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Abstract Whereas non-suicidal self injury (NSSI) is

reported in 13–23% of adolescents and is an increasingly

studied topic, there has been little investigation into the

pathophysiology behind self-injury. This commentary

examines recent research into pain and emotional distress

to discuss implications for the manner we should under-

stand, research, and treat NSSI in the future. Research

indicates that adolescents may be particularly vulnerable to

NSSI behaviors due to neurodevelopmental changes in the

processing of distress and pain. Additionally, emotional

distress and physical pain neural pathways may have been

altered in these individuals, leading to the development of

NSSI behaviors during adolescence when changes in

ongoing brain development may lead to further emotional

dysregulation and poor impulse control. Further studies

that directly characterize the relationship between emo-

tional distress and physical pain in adolescence, as well as

the neural differences between self-injurers and non-self-

injurers, are needed.
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Non-suicidal self-injury (NSSI) is the direct destruction or

alteration of body tissue without conscious suicidal intent

(Jacobson and Gould 2007; Klonsky 2007; Lloyd-Rich-

ardson et al. 2007). NSSI behaviors can range from self-

cutting, to burning, self-tattooing and the breaking of

bones, with cutting as the most common form of NSSI

among adolescents (Briere and Gil 1998; De Leo and

Heller 2004). Estimates of recurrent NSSI behaviors in

adolescents range from 13–23% (Jacobson and Gould

2007). Studies show that almost half of community sam-

ples of adolescents report some form of self-harm at some

point in their lives (Lloyd-Richardson et al. 2007). With the

high prevalence rate of NSSI, it is likely that adolescent

primary care providers and mental health clinicians will

assess and treat these behaviors.

Self-injurers often report that engaging in NSSI helps to

regulate intense emotions. Before self-injuring, individuals

may feel overwhelmed, frustrated or sad; after injuring,

individuals report feeling a sense of relief from pain, calm,

dissociation or numbness (Jacobson and Gould 2007;

Klonsky 2009; Lloyd-Richardson et al. 2007). For indi-

viduals engaging in NSSI, physical injury is believed to

serve social (to communicate or elicit a reaction from

someone) (Nock 2008), emotional (to regulate emotions)

(Nock and Prinstein 2004) and physiological (to decrease

physiological arousal in response to emotional distress)

functions (Nock and Mendes 2008). Since psychiatric dis-

orders as well as NSSI commonly emerge in adolescence

(Kessler et al. 2005), a time of intense and turbulent emo-

tions, the identification and treatment of NSSI in adoles-

cents is particularly important. NSSI is considered by many

to be an indication of psychiatric distress and is associated
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with major depressive disorder, obsessive–compulsive dis-

order, eating disorders and borderline personality disorder

(Jacobson and Gould 2007; Nock et al. 2006). By definition,

individuals do not report suicidal ideation at the time of

injury; however, NSSI is associated with increased risk of

later suicide (Nock et al. 2006; Joiner 2005).

While NSSI is an increasingly studied topic, there has

been little investigation into the physiological mechanisms

behind NSSI, specifically the connections of self-injury to

research on the processing of physical pain. NSSI presents

researchers and clinicians with a unique opportunity to

look at the interaction between distress, emotional dys-

regulation and physical pain. Clinicians who treat adoles-

cents may be helped through understanding recent

neurobiological research concerning self-injury, emotional

distress and pain through the lens of adolescent develop-

ment. What follows is a review of the recent research on

pain, NSSI and emotional distress in order to discuss future

treatment and research implications in adolescents exhib-

iting this behavior.

Biological Mechanisms of Physical Pain Processing

For this commentary, a background on the known biolog-

ical mechanisms of pain may help to understand NSSI.

Pain researchers and clinicians define physical pain as the

‘‘unpleasant sensory and emotional experience associated

with actual or potential tissue damage’’ (International

Association for the Study of Pain Task Force on Taxonomy

1994). Even within this definition, it is understood that

physical pain has both somatosensory and affective (emo-

tional) components. The pain system is unique because of

the implications of sensory components in the anterior

parietal lobe as well as areas involved in emotion in the

limbic system (hippocampus, amygdala, anterior thalamic

nuclei and limbic cortex), which mediate mood, sleep,

appetite, and endocrine and cardiovascular function.

Painful stimuli are thought to activate multiple brain

regions through several ascending pathways from the

spinal dorsal horn. These pathways, which activate in

parallel as well as serially, include the spinohypothalamic,

spinoamygdaloid, and spinothalamic pathways. These and

other pathways have projections to specific thalamic nuclei

that connect to the anterior cingulate cortex (ACC) and the

insular cortex (IC) of the limbic system and also through

corticolimbic pathways from the sensory cortex to brain

structures involved in other sensory modalities (hearing,

smell, and vision) and memory (Price 2000; Klossika et al.

2006). Spinoamygdaloid projections seem to influence fear

and avoidance; spinothalamic projections to the parietal

lobe identify the location of a pain stimulus while projec-

tions to the insular cortex provide information about pain

intensity. The processing of pain affect is encoded in the

ACC, rather than the somatosensory cortex (Rainville et al.

1997). Projections to the ACC give information about the

emotional valence, or unpleasantness, associated with pain.

Thus, the somatosensory and affective components of pain

perception are processed through several parallel pathways.

Imaging studies have also shown that pain sensation and

pain unpleasantness are actually two distinct properties

affected by the duration of the stimulus and the presence or

absence of assurances of safety (Price 2000). An additional

component of pain affect, called ‘‘secondary pain affect,’’

refers to the inclusion of memories of pain or imagination

about pain in the future (Price 2000), suggesting that con-

textual information and memory provide cognitive mediation

of pain affect. Attention can also modulate pain (Bantick et al.

2002) and exacerbation of pain by anxiety is associated with

activity in the hippocampal network (Ploghaus et al. 2001).

Thus, cognitive and emotional factors can affect unpleasant-

ness (or pain distress) without changing the intensity of pain

(Villemure and Bushnell 2002; Villemure et al. 2003). The

ACC, along with the periaqueductal grey (PAG), amygdala,

and anterior insula, plays a key role in how mood and pain

modulate one another (Weich and Tracey 2009). These areas

of the brain are implicated in affective pain processing as

separate and distinct from somatosensory pain processing

pathways. Understanding distinctions between the somato-

sensory and affective pain pathways can help explain the

physiological mechanisms involved in NSSI, particularly

when pain is used to regulate psychological distress.

Pain and NSSI

Current research on emotional dysregulation as well as

somatosensory and affective pain processing in NSSI sug-

gests that adolescents who engage in NSSI may experience

heightened emotional distress compared to adolescents who

do not engage in NSSI. Adolescents who engage in NSSI

may be less able to tolerate emotional distress and may

experience higher physiologic reactivity including skin

conductance measures in association with stressful events

(Deliberto and Nock 2008; Nock and Mendes 2008). These

adolescents also have difficulties in social problem solving;

when adolescents are given a list of solutions to solve a

social problem, adolescents who self injure select more

maladaptive responses and report lower self-efficacy for

performing adaptive solutions than adolescents who do not

self-injure (Deliberto and Nock 2008; Nock and Mendes

2008). Physical pain perception is also altered in adoles-

cents who self injure. In one review of adolescent psychi-

atric inpatients who engaged in NSSI, the majority reported

little to no pain at the time of self-injury (Nock and Prinstein

2005). Changes in distress and pain processing pathways in
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adolescents who do engage in NSSI may provide insight

into what motivates adolescents to self-injure.

Recent research with patients with borderline personality

disorder (BPD) who self-injure has explored some altera-

tions of pain perception seen in NSSI. Self injuring patients

with BPD have higher pain thresholds under both stress and

non-stress conditions when compared to healthy controls

(Bohus et al. 2000; Schmahl et al. 2008, 2006, 2004). When

comparing individuals with BPD who were actively

engaging in NSSI with those who had terminated NSSI at

least 6 months prior, individuals who were engaging in the

behavior were less sensitive to thermal stimuli and laser

radiant heat pulses (Ludascher et al. 2009). In particular,

pain thresholds significantly increase when individuals with

BPD are distressed and have a desire to self-injure (Bohus

et al. 2000). Additionally, there is a strong connection

between negative emotional arousal and increased pain

thresholds in patients with BPD, as well as increased dis-

sociative symptoms (Ludascher et al. 2007). Furthermore, it

has also been shown that individuals with BPD who self-

injure have difficulty differentiating between mildly painful

and moderately painful hypothetical situations (Russ et al.

1996). Opioid antagonists, such as naltrexone, have not been

shown to be an efficacious treatment for NSSI in patients

with BPD, suggesting that other mechanisms, in addition to

opioid pathways, account for differences in pain perception

in NSSI (Russ et al. 1994; Sher and Stanley 2008). Studies in

patients with BPD during self-injury suggest pain perception

is altered, but targets for treatment have yet to be identified.

Brain imaging studies have shown which brain areas

within pain processing pathways may be altered in NSSI.

An imaging study with BPD patients showed that the

decreased sensation of pain is associated with changes in

the system modulating the affective responses to pain, most

specifically, the anterior cingulate cortex (ACC) and the

amygdala (Schmahl et al. 2006). These results imply that

individuals with BPD may have similar physical sensations

of pain, but differing emotional reactions. In other words,

the affective (rather than somatosensory) processing of

pain may be different in individuals who participate in self-

harm. Results from these imaging studies show that chan-

ges in the ACC and prefrontal cortex (PFC) pathways may

be implicated in the altered pain perception in individuals

who participate in NSSI.

Social Distress and Pain

One recently proposed theory, with implications for ado-

lescent NSSI, posits a neural overlap in the processing of

pain and social distress. The authors look to the language

surrounding social relationships such as ‘‘heartache’’ and

‘‘broken heart’’ as evidence of the overlap between social

and physical pain; in short, ‘‘why rejection hurts’’ (Eisen-

berger 2008; Lieberman and Eisenberger 2009; O’Connor

et al. 2008). Specifically, Eisenberger and colleagues sug-

gest that the ‘‘unpleasantness’’ of physical pain is processed

in the same area of the brain as ‘‘social pain,’’ or distress

related to loss, rejection or isolation.

Eisenberger and colleagues have used social exclusion

paradigms and recent research on the brain areas involved in

the processing of physical pain distress to explore this

overlap. For this research, while in the functional magnetic

resonance imaging (fMRI) scanner, a participant is led to

believe that she is playing a virtual ball-tossing task with

other research participants, while in actuality she is partic-

ipating in a preset program which leads the participant to

believe that she is being excluded from most of the game-

playing (Eisenberger et al. 2003). The ‘‘social pain’’ evoked

by this task is associated with areas associated with affective

pain processing, specifically, increased activation of ACC

and decreased activation of PFC in adults (Eisenberger et al.

2003; Eisenberger and Lieberman 2004). Research with

healthy adolescents using the same paradigm shows similar

patterns of activation in the insula and PFC, but differential

activation in the subgenual ACC and ventral striatum, which

suggests that adolescents might process social pain and

exclusion in a slightly different way than adults (Matsen

et al. 2009). Further work in this area has shown that sen-

sitivity to pain is associated with increased sensitivity to

social rejection in healthy controls (Eisenberger et al. 2006).

Adolescents, then, may process emotional distress and

affective pain in similar regions of the brain.

The overlap between affective, physical and social pain

processing has implications for adolescent self-injurers. Ado-

lescence is a particularly vulnerable time for social distress and

isolation, and the neural system for processing emotional

reactions is not fully formed and may have been affected in

childhood by negative or traumatic experiences. Therefore,

when an adolescent is experiencing emotional distress, the

affective processing system of physical pain may be inadver-

tently activated in order to motivate the individual to seek

social support and attachment. Social distress, in the form of

feeling isolated or victimized, is also a common reason for

NSSI (Hilt et al. 2008). It is possible that, in individuals who

engage in NSSI, this pathway is activated to regulate emotions

through physical pain, although this paradigm has yet to be

tested in adolescent self-injuring populations.

Neurobiological Maturation in Adolescence

Adolescence is defined as the period of physical and psy-

chological development from the onset of puberty to matu-

rity and is characterized by intense emotions and impulsive

and risky behaviors that can lead to serious harm to oneself
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and others (White 2009). Neurobiological maturation in

adolescents is characterized by the development of the

emotional and cognitive abilities needed for independent

functioning throughout adulthood (Yurgelun-Todd 2007).

Until recently, it was believed that brain maturation was

complete by the beginning of adolescence. However, lon-

gitudinal MRI scans of the brains of healthy children (Dur-

ston et al. 2001; Lenroot and Giedd 2006) have shown,

conclusively, that the brain does not complete maturation by

the end of childhood but rather continues to develop

throughout adolescence and into young adulthood.

The NIMH longitudinal study of brain development, which

began in 1989, has resulted in approximately 5,000 scans from

2,000 subjects, ages 3–30 years, and has led to a greater

understanding of brain development in children, adolescents

and young adults. The key findings from this study are

described below. The prefrontal cortex (PFC), including the

frontal lobes, undergo significant remodeling throughout

adolescence and young adulthood and this maturatation is

correlated with significant behavioral changes in adolescents

(Fuster 2002; Gogtay et al. 2004; Lenroot and Giedd 2006;

Rosso et al. 2004; Sowell et al. 2004). The frontal lobes play a

necessary role in forming memories, directing, movement,

controlling emotional urges, planning for the future, and other

higher-order cognitive functions needed for survival (White

2009). Frontal lobe gray matter volume (density of neurons)

increases throughout childhood and peaks at age 11 for girls

and 12 for boys, and then declines throughout the teenage

years and into young adulthood (Giedd 2004; Lenroot and

Giedd 2006). During adolescence, the brain eliminates syn-

aptic connections that are not used (synaptic pruning), and

thus results in a reduction in the volume of frontal gray matter

(Ernst and Mueller 2008; White 2009). The maturation of the

PFC leads to individuals learning to control their impulses,

making plans, and regulating their emotions (Casey et al.

2008; Klenberg et al. 2001; Rosso et al. 2004; Rubia et al.

2000; Tamm et al. 2002; White 2009).

In addition to the frontal lobes, limbic structures such as

the amygdala and the nucleus accumbens, modulate ado-

lescent behaviors. The amygdala plays a key role in learning

and evoking emotional responses, especially negative emo-

tional responses, to stimuli (White 2009). The nucleus ac-

cumbens, which is located within the center of the brain, is

the body’s key structure in the reward system (Casey et al.

2008). The nucleus accumbens receives neural signals in the

form of the neurotransmitter, dopamine. Animal studies have

led researchers to believe that the density of dopamine

receptors is highest in the nucleus accumbens during ado-

lescence, making this brain region particularly responsive to

the reward signals of dopamine (Ernst and Mueller 2008;

White 2009). Furthermore, neuroimaging studies have

shown that, when making risky choices and processing

emotion-laden information, adolescents have larger

increases in activity in the amygdala and nucleus accumbens

relative to the activity seen in children and adults (Ernst and

Mueller 2008). The heightened activity in the amgydala and

nucleus accumbens seen in adolescents during emotionally

rewarding and risky situations, in combination with under-

developed behavioral control areas, contributes to adoles-

cents’ being prone to engaging in impulsive behavior and

making risky decisions (Casey et al. 2008).

Overall, the NIMH longitudinal study of brain develop-

ment elucidated several structural and neurobiological

changes that take place in the brains of children and ado-

lescents. These changes include: (1) childhood peaks of

gray matter volume, number of chemical synapses and

neurotransmitter receptor density followed by a decrease of

all three during adolescence; (2) a linear increase in white

matter throughout childhood and adolescence which results

in associative cognitive activity due to integration of distant

brain regions and; (3) increased reliance on frontal lobe

circuitry and decreased reliance on the limbic system and

nucleus accumbens (Giedd 2008). These ongoing neuronal

changes are believed to influence teenage behavior.

In addition to the structural changes mentioned above,

hormonal changes during adolescence are believed to impact

the behavior of adolescents. Adolescents display an exag-

gerated stress response due to an increased release of the

steroid hormone cortisol from the hypothalamic–pituitary–

adrenal (HPA) axis (Alloy et al. 2006; Walker et al. 2004).

During stressful situations, the hypothalamus releases cor-

ticotropin-releasing hormone (CRH), which causes the

pituitary to release adrenocorticotropic (ACTH), which

triggers the adrenal glands to release cortisol. During pub-

erty, there is increased activity in the HPA axis, which results

in the increased production and release of cortisol and is

thought to contribute to high emotional reactivity of ado-

lescents (White 2009). This increased emotional reactivity

and decreased ability to control impulses are two factors that

may contribute to engagement in NSSI in adolescence.

Overall, changes in brain structure and function such as

those described above are believed to parallel improve-

ments in executive functions such as abstract thought,

organization, decision making and planning and response

inhibition that are seen throughout adolescence and young

adulthood (Rosso et al. 2004; Rubia et al. 2000). However,

while these neurobiological changes are occurring, the

maturation of the limbic system coupled with immature

frontal lobe circuitry, increased dopamine response from

the nucleus accumbens and increased activity of the HPA

put adolescents at risk for making impulsive decisions,

showing heightened emotional reactivity and seeking

immediate rewards rather than thinking about long term

consequences. Perturbations in these neurobiologic systems

may contribute to the expression of NSSI and psychiatric

disorders in adolescents.
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Early Life Stress and Pain Perception

The overlap between emotional distress and pain process-

ing has also been explored in recent research on early life

stress and trauma. It is known that early life experiences of

trauma affects the neural pathways related to emotional

distress processing (Blaise et al. 2008; Gunnar and Fisher

2006; McEwen 2003). The effect of stress on neuronal

pathways is largely dependent on the developmental stage

of the individual at the time of the trauma. For example,

stress and trauma during birth to 2 years may particularly

affect the developing hippocampus, while stress during

early childhood may have particular implications for

amygdala volume, and stress during adolescence may

impact the development of the frontal lobes (Lupien et al.

2009). Adolescence may be a particularly sensitive period

for stress to affect the development of depressive behaviors

(Leussis and Andersen 2008) as well as the emergence of

other psychiatric disorders (Kessler et al. 2005), suggesting

that early life events have an impact later in life on the

brain regions related to emotional processing.

However, in addition to emotional distress processing,

early life experiences can also affect later pain perception

and processing. Repeated early-life stress, particularly

physically painful experiences, may alter pain perception

(Nijenhuis et al. 1998). Adults who were sexually abused

as children report increased reports of pain, independent of

depression (Brown et al. 2005). Studies of individuals who

were abused show alterations in areas of the brain associ-

ated with affective pain processing. In a review of the lit-

erature, childhood abuse and trauma is associated with

reduced size of ACC, PFC, left cerebral cortex, hippo-

campus, amygdala and corpus callosum (Teicher et al.

2002). Additionally, individuals with a history of physical

and/or sexual abuse have increased activation in the pos-

terior and middle dorsal cingulate cortex (Ringel et al.

2008), suggesting that early life experiences can impact the

affective processing of pain.

In sum, early-life stressors, such as physical or sexual

abuse, affects neural pathways, both in the processing of

emotional distress and dysregulation as well as those

implicated in the processing of affective pain. It is possible

that the perception of pain in individuals who engage in

NSSI is affected by previous experiences of abuse or other

negative early-life experiences although these risk factors

are not necessarily causal (Klonsky and Moyer 2008). Risk

factors for NSSI include history of abuse and negative life

events (Jacobson and Gould 2007; Weierich and Nock

2008). The impact of early life experiences on both emo-

tional dysregulation and pain may lead to the use of

pathways involved in processing of physical pain to regu-

late emotions, particularly in adolescents who are vulner-

able to developmental emotional lability.

Limitations and Implications of the Current Research

There are limitations to drawing from different fields of

research, such as pain, emotional regulation, and brain

imaging research to supplement the current state of

research on NSSI in adolescents. One limitation of this

research is the emphasis on borderline personality disorder

as a proxy for NSSI in the larger literature. Also, many of

the studies that examine pain in the context of self-injury

use adult, rather than adolescent, patients for research

participants. Going forward, more research is warranted

with NSSI populations that are not necessarily borderline

or female. Another limitation includes the need to move

from theoretical hypothesis testing to collaborative

research with clinicians. Adolescent self-injurers should be

studied, as this behavior most often occurs in this popula-

tion. Further work in this area could lead to more specific

treatments that incorporate new research about pain and

emotion regulation to target (and prevent) these behaviors.

When working with adolescents who engage in NSSI,

clinicians may also consider past experiences of pain

(through a detailed pain history) as a factor in self-injury (not

just that these patients are suicidal or doing it for attention)

when working with NSSI in their practice. A history of

severe or prolonged stress or physical/sexual abuse may

change a person’s biology during developmentally vulner-

able periods and have implications for emergent NSSI.

Conclusions

NSSI is a unique behavior to investigate the interaction

between distress and pain. Since this behavior appears to be

most common during adolescence, a neurodevelopmental

perspective is needed in researching and treating these

youth to see how these self-injuring behaviors develop and

are maintained. Adolescents may be particularly vulnera-

ble to emotional reactivity and altered decision making due

to their stage in brain development. Alterations in the

affective aspects of acute physical pain pathways may have

implications for how emotional distress is managed in

patients who engage in NSSI. The overlap in the processing

of physical pain and emotional distress may be a potential

area of further study for this population.
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