protocol following 
written informed consent and inclusion/exclusion criteria evaluation. All procedures were approved by the Auburn 
University Office of Human Subjects Research and Institutional Review Board (17-037 MR 1702, 19-293 MR 1908). 

JAY reports grants from National Institute on Drug Abuse (F31DA044013) during the conduct of the study. MAR reports 
grants from National Institute of Mental Health (K01MH115272) during the conduct of the study. LYA is supported by 
funding from the Intramural Research Program of the National Center for Complementary and Integrative Health (ZIA-
AT000030). RG reports grants from the National Institute on Drug Abuse (R01DA033156 and R01DA031176) during 
the conduct of the study. 

The authors declare no conflicts of interest. The content in this publication is solely the responsibility of the authors and 
does not necessarily represent the official views of the National Institutes of Health.  
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