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Abstract
Introduction  Borderline personality disorder (BPD) is 
a severe psychiatric disorder that is characterised by 
major problems in emotion regulation. Affected persons 
frequently engage in non-suicidal self-injury (NSSI) 
to regulate emotions. NSSI is associated with high 
emotionality in patients with BPD and it can be expected 
that stimuli depicting scenes of NSSI elicit an emotional 
response indicative of BPD. The present study protocol 
describes the development and validation of an emotional 
picture set of self-injury (EPSI) to advance future research 
on emotion regulation in BPD.
Methods and analysis  The present validation study 
aims to develop and validate an emotional picture set 
relevant for BPD. Emotional responses to EPSI as well as 
to a neutral picture set will be investigated in a sample of 
30 patients with BPD compared with 30 matched, healthy 
controls and to 30 matched depressive controls. Emotional 
responses will be assessed by heart rate variability, facial 
expression and Self-Assessment Manikin.
Ethics and dissemination  Ethics approval was obtained 
by the medical ethics committee of the Carl-von-Ossietzky 
University of Oldenburg, Germany (registration: 2017–044). 
The results of the trial will be submitted for publication in a 
peer-reviewed journal.
Trial registration number  NCT03149926; Pre-results.

Introduction
Borderline personality disorder (BPD) is 
a severe psychiatric disorder that is char-
acterised by impairments in interpersonal, 
cognitive and emotional functioning.1 2 
Pervasive problems of affect regulation have 
been identified as the central dysfunction 
in BPD and it has been conceptualised as a 
disorder of the emotion regulation system.3 
Emotion dysregulation comprises high 
emotional vulnerability in conjunction with 
an inability to regulate emotions. Emotional 
vulnerability in individuals with BPD is char-
acterised by high sensitivity to emotional 
stimuli, unusual emotional intensity and a 
slow return to emotional baseline (emotions 

are long-lasting). In addition, the identifica-
tion, expression and inhibition of emotions 
are impaired.3–5 

Not surprisingly, emotionally evoca-
tive material is commonly used to investi-
gate BPD pathology. Previous studies have 
employed various emotional stimuli such as 
emotional facial expression,6 7 pleasant or 
unpleasant pictures,8 9 pictures and video 
clips depicting social interactions10 11 or 
script-driven imagery of a self-injurious act.12 
However, extant research utilising such 
emotionally evocative materials are incon-
sistent in their ability to provoke emotional 
responses in patients with BPD.13 14 Although 
some studies did not find evidence for 
abnormal emotional responsiveness in 
BPD9 15 16 others did.12 17 18 One possible 
explanation for these contradictory results 
might be that the stimulus material was 
not specific enough to elicit an emotional 
response in participants with BPD. For 
example, a recent study investigated differ-
ences in emotional response and specificity 
of the presented stimuli, as well as baseline 
emotional intensity and emotional reac-
tivity in patients with BPD, compared with 
healthy controls (HC). Emotional response 
to six discrete emotion-eliciting film clips 
was evaluated by measuring physiological 

Strengths and limitations of this study

►► Controlled study design to develop emotional stimuli 
relevant for borderline personality disorder (BPD).

►► Emotional reaction is assessed by subjective as well 
as objective measurements.

►► Emotion evocation is limited to non-suicidal self-in-
jury (NSSI) however other emotional triggers (eg, 
social interaction) are not investigated.

►► Limited to patients with BPD who actually engage 
in NSSI.

http://bmjopen.bmj.com/
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and subjective reactions. Furthermore, the two groups 
were compared regarding their emotional reaction 
to films with BPD-specific content (eg, sexual abuse, 
emotional dependence and abandonment/separa-
tion). Compared with HC, participants with BPD 
showed a significantly stronger emotional response to 
‘BPD-specific content’ films18 compared with films with 
non-BPD-specific emotional content. These findings 
suggest that measuring emotional responses character-
istic of BPD only make sense in contexts that are psycho-
logically challenging.9 13 The actual emergence and 
intensity of emotions depend on an array of psycholog-
ical characteristics such as personality, learning experi-
ences and cognition and the situational context, but also 
on the type and intensity of the perceived stimulus.19 
Emotional stimuli that activate specific, self-relevant 
information seem to arouse a more intense emotional 
reaction than more general emotional stimuli.5 20 There-
fore, to elicit a distinctive and BPD-specific emotional 
response, the stimulus material needs to have high 
relevance for persons with BPD and needs to trigger 
sensitivities that relate to BPD.5 9 Such a BPD-specific 
event could include the presentation of material used 
for non-suicidal self-injury (NSSI).

NSSI is associated with clinical and functional impair-
ments and occurs in a variety of psychiatric disorders.21 
There is an ongoing scientific debate regarding the 
conceptualisation and diagnostic organisation of NSSI. 
The fifth version of the Diagnostic and Statistical Manual 
of Mental Disorders presents Non-Suicidal Self-Injury 
Disorder (NSSID) as a separate nosological entity, but 
only as a condition that still requires further investiga-
tion.21 22 Thus, NSSI is not unique to BPD. Neverthe-
less, there is a general consensus that NSSI is related 
to BPD and is considered to be a core symptom of the 
disorder.1 21 NSSI is defined as a deliberate, although 
non-suicidal destruction of healthy body tissue, in which 
approximately 90% of patients with BPD partake.23 
NSSI typically includes repeated behaviours, such as 
skin cutting, banging or hitting, burning, scratching 
and interfering with wound healing.24 Further, emotion 
dysregulation is closely related to NSSI in persons with 
BPD. According to the experiential avoidance model, 
NSSI is applied to reduce or remove aversive emotional 
experiences and might be maintained by negative 
reinforcement.25–27

Empirical evidence suggests that NSSI is commonly 
performed as an emotion regulation strategy. Self-in-
jurers use NSSI to reduce unpleasant feelings, overcome 
dissociation, for self-punishment or for the reduction of 
aversive inner tension.28 29 Typically, NSSI is preceded 
by high arousal of negative emotions. NSSI behaviour 
is then initiated to decrease these emotions.29 30 For 
example, a decrease in negative affect and arousal was 
observed in self-injurers who were asked to visualise 
cutting or to engage in another painful behaviour, 
whereas the performance of a non-NSSI-related task 
did not lead to a decrease.29 In addition, seeing blood 

during NSSI seems to be an important aspect for many 
self-injurers. Glenn and Klonsky31 investigated the role 
of seeing blood during NSSI in persons with a history of 
NSSI. Most participants (51.6%) reported that seeing 
blood during NSSI was important. Furthermore, partici-
pants reported that seeing blood fulfilled multiple func-
tions such as to relieve tension (84.8%), to calm down 
(72.7%), to feel real (51.5%), to show the realness 
of NSSI (42.4%), to help focus (33.3%) and to show 
that NSSI has been performed correctly/deep enough 
(15.2%). A pilot study by Naoum et al32 compared 20 
female patients with BPD and 20 HC to investigate the 
effect of seeing blood during NSSI following stress and 
pain induction. The patients with BPD demonstrated a 
significantly stronger decrease in arousal compared with 
the HC group however, with no significant differences 
between blood and non-blood conditions. In addition, 
the urge for NSSI was associated with a significantly 
greater decrease in arousal in the blood condition in 
patients with BPD. Yet, seeing blood did not result in 
greater relief of tension.

Despite the connection between emotion regulation 
deficits and NSSI in BPD, there are currently no studies 
utilising stimuli depicting the varying stages of NSSI. 
Doing so would help investigate whether emotional 
reactions in patients with BPD gradually depends on 
the stage of NSSI presented by the stimuli. Thus, a spec-
ified stimuli database, validated in a BPD population for 
evoking emotional responses in BPD, is lacking.

This study
Although emotion dysregulation is recognised as a core 
symptom of BPD, current evidence is inconsistent and 
contradictory. This could be explained, at least partially, 
by the use of unsuitable and unspecific emotional stimuli 
that do not tap into BPD-relevant themes. However, to 
improve and extend research on emotion regulation in 
BPD, the availability of validated emotional stimuli, that 
reliably elicit emotional reactions specifically for BPD, 
is a necessary prerequisite.

This study aims to develop and validate an emotional 
picture set, emotional picture set with scenes of 
self-injury  (EPSI), relevant for BPD. In a second step, 
emotional reactions will be assessed by means of a self-re-
port measurement, as well as by a psychophysiological 
assessment of emotional reactions in participants with 
BPD who engage in NSSI, in a depressive control group 
and in a sample of matched HC. Furthermore, partic-
ipants are asked to indicate how strong the pictures 
relate to their person or biography. EPSI depicts objects 
frequently used for NSSI and shows the application of 
these objects at different stages of NSSI (objects only, 
pre-NSSI and during-NSSI). As NSSI can be associated 
with different emotional reactions depending on the 
stage of NSSI, differences in the emotional reactions 
are expected for participants with BPD and their respec-
tive NSSI stage. In the pre-NSSI stage (preparing for 
NSSI), negative affect, arousal and tension are expected 
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to be strongest. As NSSI behaviour begins, negative 
affect, arousal and tension might start to decrease. In 
the during-NSSI stage (successfully performed NSSI, ie, 
seeing blood), an even stronger decrease of emotions 
and a sense of relief and relaxation is expected. We 
predict that the control groups will show emotional 
reactions opposite that of BPD, that is, the control 
groups are expected to show low emotional responses 
when seeing pictures of NSSI objects and pictures of the 
pre-NSSI stage; they will show strong responses when 
watching pictures of the during-NSSI stage. Lastly, BPD 
participants are expected to report higher self-refer-
encing in response to the pictures when compared with 
controls.

To investigate whether our database is BPD relevant, 
evaluations of the NSSI images will be compared with 
neutral images and with two separate control groups. In 
this way, the present study will investigate to what extent 
EPSI can elicit an emotional response specifically for 
persons with BPD and if the emotional response differs 
with regard to the stage of NSSI.

Objectives
The primary outcome variables include self-rated 
emotional reactions, as measured by the Self-Assess-
ment-Manikin (SAM)33; psychophysiological parame-
ters of emotional reactions will be assessed using heart 
rate variability (HRV), as an indicator of autonomic 
nervous system (ANS) activity. Finally, facial expressions 
will be analysed and measured with the Noldus Face-
Reader software (Noldus Information Technology, www.​
noldus.​com). As a secondary outcome variable, self-ref-
erence of EPSI will be measured on a 5-point Likert-
scale, using the item ‘How much do you see a relation 
to your own person/to your biography?’ from 1 (not at 
all) to 5 (very much).18

Primary objectives
1.	 An NSSI image database will be created (EPSI) to de-

velop a BPD-relevant stimulus set.
2.	 A within-groups comparison of emotional reactions to 

EPSI and neutral stimuli will be conducted to validate 
EPSI. Moreover, the emotional reactions to EPSI will 
be compared among patients with BPD, depressed pa-
tients and HC.

Secondary objectives
1.	 To assess how emotional reactions in participants with 

BPD, who engage in NSSI, gradually depend on see-
ing NSSI objects, pre-NSSI pictures and during NSSI 
pictures.

2.	 To investigate if participants with BPD who engage in 
NSSI rate EPSI as more self-referential than matched 
HC and depressive controls.

3.	 To determine if self-referential measurement cor-
relates positively with the actual emotional response.

4.	 To assess if BPD symptomatology correlates positively 
with emotional responses.

5.	 To investigate if self-rated emotional responses cor-
relate with psychophysiological measurements of emo-
tional responses within and between groups.

Methods and analysis
Participants
In total, 90 participants (30 patients with BPD , 30 
depressed patients with depression and 30 HC subjects) 
of  18–60 years of age will be recruited. To control for 
altered autonomic responses, all participants must be 
free of severe and persistent neurological disorders (in 
particular, epilepsy, multiple sclerosis, stroke or neuro-
degenerative diseases). Participants are not allowed to 
be currently medicated with antihistamines, neuroleptic 
medication, tranquillisers or beta blockers. Further, the 
patients with BPD must have a lifetime history of self-in-
jury. Exclusion criteria for the patients with BPD include 
psychotic disorders, current major depressive episode 
and acute suicidal crisis. Patients in the depressed control 
group need to have a current major depressive episode 
(depressive symptoms for at least 2 weeks). Patients 
with depression who also meet diagnostic criteria for a 
psychotic disorder will be excluded. The HCl group must 
not exhibit a current psychiatric disorder or a history of 
self-injury. Additional exclusion criteria for both control 
groups include attempted suicide or current suicidal 
ideation. Control groups will be matched to the BPD 
group on age and sex.

Patient and public involvement
Patients were not involved in the development of the 
research question, outcome measures or study design.

Diagnostic procedure
Assessments of DSM-IV Personality Disorders34 35 and the 
Borderline Symptom Checklist36 will be used to verify the 
diagnosis of BPD and to assess BPD symptoms. The struc-
tured clinical interview (SCID I,II) will be performed to 
assess psychiatric disorders.37 Further, a demographic 
questionnaire, as well as the Edinburgh Handedness 
Inventory,38 will be applied.

To record the history and methods of self-injury, the 
Inventory of Statements about Self-Injury (ISAS) and 
the Self-Harm Behavior Questionnaire (SHQ) will be 
applied.39 40 Any outcome above zero (meaning that NSSI 
has been performed) on the ISAS or SHQ will be an exclu-
sion criterion. General psychopathology will be recorded 
with the symptom checklist-90.41 Depressive symptoms will 
be self-rated with the Beck Depression Inventory .42 As the 
study will assess the emotional processing of images, the 
current mood and stress of the participants could have an 
influence. Therefore, they will be asked how emotionally 
strained and charged they are at the moment before and 
during testing, using a Likert-scale ranging from 0 to 10. 
A short break is planned in the middle of the experiment 
to check on the patients’ psychological distress. Acute 
somatic and psychological dissociation will be assessed via 
the short version of the Dissociative State Scale.43

http://www.noldus.com
http://www.noldus.com
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Stimuli
A professional photographer will photograph and process 
three NSSI-related object and scene categories. These 
will include objects that are frequently used for NSSI 
by patients with BPD (self-injury objects (SIOs)), scenic 
presentation of SIO use shortly before the injury (SIObi) 
and scenic presentation during SIO use (SIOdur). SIOs 
will be selected based on use frequency, psychiatrists’ 
expertise and the existing literature.4 29 44 Actors will be 
instructed by experimenters to mimic SIO use; only their 
arms will be visible. Each image involving body parts will 
be portrayed by a man and woman, to prevent gender-bi-
ased judgement (see figure 1 for examples from EPSI for 
the three categories of objects and scenes).

Experimental design
Participants will be asked to watch the images and to rate 
their current emotion on scales of arousal, dominance 
and valence, for which the SAM will be used.33 In addition, 
neutral objects will be displayed to provide control images 
(eg, towels and books; see figure 2 for examples of neutral 
images), which will be taken from an existing and validated 
database.45 A break will be included halfway through the 
stimulus presentation to assess participants’ emotional status 
and to prevent dissociations.46 Image presentation and SAM 
rating screens will be pseudorandomised across all catego-
ries. Medical professionals will be monitoring the partici-
pants to prevent overstraining and to intervene if necessary. 
In total, 90 images will be shown (45 EPSI/45 neutral), each 
for 500 ms, followed by the SAM evaluation (see figure 3 for 
the study design). At the end of the experiment, participants 

will perform a self-reference rating on all EPSI picture, using 
a 5-point scale with anchors: 1=‘not at all related to me’ and 
5=‘definitely related to me’. See table 1 for the study timeline 
flow.

Physiological measurement
Autonomic nervous system
HRV is a valid and reliable indicator of ANS activity and is 
a transdiagnostic marker of psychopathology.47 48 Heart rate 
will be recorded continuously with an EC-12R PC-based 
resting ECG system (Labtech, Debrecen, Hungary). Three 
electrodes will be attached according to Einthoven’s triangle 
and ground at the right lower limb.49 To derive HRV, a 
frequency domain analysis will be conducted by taking a 
Fourier transformed time-domain representation of the 
interbeat interval (IBI).50 As we plan to record task concur-
rent HR, the low (LF: 0.04–0.15 Hz) and high (HF: 0.15–
0.4 Hz) frequency bands will be of particular interest.51 The 
HRV data will be processed with the Kubios HRV software 
(​www.​kubios.​com).52 A threshold-based artefact correction 
algorithm, as it is implemented in the Kubios software, will 
be performed. To separate ectopic and misplaced beats from 
the normal sinus rhythm, the automatic artefact correction 
algorithm will be used.52 Further, heart rate reactivity will be 
calculated.

Emotional face activation
The universal emotions of happy, sad, angry, surprised, 
scared, disgusted and neutral, as proposed by Ekman 
and Keltner,53 will be measured with Noldus FaceReader 
software (Noldus Information Technology, www.​noldus.​
com). The programme reliably detects facial expressions 
and was successfully applied in numerous studies.54 55 
Participants will be videotaped with a webcam throughout 
the session, using a frame-by-frame analysis during which 
500+key points of the participant’s face will be localised 
and compared with a database of annotated images. The 

Figure 1  Examples from EPSI for the three categories of 
objects and scenes for NSSI. From first in a row: objects 
that are frequently used for NSSI by patients with BPD (SIO), 
scenic presentation of usage shortly before the injury and 
scenic presentation during the usage of SIO. BPD, Borderline 
personality disorder; EPSI, emotional picture set of self-injury; 
NSSI, non-suicidal self-injury; SIO, self-injury objects. 

Figure 2  Examples of neutral pictures from food-pics: an 
image database for experimental research on eating and 
appetite.

Figure 3  (A) Study design. (B) Experimental paradigm; 
NSSI; SAM I/II/III (dominance, arousal and valence) presented 
pseudorandomised. NSSI, non-suicidal self-injury; SAM, Self-
Assessment Manikin. 

www.kubios.com
www.noldus.com
www.noldus.com
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intensity of the universal emotions is then decoded on a 
scale from 0 to 1, where 0 indicates an absent emotion and 
1 an intense emotional reaction. In addition to universal 
emotions, the software also captures valence and arousal. 
Valence is calculated by subtracting the intensity of nega-
tive expressions (angry, scared and disgusted) from the 
intensity of ‘happy’ expressions. Arousal is calculated by 
subtracting the mean activation of specific facial muscle 
groups, occurring over the last 60 s, from current muscle 
activation. The mean of the five highest values then yields 
the value of arousal.

To prevent biased responses, each session will be cali-
brated with a neutral stimulus per participant.

Statistical analysis
Stimulus validation
Interrater reliability will be assessed with Krippendorff’s 
alpha. The advantage of this method over competing 
methods is that Krippendorff’s alpha allows for more 
than two raters (unlike Cohen’s Kappa) and can handle 
missing data points (unlike Fleiss Kappa).56 The assump-
tion of Krippendorff’s alpha is based on the observed 
disagreement corrected for disagreement by chance, 
which is calculable within a range of −1 to 1, where 1 illus-
trates perfect agreement, 0 no agreement beyond chance 
and negative values indicate inverse agreement.56 57 Boot-
strapped confidence intervals will be used since the distri-
bution is not known, the derivation of the correct SE is 
not straightforward and the type 1 error level is accept-
able.56 58 59 Krippendorff’s alpha will be computed for 
each SAM dimension, for each stimuli category.

Behavioural data
If the data show a normal distribution, a 2×3×4 between-sub-
jects analysis of variance (ANOVA) will be computed with 
the factors group, SAM evaluation and stimulus category. 
Further, the questionnaire scores will be correlated with 
the SAM evaluations for each stimulus category. To assess 
gender bias, linear regression will be performed to rule 
out possible performance differences.

Physiological data
HRV
Group-wise comparisons of HRV will be computed with 
a 2×2×4 ANOVA with the factors group, frequencies and 
stimulus category.

Emotional face activation
Facial expressions will be evaluated group-wise for each 
of the six universal emotions and stimulus categories, 
which results in a 2×4×6 ANOVA under the assumption 
of normally distributed data. Besides t-testing the group 
difference in valence and arousal, a correlation will be 
calculated with the SAM dimensions of valence and 
arousal. This serves as a further measure of the reliability 
of the participants’ behavioural response with their phys-
iological reaction to the stimuli.

Sample size justification
Based on calculations with G*Power, a fixed effects 
ANOVA with 30 participants per group will yield a large 
effect size (0.62) with a power of 0.66.60 The size of the 
groups was derived from earlier studies comparing the 
affective reaction of patients with BPD with HC while 
watching images.18 61

Ethics and dissemination
The study will be conducted in accordance with the Decla-
ration of Helsinki in order to ensure the well-being and 
rights of the participants. The project has received ethical 
approval by the local medical ethics committee of the 
Carl-von-Ossietzky University of Oldenburg (registration: 
2017-044). Written informed consent will be obtained from 
all participants. Participants will be able to withdraw from 
the study at any time without giving any reasons. Medical 
professionals will be present at all times during the experi-
ment. The study is registered at ClinicalTrials (URL), with 
the trial registration number: NCT03149926. Results of 
the main trial and each of the secondary endpoints will 
be submitted for publication in a peer-reviewed journal. 
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