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Abstract 
Opioids interact with systems processing pain and social stimuli. Both systems are crucial for 
responding to strains of everyday life and both are linked to relapse risk in opioid-dependent 
patients. The investigation of those systems seems essential to better understand opioid ad- 
diction as a whole. 17 patients on opioid maintenance treatment (OMT) and 21 healthy individ- 
uals underwent a functional magnetic resonance imaging (fMRI) social ball-tossing (Cyberball) 
paradigm simulating social inclusion and exclusion. In addition, painful and non-painful tem- 
perature stimuli were applied, in order to test pain sensitivity. Patients on OMT showed reduced 
pain sensitivity. Subjective pain was higher after social exclusion compared to social inclusion 
trials. In comparison to healthy controls, OMT patients felt less included and more excluded 
during inclusion and control conditions, and equally excluded during the social exclusion condi- 
tion. Feelings of exclusion during the inclusion trials were associated with higher scores on the 
childhood trauma questionnaire. Across all conditions, OMT patients demonstrated decreased 
fMRI activation in the bilateral superior and middle occipital and bilateral cunei, the lingual 
gyri, as well as in the left fusiform gyrus (whole brain FWE-corrected). Comparing social exclu- 
sion and inclusion conditions, healthy individuals showed significant activation in brain areas 
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related to social feedback and emotion processing, such as the anterior cingulate cortex, the 
insula and fusiform gyrus, whereas OMT patients showed no difference across conditions. As 
negative social affect is a potential trigger for relapse, patients might benefit from therapeutic 
strategies that enhance social integration. 
© 2018 Elsevier B.V. and ECNP. All rights reserved. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. Introduction 

Opioid dependence is a chronic disease with high relapse
and low abstinence rates ( Shalev et al., 2002 ). Negative
social interaction and poor social support were associ-
ated with negative treatment outcome in opioid addiction,
whereas patients in a relationship had better outcomes
( Termorshuizen et al., 2005 ). Therefore, the investigation
of behavioral and neural response of opioid dependent pa-
tients to positive and negative social interaction seems im-
portant to better understand mechanisms that drive relapse
behavior. Social exclusion plays a multifaceted role in ad-
dictive disorders. Evidence points towards a bidirectional
relationship between drug consumption and social exclu-
sion, i.e. social exclusion increases the risk for using drugs
( Morgan et al., 2002 ), while increased drug use can also in-
crease social exclusion of addicted patients ( Ahern et al.,
2007 ), leading to a vicious circle ( Frischknecht et al., 2011 ).

According to the “shared representation theory”
( MacDonald and Leary, 2005 ) both, social stimuli and
pain stimuli are processed in a neural network that shares
some common structures, such as the insula, the anterior
cingulate cortex (ACC) and the somatosensory cortex ( Kross
et al., 2011 ). Indeed, physical pain and social rejection
involve similar biological regulatory systems, such as the
endogenous opioid system ( Hsu et al., 2013 ) and functional
imaging studies showed that physical and social pain acti-
vated common brain areas ( Kross et al., 2011 ). However,
this does not imply shared representations at all levels
(e.g. neuronal level) and recent functional imaging studies
have shown that separate representations may underlie the
experience of physical pain and social rejection despite
common fMRI activity at the gross anatomical level ( Woo
et al., 2014 ). Still, modulation of physical and social pain is
associated with opioidergic neurotransmission. It has been
shown that opioids reduce social pain, such as separation
distress behaviors in non-human mammals ( Panksepp et al.,
1978 ). Moreover, application of buprenorphine decreased
perceived social rejection in human volunteers ( Bershad
et al., 2016 ). In contrary, other research demonstrated
that administration of oxycodon resulted in a decreased
functional brain response to positive social stimuli, e.g.
happy faces in healthy participants ( Wardle et al., 2014 ).
Currently, there is a lack of research on the effect of
chronic opioid exposure on social interaction. 

While acute administration of opioids has been associated
with reduced physical pain, previous work reported mixed
results regarding long-term effects of opioids on pain sen-
sitivity. While studies that incorporated a cold pressor test
to probe pain sensitivity found decreased pain tolerance in
patients on OMT, studies that used electric pain stimula-
tion or heat stimuli did not find opioid-induced hyperalge-
sia ( Compton et al., 2001; Hay et al., 2009 ). Recent work
suggested that pain modulation by long-term opioid-
treatment might be modality specific. Investigating heat
pain stimuli, studies reported lower supra-threshold pain
ratings in patients on OMT, reflecting opioid analgesia. In
addition, patients on OMT with chronic pain reported in-
creased pain thresholds for heat stimuli ( Peles et al., 2011 ).
As acute pain has been associated with poorer retention in
OMT, it is of great interest, how pain stimuli are processed
in patients on OMT ( Rosenblum et al., 2003; Trafton et al.,
2004 ). 

To our knowledge, no study to date has investigated be-
havioral and neural response to social exclusion, social in-
clusion and pain stimuli in patients on OMT. 

1.1. Hypotheses 

Firstly, based on previous findings that the administration of
opioids reduces perceived social rejection ( Bershad et al.,
2016 ), while also reducing functional brain response to pos-
itive social stimuli ( Kornreich et al., 2003 ), we hypothesize
that patients on OMT will feel less excluded during experi-
mental induction of social exclusion and also less included
during social inclusion. Further, we expected to detect al-
tered neural response in brain areas associated with social
cognition and emotion processing, such as the ACC, insula,
somatosensory cortex, caudate and cuneus ( Adolfi et al.,
2017; Cacioppo et al., 2013 ). 

Secondly, we hypothesized that patients on OMT have a
reduced sensitivity for heat pain stimuli. As neural corre-
late of the analgesic effect of opioids, we expect lower fMRI
brain activation in the pain network: e.g. primary and sec-
ondary somatosensory cortices, insula and dorsal anterior
cingulate cortex (dACC) ( Wager et al., 2013 ). 

Thirdly, we expected that social rejection increases sub-
jective pain while social inclusion reduces subjective pain. 

Fourthly, we explored factors modulating responses to so-
cial exclusion and inclusion. We hypothesized that those
living in a constant partnership feel less excluded during,
while participants that experienced childhood traumata in
the past feel more excluded ( van Harmelen et al., 2014 ). 

2. Experimental procedures 

2.1. Participants 

Opioid dependent patients, identified according to the
ICD-10 criteria (16 males, 1 females, mean age ± SD
38.5 ± 6.5 years), were recruited in an outpatient opioid
maintenance program of the Central Institute of Mental
Health in Mannheim, Germany. Patients were on OMT for
several years (mean ± SD) 6.9 ± 7.2 years. Patients did not
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ndergo a formal screening for comorbid psychiatric dis- 
rders prior to being included in the current study, how- 
ver all patients were interviewed by two independent sep- 
rate professional psychiatrists at the institute, in order 
o rule out relevant comorbid psychiatric diseases. In ad- 
ition, patients were treated at the department’s opioid 
aintenance unit for an average of 6.9 years with regular
ppointments with a specialized psychiatrist once a week 
nd no clinical evidence for a comorbid psychiatric disorder 
ould be determined during this time for any of the partic-
pants. None of the patients had a history of chronic pain
r was treated for pain symptoms at the time of the ex-
eriment. None of them was HIV positive, but n = 5 were
ested positive for hepatitis C antibodies. Twelve of the pa-
ients were treated with methadone and five with buprenor- 
hine. The mean methadone equivalence dose (mean ± SD) 
as 70 ± 40 mg/d. The methadone equivalence dose was 
alculated with 100 mg methadone = 16 mg buprenorphine 
 Strain et al., 2000 ). Eleven patients had a concurrent harm-
ul use of other substances, such as benzodiazepines, co- 
aine, alcohol and cannabis (see Table 1 ). None of the
ubstances were medically prescribed. At the time of 
canning, urine sampling was conducted to detect other 
non-prescribed) psychoactive substances (see Table 1 ). In 
rder to control for effects of psychoactive substances in 
euroimaging studies, the computation of a composite med- 
cation score was used as described by ( Sackeim, 2001 ). Ac-
ording to previous studies ( Phillips et al., 2008; Sackeim, 
001 ), the dose of each substance (e.g. benzodiazepine) 
as coded as absent (0), low (1) or high (2). For benzo-
iazepines, the lorazepam equivalent dose was computed 
nd coded as absent, low or high with reference to the
idpoint of the recommended daily dose range ( Almeida 
t al., 2009 ). For other substances (e.g. cocaine) no simi-
ar reference was available. Therefore, doses were coded 
s absent, low or high based on urine drug screening re-
ults (e.g. negative vs. positive vs. highly positive screening 
esults). The methadone equivalence dose was categorized 
nto low or high based on the recommended daily dose range
i.e. less or more than 120 mg per day)( Benkert and Hippius,
016 ). The resulting composite medication load (M = 2.47,
D = 1.23, range = 1.0–5.0) was included as a covariate in
he statistical analyses of neuroimaging data. Further clin- 
cal and social characteristics are displayed in Table 1 . The
tudy was approved by the local ethics committee of the
niversity of Heidelberg and performed in accordance with 
he Declaration of Helsinki. Informed written consent was 
btained from all participants. The healthy control group 
onsisted of volunteers that were recruited from newspa- 
er or clinic homepage advertisement ( n = 21, 19 males,
 females). Participants of this group were not formally 
creened for mental disorders, however there were inter- 
iewed by experienced clinical psychiatrists that found no 
ndications for a substance abuse disorder or other mental 
llnesses. All participants were compensated for their time 
ith. 

.2. Study design 

ligible participants were asked to complete several ques- 
ionnaires before performing magnetic resonance imaging 
MRI). These questionnaires included the Beck Depression 
nventory (BDI, ( Beck et al., 1961 ) and the Childhood Trauma
uestionnaire (CTQ, ( Karos et al., 2014; Klinitzke et al.,
012 ). All participants underwent a fMRI Cyberball task that
imulates social inclusion and social exclusion while apply- 
ng painful and neutral reference temperature stimuli that 
as used in previous studies ( Domsalla et al., 2014 ). 
The previously validated fMRI Cyberball task ( Williams 

nd Jarvis, 2006 ) consisted of 18 blocks of alternating social
nclusion, exclusion and neutral motor response conditions 
n combination with a painful heat stimulus or neutral refer-
nce temperature stimulus that was used in previous stud-
es ( Domsalla et al., 2014 ). Before the actual experiment
tarted, participants were told that two other persons lying
n other MR scanners were teammates and simultaneously 
ontrolling the other two stickmen that were presented on
he screen during the Cyberball task (i.e. patients were de-
eived). To enhance the feeling of playing with other hu-
ans, pictures of two human players were constantly dis-
layed on the same screen as the Cyberball task above the
wo stickmen displaying the other player’s actions. After 
ach Cyberball block, participants were asked to rate their
eelings of both exclusion and inclusion (e.g. “how intense is
our feeling of exclusion / inclusion”). The ratings for sub-
ective exclusion and inclusion intensity were assessed on an
1-point-visual scale ranging from “not at all” (0) to “very
trong” (10). 
The Cyberball blocks were divided into three conditions, 

ocial exclusion, social inclusion and neutral motor response 
rials. During social exclusion trials, the stickmen represent- 
ng the participant received the ball only once at the be-
inning of each block and was excluded for the rest of the
yberball block (i.e. did not receive any ball toss). During
ocial inclusion trials, there was an equal number of ball
osses to every of the three stickmen representing the dif-
erent players. In order to control motor response without
ecision making i.e. choosing to which teammate to toss the
all next, a control condition was included with the instruc-
ion to always toss the ball in a predefined direction (i.e.
lways to the right during one block and always to the left
n the next block). Following these predefined game rules,
ach participant received an equal number of ball tosses. 
ach subject underwent 6 blocks (mean duration 30 s) per
ondition (exclusion, inclusion, motor response), which re- 
ulted in a total of 18 blocks. This modified Cyberball task
as been used and validated by previous studies ( Domsalla
t al., 2014 ). All participants were debriefed after complet-
ng the experiment and completed a short questionnaire 
o assess how much participants believed in playing with
wo other players. Participants were asked if they had any
oubts playing with two other human players at the start
f the experiment on an eleven-point scale (0 – “not doubts
t all” to 10 – “much doubts”). Participants of both groups
eported on having no doubts on playing with real partners
mean score 1.83, SD 2.9). 
Each Cyberball block was directly followed by the ad-
inistration of either a painful (subjective pain inten- 
ity = 60%) or non-painful neutral reference temperature 
timulus (32 °C). Temperature stimuli (duration 30 s) were
elivered to the inner side of the left forearm by using
 thermode (3 × 3 cm 

2 ) controlled by a quantitative sen-
ory tester (TSA-II; Medoc Advanced Medical Systems, Ra- 
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Table 1 Clinical characteristics of study participants. 

Opioid-dependent 
patients 
( N = 17) 
M (SD) 

Healthy controls 
( N = 21) 
M (SD) 

Statistics p 

Sex (male:female) 16:1 19:2 Chi 2 (1 ) = 0.171 0.581 
Age (years) 38.53 (6.5) 38.19 (8.1) t (36 ) = 0.140 0.889 
Housing situation (alone/with 
partner/with relative) 

8/5/4 6/11/4 Chi 2 (2 ) = 2.56 0.465 

Relationship status 
(single/partner - separate 
apartment/partner - shared 
apartment) 

11/5/1 5/11/5 Chi 2 (2 ) = 6.821 0.033 ∗

Education (no post secondary 
educ./apprenticeship 
only/attended college or 
higher) 

12/5/0 2/10/9 Chi 2 (2 ) = 17.583 0.001 ∗

Duration of heroin abuse 
(years) 

6.9 (7.2) – – –

Medication 
(methadone:buprenorphine) 

12:5 – – –

Methadone equivalence dose 
(mg) 

70.2 (40.3) – – –

Current use of drugs other than 
methadone (yes:no) 

11:6 – – –

Drugs used other than 
methadone (absolute 
numbers) 

BZD = 9, OPT = 9, 
ALC = 1, THC = 2, 
COC = 2 

– – –

Composite medication load 2.4 (1.2) – – –
Pain threshold ( °C) 44.9 (0.8) 43.5 (2.1) t (36 ) = 2.607 0.014 ∗

CTQ - subscale emotional abuse 11.0 (7.1) 6.3 (2.1) t (36 ) = 2.635 0.017 ∗

CTQ - subscale physical abuse 11.8 (7.4) 5.1 (0.4) t (36 ) = 3.672 0.002 ∗

CTQ - subscale sexual abuse 7.0 (5.7) 5.3 (0.9) t (36 ) = 1.218 0.240 
CTQ - subscale emotional 
neglect 

13.8 (7.0) 9.8 (4.2) t (36 ) = 2.049 0.050 ∗

CTQ - subscale physical neglect 9.7 (4.1) 7.0 (2.5) t (36 ) = 2.400 0.024 ∗

BDI (sum score) 15.1 (15.6) 1.9 (2.8) t (36 ) = 3.830 0.001 ∗

Relationship status 
(single:partnership) 

11:6 5:16 Chi 2 (1 ) = 6.446 0.011 ∗

BDI = Beck Depression Inventory, CTQ = Childhood Trauma Questionnaire, BZD = benzodiazepine, OPT = opiates other than 
methadone/buprenorphine, LAC = alcohol, THC = tetrahydrocannabinol, COC = cocaine; Methadone equivalence dose was calculated 
with 100 mg methadone = 16 mg buprenorphine ( Strain et al., 2000 ). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

mat Yishai, Israel). For pain stimuli, the temperature was
chosen individually to correspond to a pain intensity of 6
on a scale from 0 (“no pain”) to 10 (“maximum pain”), i.e.
60% of subjective maximal pain. Pain and neutral reference
stimuli were presented equally often after the Cyberball
blocks in a pseudo-randomized order. The pain intensity of
60% was determined by following a standard procedure prior
to the experiment. The stimulation temperature started at
37 °C in time blocks of 30 s, oscillating + /- 1 °C, and was
increased in 1 °C steps (above 41 °C, in 0.5 °C steps) until
a subjective pain intensity of 60% was reached. This setup
was used in previous studies ( Bungert et al., 2015 ). 

Presentation ® software (Version 16.0, Neurobehavioral
Systems Inc., Albany, CA, USA) and MRI-compatible goggles
(MRI Audio/Video Systems, Resonance Technology Inc., Los
Angeles, CA, USA) were used to present task data and record
 

participants responses. A LumiTouch fMRI Optical Response
Keypad (Photon Control Inc.; Burnaby, BC, Canada) was used
as a patient response system. 

2.3. Functional MRI acquisition and 

pre-processing 

Functional and anatomical brain images were acquired us-
ing a 3T whole-body tomograph (MAGNETOM Trio, Siemens
Medical Systems, Erlangen, Germany). Task-related blood
oxygen level-dependent (BOLD) response was measured
using T2 ∗-weighted echo planar imaging (EPI) sequences
(TR = 2 s, TE = 30 ms, 36 slices, slice thickness = 3 mm, voxel
dimensions 3 × 3 × 3 mm 

3 , FOV = 192 × 192 mm 

2 , 64 × 64
in-plane resolution). In addition, high resolution anatomi-
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al scans using a T1-weighted 3-D magnetization-prepared- 
apid-acquisition-gradient-echo (MPRAGE) sequences were 
cquired for each participant (1 × 1 × 1 mm ³ voxel size). 
Brain imaging data were pre-processed and analyzed 

sing SPM5 (preprocessing and individual statistics) and 
PM8 (second-level group analyses; Wellcome Department 
f Cognitive Neurology, London, UK). In accordance to stan- 
ard procedures implemented in the SPM software pack- 
ge, spatial realignment and smoothing procedures using an 
sotropic Gaussian kernel for group analyses (full width at 
alf maximum: 8 mm) were applied to the imaging data and
mages were normalized to a standardized MNI (Montreal 
eurological Institute, Quebec, Canada) EPI template. In- 
ividual first level contrast images were computed by mod- 
lling the following factors in a multiple regression model: 
 regressors for the Cyberball task conditions (i.e. exclu- 
ion, inclusion, and motor control), 3 regressors for the heat
ain temperature stimuli after the different Cyberball con- 
itions, 3 regressors for the non-painful reference temper- 
ture blocks after the different Cyberball condition; and 1 
egressor for key press (for details refer to Domsalla et al.,
014 ). In a next step, the relevant first-level-contrast im-
ges were entered into a second level analysis full-factorial- 
odel. 

.4. Statistical analyses 

emographical data, rating data, pain thresholds and ques- 
ionnaire data were analyzed using two-sample t -tests and 
hi-square tests as implemented in the Statistical Pack- 
ge for the Social Sciences (SPSS, IBM Corp., Somers, NY,
SA) version 24.0. Following the analyses of group differ- 
nces, multiple linear regression analysis using a stepwise 
pproach was conducted to further assess the influence 
f subject status (patient vs. healthy control), childhood 
rauma (measured by the CTQ), partnership status (constant 
elationship vs. single) and depressive symptoms (measured 
y the BDI questionnaire) on participants’ feelings of so- 
ial exclusion and inclusion during experimental induction 
f social inclusion. fMRI Group-level differences were an- 
lyzed by implementing the first level contrast images in 
 (2 × 3 × 2) full-factorial model with group (patients, con- 
rols) x task condition (inclusion, exclusion, motor response) 
 temperature stimulus properties (neutral reference tem- 
erature, pain). In order to further characterize intra-group 
ondition-dependent differences, separate analyses were 
onducted for patients and healthy controls in a 3 × 2 full-
actorial model with task condition x temperature stimulus 
roperties. The statistical threshold was set to a family-wise 
rror (FWE) corrected whole brain threshold of p FWE < 0.05.
or exploratory analyses and multiple regression analyses 
covariates: methadone equivalence dose, pain ratings), the 
hreshold was set to p < 0.001 uncorrected with a cluster
ize threshold of 20 voxels. In order to control for differ-
nces in BDI and CTQ scores, variables were implemented 
s covariates in the statistical models. In addition, the 
omposite medication load was included a covariate in all 
ithin-group statistical models. To illustrate the findings of 
xploratory regression analyses, parameter estimates were 
xtracted from the main activation clusters of both re- 
ression analyses using functionally defined region of inter- 
st masks that were built from the main activation clus-
ers of both significant analyses, i.e. (i) negative correla-
ion with methadone equivalence dose – peak voxel [x = 6
 = −1 z = 31], (ii) positive correlation with subjective pain
atings – peak voxel [x = −27 y = −13 z = −14]. Individual
ean beta values were then extracted from both masks 
sing MarsBar software ( http://marsbar.sourceforge.net/ ) 
nd imported in SPSS for further analyses. 

. Results 

.1. Group characteristics 

nalyses of demographical and clinical variables indicated 
ignificant differences between patients and healthy con- 
rols regarding partnership status and education level (see 
able 1 ). Patients reported more often living without a
artner and having fewer years of education. In addi-
ion, patients more frequently reported childhood trauma 
nd more depressive symptoms (all p -values < 0.05) (see
able 1 ). None of the patients received prescriptions for any
sychoactive medication. Still, analyses of clinical and drug 
creening data indicated intake of illegal psychoactive sub- 
tances (see Table 1 ). 
The mean absolute temperature corresponding to the 

ubjective individual pain threshold of 60% (rating 6 on a VAS
rom 0–10) was significantly higher in opioid dependent pa-
ients on OMT (44.9 °C ± 0.8) in comparison to healthy con-
rols (43.5 °C ± 2.1; t = 2.723 p = 0.012, see Table 1 ). 

.2. Effect of stimulus temperature and task 

ondition on subjective pain 

cross both groups and all conditions, neutral refer- 
nce temperature stimuli were consistently rated as less 
ainful compared to painful stimuli (M neutral = 0.9, SD = 0.3,
 pain = 5.8, SD = 0.2; t (36 ) = 13.920, p < 0.001, see Table 2 ).
omparing the effect of task condition (inclusion, exclu- 
ion, motor response), pain ratings of the painful stimuli
fter the exclusion condition (M = 6.1, SD = 2) were signifi-
antly higher compared to the inclusion condition (M = 5.5,
D = 1.6) and motor response condition (M = 5.8, SD = 1.9,
 (2,36 ) = 3.819, p = 0.027, see Table 2 ). There was no sig-
ificant difference between the subjective pain ratings of 
he non-painful stimulus across the three task conditions 
 p > 0.05, see Table 2 ). In addition, there was no signif-
cant task condition-related difference between patients 
nd controls with regards to subjective ratings of the painful
nd non-painful stimulus ( p > 0.05, see Table 2 ). 

.3. Effect of task condition on subjective feeling 

f inclusion and exclusion 

uring the exclusion condition, both groups reported in- 
reased feelings of exclusion (M = 6.5, SD = 2.7) compared
o the inclusion (M = 2.0, SD = 1.6) and motor response
ondition (M = 1.4, SD = 1.7, F (2,36 ) = 90.467 p = 0.001, see
able 2 ). 

http://marsbar.sourceforge.net/
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Table 2 Ratings of feeling included or excluded following Cyberball and pain ratings after pain stimulation. 

Opioid-dependent 
patients 
( N = 17) 
M (SD) 

Healthy controls 
( N = 21) 
M (SD) 

Statistics p 

Feeling of being excluded after 
… Cyberball exclusion trials 6.6 (2.2) 6.4 (3.1) t (36 ) = 0.246 0.784 
… Cyberball inclusion trials 2.6 (1.6) 1.6 (1.4) t (36 ) = 1.062 0.036 ∗

… Cyberball motor response 
trials 

1.9 (1.7) 0.9 (1.6) t (36 ) = 1.042 0.060 

Feeling of being included after 
… Cyberball exclusion trials 2.4 (1.3) 2.9 (2.7) t (36 ) = 0.552 0.444 
… Cyberball inclusion trials 6.4 (1.5) 7.7 (1.4) t (36 ) = 1.272 0.011 ∗

… Cyberball motor response 6.9 (1.9) 8.6 (1.6) t (36 ) = 1.679 0.006 ∗

trials 
Subjective pain ratings for the 
painful stimulus after 
… Cyberball exclusion trials 6.2 (1.7) 5.9 (2.3) t (36 ) = 0.583 0.733 
… Cyberball inclusion trials 5.6 (1.6) 5.5 (1.6) t (36 ) = 0.102 0.909 
… Cyberball motor response 
trials 

5.8 (1.9) 5.8 (2.0) t (36 ) = 0.053 0.978 

Subjective pain ratings for the 
neutral reference 
temperature stimulus after 
… Cyberball exclusion trials 1.5 (2.2) 0.4 (0.9) t (36 ) = 3.137 0.084 
… Cyberball inclusion trials 1.0 (1.7) 0.7 (1.0) t (36 ) = 1.022 0.443 
… Cyberball motor response 
trials 

1.1 (1.8) 0.5 (0.8) t (36 ) = 1.887 0.162 

Patients 
living single 
( N = 11) 

Patients in a 
partnership 
( N = 5) 

Statistics p HC living 
single 
( N = 5) 

HC in a 
partnership 
( N = 16) 

Statistics p 

Feeling of being included 
after 
… Cyberball exclusion 
trials 

2.4 (1.4) 2.4 (1.4) t (14 ) = 0.042 0.955 1.9 (0.7) 3.2 (3.0) t (19 ) = 0.922 0.368 

… Cyberball inclusion 
trials 

5.8 (1.4) 7.8 (0.9) t (14 ) = 1.948 0.013 ∗ 7.9 (1.5) 7.6 (1.4) t (19 ) = 0.462 0.649 

… Cyberball motor 
response trials 

6.8 (1.9) 7.2 (2.1) t (14 ) = 0.306 0.781 8.5 (2.3) 8.6 (1.5) t (19 ) = 0.169 0.868 

Feeling of being 
excluded after 
… Cyberball exclusion 
trials 

6.9 (1.8) 5.6 (2.9) t (14 ) = 1.352 0.270 7.2 (1.7) 6.1 (3.5) t (19 ) = 0.706 0.489 

… Cyberball inclusion 
trials 

3.1 (1.6) 1.3 (0.8) t (14 ) = 1.772 0.041 ∗ 0.9 (0.6) 1.75 (1.5) t (19 ) = 1.158 0.261 

… Cyberball motor 
response trials 

2.4 (1.7) 0.7 (0.9) t (14 ) = 1.630 0.070 0.3 (0.6) 1.1 (1.8) t (19 ) = 0.973 0.343 

HC = healthy control participants. 
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Fig. 1 Within-group significant whole brain corrected [p FWE 

< 0.05, cluster size > 10] BOLD response differences in the 
healthy control group: (a) exclusion > motor response, (b) in- 
clusion > motor response, (c) exclusion > inclusion [ p < 0.001 
uncorrected, cluster size > 20 voxels], (d) pain > warm, and 
significant between-group differences between healthy con- 
trols and patients: (e) healthy participants > patients [contrast: 
social exclusion], (f) healthy participants > patients [contrast: 
painful stimulation]. 
During the inclusion (M = 7.1, SD = 1.6) and motor re-
ponse condition (M = 7.9, SD = 1.9), healthy controls and
atients felt more included compared to the exclusion 
ondition (M = 2.7, SD = 2.2, F (2,36 ) = 135.910 p < 0.001).
atients felt less included during the inclusion (M = 6.4,
D = 1.5; t (36 ) = 2.694, p = 0.011, see Table 2 ) and motor re-
ponse condition (M = 6.9, SD = 1.9; t (36 ) = 2.923, p = 0.006,
ee Table 2 ) compared to the group of healthy controls
M incl = 7.7, SD incl = 1.4; M motor = 8.6, SD motor = 1.6). In ad-
ition, patients displayed increased feelings of exclusion 
ompared to healthy controls during the inclusion condition 
M pat = 2.6, SD pat = 1.6, M ctrl = 1.6, SD ctrl = 1.4; t = 2.177,
 = 0.036, see Table 2 ). 

.4. Interpersonal relationship 

atients that reported to be in a partnership rated that
hey felt more included during the inclusion trials and less 
xcluded during the exclusion trials, compared to patients 
hat were single (see Table 2 ). In the group of healthy con-
rol participants there was no effect of partnership status 
n social exclusion or inclusion. 

.5. Childhood trauma 

here was a significant positive association between the 
hildhood trauma questionnaire (CTQ) emotional neglect 
ubscale scores and subjective reports of feeling excluded 
uring the inclusion trials (r = 0.307, p = 0.030). In addition,
igher scores on the CTQ emotional neglect subscale nega- 
ively correlated with the feeling of inclusion during the Cy-
erball inclusion conditions (r = −0.367, p = 0.012). There
as no significant association between CTQ scores and feel- 
ngs of inclusion and exclusion during social exclusion trials 
 p ’s > 0.05). 

.6. Within-group analyses of fMRI data in 

ealthy participants 

hole-brain within-group analyses in healthy participants, 
orrected for multiple testing ( p FWE < 0.05 whole brain cor-
ected), showed increased functional brain response to 
ainful stimuli relative to non-painful stimuli (main effect 
f stimulus) in a large network of brain regions, including 
he insula, inferior and middle frontal gyri, somatosensory 
ortex, inferior parietal gyrus, supramarginal gyrus and su- 
erior temporal gyrus (see Table 3 (a) and Fig. 1 (d)), while
on-painful stimuli did not evoke higher brain activation in 
ny brain area (see Table 3 (b)). 
During social exclusion relative to motor control trials, 

ealthy controls displayed higher activation in the ventral 
nterior cingulate cortex (vACC) and also small parts of the
nterior cingulate cortex (dACC), the middle cingulate cor- 
ex, insula, caudate, and parts of the superior, middle and 
nferior frontal gyri, as well as parts of the superior, middle
nd inferior temporal gyri and fusiform gyri (see Table 3 (c)
nd Fig. 1 (a)). Social inclusion relative to motor control tri-
ls elicited increased BOLD response in healthy controls in 
wo clusters that included the bilateral middle and poste- 
ior cingulum and the right precuneus (see Table 3 (d) and
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Table 3 Significant within- group brain activation differences in the healthy control group and significant group differences 
between opioid dependent patients ( n = 17) and healthy control participants ( n = 21), corrected for depressive symptom scores 
(BDI) and childhood trauma scores (CTQ). Correlations between methadone dose, subjective pain ratings and functional brain 
activation ( N = 38, p FWE < 0.05 whole brain corrected, cluster size > 20 voxels). 

Side Lobe Brain areas Cluster size 
(voxel) 

MNI coordinates (x, y, z) t max 

Within group effects 
Healthy control group ( n = 21) 

(a) Contrast: Pain > Neutral reference temperature 

R Frontal, 
Temporal 

Middle and Inferior Frontal 
Gyrus, Insula , Superior 
Temporal Gyrus 

137 42 41 −8 5.74 

R Parietal Inferior Parietal Gyrus, 
Supramarginal Gyrus 

102 60 −46 40 5.67 

L Parietal Supramarginal Gyrus, 
Somatosensory Cortex 

28 −66 −19 22 5.52 

L Parietal Inferior Parietal Gyrus, 
Supramarginal Gyrus 

53 −63 −49 34 5.45 

R Caudate 10 15 5 10 4.78 
(b) Contrast: Neutral reference temperature > Pain 

– – – – – – – –
(c) Contrast: Exclusion > Motor response 

L Frontal, 
Temporal 

Insula , Superior, Middle and 
Inferior Frontal Gyri, Superior 
Temporal Gyrus 

127 −39 26 
−14 

6.76 

R Frontal Insula , Middle and Inferior 
Frontal Gyrus 

240 54 29 1 6.55 

L & R Temporal Cerebellum, Inferior Temporal 
Gyrus, Fusiform Gyrus 

1463 −39 −64 
−17 

6.46 

L Temporal Middle Temporal Gyrus 111 −57 −34 −8 6.46 
L & R Caudate, Thalamus, Pallidum 192 12 −7 −2 6.43 
R Temporal Superior and Middle Temporal 

Gyrus 
277 57 −25 

−14 
6.15 

L & R Frontal Superior Medial Frontal Gyrus, 
Anterior and Middle Cingulate 

Cortex , Superior and Middle 
Frontal Gyrus 

790 9 44 31 6.08 

L & R Precuneus, Posterior Cingulate 
Cortex 

75 3 −49 22 5.47 

L Frontal Middle Frontal Gyrus 30 −39 17 43 5.30 
L Temporal Superior, Middle and Inferior 

Temporal Gyri 
76 −51 −58 25 5.25 

R Putamen, Insula 24 30 17 
−11 

5.06 

R Temporal Superior Temporal Gyrus, 
Supramarginal Gyrus 

26 57 −49 25 4.78 

(d) Contrast: Inclusion > Motor Response 

R Precuneus 15 9 −67 34 5.10 
L & R Posterior Cingulum, 8 3 −49 22 4.78 
L & R Middle Cingulum 9 3 −28 37 4.78 
(e) Contrast: Exclusion > Inclusion °
L Frontal Lateral and Posterior 

Orbitofrontal Cortex, Inferior 
Frontal Gyrus 

64 −45 35 
−14 

4.36 

L & R Putamen, Anterior Cingulate 

Cortex , Caudate 
90 −3 20 −5 4.30 

R Temporal Superior and Middle Temporal 
Gyrus 

65 54 −25 
−11 

4.14 

( continued on next page ) 
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Table 3 ( continued ) 

Side Lobe Brain areas Cluster size 
(voxel) 

MNI coordinates (x, y, z) t max 

Within group effects 
Healthy control group ( n = 21) 

R Frontal Superior, Middle and Inferior 
Frontal Gyrus 

143 36 −82 4 4.04 

L Frontal Superior, Middle and Inferior 
Frontal Gyrus 

247 −33 −82 7 4.02 

L Fusiform Gyrus, Cerebellum 36 −39 −61 
−17 

3.91 

R Cerebellum 162 24 −73 
−41 

3.90 

L Parietal Superior Parietal Gyrus 30 −24 −64 61 3.83 
R Caudate 22 12 −4 −5 3.78 

Patient group (n = 17) 
– – – – – – – –
Group differences 

(f) Contrast: Pain; Healthy Controls > Patients 
L Occipital Superior and Middle Occipital 

Gyrus, Cuneus, Fusiform Gyrus 
48 −33 −94 13 5.82 

R Occipital Superior and Middle Occipital 
Gyrus, Cuneus 

41 30 −85 25 5.51 

(g) Contrast: Exclusion; Healthy Controls > Patients 
L Occipital Superior and Middle Occipital 

Gyrus 
56 −33 −94 13 5.91 

R Occipital Superior and Middle Occipital 
Gyrus, Cuneus, Lingual Gyrus, 
Calcarine 

65 27 −85 22 5.39 

R Occipital Cuneus 11 −6 −88 25 4.88 
(h) Contrast: Inclusion; Healthy Controls > Patients, 
R Occipital Cuneus, Superior and Middle 

Occipital Gyrus 
70 30 −85 25 5.46 

R Occipital Superior and Middle Occipital 
Gyrus 

35 −27 −91 22 5.22 

Multiple Regression Analyses (n = 38) 
(i) Negative correlation between Methadone equivalent dose and neural activation during social exclusion °
L & R Middle Cingulum 22 6 −1 31 5.93 
L Parietal Superior Parietal Gyrus 20 −18 −52 43 5.52 
R Cerebellum 81 6 −76 

−11 
4.99 

(j) Positive correlation between subjective pain ratings and neural activation during social exclusion °
L Amygdala, Insula, 

Hippocampus, Superior 
Temporal Gyrus 

183 −27 −19 
−14 

4.83 

R Amygdala, Insula, Putamen, 
Hippocampus, Superior 
Temporal Gyrus 

135 12 −16 
−17 

4.46 

CTQ = childhood trauma questionnaire, BDI = Beck Depression Inventory, ° exploratory analyses with p 〈 0.001 uncorrected, cluster size 〉 
20 voxels 
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ig. 1 (b)). Analyzing differences between neural activa- 
ion during social exclusion and inclusion conditions in the 
ealthy sample revealed no significant differences when 
pplying a conservative threshold ( p FWE < 0.05 whole brain
orrected). However, analyses with a combined voxel- 
 p < 0.001 uncorrected) and cluster-size (cluster > 20 voxel)
hreshold showed increased brain response in the lateral 
nd posterior orbitofrontal cortex, the anterior cingulate 
ortex, putamen, caudate, superior and middle temporal 
nd frontal gyri, and superior parietal gyri (see Table 3 (e)
nd Fig. 1 (c)). 
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3.7. Within-group analyses of fMRI data in 

patients 

Patients on OMT did not display differential brain activation
patterns across experimental conditions when a stringent
statistical threshold was applied (see Table 3 ). The consid-
eration of methadone dose equivalent and composite med-
ication load score as covariates did not change the signifi-
cance of within-group analyses in the patient sample. 

3.8. Between-group analyses of fMRI data 

Factorial analyses showed a significant main effect of group
The between-group analyses revealed reduced brain acti-
vation in the patient group, compared to healthy partic-
ipants during painful stimulation in the bilateral superior
and middle occipital and bilateral cunei (see Table 3 (f) and
Fig. 1 (f)). While performing social exclusion trials, patients
showed lower BOLD response in the bilateral superior and
middle occipital and lingual gyri, bilateral cunei, as well as
in the left fusiform gyrus (see Table 3 (g) and Fig. 1 (e)). Dur-
ing social inclusion, patients showed diminished brain re-
sponse in the bilateral cunei, superior occipital gyri, right
middle occipital gyrus and left lingual gyrus (see Table 3 (h)).
Additional analyses of the interaction between group x tem-
perature and the three-way interaction between group x
temperature x condition on brain activation did not show
any effect that survived stringent FWE-correction. 

3.9. Association of methadone dose and neural 
brain response 

Exploratory correlation analysis in the patient sample indi-
cated an inverse correlation of daily methadone dose and
brain activation during social exclusion after painful stimu-
lation in the middle cingulum, left parietal cortex and cere-
bellum (see Table 3 (i)). Correlation between parameters es-
timates extracted from the cluster of main activation and
methadone equivalence dose are displayed in supplemen-
tary Fig. S1. 

3.10. Association of subjective pain ratings and 

neural brain response 

Subjective pain ratings correlated with neuronal brain re-
sponse during social exclusion when this trial was preceded
by a painful stimulus in a cluster that comprised the bilat-
eral hippocampus, amygdala, insula, and superior temporal
cortex ( p < 0.001 uncorrected, cluster size of > 20 voxels)
(see Table 3 (j)). The association between subjective pain
magnitude and parameters estimates extracted from the
cluster of main activation is illustrated in supplementary
Fig. S1. 

3.11. Multiple regression analysis 

Two separate multiple regression analyses were calculated
to predict (i) subjective inclusion during inclusion trials and
(ii) subjective exclusion during inclusion trials. Regarding
both multiple linear regression analyses, only one indepen-
dent variable (patient status) met the predefined stepwise
inclusion criteria. Consequently, all other variables were ex-
cluded from the regression models. A significant regression
equation was found (F (1,34 ) = 11.593, p = 0.002), with an ad-
justed R 2 of 0.232 predicting subjective inclusion based on
group status (0 = control, 1 = patient). In addition, a signif-
icant regression equation, predicting subjective exclusion
during inclusion trials, was found (F (1,34 ) = 4.739, p = 0.036),
with an adjusted R 2 of 0.092. 

4. Discussion 

The current study is the first to show that opioid-dependent
patients experience more social exclusion and less social in-
clusion during social inclusion trials and reduced activation
in brain areas associated with social cognition and emotion
processing. 

Opioid dependent patients felt more excluded and less
included in comparison to the healthy control sample dur-
ing the social inclusion condition. This finding might be ex-
plained by a reduced flexibility to adapt to social inclusion,
i.e. positive social stimuli. This assumption is supported by
the finding that oxycodone administration dampened func-
tional brain response to positive social stimuli, e.g. happy
faces ( Wardle et al., 2014 ). Another reason might be that so-
cial rejection is a common reaction drug addicts encounter
every day ( Frischknecht et al., 2011 ). As a consequence,
patients may be more suspicious regarding pro-social inter-
action. 

The finding of similar subjective exclusion ratings in pa-
tients and controls during social exclusion trials seem to
contradict previous research that indicated alleviation of
social rejection by opioids. However, those studies inves-
tigated the effect of acute opioid exposure in healthy par-
ticipants. It is conceivable that chronic opioid exposure re-
duces the alleviating effect of opioids on social rejection.
Positron emission tomography (PET) studies indicated that
chronic OMT treatment leads to a reduced availability of
opioid receptors in the thalamus, amygdala, caudate, an-
terior cingulate cortex and putamen. Receptor availability
was 19–32% lower in patients, suggesting that not all opioid
receptors are available to function in their normal physio-
logical roles ( Kling et al., 2000 ). Therefore, similar release
of endogenous opioids might yield lower effects, resulting in
less reduction of feeling socially rejected in chronic versus
acute opioid exposure. 

While no significant differences between experimental
conditions were found in the patient sample, healthy in-
dividuals displayed a differential activation pattern across
social inclusion and exclusion trials. The experimental sim-
ulation of social exclusion in the current study induced
brain activation in the heathy control group in clusters of
mesolimbic and frontal brain areas, including the insula and
parts of the anterior, middle and posterior cingulate cortex.
The insula and the ventral anterior cingulate cortex (vACC)
have been identified as brain areas that are essential for
processing social stimuli. Increased activation of both struc-
tures has been linked to the affective value of social exclu-
sion ( Bolling et al., 2011; Eisenberger et al., 2003; Kross et
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l., 2011 ). It has been suggested that insula activation re-
ects negative emotional reaction to ostracism and distress 
 Moor et al., 2012 ). 
The simulation of social inclusion during the experiment 

esulted in brain activation in a thalamo-cingular cluster. 
tudies indicated that neural activation in the middle cin- 
ulum is associated with the magnitude of stimulus value 
uring fMRI reward learning tasks ( Lin et al., 2012 ). Ad-
itional work has demonstrated that positive social feed- 
ack elicits increased activation in thalamic regions ( Guyer 
t al., 2012 ). Exploratory analyses with a liberal threshold
ndicated that social exclusion compared to social inclusion 
nduced higher neural activation in the orbitofrontal cor- 
ex (OFC), inferior frontal gyrus (IFG), putamen, ACC, cau- 
ate, temporal gyri and cerebellum and in fusiform gyri. A 
ecent meta-analytic study evaluated the results of more 
han 200 studies on social cognition, emotion and intero- 
eption ( Adolfi et al., 2017 ). Results indicate that the ACC,
utamen and IFG are frequently associated with social cog- 
ition, with the putamen and IFG also being involved in 
motion processing. The OFC and fusiform gyrus have been 
mplicated in emotion perception. The caudate and cere- 
ellum play a role in processing interoceptive information, 
hereas the temporal gyri are also associated with social 
ognition. 
Within group- analyses in the patient sample could not 

how significant differences in brain activation across task 
onditions. Multiple factors might have contributed to this 
nding. Firstly, analyses indicated a negative association be- 
ween the extent of brain activation and methadone equiv- 
lent dose. This suggests that neural activation in patients 
ight be attenuated and levelled across conditions partly 
ue to medication effects. However, the consideration of 
ethadone equivalent doses and composite medication load 

n the analyses still yielded no significant difference be- 
ween conditions in the patient group. This suggest that 
actors, other than medication and intake of psychoac- 
ive substances, may contribute to these findings. Animal 
tudies demonstrated that opioid exposure decreases mu- 
pioid receptor sensitivity and availability ( Maher et al., 
005 ), modulates GABA A receptor functioning ( Zarrindast 
t al., 2004 ), and modifies glutamate receptor targeting 
 Glass et al., 2005 ), thereby modifying and shaping neu-
al responses. Subsequent studies in prescription opioid- 
ependent patients demonstrated altered functional con- 
ectivity compared to healthy controls in brain areas that 
re involved in social cognition (e.g. amygdala) ( Upadhyay 
t al., 2010 ). Further studies suggested that chronic mor-
hine exposure is also associated with gray matter volume 
hanges ( Younger et al., 2011 ). While the exact mechanism
nderlying the missing differences across task conditions in 
he patient group could not be determined in the current
tudy, it is conceivable that adaptive changes on multiple 
evels (e.g. receptors) that result from prolonged opioid 
xposure might contribute to the finding. Still, the exact 
echanisms await further investigation. 
Comparing the neural responses to social feedback of pa- 

ients and healthy individuals showed that healthy controls 
isplayed higher neural brain response compared to patients 
n OMT during social exclusion in the superior and middle
ccipital gyri and lingual cunei. It was suggested that the
ccipital cortices play a role in processing interoceptive in- 
ormation and emotions and that the cuneus and the lingual
yrus are involved in social cognition ( Adolfi et al., 2017 ).
urther analyses showed higher brain activation during the 
nclusion condition in right cuneus and occipital gyri of
ealthy participants versus patients on OMT. A recent study
ound that the cuneus displayed increased activation in re-
ponse to positive social feedback ( Dalgleish et al., 2017 ).
n addition, response in this area was more pronounced dur-
ng positive feedback than negative feedback. In the light
f previous work, current results indicate that healthy par-
icipants modulate their neural response to social feed- 
ack more than patients on OMT. In other words, patients
eceiving OMT may have reduced neural and behavioral 
exibility, possibly resulting in habitual, negative social 
xpectations. 
In accordance to our second hypothesis, our data suggest 

hat opioid-dependent patients have increased heat pain- 
hresholds relative to healthy controls. This finding is sup-
orted by earlier work that found heat hypoalgesia in pa-
ients on OMT ( Peles et al., 2011 ). 
Results show that painful stimuli induce neural activation 

n the insula, caudate, temporal gyrus and cortical regions
e.g. the somatosensory cortex, IFG) that have been asso- 
iated with pain perception and emotion processing before 
 Adolfi et al., 2017; Wager et al., 2013 ). Regression analy-
es indicated that activation in many of those areas (e.g.
nsula and temporal gyri) also demonstrated a positive as-
ociation with subjective pain ratings during the scanning 
ession, supporting the association between functional acti- 
ation in those areas and pain perception. Findings corrob-
rate results of studies using a similar version of the Cyber-
all task ( Bungert et al., 2015 ). Authors reported increased
ain-induced brain response in the insula, amygdala and 
ight thalamus. Contrary to current findings, authors also 
eported bilateral activation in the anterior cingulate cor- 
ex. A possible explanation for different findings could be
hat samples of both studies differ with regards to age, sex
nd comorbidities. Supporting that notion, multiple studies 
ndicated that all of those factors influence pain percep-
ion ( Fillingim et al., 2009; Lautenbacher et al., 2005 ). Par-
ially overlapping neural activation patterns of patients on 
MT and patients with borderline personality disorder in the
tudy by Bungert et al. 2015 might result from shared dis-
ase processes. It is conceivable that both patient groups
how patterns of unstable and intense interpersonal rela- 
ionships and repeated, potentially self-damaging, impulsiv- 
ty (e.g. substance abuse) that might underlie the observed
ehavioral and neural patterns. Future studies are needed 
o determine similarities and differences between both pa- 
ient groups. 
In line with the second hypothesis, results of our study

emonstrated reduced brain response in opioid-dependent 
atients during pain trials in superior and middle occipi-
al, fusiform gyrus and cuneus. Studies have found that the
usiform gyrus is active during painful electrical stimulation 
 Roy et al., 2009; Schwedt et al., 2014 ). Other research re-
orted increased heat pain stimulus-induced activation in 
he lateral occipital gyrus and cuneus ( Maleki et al., 2013 ).
t has been suggested that those areas are active when ex-
ectations regarding pain intensity are violated, e.g. a pre-
eding cue does not correctly predict pain intensity ( Roy et
l., 2009 ). This might indicate that neuro-adaptation and
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learning processes contribute to an altered pain perception
in opioid-dependent patients on OMT. 

In line with the third hypothesis, social exclusion was as-
sociated with increased subjective pain. This result corrob-
orates previous findings that social interaction and social
support modulate pain perception ( Campbell et al., 2011;
Master et al., 2009 ). 

In accordance to earlier work and our fourth hypothe-
sis, our results indicated that social integration modulates
the magnitude of perceived exclusion in opioid dependent
patients ( Karremans et al., 2011 ). Patients in a relation-
ship reported to feel more included during social inclu-
sion and exclusion trials. In addition, a positive association
between childhood trauma and feelings of exclusion dur-
ing social inclusion trials was found, while no relation be-
tween childhood trauma and feelings of exclusion or inclu-
sion during social exclusion trials was found. These findings
parallel the finding that patients on OMT reported to feel
more excluded and less included during social inclusion,
while reporting same values as healthy individuals during
social exclusion trials. Previous work has established a re-
lation between rejection sensitivity and childhood trauma
experience ( Downey et al., 1998; Feldman and Downey,
1994 ). One can speculate that higher rates of childhood
trauma in OMT patients might contribute to a predispo-
sition to react with suspicion to positive social feedback,
thereby contributing to higher feeling of exclusion during
inclusion trials. This proposition harmonizes with findings
by Chamberland and colleagues that found that emotional
neglect is a predictor of lack of self-esteem and interper-
sonal difficulties ( Chamberland et al., 2012 ). The missing
association between childhood trauma and feelings of in-
clusion and exclusion during social exclusion trials was un-
expected. One can speculate that this might be due to a
restricted variability of measurement scores, small sample
size or a non-linear association between trauma and re-
action to social exclusion or a combination of all of the
aforementioned. Results of multiple regression analyses in-
dicated that group affiliation (patient vs. healthy control)
best predicted subjective experience of social exclusion
and inclusion. While this suggests that patient status is
most relevant, current findings do also support the notion
that partnership status and past learning history contribute
to differences in social interaction patients and healthy
individuals. 

A possible limitation of the current study is the rather
small sample size. Therefore, small effects might have been
lost. The current study intended to address this issue by im-
plementing more liberal statistical thresholds for a selected
number of analyses of interest. Further, the study sample
was too small to allow for subgroup analyses based on age.
However, we intended to reduce bias risk by matching con-
trol group to the patient sample with regards to age and
sex. Moreover, patients that were included in the current
study took substances other than methadone (or buprenor-
phine), such as benzodiazepines. This might limit inter-
nal validity, but a naturalistic sample of opioid-dependent
patients – as included in the current sample – might en-
hance external validity and therefore represent a reason-
able trade-off between both entities. In addition, we in-
tended to control for the effects of psychotropic substances
by considering a composite medication load in our sta-
tistical analyses. While psychotropic substances undoubt-
edly have the potential to induce changes in brain acti-
vation, the significance of reported results did not change
when medication load was controlled for. While the phar-
macokinetics of buprenorphine and methadone are differ-
ent, there is a lack of research on differential effects
of both pharmaceuticals on neural response. Some stud-
ies investigating effects of methadone and buprenorphine
on heroin cue-induced brain response found that acute
administration of buprenorphine and methadone both re-
duced neural activation in the amygdala and in the hip-
pocampal complex, while activation in the ventral tegmen-
tal area (VTA) and thalamus was only reduced by buprenor-
phine and insular activation only by methadone ( Langleben
et al., 2008; Mei et al., 2010 ). However, those effects
were observed after acute administration of both sub-
stances and patients in the current study were scanned
hours after last administration of either buprenorphine or
methadone. In addition, less than one third of patients
in the current sample were treated with buprenorphine.
Therefore, combining both groups in the current study most
likely didn’t bias results substantially. Additionally, group
sizes for analyzing the effect of social support (i.e. re-
lationship status) were limited and results need further
validation. 

According to previous neuroimaging studies on pain per-
ception, the current study determined pain thresholds at an
individual level ( Wilcox et al., 2015 ). Neuroimaging stud-
ies that compared percept-related (i.e. subjective experi-
ence of pain) and stimulus-related (i.e. nociceptive prop-
erties) models to identify brain networks associated with
pain concluded that percept-related models capture more
extensive activation than stimulus-related models, suggest-
ing that physical properties of the stimuli do not correspond
directly to the experience of pain, neither to the extent of
fMRI activation ( Wilcox et al., 2015 ). While this seems to
favor analytical approaches using percept-related models,
there still might be a contribution or risk of bias resulting
from differences in absolute stimulus properties. Therefore,
we performed additional analyses of the imaging data using
the absolute temperature of the individual pain threshold
as covariate. Results showed that significance of the results
remained unchanged and the peak activation voxels could
be replicated. 

While social exclusion might be a predisposing factor for
addictive disorders and the current study cannot draw con-
clusions about causal relations, much evidence supports the
notion that social exclusion persists even when drug use
is reduced or ended, and remains strongly associated with
mental health symptoms ( Link et al., 1997 ). Therefore, the
investigation of social exclusion in the current study might
contribute to a better understanding of the effects of so-
cial cognition during the course of dependence as well as
treatment success in stimulant abusers. 

To sum up, current results indicate that opioid-dependent
patients experience more social exclusion and less social
inclusion during experimental induction of social inclusion
which is accompanied by a reduced variability of neural
brain response in brain areas associated with social cogni-
tion and emotion processing. In addition, response to so-
cial inclusion and exclusion was modulated by social inte-
gration, i.e. partnership status. This indicates that nega-
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ive social affect, which is a potential trigger for a relapse
o heroin, can be attenuated by social integration. There- 
ore, therapeutic strategies enhancing social integration of 
pioid-dependent patients might be an important therapeu- 
ic element for reducing relapse risk. 

uthors contribution 

uthors Derik Hermann, Falk Kiefer, Christian Vollmert and 
abine Vollstädt-Klein designed the study and wrote the pro- 
ocol. Authors Patrick Bach, Ulrich Frischknecht, Melanie 
ungert and Damian Karl managed the literature searches 
nd analyses. Authors Patrick Bach, Damian Karl, Sabine 
ollstädt-Klein and Ulrich Frischknecht undertook the statis- 
ical analysis, and authors Patrick Bach, Stefanie Lis, Derik 
ermann and Christian Vollmert wrote the first draft of the
anuscript. All authors contributed to and have approved 
he final manuscript. 

onflict of interest 

one of the authors reported any financial interests or any 
otential conflicts of interest. 

unding 

he current study was conducted without additional finan- 
ial support from any external research bodies. 

cknowledgments 

e would like to thank Michael Rieß and Oliver Klein for
heir assistance in data collection. 

upplementary materials 

upplementary material associated with this article can be 
ound, in the online version, at doi: 10.1016/j.euroneuro. 
018.11.1109 . 

eferences 

dolfi, F. , Couto, B. , Richter, F. , Decety, J. , Lopez, J. , Sigman, M. ,
Manes, F. , Ibanez, A. , 2017. Convergence of interoception, emo-
tion, and social cognition: a twofold fMRI meta-analysis and le-
sion approach. Cortex 88, 124–142 . 

hern, J. , Stuber, J. , Galea, S. , 2007. Stigma, discrimination
and the health of illicit drug users. Drug Alcohol Depend. 88,
188–196 . 

lmeida, J.R. , Akkal, D. , Hassel, S. , Travis, M.J. , Banihashemi, L. ,
Kerr, N. , Kupfer, D.J. , Phillips, M.L. , 2009. Reduced gray matter
volume in ventral prefrontal cortex but not amygdala in bipolar 
disorder: significant effects of gender and trait anxiety. Psychi- 
atry Res.: Neuroimaging 171, 54–68 . 

eck, A.T. , Ward, C.H. , Mendelson, M. , Mock, J. , Erbaugh, J. , 1961.
An inventory for measuring depression. Arch. Gen. Psychiatry 4, 

561–571 . 
enkert, O. , Hippius, H. , 2016. Kompendium Der Psychiatrischen
Pharmakotherapie. Springer, Berlin Heidelberg . 

ershad, A.K. , Seiden, J.A. , de Wit, H. , 2016. Effects of buprenor-
phine on responses to social stimuli in healthy adults. Psy-
choneuroendocrinology 63, 43–49 . 

olling, D.Z. , Pitskel, N.B. , Deen, B. , Crowley, M.J. , McPart-
land, J.C. , Mayes, L.C. , Pelphrey, K.A. , 2011. Dissociable brain
mechanisms for processing social exclusion and rule violation.
NeuroImage 54, 2462–2471 . 

ungert, M. , Koppe, G. , Niedtfeld, I. , Vollstadt-Klein, S. ,
Schmahl, C. , Lis, S. , Bohus, M. , 2015. Pain processing after so-
cial exclusion and its relation to rejection sensitivity in border-
line personality disorder. PLoS One 10, e0133693 . 

acioppo, S. , Frum, C. , Asp, E. , Weiss, R.M. , Lewis, J.W. , Ca-
cioppo, J.T. , 2013. A quantitative meta-analysis of functional
imaging studies of social rejection. Sci. Rep. 3, 2027 . 

ampbell, P. , Wynne-Jones, G. , Dunn, K.M. , 2011. The influence of
informal social support on risk and prognosis in spinal pain: a
systematic review. Eur. J. Pain 15, 444 . 

hamberland, C. , Fallon, B. , Black, T. , Trocmé, N. , Chabot, M. ,
2012. Correlates of substantiated emotional maltreatment in 
the second canadian incidence study. J. Fam. Viol. 27, 
201–213 . 

ompton, P. , Charuvastra, V.C. , Ling, W. , 2001. Pain intolerance in
opioid-maintained former opiate addicts: effect of long-acting 
maintenance agent. Drug Alcohol Depend. 63, 139–146 . 

algleish, T. , Walsh, N.D. , Mobbs, D. , Schweizer, S. , van Harme-
len, A.L. , Dunn, B. , Dunn, V. , Goodyer, I. , Stretton, J. , 2017. So-
cial pain and social gain in the adolescent brain: a common neu-
ral circuitry underlying both positive and negative social evalu-
ation. Sci. Rep. 7, 42010 . 

omsalla, M. , Koppe, G. , Niedtfeld, I. , Vollstadt-Klein, S. ,
Schmahl, C. , Bohus, M. , Lis, S. , 2014. Cerebral processing of
social rejection in patients with borderline personality disorder. 
Soc. Cognit. Affect. Neurosci. 9, 1789–1797 . 

owney, G. , Lebolt, A. , Rincón, C. , Freitas, A.L. , 1998. Rejection
sensitivity and children’s interpersonal difficulties. Child Dev. 
69, 1074–1091 . 

isenberger, N.I. , Lieberman, M.D. , Williams, K.D. , 2003. Does re-
jection hurt? An FMRI study of social exclusion. Science 302,
290–292 . 

eldman, S. , Downey, G. , 1994. Rejection sensitivity as a mediator
of the impact of childhood exposure to family violence on adult
attachment behavior. Dev. Psychopathol. 6, 231–247 . 

illingim, R.B. , King, C.D. , Ribeiro-Dasilva, M.C. ,
Rahim-Williams, B. , Riley 3rd, J.L. , 2009. Sex, gender, and
pain: a review of recent clinical and experimental findings. J.
Pain 10, 447–485 . 

rischknecht, U. , Beckmann, B. , Heinrich, M. , Kniest, A. ,
Nakovics, H. , Kiefer, F. , Mann, K. , Hermann, D. , 2011. The vi-
cious circle of perceived stigmatization, depressiveness, anxi- 
ety, and low quality of life in substituted heroin addicts. Eur.
Addict. Res. 17, 241–249 . 

lass, M.J. , Kruzich, P.J. , Colago, E.E. , Kreek, M.J. , Pickel, V.M. ,
2005. Increased AMPA GluR1 receptor subunit labeling on the
plasma membrane of dendrites in the basolateral amygdala of
rats self-administering morphine. Synapse 58, 1–12 . 

uyer, A.E. , Choate, V.R. , Pine, D.S. , Nelson, E.E. , 2012. Neural
circuitry underlying affective response to peer feedback in ado-
lescence. Soc. Cognit. Affect. Neurosci. 7, 81–92 . 

ay, J.L. , White, J.M. , Bochner, F. , Somogyi, A.A. , Semple, T.J. ,
Rounsefell, B. , 2009. Hyperalgesia in opioid-managed chronic 
pain and opioid-dependent patients. J Pain 10, 316–322 . 

su, D.T. , Sanford, B.J. , Meyers, K.K. , Love, T.M. , Hazlett, K.E. ,
Wang, H. , Ni, L. , Walker, S.J. , Mickey, B.J. , Korycinski, S.T. ,
2013. Response of the μ-opioid system to social rejection and
acceptance. Mol. Psychiatry 18, 1211 . 

aros, K. , Niederstrasser, N. , Abidi, L. , Bernstein, D.P. , Bader, K. ,

https://doi.org/10.1016/j.euroneuro.2018.11.1109
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0001
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0001
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0001
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0001
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0001
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0001
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0001
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0001
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0001
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0002
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0002
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0002
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0002
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0003
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0003
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0003
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0003
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0003
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0003
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0003
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0003
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0003
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0004
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0004
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0004
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0004
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0004
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0004
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0005
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0005
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0005
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0006
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0006
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0006
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0006
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0007
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0007
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0007
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0007
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0007
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0007
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0007
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0007
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0008
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0008
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0008
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0008
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0008
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0008
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0008
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0008
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0009
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0009
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0009
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0009
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0009
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0009
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0009
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0010
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0010
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0010
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0010
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0011
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0011
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0011
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0011
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0011
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0011
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0012
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0012
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0012
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0012
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0013
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0013
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0013
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0013
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0013
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0013
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0013
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0013
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0013
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0013
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0014
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0014
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0014
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0014
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0014
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0014
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0014
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0014
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0015
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0015
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0015
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0015
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0015
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0016
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0016
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0016
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0016
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0017
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0017
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0017
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0018
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0018
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0018
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0018
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0018
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0018
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0019
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0019
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0019
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0019
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0019
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0019
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0019
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0019
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0019
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0020
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0020
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0020
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0020
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0020
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0020
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0021
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0021
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0021
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0021
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0021
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0022
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0022
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0022
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0022
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0022
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0022
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0022
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0023
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0023
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0023
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0023
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0023
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0023
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0023
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0023
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0023
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0023
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0023
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0024
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0024
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0024
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0024
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0024
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0024


304 P. Bach, U. Frischknecht and M. Bungert et al. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2014. Factor structure, reliability, and known groups validity
of the German version of the childhood trauma questionnaire
(short-form) in Swiss patients and nonpatients. J. Child Sex
Abuse 23, 418–430 . 

Karremans, J.C. , Heslenfeld, D.J. , van Dillen, L.F. , Van Lange, P.A. ,
2011. Secure attachment partners attenuate neural responses
to social exclusion: an fMRI investigation. Int. J. Psychophysiol.
81, 44–50 . 

Kling, M.A. , Carson, R.E. , Borg, L. , Zametkin, A. , Matochik, J.A. ,
Schluger, J. , Herscovitch, P. , Rice, K.C. , Ho, A. , Eckel-
man, W.C. , Kreek, M.J. , 2000. Opioid receptor imaging
with positron emission tomography and [(18)F]cyclofoxy in
long-term, methadone-treated former heroin addicts. J. Phar-
macol. Exp. Ther. 295, 1070–1076 . 

Klinitzke, G. , Romppel, M. , Hauser, W. , Brahler, E. , Glaesmer, H. ,
2012. The German version of the childhood trauma question-
naire (CTQ): psychometric characteristics in a representative
sample of the general population. Psychother. Psychosom. Med.
Psychol. 62, 47–51 . 

Kornreich, C. , Foisy, M.L. , Philippot, P. , Dan, B. , Tecco, J. , Noel, X. ,
Hess, U. , Pelc, I. , Verbanck, P. , 2003. Impaired emotional facial
expression recognition in alcoholics, opiate dependence sub-
jects, methadone maintained subjects and mixed alcohol-opiate
antecedents subjects compared with normal controls. Psychia-
try Res. 119, 251–260 . 

Kross, E. , Berman, M.G. , Mischel, W. , Smith, E.E. , Wager, T.D. ,
2011. Social rejection shares somatosensory representations
with physical pain. Proc. Natl. Acad. Sci. U. S. A. 108,
6270–6275 . 

Langleben, D.D. , Ruparel, K. , Elman, I. , Busch-Winokur, S. , Prati-
wadi, R. , Loughead, J. , O’Brien, C.P. , Childress, A.R. , 2008.
Acute effect of methadone maintenance dose on brain FMRI re-
sponse to heroin-related cues. Am. J. Psychiatry 165, 390–394 . 

Lautenbacher, S. , Kunz, M. , Strate, P. , Nielsen, J. ,
Arendt-Nielsen, L. , 2005. Age effects on pain thresholds,
temporal summation and spatial summation of heat and
pressure pain. Pain 115, 410–418 . 

Lin, A. , Adolphs, R. , Rangel, A. , 2012. Social and monetary reward
learning engage overlapping neural substrates. Soc. Cognit. Af-
fect. Neurosci. 7, 274–281 . 

Link, B.G. , Struening, E.L. , Rahav, M. , Phelan, J.C. , Nuttbrock, L. ,
1997. On stigma and its consequences: evidence from a longi-
tudinal study of men with dual diagnoses of mental illness and
substance abuse. J. Health Soc. Behav. 38, 177–190 . 

MacDonald, G. , Leary, M.R. , 2005. Why does social exclusion hurt?
The relationship between social and physical pain. Psychol. Bull.
131, 202 . 

Maher, C.E. , Martin, T.J. , Childers, S.R. , 2005. Mechanisms of mu
opioid receptor/G-protein desensitization in brain by chronic
heroin administration. Life Sci. 77, 1140–1154 . 

Maleki, N. , Brawn, J. , Barmettler, G. , Borsook, D. , Becerra, L. ,
2013. Pain response measured with arterial spin labeling. NMR
Biomed. 26, 664–673 . 

Master, S.L. , Eisenberger, N.I. , Taylor, S.E. , Naliboff, B.D. ,
Shirinyan, D. , Lieberman, M.D. , 2009. A picture’s worth: part-
ner photographs reduce experimentally induced pain. Psychol.
Sci. 20, 1316–1318 . 

Mei, W. , Zhang, J.X. , Xiao, Z. , 2010. Acute effects of sublingual
buprenorphine on brain responses to heroin-related cues in ear-
ly-abstinent heroin addicts: an uncontrolled trial. Neuroscience
170, 808–815 . 

Moor, B.G. , Guroglu, B. , Op de Macks, Z.A. , Rombouts, S.A. , Van
der Molen, M.W. , Crone, E.A. , 2012. Social exclusion and pun-
ishment of excluders: neural correlates and developmental tra-
jectories. NeuroImage 59, 708–717 . 

Morgan, D. , Grant, K.A. , Gage, H.D. , Mach, R.H. , Kaplan, J.R. ,
Prioleau, O. , Nader, S.H. , Buchheimer, N. , Ehrenkaufer, R.L. ,
Nader, M.A. , 2002. Social dominance in monkeys: dopamine
D2 receptors and cocaine self-administration. Nat. Neurosci. 5,
169–174 . 

Panksepp, J. , Herman, B. , Conner, R. , Bishop, P. , Scott, J.P. , 1978.
The biology of social attachments: opiates alleviate separation
distress. Biol. Psychiatry 13, 607–618 . 

Peles, E. , Schreiber, S. , Hetzroni, T. , Adelson, M. , Defrin, R. , 2011.
The differential effect of methadone dose and of chronic pain on
pain perception of former heroin addicts receiving methadone
maintenance treatment. J. Pain 12, 41–50 . 

Phillips, M.L. , Travis, M.J. , Fagiolini, A. , Kupfer, D.J. , 2008. Medi-
cation effects in neuroimaging studies of bipolar disorder. Am.
J. Psychiatry 165, 313–320 . 

Rosenblum, A. , Joseph, H. , Fong, C. , Kipnis, S. , Cleland, C. ,
Portenoy, R.K. , 2003. Prevalence and characteristics of chronic
pain among chemically dependent patients in methadone main-
tenance and residential treatment facilities. JAMA: J. Am. Med.
Assoc. 289, 2370–2378 . 

Roy, M. , Piche, M. , Chen, J.I. , Peretz, I. , Rainville, P. , 2009. Cere-
bral and spinal modulation of pain by emotions. Proc. Natl.
Acad. Sci. U. S. A. 106, 20900–20905 . 

Sackeim, H.A. , 2001. The definition and meaning of treatment-re-
sistant depression. J. Clin. Psychiatry 62 (Suppl 16), 10–17 . 

Schwedt, T.J. , Chong, C.D. , Chiang, C.C. , Baxter, L. , Schlag-
gar, B.L. , Dodick, D.W. , 2014. Enhanced pain-induced activity
of pain-processing regions in a case-control study of episodic
migraine. Cephalalgia 34, 947–958 . 

Shalev, U. , Grimm, J.W. , Shaham, Y. , 2002. Neurobiology of relapse
to heroin and cocaine seeking: a review. Pharmacol. Rev. 54,
1–42 . 

Strain, E.C. , Stoller, K. , Walsh, S.L. , Bigelow, G.E. , 2000. Ef-
fects of buprenorphine versus buprenorphine/naloxone tablets
in non-dependent opioid abusers. Psychopharmacology 148,
374–383 . 

Termorshuizen, F. , Krol, A. , Prins, M. , Geskus, R. , van den Brink, W. ,
van Ameijden, E.J.C. , 2005. Prediction of relapse to frequent
heroin use and the role of methadone prescription: an analysis
of the Amsterdam cohort study among drug users. Drug Alcohol
Depend. 79, 231–240 . 

Trafton, J.A. , Oliva, E.M. , Horst, D.A. , Minkel, J.D. , Humphreys, K. ,
2004. Treatment needs associated with pain in substance use
disorder patients: implications for concurrent treatment. Drug
Alcohol Depend. 73, 23–31 . 

Upadhyay, J. , Maleki, N. , Potter, J. , Elman, I. , Rudrauf, D. , Knud-
sen, J. , Wallin, D. , Pendse, G. , McDonald, L. , Griffin, M. , An-
derson, J. , Nutile, L. , Renshaw, P. , Weiss, R. , Becerra, L. , Bor-
sook, D. , 2010. Alterations in brain structure and functional con-
nectivity in prescription opioid-dependent patients. Brain 133,
2098–2114 . 

van Harmelen, A.L. , Hauber, K. , Gunther Moor, B. , Spinhoven, P. ,
Boon, A.E. , Crone, E.A. , Elzinga, B.M. , 2014. Childhood emo-
tional maltreatment severity is associated with dorsal me-
dial prefrontal cortex responsivity to social exclusion in young
adults. PLoS One 9, e85107 . 

Wager, T.D. , Atlas, L.Y. , Lindquist, M.A. , Roy, M. , Woo, C.W. ,
Kross, E. , 2013. An fMRI-based neurologic signature of physical
pain. N. Engl. J. Med. 368, 1388–1397 . 

Wardle, M.C. , Fitzgerald, D.A. , Angstadt, M. , Rabinak, C.A. ,
de Wit, H. , Phan, K.L. , 2014. Effects of oxycodone on
brain responses to emotional images. Psychopharmacology 231,
4403–4415 . 

Wilcox, C.E. , Mayer, A.R. , Teshiba, T.M. , Ling, J. , Smith, B.W. ,
Wilcox, G.L. , Mullins, P.G. , 2015. The subjective experience of
pain: an FMRI study of percept-related models and functional
connectivity. Pain Med. 16, 2121–2133 . 

Williams, K.D. , Jarvis, B. , 2006. Cyberball: a program for use in re-
search on interpersonal ostracism and acceptance. Behav. Res.
Methods 38, 174–180 . 

Woo, C.W. , Koban, L. , Kross, E. , Lindquist, M.A. , Banich, M.T. ,

http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0024
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0025
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0025
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0025
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0025
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0025
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0026
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0026
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0026
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0026
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0026
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0026
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0026
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0026
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0026
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0026
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0026
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0026
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0027
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0027
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0027
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0027
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0027
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0027
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0028
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0028
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0028
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0028
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0028
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0028
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0028
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0028
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0028
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0028
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0029
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0029
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0029
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0029
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0029
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0029
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0030
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0030
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0030
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0030
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0030
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0030
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0030
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0030
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0030
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0031
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0031
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0031
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0031
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0031
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0031
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0032
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0032
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0032
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0032
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0033
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0033
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0033
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0033
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0033
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0033
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0034
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0034
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0034
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0035
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0035
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0035
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0035
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0036
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0036
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0036
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0036
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0036
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0036
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0037
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0037
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0037
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0037
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0037
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0037
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0037
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0038
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0038
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0038
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0038
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0039
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0039
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0039
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0039
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0039
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0039
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0039
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0040
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0040
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0040
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0040
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0040
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0040
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0040
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0040
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0040
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0040
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0040
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0040
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0041
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0041
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0041
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0041
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0041
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0041
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0042
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0042
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0042
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0042
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0042
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0042
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0043
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0043
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0043
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0043
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0043
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0044
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0044
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0044
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0044
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0044
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0044
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0044
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0045
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0045
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0045
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0045
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0045
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0045
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0046
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0046
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0047
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0047
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0047
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0047
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0047
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0047
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0047
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0048
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0048
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0048
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0048
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0049
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0049
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0049
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0049
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0049
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0050
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0050
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0050
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0050
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0050
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0050
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0050
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0051
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0051
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0051
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0051
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0051
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0051
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0052
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0052
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0052
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0052
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0052
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0052
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0052
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0052
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0052
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0052
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0052
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0052
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0052
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0052
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0052
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0052
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0052
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0053
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0053
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0053
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0053
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0053
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0053
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0053
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0053
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0054
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0054
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0054
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0054
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0054
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0054
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0054
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0055
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0055
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0055
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0055
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0055
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0055
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0055
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0056
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0056
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0056
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0056
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0056
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0056
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0056
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0056
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0057
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0057
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0057
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0058
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0058
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0058
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0058
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0058


Effects of social exclusion and physical pain in chronic opioid maintenance treatment 305 

 

Y  

Z  

 

Ruzic, L. , Andrews-Hanna, J.R. , Wager, T.D. , 2014. Separate
neural representations for physical pain and social rejection. 
Nat. Commun. 5, 5380 . 

ounger, J.W. , Chu, L.F. , D’arcy, N.T. , Trott, K.E. , Jastrzab, L.E. ,
Mackey, S.C. , 2011. Prescription opioid analgesics rapidly 
change the human brain. PAIN® 152, 1803–1810 . 
arrindast, M.R. , Ahmadi, S. , Haeri-Rohani, A. , Rezayof, A. , Ja-
fari, M.R. , Jafari-Sabet, M. , 2004. GABA(A) receptors in the ba-
solateral amygdala are involved in mediating morphine reward. 
Brain Res. 1006, 49–58 . 

http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0058
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0058
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0058
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0058
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0059
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0059
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0059
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0059
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0059
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0059
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0059
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0060
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0060
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0060
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0060
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0060
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0060
http://refhub.elsevier.com/S0924-977X(18)31970-9/sbref0060

	Effects of social exclusion and physical pain in chronic opioid maintenance treatment: fMRI correlates
	1 Introduction
	1.1 Hypotheses

	2 Experimental procedures
	2.1 Participants
	2.2 Study design
	2.3 Functional MRI acquisition and pre-processing
	2.4 Statistical analyses

	3 Results
	3.1 Group characteristics
	3.2 Effect of stimulus temperature and task condition on subjective pain
	3.3 Effect of task condition on subjective feeling of inclusion and exclusion
	3.4 Interpersonal relationship
	3.5 Childhood trauma
	3.6 Within-group analyses of fMRI data in healthy participants
	3.7 Within-group analyses of fMRI data in patients
	3.8 Between-group analyses of fMRI data
	3.9 Association of methadone dose and neural brain response
	3.10 Association of subjective pain ratings and neural brain response
	3.11 Multiple regression analysis

	4 Discussion
	Authors contribution
	Conflict of interest
	Funding
	Acknowledgments
	Supplementary materials
	References


