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a  b  s  t  r  a  c  t

Among  juvenile  offenders,  those  who  commit  the  greatest  number  and  the  most  violent
offenses  are referred  to as  serious,  violent,  and  chronic  (SVC)  offenders.  However,  current
practices  typically  identify  SVC  offenders  only  after  they  have  committed  their  prolific  and
costly  offenses.  While  several  studies  have  examined  risk  factors  of SVCs,  no screening
tool  has  been  developed  to  identify  children  at risk  of SVC  offending.  This  study  aims  to
examine  how  effective  the  adverse  childhood  experiences  index,  a childhood  trauma-based
screening  tool  developed  in the medical  field,  is  at identifying  children  at  higher  risk  of  SVC
offending.  Data  on  the history  of  childhood  trauma,  abuse,  neglect,  criminal  behavior,  and
other  criminological  risk  factors  for offending  among  22,575  delinquent  youth  referred  to
the  Florida  Department  of  Juvenile  Justice  are  analyzed,  with  results  suggesting  that  each
additional  adverse  experience  a  child  experience  increases  the  risk  of becoming  a serious,
violent, and  chronic  juvenile  offender  by 35,  when  controlling  for other  risk  factors  for
criminal  behavior.  These  findings  suggest  that  the ACE score  could  be used  by  practitioners
as  a first-line  screening  tool  to  identify  children  at risk  of SVC  offending  before  significant
downstream  wreckage  occurs.

©  2015  Elsevier  Ltd.  All  rights  reserved.

ntroduction

Approximately 1 in 8 reported violent crimes in the United States are committed by a juvenile offender (FBI, 2012).
owever, less than 10% of all juvenile offenders commit over 50% of all serious and violent juvenile offenses (Piquero,
011). This segment of the youth offending population, known as the serious, violent, and chronic (SVC) offenders, inflict
onsiderable harm and economic costs on society due to the volume and type of crimes that they commit (DeLisi & Piquero,
Please cite this article in press as: Fox, B. H., et al. Trauma changes everything: Examining the relationship between
adverse childhood experiences and serious, violent and chronic juvenile offenders. Child Abuse & Neglect (2015),
http://dx.doi.org/10.1016/j.chiabu.2015.01.011

011; Loeber & Farrington, 1998).
Although past research suggests that there are several developmental, social, and psychological risk factors for SVC

ffending (see Fox, Jennings, & Piquero, 2014), the general approach to identifying SVC offenders has typically been reactive
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in nature. Specifically, SVCs are currently identified only after they have accrued multiple felonies and violent offenses,
and the resultant harm has already occurred (Loeber & Farrington, 2000). Consequently, both academics (e.g., Loeber &
Ahonen, 2014; Loeber & Farrington, 2012; Thornberry, Huizinga, & Loeber, 1995; Zahn, 2009) and practitioners (e.g., Baglivio,
Jackowski, Greenwald, & Howell, 2014) have called for a more efficient and effective method for identifying youth at risk for
becoming serious, violent, and chronic offenders.

Therefore, the purpose of this research is to determine if a tool developed in the medical field, called the adverse childhood
experiences (ACE) score, could be used to evaluate youth at risk of future SVC offending before their criminal behavior begins.
The ACE has been found to relate to serious negative health outcomes in adulthood, such as ischemic heart disease, high
blood pressure, chronic lung disease, skeletal fractures, liver disease, cancer, and even early death, for those with higher
levels of neglect, adversity, or trauma in childhood (Flaherty et al., 2013). Similarly, criminologists and psychologists have
found that individuals who commit serious violent crimes tend to have high rates of trauma, abuse, and other harmful
experiences in childhood, even when controlling for other environmental and biological factors (Farrington, 2005; Fox et al.,
2014; Laub & Sampson, 1994; Moffitt, 1993; Nagin & Tremblay, 1999). As a result, there is reason to believe that the ACE
may  also be used to identify individuals at high risk of becoming serious, violent, and chronic offenders.

Serious, Violent, and Chronic Juvenile Offenders

In 1995, the U.S. Department of Justice’s Office of Juvenile Justice and Delinquency Prevention (OJJDP) commissioned a
study group on serious and violent juvenile offenders in order to learn more about the etiology of these offenders, and how
best to prevent juveniles from committing serious and violent criminal acts (see Farrington, Loeber, & Ttofi, 2012; Loeber &
Farrington, 2000). Through the study group’s investigation, as well as the OJJDP-funded longitudinal youth studies conducted
in Denver, Pittsburgh, and Rochester, there has been a substantial increase in the literature on the causes, correlates, and
prevention strategies for serious, chronic, and violent juvenile behavior.

One of the most significant and recurring findings in the literature is that SVCs are disproportionately victims of trauma,
abuse, neglect, and maltreatment during childhood, as compared to the less severe or non-offending juvenile population
(Dierkhising et al., 2013; Fox et al., 2014; Loeber & Farrington, 2000). Specifically, new research shows that 90% of juvenile
offenders in the United States experience some sort of traumatic event in childhood (Dierkhising et al., 2013), and up to 30%
of justice-involved American youth actually meet the criteria for post-traumatic stress disorder due to trauma experienced
during childhood (Dierkhising et al., 2013).

Additional studies have shown that individuals who were abused or neglected during childhood are far more likely
to commit a violent act than those who did not experience abuse and neglect (Dodge, Bates, & Pettit, 1990; Maxfield &
Widom, 1996; Widom, 1989). In the Rochester Youth Development Study, maltreated children were significantly more
likely to commit violence between ages 14 and 18, even after controlling for gender, ethnicity, socioeconomic status, and
family structure (Smith & Thornberry, 1995). Maxfield and Widom’s (1996) seminal study on child abuse also found that
experiencing trauma and abuse during childhood increased the odds of juvenile violent behavior by more than 200%.

This connection between childhood maltreatment and antisocial behavior is addressed in the developmental pathology
perspective. This perspective examines the roots and nature of deviance in maltreated children. Theorists studying this
paradigm have found that abused and neglected children have a higher likelihood of detrimental development outcomes,
including psychopathology (Cicchetti & Toth, 1995; Toth & Cicchetti, 2013). The trauma may affect the biological and psy-
chological development of the child by causing some type of neural impairment disrupting the regulatory processes central
to maintaining their normal wellbeing (Cicchetti & Rogosch, 2012). For instance, research suggests that adverse childhood
experiences may  cause chromosome damage (Shalev et al., 2013) and functional changes to the developing brain (Anda,
Butchart, Felitti, & Brown, 2010; Cicchetti, 2013; Danese & McEwen, 2012; Teicher et al., 2003). Stressful events, such as
those included in the ACE score, may  also lead to a heightened neural state triggering the brain to excrete adrenal steroids,
growth hormones, amino acids, and other stress mediating chemicals known as the allostatic response (Garland, Boettiger,
& Howard, 2011). While these stress-managing chemicals may  be beneficial when produced in short, confined bursts, a
prolonged chemical response resulting from chronic stress such as ongoing childhood abuse, called an allostatic load, may
result in permanent chemical elevations and other destructive physiological and behavioral responses (Cicchetti & Toth,
2005).

As a result of these neurological and psychological changes, the maltreated child is prone to violence in a number of
ways. The physiological changes resulting from the allostatic load may lead to extreme, and potentially violent, reactions to
even trivial stimuli. The higher inclination toward violence could also be the result of problems with affect regulation in the
abused or neglected children. Specifically, According to Toth, Harris, Goodman, and Cicchetti (2011), maltreated children
experience difficulties recognizing, expressing, and understanding their emotions. These children exhibit more aggressive
and reactive behavior and are more predisposed to detect angry emotional expressions. A study by Howes, Cicchetti, Toth,
and Rogosch (2000) also indicated that abusive families also have more difficulty regulating anger in their children. These
effects can produce dramatic changes on the emotional development of the child and may  be connected to higher levels of
Please cite this article in press as: Fox, B. H., et al. Trauma changes everything: Examining the relationship between
adverse childhood experiences and serious, violent and chronic juvenile offenders. Child Abuse & Neglect (2015),
http://dx.doi.org/10.1016/j.chiabu.2015.01.011

externalizing violent behavior.
Exposure to parental incarceration has also been linked to delinquency and other maladaptive behaviors (Geller, Garfinkel,

Cooper, & Mincy, 2009; Murray & Farrington, 2008). Among the 411 males in the Cambridge Study of Delinquent Develop-
ment, Murray and Farrington (2005) found that parental imprisonment predicted antisocial and delinquent outcomes up to

dx.doi.org/10.1016/j.chiabu.2015.01.011
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ge 32, even after controlling for other childhood risk factors. Exposure to household violence in childhood has also been
ound to uniquely contribute to later behavioral problems and/or delinquency. Herrera and McCloskey (2001) found that in

 sample of 299 children, exposure to violence in the household significantly predicted a referral to juvenile court up to 5
ears later.

In short, criminological and public health research suggests that childhood trauma and adversity significantly increases
he odds of serious, chronic, and violent offending (Piquero, Farrington, & Blumstein, 2003), and there are considerable policy
nd prevention advantages to identifying children at higher risk of becoming SVC offenders before destructive criminal
ehavior develops (Farrington, 1989; Loeber & Farrington, 2000). However, successfully predicting future SVC offenders is

 difficult task, as no screening tool has been developed for the early identification of SVC offenders (Piquero, Jennings, &
arnes, 2012).

Consequently, practitioners and academics are relegated to identifying children at risk of SVC offending before they
ccrue multiple felonies and violent offenses, and the resultant harm to their victims, themselves, and society has occurred
Fox et al., 2014; Loeber & Farrington, 2000). As a single violent offense (excluding homicide) costs society $63,870 (Cohen &
iquero, 2009), and the average criminal career costs between $2.47 and $3.34 million per offender (Cohen, 1998), the price
f being reactive when identifying and preventing SVC offenders is staggering.

The development of a SVC screening tool would allow those routinely in contact with children (such as doctors, school
urses, teachers, and criminal justice practitioners) to proactively identify children at risk for SVC offending before it starts
nd intervene with targeted therapeutic programs, in order to help prevent the devastating outcomes associated with
hildhood trauma and abuse.

he Adverse Childhood Experiences (ACE) Score

The adverse childhood experiences (ACE) score was first used in 1998 in a seminal medical study examining the relation-
hip between childhood abuse and trauma and the leading causes of death in adults (Felitti et al., 1998). In the retrospective
tudy of over 17,000 middle-aged adults with Kaiser-Permanente health insurance, Felitti and his colleagues identified sev-
ral traumatic and adverse childhood experiences that significantly and positively correlated with several serious, chronic,
nd life-threatening ailments in adulthood, including heart disease, high blood pressure, chronic lung disease, skeletal frac-
ures, liver disease, cancer, and even early death (Felitti et al., 1998). Items in the original ACE score include: emotional,
hysical, and sexual abuse; witnessing household violence; household substance abuse; household mental illness; and
aving an incarcerated household member. Additional ACE items included in recent research are: physical and emotional
eglect; and parental separation/divorce. Most studies utilize an index comprised of seven to ten ACE items (Felitti et al.,
998; Finkelhor, Shattuck, Turner, & Hamby, 2013; Palusci, 2013). ACE scores are calculated using the total number of ACE

tems an individual has experienced.
While each of the traumatic events in the ACE exerts negative impact on an individual’s health, behavior, and/or psy-

hological development (Anda et al., 2010), exposure to multiple adverse experiences has an exponentially more harmful
ffect (Felitti et al., 1998). For instance, adults who experience four or more ACEs have twice the risk of stroke as adults
ho experience three ACEs (Felitti et al., 1998). This indicates a dose–response effect, as each additional ACE exponentially

ncreases the risk of negative physical and mental health outcomes (Anda et al., 2006, 2010).

dverse Childhood Experiences and Future Negative Outcomes

Subsequent research on ACE scores has demonstrated that individuals with multiple ACEs have more psychological and
ental health issues including depression, anxiety, post-traumatic stress disorder, eating disorders, insomnia, substance

buse, and conduct disorder (Anda et al., 2006, 2010; Bellis, Lowey, Leckenby, Hughes, & Harrison, 2014; Chapman, Dube, &
nda, 2007). Higher cumulative ACE scores have also been shown to increase the risk of problematic behaviors such as heavy
rinking, smoking, risky sexual behavior, poor education and employment outcomes, and involvement in violence (Bellis
t al., 2014; Hillis, Anda, Felitti, & Marchbanks, 2001; Hillis et al., 2004). ACEs have recently been identified with immediate
egative consequences such as chromosome damage (Shalev et al., 2013) and functional changes to the developing brain
Anda et al., 2010; Cicchetti, 2013; Danese & McEwen, 2012; Teicher et al., 2003).

It has also been suggested that many negative outcomes associated with high ACE scores are innate solutions adopted
o respond and cope with trauma in the absence of healthier and more positive coping options, such as the allostatic load
nd other developmental pathologies that were previously discussed (Larkin, Felitti, & Anda, 2014). Such neurological and
hemical dysfunction can lead to many negative physiological and behavioral reactions, and could be the origin of the many
erious psychological, health, and behavioral problems associated with high ACE scores (Garland et al., 2011).

Developmental and life-course criminology (DLC) theorists have also identified several distinct trajectories of antisocial
ehavior, such as Moffitt’s (1993) dual taxonomy of life-course persistent (LCP) and adolescence-limited (AL) offenders,
hich are linked to specific neurodevelopmental deficits and offending patterns across the life-course (Moffitt, 2006;
Please cite this article in press as: Fox, B. H., et al. Trauma changes everything: Examining the relationship between
adverse childhood experiences and serious, violent and chronic juvenile offenders. Child Abuse & Neglect (2015),
http://dx.doi.org/10.1016/j.chiabu.2015.01.011

atterson & Yoerger, 2002; Piquero & Moffitt, 2005). For instance, AL offenders, who  commit deviant and criminal behavior
ainly during the teenage years, begin offending in their early to mid  teenage years as a response to social pressures such

s peer influence or the maturity gap, and mainly commit relatively minor violations such as underage drinking, vandalism,
nd drug use, before desisting in early adulthood (Moffitt, 1993). Conversely, LCPs begin offending very early in life, often

dx.doi.org/10.1016/j.chiabu.2015.01.011
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in childhood, and commit a wide variety of serious and violent crimes throughout their lives (Farrington, 2003; Moffitt,
1993).

Indeed, empirical research has shown that LCP offending is related to certain neuropsychological (i.e. biological, neuro-
logical, hormonal or genetic) deficits that interact with certain negative social environments, such as childhood abuse and
poor family functioning, to produce long-term criminal behavior that is seen across the LCP offender’s lifetime (Moffitt, 2006;
Piquero, Farrington, et al., 2012). For instance, studies have found that genes may  make early-onset (i.e. LCP) offenders more
sensitive to negative social influences, such as maltreatment and abuse, as compared to adolescence-onset offenders (Eley,
Lichtenstein, & Moffitt, 2003; Hoeve et al., 2014; Painter & Scannapieco, 2013; Taylor, Iacono, & McGue, 2000), and children
with the monoamine oxidase A (MAOA) allele who  were also victims of abuse in childhood were more likely to report mental
health problems later in life, compared to maltreated children without this genetic “vulnerability” (Kim-Cohen et al., 2006).
As DLC research, particularly Moffitt’s taxonomy, suggests that neuropsychological deficits and negative environmental
influences such as childhood abuse and trauma occur at higher rates among the LCP offenders, it is expected that the more
serious, violent, and chronic juvenile offenders are more likely to experience childhood trauma than their less criminogenic
counterparts.

Adverse Childhood Experiences and Criminal Behavior

Very little research has examined the link between the ACE scores and criminal behavior. The only published study on
the topic examined the prevalence of ACEs among 64,000 juveniles referred to the Florida Department of Juvenile Justice
(FDJJ) using items from a risk assessment for reoffending (Baglivio, Epps, Swartz, Huq, & Hardt, 2014). Results showed that
the FDJJ sample of juvenile offenders were 13 times less likely to have no adverse childhood experiences, and over 4 times
as likely to have experienced four or more ACEs as the adults in the original ACE study sample (Baglivio, Epps, et al., 2014).

The present study aims to build upon prior research by examining the effectiveness of using ACE scores as a screening
tool to identify SVC offenders in a cohort of juvenile offenders when controlling for several of the strongest risk factors for
criminal behavior. By understanding the impact that trauma and adversity in childhood has on the increased risk of the
serious, violent, and chronic juvenile offending, a more proactive stance on the prevention and reduction of childhood abuse
and SVC offenders may  be developed.

Methodology

Data and Measures

Data used in this study were collected on a cohort of SVC offenders who aged out of the juvenile justice system between
January 1, 2007 and December 31, 2012. Serious, violent, and chronic offenders were defined as any juvenile with three or
more felony referrals, in which at least one of the offenses was violent. As a reference group, all juveniles referred to FDJJ for
one non-violent felony in this time frame were also included and classified as “one and done” (O&D) offenders. The resulting
cohort consists of 22,575 unique offenders, of which 10,714 are SVCs and 11,861 are O&D offenders.

ACE Score Items

The dataset consists of each juvenile’s complete criminal record, and all information collected from a risk-assessment,
the Positive Achievement for Change Tool (PACT), which is used to evaluate the recidivism risk and rehabilitation needs of
each juvenile offender.

While many risk assessment tools are available, and the use of such tools has expanded in recent years, few have empirical
support or have been validated on the population with which they are implemented (Skeem, Scott, & Mulvey, 2014). The
PACT has been validated in several studies, and includes all relevant risk factors regarding the individual that may  be omitted
from other common risk assessments. For instance, a meta-analysis conducted on the predictive validity of risk assessments
used with juvenile offending populations suggest that the mean weighted effect size (Area Under the Curve/AUC) for second
generation assessments is .635, and is .646 for third generation assessments (Schwalbe, 2007). The AUC for the PACT, in its
first generation, was found to have an unweighted value between .590 and .640, which suggests that the PACT is already
a reliable and predictive assessment (Baglivio, 2009; Baglivio & Jackowski, 2013; Baird et al., 2013; Winokur-Early, Hand,
& Blankenship, 2012). Furthermore, while other common juvenile risk assessments including the Structured Assessment
of Violence Risk in Youth (SAVRY), Psychopathy Checklist: Youth Version (PCL:YV) and Youth Level of Service/Case Man-
agement Inventory (YLS/CMI) include most of the critical historical (e.g., age of criminal onset, offending frequency and
crime types, history of childhood trauma and abuse), individual (e.g., attitudes, personality traits, substance abuse), and
contextual (e.g., peer delinquency, family environment) risk factors needed to accurately predict the risk of future criminal
behavior (Skeem et al., 2014), the PACT is unique in that it places added emphasis on the historical and contextual factors
Please cite this article in press as: Fox, B. H., et al. Trauma changes everything: Examining the relationship between
adverse childhood experiences and serious, violent and chronic juvenile offenders. Child Abuse & Neglect (2015),
http://dx.doi.org/10.1016/j.chiabu.2015.01.011

surrounding the child in question and has multiple safeguards in place to ensure this information is accurately evaluated and
recorded.

Specifically, PACT data is collected through a semi-structured interview conducted by a juvenile probation officer, a case
file review, and a review of official child abuse records. Items from the PACT were used to determine if a child experienced

dx.doi.org/10.1016/j.chiabu.2015.01.011
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he trauma, abuse, and adversity outlined by each of the ACE items, and were coded according to the presence (1) or absence
0) of the ACE experience. The items used to calculate an individual’s ACE score in this study are: (a) emotional abuse; (b)
hysical abuse; (c) sexual abuse; (d) emotional neglect; (e) physical neglect; (f) witnessing household violence; (g) household
ubstance abuse; (h) household mental illness; and (i) household member incarceration. An overall ACE score (0–9) was
reated by summing the total number of ACE items experienced for each of the youth in the FDJJ cohort.

ontrol Variables

Well established risk factors for criminal behavior were included as control measures in the analysis. Demographic
orrelates of offending such as gender, race/ethnicity, and age of criminal onset were used as baseline controls (Ellis, Beaver,

 Wright, 2009; Moffitt, 1993). In this analysis, race was  coded as either white or minority, where any non-Hispanic whites
ere coded as “0” and all other races/ethnicities (e.g., African-American, Hispanic) were coded as “1.” The racial and ethnic

ackground of the youth was self reported by the child. Age of criminal onset was  identified by the first adjudicated offense
f the juvenile, ranging from age 9 to age 18. Corresponding to the item built into the PACT, the age of onset variable is coded
n five categories: “age 12 and under,” “age 13 or 14,” “age 15,” “age 16,” and “ages 17–18.”

To account for the influence of other risk factors identified in the major criminological and psychological perspectives
uch as self-control theory (Gottfredson & Hirschi, 1990), social learning theory (Bandura, 1963; Burgess & Akers, 1966),
train theory (Agnew, 1992) measures of the juveniles’ impulsivity (low or high impulsivity), anti-social peer influence
low, medium, or high emulation of anti-social peers), and socio-economic status (annual family income) respectively, were
lso coded for inclusion in the analysis. Each of these measures were assessed by the youth’s case officer and coded in the
ACT database based on their evaluation of the individual across multiple interviews, the juvenile’s responses to the PACT
uestionnaire, and verification of official records such as those compiled by the Department of Children and Families (DCF)
nd criminal records and PACT assessments compiled by FDJJ. For instance, if after a full assessment of the youth’s records and
esponses, the interviewer deemed the individual to be highly impulsive or strongly emulating his/her antisocial peers, the
esponses for each measure were coded accordingly in the PACT dataset. Similarly, while childhood abuse and trauma was
elf-reported by the youth, these measures were also verified with DCF to determine if claims have been filed, substantiated,
r should be initiated by a DCF case worker.

esults

escriptive Statistics
Please cite this article in press as: Fox, B. H., et al. Trauma changes everything: Examining the relationship between
adverse childhood experiences and serious, violent and chronic juvenile offenders. Child Abuse & Neglect (2015),
http://dx.doi.org/10.1016/j.chiabu.2015.01.011

Table 1 presents the bivariate statistics for all risk factor covariates among the juvenile offending groups. Significant
ifferences between the SVCs and O&Ds were found for all covariates. Approximately 91% of SVCs are male, compared to
8% of the O&D offenders. SVCs are more likely to be minorities than O&Ds, and the age of criminal onset was  significantly
ounger among the SVC offenders as compared to the O&Ds.

able 1
emographics of the sample.

O&D SVC �2

Gender Male 77.5% 90.8% 731.73***

Female 22.5% 9.2%

Race White 42.7% 23.1% 975.15***

Black, Hispanic or other 57.3% 76.9%

Age  of onset Age 12 & under 8.4% 47.0% 7021.33***

Age 13–14 26.4% 36.8%
Age 15 21.2% 10.7%
Age 16 24.3% 4.4%
Age 17 & over 19.7% 1.1%

Family income Under $15,000 18.0% 19.1% 450.79***

$15,000–$34,999 49.2% 59.6%
$35,000–$49,999 20.8% 15.7%
$50,000 or over 12.1% 5.6%

Anti-social peers Does not admire or emulate anti-social peers 53.3% 20.9% 2981.97***

Somewhat admires or emulates anti-social peers 39.2% 53.0%
Strongly admires or emulates anti-social peers 7.5% 26.1%

Impulsivity High self-control, usually thinks before acting 71.0% 36.3% 2725.11***

Highly impulsive, often acts before thinking 29.0% 63.7%

ote: SVC n = 11,861, O&D n = 10,714.
*** p < .001.

dx.doi.org/10.1016/j.chiabu.2015.01.011
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Table  2
Bivariate correlations of ACEs.

ACE 1 ACE 2 ACE 3 ACE 4 ACE 5 ACE 6 ACE 7 ACE 8 ACE 9

ACE 1: emotional abuse 1.00
ACE 2: physical abuse 0.16 1.00
ACE 3: sexual abuse 0.08 0.32 1.00
ACE 4: emotional neglect 0.16 0.11 0.07 1.00
ACE 5: physical neglect 0.12 0.33 0.24 0.15 1.00
ACE 6: household violence 0.20 0.53 0.27 0.13 0.35 1.00
ACE 7: household substance abuse 0.18 0.18 0.10 0.09 0.22 0.25 1.00
ACE 8: household mental illness 0.10 0.14 0.08 0.02 0.12 0.15 0.12 1.00
ACE  9: incarcerated household member 0.16 0.19 0.09 0.06 0.19 0.23 0.29 0.13 1.00

Table 3
Individual ACE prevalence in the O&D and SVC offender groups.

O&D SVC �2

ACE 1: emotional abuse 21.3% 39.8% 908.37***

ACE 2: physical abuse 17.8% 33.9% 764.26***

ACE 3: sexual abuse 8.0% 8.8% 5.12*

ACE 4: emotional neglect 9.9% 15.4% 154.24***

ACE 5: physical neglect 7.9% 19.6% 663.39***

ACE 6: household violence 21.9% 39.6% 834.98***

ACE 7: household substance abuse 16.0% 29.8% 614.45***

ACE 8: household mental illness 8.5% 14.5% 203.89***

ACE 9: incarcerated household member 49.7% 80.0% 2254.31***
Note: SVC n = 11,861, O&D n = 10,714.
* p < .05.

*** p < .001.

In line with strain theory, significant variation in annual household income was found between the SVC and O&D groups
as the families of SVC offenders appear, in general, to be poorer than the O&D families. Social learning theory posits that
modeling and association with anti-social peers are the major influences on an individual’s development of anti-social
behavior. Admiration of anti-social peers was indeed significantly higher for SVC offenders, as 26% of SVCs strongly admire
or emulate antisocial peers compared to 7% of the O&Ds. Finally, consistent with self-control theory, a strong and significant
variation in the level of impulsivity was found between the SVC and O&D groups, with the SVCs more than twice as likely to
be assessed as highly impulsive than the O&D offenders (64% vs. 29%).

Child abuse and other adverse childhood experiences often do not occur in isolation. To demonstrate the relationships
between the ACE measures, the bivariate correlations between each item are found in Table 2. The largest correlation between
ACE items was found between the presence of physical abuse and household violence (r = 0.53). While many of these items
are related to one another, only four correlations were higher than 0.30.

The prevalence of ACEs among the SVC and O&D offenders is presented in Table 3. The SVCs experienced significantly
more ACE events than the O&D offenders. Having an incarcerated family member was the most prevalent ACE for both
groups, although 80% of SVC offenders had family members in prison compared to less than 50% of the O&Ds. For five ACE
items (emotional abuse, physical abuse, household substance abuse, household mental illness, and witnessing household
violence) the proportion of SVCs that experienced this trauma was nearly double the rate of the O&D offenders. About 20%
of the SVC youth were victims of physical neglect, and 15% were victims of emotional neglect, both significantly higher than
the 8% and 10% of O&Ds that experienced these ACEs, respectively. The only ACE for which there was  a minor difference
between SVCs and O&D offenders was the rate of sexual abuse experienced, with 9% of the SVC offenders and 8% of the O&D
offenders experiencing this type of abuse.

Fig. 1 illustrates the cumulative prevalence of ACEs among the SVC and O&D groups. As ACE scores increase, the gap
between SVC and O&D offenders widens. On average, the SVC offenders had twice the number of ACEs as O&D offenders.
SVCs with 4 or more ACEs were more than double the proportion of O&D offenders (33% vs. 14%). SVCs with 6 or more ACEs
were more than triple the rate of the O&Ds (10% vs. 3%). Finally, while more than 90% of SVC offenders experienced at least
one traumatic event in childhood, fewer than 70% of the O&D offenders experienced 1 or more ACEs.

Multivariate Analyses

To determine if ACE scores can successfully distinguish between SVC and O&D offenders, a series of multivariate logistic
regressions were conducted. In the first model, presented in Table 4, block entry was  utilized to evaluate the impact of
Please cite this article in press as: Fox, B. H., et al. Trauma changes everything: Examining the relationship between
adverse childhood experiences and serious, violent and chronic juvenile offenders. Child Abuse & Neglect (2015),
http://dx.doi.org/10.1016/j.chiabu.2015.01.011

the main predictor variable (ACE score) on the odds of a juvenile becoming an SVC vs. O&D offender, above and beyond
the effect of relevant demographic and theoretical covariates. In the second analysis, shown in Table 5, the nine items
that make up the total ACE score are individually evaluated for their unique impact on the risk of SVC offending, when
controlling for all theoretical and demographic covariates. As several items in the ACE score are believed to co-occur
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Fig. 1. ACE score prevalence in the O&D and SVC offender groups.

Table 4
Model 1: total ACE score predicting SVC vs. O&D offending.

B SE OR

ACE score .298 .012 1.35***

Gender 1.55 .055 4.69***

Race 1.09 .041 2.97***

Age of onset −1.06 .018 .348***

Anti-social peers .720 .030 2.05***

Impulsivity .681 .040 1.98***

Family income .002 .023 1.00

Note: OR = odds ratio; Nagelkerke R2 = .567, p < .001.
*** p < .001.

Table 5
Logistic regression result – individual ACE items.

B SE OR

ACE 1: emotional abuse .229 .044 1.26***

ACE 2: physical abuse .454 .051 1.58***

ACE 3: sexual abuse −.170 .074 .844*

ACE 4: emotional neglect .073 .058 1.07
ACE  5: physical neglect .283 .049 1.23***

ACE 6: household violence .204 .049 1.23***

ACE 7: household substance abuse .192 .048 1.21***

ACE 8: household mental illness .091 .059 1.09
ACE  9: incarcerated household member .786 .041 2.19***

Gender 1.43 .056 4.16***

Race 1.03 .042 2.79***

Age of onset −1.05 .018 .350***

Anti-social peers .711 .030 2.04***

Impulsivity .708 .041 2.03***

Family income .018 .023 1.02

N

i
.

c
o
t
i
c
c
A
2

ote: OR = odds ratio; Nagelkerke R2 = .567, p < .001.
* p < .05.

*** p < .001.

n violent juvenile populations, tests of multicollinearity were conducted. No items were significantly correlated at the
05 level, and all tolerance levels were above .55, exceeding the .40 threshold of multicollinearity.

The first multivariate model was statistically significant and rather successful at predicting a juvenile’s offender classifi-
ation, as 80% of SVCs and 81% of O&D offenders were correctly predicted based upon the covariates in the model. Results
f the analysis show that the youth’s ACE score was a strong and significant predictor of SVC offending, above and beyond
he impact of all other risk factors for criminal behavior in the model. In fact, the addition of the ACE measure significantly
mproved the fit of the model and provided a superior predictor of SVC offending than the control variables alone. Specifi-
Please cite this article in press as: Fox, B. H., et al. Trauma changes everything: Examining the relationship between
adverse childhood experiences and serious, violent and chronic juvenile offenders. Child Abuse & Neglect (2015),
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ally, for each additional ACE that a child experiences, the odds of becoming an SVC offender increases by 35% even when
ontrolling for gender, race, age of onset, impulsivity, peer influence, and family income. This means that children with two
CEs are 70% more likely to be SVCs, 4 ACEs increases a child’s SVC risk by 140%, and six or more ACEs leads to more than a
00% higher risk of SVC vs. single felony offending.
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The second multivariate analysis, which examined the individual components that make up the total ACE score, along
with all covariates, was also statistically significant (p < .001). The strongest predictor of SVC offending among the ACEs was
having an incarcerated household member, as this more than doubled the odds that a juvenile will become an SVC offender
even when controlling for all other covariates and items in the ACE score. Physical abuse was also a strong and significant
predictor of offending type, where individuals who  experienced physical abuse during childhood were 58% more likely to
be SVC than O&D offenders. Four ACE items were each found to individually raise the risk of SVC offending between 20%
and 26%: physical neglect, emotional abuse, household violence, and household substance abuse. Sexual abuse was actually
shown to be a risk factor for O&D offending as it increased the odds by 16%. In short, results indicate that all but two  ACE
items, emotional neglect and having a household member suffering from a mental illness, were significant predictors of
serious, violent, and chronic offending among the FDJJ youth.

Discussion

This study evaluated the impact of adverse childhood experiences on a cohort of juvenile offenders in Florida, to better
understand the impact that ACEs have on serious, violent, and chronic criminal behavior. Results indicate that there is a
significant difference in the prevalence of adverse childhood experiences between the SVC and O&D offenders, with SVC
offenders showing higher prevalence of individual ACE’s as well as higher composite ACE scores. The total number of ACEs
among the SVC offenders was more than double that of the O&Ds, and the number of juveniles that experienced six or more
types of trauma, abuse, and adversity was triple the rate for the SVCs vs. O&Ds.

The multivariate analysis indicates that it is possible to distinguish between SVCs and O&D using a juvenile’s ACE score.
Each ACE a child experienced increased the risk of being a serious, violent, and chronic offender by more than 35%, even
when controlling for other known risk factors for criminal behavior.

The components analysis showed that some ACEs have more impact on risk of SVC offending than indicated in the
aggregated model, as physical abuse and incarcerated household members each raised the SVC risk by 58% and 119%,
respectively. Most other ACE components, with the exception of emotional neglect, sexual abuse, and household mental
illness, were shown to raise the risk of SVC offending between 21% and 26% each.

Although very limited research has examined the relationship between trauma in the ACE score and criminal behavior,
the current study suggests that not only do these experiences increase the risk of SVC offending later in life, but there is a
non-linear effect between experiencing multiple forms adversity in childhood and an increased risk of committing serious,
violent, and chronic crime later in life. These findings support the propositions of the developmental pathology perspective,
as each additional traumatic experience in childhood was  found to increase the likelihood of exhibiting aggressive and
“pathological” (i.e., severe criminality) behavior, even when controlling for the major demographic and criminological risk
factors. While the study could not identify the specific biological and neurological changes that may  have taken place
among the abused children, it was able to highlight the injurious relationship between the stress believed to result from
early childhood trauma and subsequent chronic antisocial behavior. The findings also support the predictions of Moffitt’s
developmental taxonomy, as the youth with the most significant developmental and environmental risk factors (i.e., those
who experienced multiple events of childhood trauma and abuse, had an early criminal onset, had high levels of impulsivity),
were significantly more likely to become serious, violent, and chronic juvenile offenders. While this study aimed only to
assess the development of juvenile offending behavior, the SVC trajectory maps directly onto Moffitt’s LCP offending group,
and suggests that the young SVC offenders may  continue to commit violence and serious crimes throughout the life-course
similar to the LCP offenders.

Results of this study also support past research findings by showing that the prevalence of ACEs among juvenile offenders
is substantially higher than the ACEs seen in Felitti and colleagues’ original study sample, regardless of their offending risk
and rate (Baglivio, Epps, et al., 2014). This study also expands the knowledge base by suggesting that ACEs have a significant
impact on SVC offending above and beyond the influence of major risk factors for crime such as gender, race, age of onset,
impulsivity, peer influence, and socio-economic status.

Still, it should be noted that in the current study, not every ACE had an equal impact on the increased risk of serious, violent,
and chronic offending. Two ACE items, emotional neglect and household mental illness, were shown to not have a significant
impact at all. Even more surprisingly, sexual abuse was  found to be a stronger predictor of membership in the O&D offending
group instead of the SVC category when statistically controlling for the other ACE item measures and control variables. This
finding does not align with prior research on the impact of sexual abuse on criminality or other externalized behaviors, as
the literature generally suggests that sexual abuse is one of the most salient, severe, and distressing forms of trauma to
occur during childhood (Burkhart & Fromuth, 1996; Felitti et al., 1998; Finkelhor, Omerod, & Turner, 2009). However, some
researchers (e.g., Dong, Anda, Dube, Giles, & Felitti, 2003) have also recommended that the effects of childhood sexual abuse
should be evaluated alongside other traumatic experiences, as achieved in the present research. Possible causes of these
unexpected findings and potential directions for future research are outlined in the section to follow.
Please cite this article in press as: Fox, B. H., et al. Trauma changes everything: Examining the relationship between
adverse childhood experiences and serious, violent and chronic juvenile offenders. Child Abuse & Neglect (2015),
http://dx.doi.org/10.1016/j.chiabu.2015.01.011

Limitations and Future Research

While this study demonstrates that the ACE score shows promise as a tool for identifying children who  are at risk of
becoming serious, violent, and chronic juvenile offenders, there are several limitations. First, the data were collected as part
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f a FDJJ risk assessment, and not for the explicit purpose of the present research. Consequently, only items collected in the
DJJ’s PACT were available for use in the present study. For example, the demographic variables were measured based on
he child, and no such data was collected for the parents or family members. This may  limit the understanding of race and
ther important social factors related to family composition, but it would be very difficult for DJJ to reliably collect this data
n all family members. Also, while the present study examined the impact of ACEs on the increased risk of repeated serious
nd violent offending when compared to juveniles who committed one felony, it would also be beneficial to compare the
VC offenders’ ACE scores to a non-offending population.

The data also may  contain collection bias, where individuals may  underreport past abuse or other adverse childhood
xperiences. Many individuals may  be evaluated in later adolescence and asked to recall experiences of their early childhood.
s such, important information may  be forgotten, blocked out, or concealed. The utilization of the structured interview is
imed to reduce such collection bias, as the case-worker is trained to look for important cues of abuse and not simply follow
he answers of the child. The caseworkers also have access to the DCF child abuse registry database and are able to check any
ecords in that system to see if any reported allegations were confirmed or found to be unsubstantiated. Regardless, certain
ehaviors may  still be underreported in the data.

The data is also limited in that some juveniles may  have less time in the study to become an SVC offender. For example,
ome individuals may  come into contact with DJJ at age 10, while others may  not be processed until age 17. The later onset
uveniles would thus only have one year to recidivate. While recognizing the limitation, we  believe this also illustrates

offitt’s assertion that early onset offenders commit more crime, not just because they are chronic offenders, but also
ecause they start earlier and last longer than adolescent onset offenders. Under this perspective, individuals who  develop
elinquent behavior later in adolescence would be predicted less likely to become SVC offenders due to their later age of
nset. Adolescent onset at age 17 also only represents 19.7% of the juvenile offenders classified as one-and-done and the
easure was controlled for in the logistic regression analysis. Finally, a prospective longitudinal study design or structural

quation model would improve the causal ordering of trauma and offending, and help to better understand the relationship
etween ACE’s and subsequent criminal behavior. Despite these limitations, this study provides an important preliminary
tep in understanding the complex relationships between childhood trauma and chronic offending.

olicy Implications and Conclusion

There are several important policy implications and applied uses for this research. One clear recommendation is to
mplement policies and programs that help prevent the occurrence of ACEs among children, and reduce the likelihood that
igh risk children will become SVC offenders in the future. Unlike other offender risks and needs tools (e.g., SAVRY, PCL:YV,
ACT), ACE scores can be used as an early screening tool by pediatricians, school personnel, and other practitioners to identify
isk factors for offending before a child is ever involved in the criminal justice system. While adverse childhood experiences
re not the only risk factors for SVC offending, given the number of medical, psychological, behavioral, and criminal outcomes
hat high scores on the ACE score has been directly linked with, there is reason to believe that the ACE score can help identify
nd prevent high risk children from becoming SVC offenders as well as suffering a host of physical and mental health issues.
rmed with evidence that traumatic events in childhood could lead to a variety of public health issues including serious,
iolent, and chronic criminal behavior, practitioners can intervene in the child’s life and help avoid these unfortunate, yet
reventable, outcomes from occurring in the future.

Still, policy-makers might raise concerns that prevention programs aimed at reducing the issues identified in the ACE score
ould need to be comprehensive, ongoing, and therefore extremely costly to taxpayers during a period of limited financial

esources. However, several programs designed to address ACEs are not very costly, but highly cost effective in terms of
rime prevention. According to a comprehensive analysis conducted by the Washington State Institute for Public Policy,
revention programs such as Multi-Systemic Therapy (MST), Functional Family Therapy (FFT), and Parent–Child Interaction
herapy (PCIT), cost $3,261 (FFT) to $7,370 (MST) per child in the program, while the net benefit of these programs, in terms
f direct crime prevention, ranged between $5617 (PCIT) and $30,706 (FFT) per child (Lee et al., 2012). In terms of total return
n investment, for every $1 invested in the FFT, MST, and PCIT programs, there was  an average of $7 in future savings (Lee
t al., 2012). Similar results were also found by the 2000 Nobel Prize in Economics winner James Heckman, as he showed
hat there was $8.70 in savings to society for each $1 invested in trauma-specific prevention programs (Heckman & Krueger,
003).

As the number of children experiencing ACEs continues to increase (Finkelhor et al., 2009), there is diminishing justifi-
ation for the reactive stance currently used to identify and treat SVC offenders. It is also clear how easily prevention and
ntervention programs outweigh the costs of serious, violent, and chronic offending over the life course. Given the financial
enefits of implementing trauma prevention programs, and the multitude of harmful outcomes ACEs cause later in life, there

s empirical evidence for the old adage that a penny of prevention is worth a pound of cure.
Please cite this article in press as: Fox, B. H., et al. Trauma changes everything: Examining the relationship between
adverse childhood experiences and serious, violent and chronic juvenile offenders. Child Abuse & Neglect (2015),
http://dx.doi.org/10.1016/j.chiabu.2015.01.011

eferences

gnew, R. (1992). Foundation for a general strain theory of crime and delinquency. Criminology, 30,  47–86.
nda, R. F., Butchart, A., Felitti, V. J., & Brown, D. W.  (2010). Building a framework for global surveillance of the public health implications of adverse

childhood experiences. American Journal of Preventative Medicine, 39,  93–98.

dx.doi.org/10.1016/j.chiabu.2015.01.011
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0005
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0005
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0005
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0005
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0005
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0005
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0005
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0005
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0005
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0005
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0005
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0005
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0005
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0005
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0005
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0005
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0005
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0010
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0010
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0010
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0010
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0010
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0010
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0010
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0010
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0010
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0010
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0010
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0010
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0010
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0010
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0010
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0010
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0010
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0010
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0010
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0010
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0010
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0010
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0010
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0010
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0010
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0010


G Model
 ARTICLE IN PRESSCHIABU-2915; No. of Pages 11

10 B.H. Fox et al. / Child Abuse & Neglect xxx (2015) xxx–xxx

Anda, R. F., Felitti, V. J., Bremner, J. D., Walker, J. D., Whitfield, C., Perry, B. D., Dube, S. R., & Giles, W.  H. (2006). The enduring effects of abuse and related adverse
experiences in childhood: A convergence of evidence from neurobiology and epidemiology. European Archives of Psychiatry and Clinical Neuroscience,
256,  174–186.

Baglivio, M.  T. (2009). The assessment of risk to recidivate among a juvenile offending population. Journal of Criminal Justice,  37,  596–607.
Baglivio, M.  T., Epps, N., Swartz, K., Huq, M.  S., & Hardt, N. S. (2014). The prevalence of adverse childhood experiences (ACE) in the lives of juvenile offenders.

Journal of Juvenile Justice,  3, 1–23.
Baglivio, M.  T., & Jackowski, K. (2013). Examining the validity of a juvenile offending risk assessment instrument across gender and race/ethnicity. Youth

Violence and Juvenile Justice,  11,  26–43.
Baglivio, M.  T., Jackowski, K., Greenwald, M.  A., & Howell, J. C. (2014). Serious, violent, and chronic juvenile offenders: A statewide analysis of prevalence

and  prediction of subsequent recidivism using risk and protective factors. Criminology & Public Policy, 13, 83–116.
Baird, C., Healy, T., Johnson, K., Bogie, A., Dankert, E. W.,  & Scharenbroch, C. (2013). A comparison of risk assessment instruments in juvenile justice.  Madison,

WI:  National Council on Crime and Delinquency.
Bandura, A. (1963). Social learning and personality development. New York: Holt, Rinehart, and Winston.
Bellis, M.  A., Lowey, H., Leckenby, N., Hughes, K., & Harrison, D. (2014). Adverse childhood experiences: Retrospective study to determine their impact on

adult health behaviours and health outcomes in a UK population. Journal of Public Health,  36,  81–91.
Burgess, R. L., & Akers, R. L. (1966). A differential association-reinforcement theory of criminal behavior. Social Problems, 14,  128–147.
Burkhart, B. R., & Fromuth, M.  E. (1996). The victim: Issues in identification and treatment. In T. L. Jackson (Ed.), Acquaintance rape: Assessment, treatment,

and  prevention (pp. 145–176). Sarasota, FL: Professional Resources Press.
Chapman, D. P., Dube, S. R., & Anda, R. F. (2007). Adverse childhood events as risk factors for negative mental health outcomes. Psychiatric Annals, 37,

359–364.
Cicchetti, D. (2013). Annual research review: Resilient functioning in maltreated children – Past, present, and future perspectives. Journal of Child Psychology

and  Psychiatry, 54,  402–422.
Cicchetti, D., & Rogosch, F. A. (2012). Neuroendocrine regulation and emotional adaptation in the context of child maltreatment. Monographs of the Society

for  Research in Child Development, 77,  87–95.
Cicchetti, D., & Toth, S. L. (1995). A developmental psychopathology perspective on child abuse and neglect. Journal of the American Academy of Child

Adolescent Psychiatry,  34,  541–565.
Cicchetti, D., & Toth, S. L. (2005). Child maltreatment. Annual Review of Clinical Psychology, 1, 409–438.
Cohen, M.  A. (1998). The monetary value of saving a high-risk youth. Journal of Quantitative Criminology, 14,  5–33.
Cohen, M.  A., & Piquero, A. R. (2009). New evidence on the monetary value of saving a high risk youth. Journal of Quantitative Criminology, 25, 25–49.
Danese, A., & McEwen, B. S. (2012). Adverse childhood experiences, allostasis, allostatic load, and age-related disease. Physiological Behavior, 106, 29–39.
DeLisi, M.,  & Piquero, A. R. (2011). New frontiers in criminal careers research, 2000–2011: A state-of-the-art review. Journal of Criminal Justice,  39,

289–301.
Dierkhising, C. B., Ko, S. J., Woods-Jaeger, B., Briggs, E. C., Lee, R., & Pynoos, R. S. (2013). Trauma histories among justice-involved youth: Findings from the

National Child Traumatic Stress Network. European Journal of Psychotraumatology, 4, 1–12.
Dodge, K. A., Bates, J. E., & Pettit, G. S. (1990). Mechanisms in the cycle of violence. Science, 250, 1678–1683.
Dong, M.,  Anda, R. F., Dube, S. R., Giles, W.  H., & Felitti, V. J. (2003). The relationship of exposure to childhood sexual abuse to other forms of abuse, neglect,

and  household dysfunction during childhood. Child Abuse & Neglect, 27,  625–639.
Ellis, L., Beaver, K. M.,  & Wright, J. (2009). Handbook of crime correlates.  Amsterdam: Elsevier.
Eley, T. C., Lichtenstein, P., & Moffitt, T. E. (2003). A longitudinal behavioral genetic analysis of the etiology of aggressive and nonaggressive antisocial

behavior. Development and Psychopathology, 15,  383–402.
Farrington, D. P. (1989). Early predictions of adolescent aggression and adult violence. Violence and Victims, 4, 79–100.
Farrington, D. P. (2003). Developmental and life-course criminology: Key theoretical and empirical issues. Criminology, 41,  221–225.
Farrington, D. P. (2005). The integrated cognitive antisocial potential (ICAP) theory. In D. P. Farrington (Ed.), Integrated developmental and life-course theories

of  offending (pp. 73–92). New Brunswick, NJ: Transaction Publishers.
Farrington, D. P., Loeber, R., & Ttofi, M.  M.  (2012). Risk and protective factors for offending. In B. Welsh, & D. P. Farrington (Eds.), Oxford handbook of crime

prevention (pp. 46–69). Oxford: Oxford University Press.
Federal Bureau of Investigation (FBI). (2012). Crime in the United States, 2011. Washington, DC: U.S. Government Printing Office.
Felitti, V. J., Anda, R. F., Nordenberg, D., Williamson, D. F., Spitz, A. M.,  Edwards, V., Koss, M.  P., & Marks, J. S. (1998). Relationship of childhood abuse and

household dysfunction to many of the leading causes of death in adults: The Adverse Childhood Experiences (ACE) study. American Journal of Preventive
Medicine,  14,  245–258.

Finkelhor, D., Ormrod, R. K., & Turner, H. A. (2009). Lifetime assessment of poly-victimization in a national sample of children and youth. Child Abuse &
Neglect,  33,  403–411.

Finkelhor, D., Shattuck, A., Turner, H., & Hamby, S. (2013). Improving the adverse childhood experiences study scale. JAMA Pediatrics,  167, 70–75.
Flaherty, E. G., Thompson, R., Dubowitz, H., Harvey, E. M.,  English, D. J., Proctor, L. J., & Runyan, D. K. (2013). Adverse childhood experiences and child health

in  early adolescence. JAMA Pediatrics, 167, 622–629.
Fox, B. H., Piquero, A. R., & Jennings, W.  (2014). Serious, chronic, and violent offenders. In W.  Church, & D. Springer (Eds.), Juvenile justice sourcebook: Past,

present  and future (pp. 554–579). New York: Oxford University Press.
Garland, E. L., Boettiger, C. A., & Howard, M.  O. (2011). Targeting cognitive-affective mechanisms in stress-precipitated alcohol dependence: An integrated,

biopsychosocial model of allostasis, automaticity, and addiction. Medical Hypotheses, 76,  745–754.
Geller, A., Garfinkel, I., Cooper, C. E., & Mincy, R. B. (2009). Parental incarceration and child well-being: Implications for urban families. Social Science

Quarterly,  90,  1186–1202.
Gottfredson, M.  R., & Hirschi, T. (1990). A general theory of crime. Stanford, CA: Stanford University Press.
Heckman, J. J., & Krueger, A. B. (Eds.). (2003). Inequality in America: What role for human capital policies?. Cambridge, MA:  MIT  Press.
Herrera, V. M.,  & McCloskey, L. A. (2001). Gender differences in the risk for delinquency among youth exposed to family violence. Child Abuse & Neglect, 25,

1037–1051.
Hillis, S. D., Anda, R. F., Dube, S. R., Felitti, V. J., Marchbanks, P. A., & Marks, J. S. (2004). The association between adverse childhood experiences and adolescent

pregnancy, long-term psychosocial consequences, and fetal death. Pediatrics, 2, 320–327.
Hillis, S. D., Anda, R. F., Felitti, V. J., & Marchbanks, P. A. (2001). Adverse childhood experiences and sexual risk behaviors in women: A retrospective cohort

study.  Family Planning Perspective, 5, 206–211.
Hoeve, M.,  Colins, O. F., Mulder, E. A., Loeber, R., Stams, G. J. J. M.,  & Vermeriren, R. R. (2014). Trauma and mental health problems in adolescent males:

Differences between childhood-onset and adolescent-onset offenders. Criminal Justice & Behavior, http://dx.doi.org/10.1177/0093854814558505
Howes, P. W.,  Cicchetti, D., Toth, S. L., & Rogosch, F. A. (2000). Affective, organizational, and relational characteristics of maltreating families: A system’s

perspective. Journal of Family Psychology, 14,  95.
Kim-Cohen, J., Caspi, A., Taylor, A., Williams, B., Newcombe, R., Craig, I. W.,  & Moffitt, T. E. (2006). MAOA, maltreatment, and gene-environment interaction
Please cite this article in press as: Fox, B. H., et al. Trauma changes everything: Examining the relationship between
adverse childhood experiences and serious, violent and chronic juvenile offenders. Child Abuse & Neglect (2015),
http://dx.doi.org/10.1016/j.chiabu.2015.01.011

predicting children’s mental health: New evidence and a meta-analysis. Molecular Psychiatry, 11,  903–913.
Larkin, H., Felitti, V. J., & Anda, R. F. (2014). Social work and adverse childhood experiences research: Implications for practice and health policy. Social Work

in  Public Health,  29,  1–16.
Laub, J. H., & Sampson, R. J. (1994). Unemployment, marital discord, and deviant behavior: The long-term correlates of childhood misbehavior. In T. Hirschi,

&  M.  R. Gottfredson (Eds.), The generality of deviance (pp. 235–252). New Brunswick, NJ: Transaction Publishers.

dx.doi.org/10.1016/j.chiabu.2015.01.011
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0015
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0015
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0015
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0015
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0015
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0015
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0015
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0015
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0015
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0015
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0015
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0015
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0015
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0015
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0015
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0015
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0015
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0015
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0015
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0015
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0015
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0015
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0015
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0015
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0015
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0015
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0015
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0015
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0015
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0015
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0015
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0015
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0375
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0375
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0375
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0375
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0375
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0375
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0375
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0375
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0375
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0375
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0375
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0375
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0375
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0375
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0375
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0375
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0375
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0375
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0375
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0375
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0375
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0020
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0020
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0020
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0020
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0020
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0020
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0020
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0020
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0020
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0020
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0020
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0020
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0020
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0020
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0020
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0020
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0020
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0020
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0020
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0020
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0020
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0020
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0020
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0380
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0380
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0380
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0380
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0380
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0380
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0380
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0380
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0380
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0380
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0380
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0380
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0380
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0380
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0380
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0380
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0380
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0380
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0380
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0380
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0380
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0380
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0380
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0380
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0380
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0025
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0025
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0025
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0025
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0025
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0025
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0025
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0025
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0025
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0025
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0025
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0025
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0025
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0025
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0025
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0025
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0025
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0025
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0025
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0025
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0025
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0025
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0025
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0025
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0025
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0025
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0025
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0025
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0025
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0025
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0025
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0385
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0385
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0385
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0385
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0385
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0385
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0385
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0385
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0385
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0385
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0385
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0385
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0385
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0385
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0385
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0385
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0385
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0385
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0030
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0030
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0030
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0030
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0030
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0030
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0030
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0030
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0030
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0030
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0030
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0030
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0035
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0035
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0035
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0035
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0035
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0035
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0035
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0035
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0035
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0035
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0035
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0035
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0035
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0035
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0035
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0035
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0035
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0035
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0035
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0035
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0035
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0035
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0035
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0035
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0035
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0035
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0035
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0035
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0035
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0035
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0040
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0040
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0040
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0040
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0040
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0040
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0040
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0040
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0040
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0040
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0040
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0040
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0040
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0040
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0040
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0045
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0045
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0045
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0045
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0045
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0045
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0045
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0045
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0045
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0045
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0045
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0045
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0045
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0045
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0045
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0045
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0045
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0045
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0045
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0045
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0045
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0045
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0045
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0045
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0045
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0045
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0045
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0050
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0050
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0050
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0050
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0050
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0050
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0050
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0050
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0050
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0050
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0050
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0050
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0050
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0050
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0050
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0050
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0050
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0050
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0050
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0060
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0060
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0060
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0060
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0060
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0060
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0060
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0060
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0060
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0060
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0060
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0060
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0060
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0060
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0060
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0060
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0060
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0060
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0060
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0060
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0060
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0060
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0060
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0060
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0060
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0060
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0065
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0065
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0065
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0065
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0065
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0065
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0065
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0065
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0065
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0065
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0065
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0065
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0065
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0065
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0065
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0065
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0065
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0065
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0065
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0065
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0065
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0065
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0065
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0065
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0065
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0065
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0055
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0055
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0055
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0055
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0055
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0055
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0055
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0055
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0055
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0055
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0055
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0055
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0055
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0055
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0055
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0055
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0055
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0055
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0055
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0055
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0055
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0055
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0055
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0055
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0070
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0070
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0070
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0070
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0070
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0070
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0070
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0070
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0070
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0070
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0070
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0070
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0070
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0075
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0075
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0075
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0075
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0075
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0075
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0075
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0075
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0075
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0075
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0075
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0075
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0075
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0075
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0075
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0075
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0075
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0075
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0080
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0080
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0080
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0080
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0080
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0080
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0080
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0080
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0080
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0080
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0080
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0080
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0080
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0080
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0080
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0080
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0080
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0080
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0080
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0080
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0080
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0080
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0085
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0085
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0085
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0085
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0085
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0085
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0085
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0085
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0085
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0085
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0085
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0085
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0085
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0085
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0085
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0085
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0085
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0090
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0090
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0090
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0090
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0090
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0090
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0090
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0090
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0090
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0090
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0090
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0090
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0090
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0090
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0090
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0090
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0090
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0090
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0090
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0090
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0090
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0090
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0095
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0095
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0095
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0095
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0095
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0095
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0095
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0095
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0095
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0095
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0095
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0095
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0095
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0095
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0095
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0095
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0095
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0095
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0095
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0095
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0095
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0095
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0095
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0100
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0100
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0100
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0100
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0100
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0100
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0100
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0100
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0100
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0100
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0100
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0100
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0100
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0105
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0105
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0105
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0105
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0105
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0105
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0105
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0105
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0105
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0105
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0105
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0105
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0105
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0105
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0105
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0105
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0105
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0105
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0105
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0105
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0105
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0105
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0105
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0105
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0105
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0105
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0105
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0105
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0105
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0110
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0110
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0110
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0110
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0110
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0110
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0110
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0115
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0115
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0115
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0115
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0115
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0115
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0115
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0115
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0115
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0115
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0115
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0115
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0115
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0115
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0115
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0115
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0115
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0115
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0115
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0115
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0115
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0115
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0115
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0120
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0120
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0120
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0120
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0120
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0120
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0120
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0120
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0120
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0120
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0120
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0120
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0120
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0120
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0120
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0120
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0120
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0125
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0125
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0125
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0125
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0125
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0125
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0125
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0125
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0125
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0125
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0125
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0125
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0125
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0125
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0125
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0125
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0130
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0130
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0130
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0130
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0130
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0130
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0130
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0130
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0130
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0130
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0130
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0130
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0130
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0130
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0130
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0130
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0130
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0130
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0130
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0130
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0130
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0130
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0130
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0130
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0130
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0130
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0130
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0130
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0135
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0135
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0135
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0135
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0135
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0135
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0135
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0135
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0135
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0135
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0135
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0135
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0135
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0135
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0135
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0135
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0135
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0135
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0135
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0135
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0135
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0135
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0135
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0135
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0135
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0135
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0135
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0140
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0140
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0140
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0140
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0140
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0140
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0140
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0140
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0140
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0140
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0140
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0140
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0140
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0145
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0145
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0145
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0145
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0145
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0145
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0145
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0145
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0145
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0145
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0145
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0145
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0145
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0145
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0145
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0145
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0145
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0145
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0145
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0145
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0145
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0145
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0145
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0145
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0145
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0145
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0145
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0145
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0145
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0145
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0145
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0145
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0145
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0145
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0150
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0150
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0150
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0150
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0150
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0150
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0150
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0150
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0150
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0150
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0150
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0150
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0150
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0150
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0150
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0150
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0150
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0150
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0150
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0150
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0150
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0150
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0155
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0155
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0155
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0155
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0155
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0155
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0155
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0155
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0155
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0155
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0155
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0155
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0155
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0155
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0155
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0160
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0160
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0160
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0160
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0160
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0160
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0160
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0160
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0160
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0160
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0160
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0160
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0160
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0160
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0160
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0160
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0160
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0165
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0165
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0165
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0165
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0165
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0165
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0165
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0165
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0165
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0165
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0165
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0165
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0165
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0165
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0165
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0165
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0165
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0165
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0165
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0165
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0165
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0165
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0165
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0165
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0165
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0165
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0165
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0165
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0170
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0170
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0170
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0170
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0170
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0170
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0170
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0170
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0170
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0170
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0170
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0170
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0170
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0170
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0170
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0170
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0170
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0170
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0170
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0170
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0170
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0170
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0170
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0170
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0175
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0175
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0175
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0175
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0175
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0175
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0175
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0175
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0175
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0175
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0175
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0175
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0175
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0175
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0175
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0175
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0175
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0175
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0180
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0180
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0180
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0180
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0180
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0180
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0180
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0180
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0180
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0180
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0180
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0190
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0190
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0190
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0190
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0190
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0190
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0190
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0190
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0190
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0190
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0190
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0190
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0190
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0190
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0195
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0195
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0195
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0195
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0195
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0195
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0195
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0195
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0195
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0195
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0195
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0195
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0195
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0195
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0195
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0195
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0195
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0195
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0195
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0195
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0195
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0195
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0195
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0200
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0200
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0200
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0200
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0200
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0200
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0200
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0200
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0200
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0200
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0200
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0200
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0200
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0200
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0200
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0200
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0200
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0200
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0200
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0200
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0200
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0200
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0205
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0205
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0205
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0205
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0205
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0205
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0205
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0205
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0205
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0205
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0205
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0205
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0205
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0205
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0205
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0205
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0205
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0205
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0205
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0205
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0205
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0205
dx.doi.org/10.1177/0093854814558505
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0215
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0215
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0215
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0215
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0215
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0215
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0215
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0215
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0215
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0215
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0215
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0215
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0215
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0215
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0215
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0215
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0215
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0215
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0215
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0220
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0220
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0220
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0220
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0220
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0220
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0220
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0220
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0220
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0220
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0220
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0220
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0220
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0220
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0220
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0220
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0220
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0220
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0220
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0220
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0220
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0220
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0225
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0225
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0225
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0225
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0225
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0225
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0225
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0225
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0225
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0225
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0225
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0225
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0225
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0225
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0225
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0225
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0225
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0225
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0225
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0225
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0225
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0225
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0225
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0225
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0230
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0230
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0230
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0230
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0230
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0230
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0230
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0230
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0230
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0230
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0230
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0230
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0230
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0230
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0230
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0230
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0230
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0230
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0230
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0230
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0230
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0230
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0230
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0230
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0230
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0230
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0230
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0230
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0230
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0230
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0230
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0230
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0230


G Model
C

L

L

L
L

L

M
M
M

M

M

N

P

P

P
P
P

P

P

P

S

S

S
S

T
T

T

T
T

W
W

Z

ARTICLE IN PRESSHIABU-2915; No. of Pages 11

B.H. Fox et al. / Child Abuse & Neglect xxx (2015) xxx–xxx 11

ee, S., Aos, S., Drake, E., Pennucci, A., Miller, M.,  & Anderson, L. (2012). Return on investment: Evidence-based options to improve statewide outcomes April
2012 update. Olympia, WA:  Washington State Institute for Public Policy.

oeber, R., & Ahonen, L. (2014). What are the policy implications of our knowledge on serious, violent, and chronic offenders? Criminology & Public Policy,
13,  117–125.

oeber, R., & Farrington, D. P. (Eds.). (1998). Serious and violent juvenile offenders: Risk factors and successful interventions. Sage: Thousand Oaks, CA.
oeber, R., & Farrington, D. P. (2000). Young children who commit crime: Epidemiology, developmental origins, risk factors, early interventions, and policy

implications. Development and Psychopathology, 12,  737–762.
oeber, R., & Farrington, D. P. (Eds.). (2012). From juvenile delinquency to adult crime: Criminal careers, justice policy, and prevention. New York: Oxford

University Press.
axfield, M.  G., & Widom, C. S. (1996). The cycle of violence revisited 6 years later. Archives of Pediatrics and Adolescent Medicine, 150, 390–395.
offitt, T. E. (1993). Adolescence-limited and life-course-persistent antisocial behavior: A developmental taxonomy. Psychological Review, 100, 674–701.
offitt, T. E. (2006). Life-course persistent versus adolescence-limited antisocial behavior. In D. Cicchetti, & D. J. Cohen (Eds.), Developmental psychopathology:

Risk,  disorder, and adaptation (pp. 570–598). New York, NY: John Wiley.
urray, J., & Farrington, D. P. (2005). Parental imprisonment: Effects on boys’ antisocial behaviour and delinquency through the life-course. Journal of Child

Psychology and Psychiatry, 46,  1269–1278.
urray, J., & Farrington, D. P. (2008). The effects of parental imprisonment on children. In M.  Tonry (Ed.), Crime and justice (Vol. 37) (pp. 133–206). Chicago:

University of Chicago Press.
agin, D. S., & Tremblay, R. E. (1999). Trajectories of boys’ physical aggression, opposition, and hyperactivity on the path to physically violent and nonviolent

juvenile delinquency. Child Development, 70,  1181–1196.
ainter, K., & Scannapieco, M.  (2013). Child maltreatment: The neurobiological aspects of posttraumatic stress disorder. Journal of Evidence-Based Social

Work,  10,  276–284.
atterson, G. R., & Yoerger, K. (2002). A developmental model for early- and late-onset delinquency. In J. B. Reid, G. R. Patterson, & J. Snyder (Eds.),

Antisocial behavior in children and adolescents: A developmental analysis and model for intervention (pp. 147–172). Washington, DC: American Psychological
Association.

alusci, V. (2013). Adverse childhood experiences and lifelong health. JAMA Pediatrics, 167, 95–96.
iquero, A. R. (2011). James Joyce, Alice in Wonderland, the Rolling Stones, and criminal careers. Journal of Youth and Adolescence, 40,  761–775.
iquero, A. R., Farrington, D. P., & Blumstein, A. (2003). The criminal career paradigm. In M.  Tonry (Ed.), Crime and justice (Vol. 28) (pp. 103–115). Chicago:

University of Chicago Press.
iquero, A. R., Farrington, D. P., Fontaine, N. M.  G., Vincent, G., Coid, J., & Ullrich, S. (2012). Childhood risk, offending trajectories, and psychopathy at age 48

years  in the Cambridge Study in Delinquent Development. Psychology, Public Policy, and Law, 18,  577–598.
iquero, A. R., Jennings, W.  G., & Barnes, J. C. (2012). Violence in criminal careers: A review of the literature from a developmental life-course perspective.

Aggression and Violent Behavior, 17,  171–179.
iquero, A., & Moffitt, T. E. (2005). Explaining the facts of crime: How the developmental taxonomy replies to Farrington’s invitation. In D. P. Farrington

(Ed.),  Integrated developmental and life course theories of offending (pp. 51–72). Piscataway, NJ: Transaction Publishers.
halev, I., Moffitt, T. E., Sugden, K., Williams, B., Houts, R. M.,  Danese, A., Mill, J., Arseneault, L., & Caspi, A. (2013). Exposure to violence during childhood is

associated with telomere erosion from 5 to 10 years of age: A longitudinal study. Molecular Psychiatry, 18, 576–581.
mith, C., & Thornberry, T. P. (1995). The relationship between childhood maltreatment and adolescent involvement in delinquency. Criminology, 33,

451–481.
chwalbe, C. S. (2007). Risk assessment for juvenile justice: A meta-analysis. Law and Human Behavior, 31, 449–462.
keem, J. L., Scott, E., & Mulvey, E. P. (2014). Justice policy reform for high-risk juveniles: Using science to achieve large-scale crime reduction. Annual Review

of  Clinical Psychology, 10,  709–739.
aylor, J., Iacono, W.  G., & McGue, M.  (2000). Evidence for a genetic etiology of early-onset delinquency. Journal of Abnormal Psychology, 109, 634–643.
eicher, M., Andersen, S., Polcari, A., Anderson, C., Navalta, C., & Kim, D. (2003). The neurobiological consequences of early stress and childhood maltreatment.

Neuroscience and Biobehavioral Review, 27,  33–44.
hornberry, T. P., Huizinga, D., & Loeber, R. (1995). The prevention of serious delinquency and violence: Implications from the program of research on the

causes and correlates of delinquency. In J. C. Howell, B. Krisberg, J. D. Hawkins, & J. J. Wilson (Eds.), Sourcebook on serious, violent, and chronic juvenile
offenders.  Thousand Oaks, CA: Sage.

oth, S. L., & Cicchetti, D. (2013). A developmental psychopathology perspective on child maltreatment. Child Maltreatment, 18,  135–139.
oth, S. L., Harris, L. S., Goodman, G. S., & Cicchetti, D. (2011). Influence of violence and aggression on children’s psychological development: Trauma,

attachment, and memory. In P. R. Shaver, & M.  Mikulincer (Eds.), Human aggression and violence: Causes, manifestations, and consequences (pp. 351–365).
Please cite this article in press as: Fox, B. H., et al. Trauma changes everything: Examining the relationship between
adverse childhood experiences and serious, violent and chronic juvenile offenders. Child Abuse & Neglect (2015),
http://dx.doi.org/10.1016/j.chiabu.2015.01.011

Washington, DC: American Psychological Association.
idom, C. S. (1989). Does violence beget violence? A critical examination of the literature. Psychological Bulletin, 106, 3–28.
inokur-Early, K., Hand, G. A., & Blankenship, J. L. (2012). Validity and reliability of the Florida Positive Achievement Change Tool (PACT) risk and needs

assessment instrument: A three-phase evaluation (validation study, factor analysis, inter-rater reliability). Tallahassee, FL: Justice Research Center.
ahn, M.  (Ed.). (2009). The delinquent girl. Philadelphia, PA: Temple University Press.

dx.doi.org/10.1016/j.chiabu.2015.01.011
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0235
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0235
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0235
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0235
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0235
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0235
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0235
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0235
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0235
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0235
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0235
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0235
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0235
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0235
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0235
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0235
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0235
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0235
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0235
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0235
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0240
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0240
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0240
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0240
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0240
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0240
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0240
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0240
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0240
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0240
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0240
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0240
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0240
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0240
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0240
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0240
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0240
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0240
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0240
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0240
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0240
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0240
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0240
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0240
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0250
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0250
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0250
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0250
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0250
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0250
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0250
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0250
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0250
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0250
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0250
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0250
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0250
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0250
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0250
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0245
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0245
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0245
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0245
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0245
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0245
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0245
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0245
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0245
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0245
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0245
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0245
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0245
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0245
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0245
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0245
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0245
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0245
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0245
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0245
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0245
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0245
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0245
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0245
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0255
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0255
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0255
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0255
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0255
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0255
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0255
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0255
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0255
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0255
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0255
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0255
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0255
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0255
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0255
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0255
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0255
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0255
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0260
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0260
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0260
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0260
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0260
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0260
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0260
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0260
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0260
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0260
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0260
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0260
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0260
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0260
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0260
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0260
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0260
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0260
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0260
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0260
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0265
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0265
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0265
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0265
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0265
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0265
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0265
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0265
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0265
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0265
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0265
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0265
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0265
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0265
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0265
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0265
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0270
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0270
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0270
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0270
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0270
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0270
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0270
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0270
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0270
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0270
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0270
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0270
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0270
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0270
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0270
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0270
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0270
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0270
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0270
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0270
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0270
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0270
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0270
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0270
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0270
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0270
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0270
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0270
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0270
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0280
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0280
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0280
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0280
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0280
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0280
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0280
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0280
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0280
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0280
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0280
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0280
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0280
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0280
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0280
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0280
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0280
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0280
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0280
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0280
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0280
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0280
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0280
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0280
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0275
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0275
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0275
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0275
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0275
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0275
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0275
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0275
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0275
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0275
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0275
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0275
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0275
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0275
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0275
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0275
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0275
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0275
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0275
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0275
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0275
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0275
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0275
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0275
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0275
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0285
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0285
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0285
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0285
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0285
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0285
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0285
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0285
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0285
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0285
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0285
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0285
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0285
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0285
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0285
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0285
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0285
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0285
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0285
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0285
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0285
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0285
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0285
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0285
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0285
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0285
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0290
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0290
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0290
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0290
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0290
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0290
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0290
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0290
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0290
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0290
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0290
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0290
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0290
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0290
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0290
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0290
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0290
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0290
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0290
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0290
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0295
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0295
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0295
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0295
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0295
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0295
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0295
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0295
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0295
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0295
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0295
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0295
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0295
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0295
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0295
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0295
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0295
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0295
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0295
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0295
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0295
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0295
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0295
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0295
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0295
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0295
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0295
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0295
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0295
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0295
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0295
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0295
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0295
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0295
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0295
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0295
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0295
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0295
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0295
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0295
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0295
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0300
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0300
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0300
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0300
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0300
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0300
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0300
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0300
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0300
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0300
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0300
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0300
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0300
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0300
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0305
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0305
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0305
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0305
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0305
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0305
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0305
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0305
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0305
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0305
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0305
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0305
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0305
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0305
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0305
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0305
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0305
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0305
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0305
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0305
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0305
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0305
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0315
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0315
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0315
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0315
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0315
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0315
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0315
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0315
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0315
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0315
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0315
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0315
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0315
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0315
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0315
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0315
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0315
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0315
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0315
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0315
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0315
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0315
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0320
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0320
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0320
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0320
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0320
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0320
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0320
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0320
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0320
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0320
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0320
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0320
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0320
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0320
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0320
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0320
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0320
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0320
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0320
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0320
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0320
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0320
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0320
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0320
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0320
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0320
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0320
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0320
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0325
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0325
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0325
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0325
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0325
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0325
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0325
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0325
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0325
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0325
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0325
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0325
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0325
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0325
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0325
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0325
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0325
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0325
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0325
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0325
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0325
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0325
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0325
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0325
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0310
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0310
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0310
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0310
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0310
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0310
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0310
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0310
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0310
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0310
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0310
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0310
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0310
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0310
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0310
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0310
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0310
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0310
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0310
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0310
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0310
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0310
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0310
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0310
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0310
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0310
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0310
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0310
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0310
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0310
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0310
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0310
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0310
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0310
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0330
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0330
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0330
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0330
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0330
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0330
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0330
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0330
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0330
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0330
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0330
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0330
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0330
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0330
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0330
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0330
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0330
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0330
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0330
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0330
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0330
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0330
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0330
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0330
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0330
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0330
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0330
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0330
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0335
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0335
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0335
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0335
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0335
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0335
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0335
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0335
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0335
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0335
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0335
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0335
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0335
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0335
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0335
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0335
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0335
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0390
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0390
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0390
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0390
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0390
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0390
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0390
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0390
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0390
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0390
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0390
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0390
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0390
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0390
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0390
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0390
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0390
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0395
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0395
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0395
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0395
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0395
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0395
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0395
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0395
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0395
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0395
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0395
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0395
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0395
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0395
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0395
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0395
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0395
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0395
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0395
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0395
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0395
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0395
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0395
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0395
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0340
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0340
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0340
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0340
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0340
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0340
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0340
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0340
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0340
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0340
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0340
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0340
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0340
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0340
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0340
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0340
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0340
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0340
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0345
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0345
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0345
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0345
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0345
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0345
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0345
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0345
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0345
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0345
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0345
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0345
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0345
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0345
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0345
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0345
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0345
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0345
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0345
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0350
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0350
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0350
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0350
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0350
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0350
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0350
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0350
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0350
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0350
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0350
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0350
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0350
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0350
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0350
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0350
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0350
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0350
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0350
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0350
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0350
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0350
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0350
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0350
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0350
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0350
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0350
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0350
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0350
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0350
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0350
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0350
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0350
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0350
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0350
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0350
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0350
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0350
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0350
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0350
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0350
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0350
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0350
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0350
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0350
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0350
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0350
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0355
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0355
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0355
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0355
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0355
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0355
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0355
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0355
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0355
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0355
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0355
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0355
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0355
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0355
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0355
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0360
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0360
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0360
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0360
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0360
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0360
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0360
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0360
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0360
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0360
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0360
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0360
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0360
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0360
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0360
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0360
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0360
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0360
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0360
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0360
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0360
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0360
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0360
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0360
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0360
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0360
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0360
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0360
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0360
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0360
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0360
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0360
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0360
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0360
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0360
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0360
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0360
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0360
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0365
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0365
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0365
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0365
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0365
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0365
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0365
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0365
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0365
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0365
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0365
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0365
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0365
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0365
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0365
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0365
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0365
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0365
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0400
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0400
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0400
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0400
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0400
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0400
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0400
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0400
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0400
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0400
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0400
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0400
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0400
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0400
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0400
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0400
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0400
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0400
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0400
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0400
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0400
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0400
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0400
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0400
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0400
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0400
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0400
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0400
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0400
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0400
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0400
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0370
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0370
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0370
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0370
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0370
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0370
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0370
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0370
http://refhub.elsevier.com/S0145-2134(15)00035-6/sbref0370

	Trauma changes everything: Examining the relationship between adverse childhood experiences and serious, violent and chron...
	Introduction
	Serious, Violent, and Chronic Juvenile Offenders
	The Adverse Childhood Experiences (ACE) Score
	Adverse Childhood Experiences and Future Negative Outcomes
	Adverse Childhood Experiences and Criminal Behavior

	Methodology
	Data and Measures
	ACE Score Items
	Control Variables

	Results
	Descriptive Statistics
	Multivariate Analyses

	Discussion
	Limitations and Future Research
	Policy Implications and Conclusion

	References


