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Abstract This review was aimed at systematically inves-
tigating the treatment efficacy and clinical effectiveness of
neurobehavioral rehabilitation programs for adults with
acquired brain injury and making evidence-based recom-
mendations for the adoption of these rehabilitation train-
ings. Using a variety of search procedures, 63 studies were
identified and reviewed using a set of questions about
research methods, treatments, results and outcomes for the
1,094 participants. The 63 studies included treatments
falling into three general categories: approaches based on
applied behavior analysis, interventions based on cognitive-
behavior therapy (CBT), and comprehensive-holistic reha-
bilitation programs (CHRPs). Considerable heterogeneity
exists in the reviewed literature among treatment methods
and within reported sample subjects. Despite the variety of
methodological concerns, results indicate that the greatest
overall improvement in psychosocial functioning is
achieved by CHRP that can be considered a treatment
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standard for adults with behavioral and psychosocial
disorders following acquired brain injury. Both approaches
based on applied behavior analysis and CBT can be said to
be evidence-based treatment options. However, findings
raise questions about the role of uncontrolled factors in
determining treatment effects and suggest the need for
rigorous inclusion/exclusion criteria, with greater specifica-
tion of theoretical basis, design, and contents of treatments
for both interdisciplinary-comprehensive approaches and
single-case methodologies.

Keywords Acquired brain injury - Neurobehavioral
disorders - Psychosocial disorders - Evidence-based
rehabilitation - Review

Introduction

Acquired brain injury (ABI) is defined as a cerebral damage
that occurs after birth and is not related to congenital
disorders, developmental disabilities, or processes that
progressively damage the brain. Many individuals with
ABI, particularly of traumatic aetiology, exhibit a variety of
alterations, especially in the areas of cognition, mood, and
behavior, even in the presence of generally good somatic/
functional recovery (Adolphs 2003). Although cognitive
deficits and behavioral disorders tend to decrease sponta-
neously during recovery, they may have a significant
impact on community integration and psychosocial adjust-
ment (Milders et al. 2003; McCabe et al. 2007). Moreover,
the persistence and magnitude of social and behavioral
problems after ABI is a frequent cause of a non-compliant
condition and may be a serious obstacle to the treatment of
associated cognitive or functional deficits (Sohlberg and
Mateer 2001; Wood and McMillan 2001).
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Neurobehavioral and emotional disorders can be divided
into two main categories based on the clinical features of
their symptoms (Ducharme 1999; Wood and McMillan
2001): (1) internalizing symptoms indicate a defective-type
behavior not primarily related to a psychogenic background
of dysphoric mood disorder such as depression or demor-
alization, including apathy, initiation impairment, careless-
ness, reduced self-confidence or self-esteem, frustration,
and social withdrawal (Finset and Andersson 2000; Rao et
al. 2007); (2) externalizing symptoms synthesize an
impulse control disorder with a non-compliant and opposi-
tional attitude, including impulsivity, irritability, aggression,
excitement, disinhibition, confabulation, and sexually inap-
propriate activities (Wood and McMillan 2001).

A large body of literature supports the critical role of the
frontal lobes in social cognition and social behavior, but there is
a debate regarding the exact nature of this relationship, and of
the higher-level organization and execution of complex
thoughts and behavior (Alvarez and Emory 2006). A number
of findings highlight the complex interaction among cognitive
abilities, self-monitoring of social skills, awareness of social
rules and boundaries, and behavioral or emotional control
(Anderson et al. 1999; Blair and Cipolotti 2000; Grafman
2007). According to various authors (e.g., Sbordone 2000)
three major frontal-subcortical circuits (dorsolateral, ventro-
medial and orbitofrontal) are involved in these interactions.

The dorsolateral prefrontal cortex (which projects primar-
ily to the dorsolateral head of the caudate nucleus) has a
critical role in the temporal organization of behavior (Fuster
1989); it allows the individual to elaborate sequences of
voluntary actions important for motor programming, verbal
fluency and the use of strategies (e.g., Milner and Petrides
1984). Patients with localized damage to the dorsolateral
prefrontal cortex show reduced cognitive flexibility, a
tendency toward perseveration and reduced verbal fluency;
they may appear “pseudo-depressed” (Blumer and Benson
1975) due to the presence of apathy, lack of planning,
difficulty in developing new ideas and strategies. The
ventromedial circuit, which involves the anterior cingulate
and projects primarily to the nucleus accumbens, is
important for motivation and initiative. Lesions to this
region, often associated with the supplementary motor area,
produce akinesia, apathy, mutism and decreased social
interaction (Sbordone 2000). While unilateral lesions tend
to produce temporary disorders, deficits are more lasting in
the case of bilateral damage (Fesenmeier et al. 1990). The
orbitofrontal cortex (which projects to the ventromedial
caudate nucleus) acts as a filter for sensory information,
inhibiting less important/appropriate stimuli in favor of those
required to reach a current goal (Malloy et al. 1993). Patients
with orbitofrontal damage appear to have disinhibited
reasoning and behavior, they are easy to distract and unable
to suppress automatic responses. Particularly in the case of

bilateral damage, dramatic personality changes can occur
characterized by lack of insight and antisocial behavior (e.g.,
Eslinger and Damasio 1985; Blumer and Benson 1975). To
explain these dramatic personality changes, Damasio et al.
(1991) proposed the somatic marker hypothesis (see also
Damasio 1996; for a critical evaluation of this theory see
Dunn et al. 2006) according to which the orbitofrontal cortex
allows associating complex situations with corresponding
emotional states to regulate decision-making. Markers are
somatic as they relate to body-state structure and regulation
even when they do not properly arise in the body but rather
in the brain’s representation of the body (Damasio 1996).
Besides the site and nature of the brain damage, a number of
other factors interact to determine the probability of
behavioral, emotional and psychosocial disorders in individ-
uals with ABI (Wood and McMillan 2001). These include
premorbid behavior, personality traits and skill level, and
cognitive and physical sequelaec of the injury. It is this
amalgam of factors that often results in decreased everyday
life competencies, impeding the effective performance of
daily activities and access to desired social activity.

Given the large number of behavioral and emotional
disturbances resulting from various kinds of brain damage,
one might expect behavioral and psychosocial intervention to
be a major component of neuropsychological rehabilitation
programs. However, apart from comprehensive-holistic
approaches, the rehabilitation of inappropriate social behavior
still seems to be considered supplementary to other neuro-
psychological interventions rather than a core part of the
treatment program. This is particularly true with respect to the
rehabilitation of specific cognitive deficits (e.g., disorders of
language, attention, memory). The greater concern with
cognitive deficits is not only testified by the amount of
scientific research in this field but also by the growing number
of evidence-based reviews that systematically evaluate inter-
ventions in the rehabilitation of cognitive deficits (Carney et
al. 1999; Cicerone et al. 2000, 2005; Sohlberg et al. 2003;
Cappa et al. 2003, 2005; Rees et al. 2007). Further, a meta-
analytic re-examination of the literature (Rohling et al. 2009)
has substantiated some, though not all, of the claims of
effectiveness originally identified by the original reviews
(Cicerone et al. 2000, 2005).

Regarding non-pharmacological approaches for neuro-
behavioral disorders, few published reviews have examined
the effectiveness of treatments. For example, Malec and
Basford (1996) compared outcomes of adult post-acute
brain injury rehabilitation with natural recovery after brain
injury and appraised potential outcome predictors and the
effectiveness of specific behavioral interventions (including
applied behavior analysis and cognitive-behavior therapy)
as well as cognitive and vocational treatments for intensive
comprehensive-holistic day treatment programs. Although
the reviewed studies were mostly uncontrolled, benefits
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were documented in many brain-injured participants,
including increased independent living status. Regarding
neurobehavioral treatments as integral interventions in
comprehensive-holistic approaches, the reduction of severe
behavioral disturbances supported treatment effectiveness
based on applied behavior analysis. These were primarily
single-case controlled studies. Malec and Basford (1996)
recommended developing standardized measures of poten-
tial confounding variables, such as pre-treatment functional
status, self-awareness level, pre-injury psychosocial func-
tioning, and other individual characteristics that may
determine treatment selection or outcome.

With specific regard to behavioral interventions, a recent
review by Ylvisaker et al. (2007) examined the treatment
efficacy of methods for behavioral disorders mainly
connected with traumatic brain injury. The study was
restricted to 172 experimental participants, including
children and adults. The reviewed interventions fell into
two traditional applied behavior analysis approaches (i.e.,
contingency management procedures and positive behavior
interventions). The results revealed methodological con-
cerns that undermined certainty about the clinical effective-
ness of these interventions.

The present review study will complement the above
mentioned review on traditional applied behavior analysis
approaches (Ylvisaker et al. 2007) by extending the
examination of the efficacy and effectiveness arising from
treatments based on cognitive-behavioral therapy and
comprehensive-holistic approaches. For the purpose of this
review, existing interventions for individuals with behavioral
disorders following acquired brain injury were placed in one
of three general approach categories depending on their core
features: theoretical and methodological bases, final goals of
the interventions, and characteristics of the environmental
structure within which the treatment took place.

Approaches Based on Applied Behavior Analysis

These interventions are clinical applications of learning
theory (respondent and operant conditioning) and are based
on procedures emphasizing, but not restricted to, the
management and modification of specific maladaptive
behavior by manipulating antecedents or consequences.
Treatment programs are usually time-limited, individualized
and problem-focused in the sense that only one or few
behaviors are targeted for intervention. Environmental
structuring, stimulus-response analysis, systematic monitor-
ing, and planned contingency management constitute the
treatment requirements for successful interventions
(McGlynn 1990; Ducharme 1999). A trusting and safe
therapeutic alliance is viewed as an essential ingredient, but
not as the main vehicle of change.

@ Springer

Traditional contingency management procedures (CMPs)
represent a moderating approach based on early application of
the learning theory to skill development. The operant principle
is that behavior increases or decreases in frequency as a result
of positive and negative consequences, such as verbal praise,
token-economies, extinction/time-out and response-cost pro-
cedures. These approaches can be useful as initial intervention
choices mainly in the acute phase of recovery to manage
severe behavioral episodes possibly associated with condi-
tions, such as agitation and non-compliant and disruptive
behavior. CMP can also be used as a prelude to remedial
frameworks in the post-acute environment when maladaptive
behavior continues to occur with high frequency, intensity or
duration, thus making the use of skill-teaching approaches and
other forms of rehabilitation extremely difficult (Ducharme
1999). Several studies have used a token-economy system to
increase compliance with therapeutic activities and treatment
of socially inappropriate behavior or inadequate self-care
skills. In addition to positive reinforcement using tokens,
punishment procedures may be used in the form of fines.

The central theme in another remedial approach—the
positive behavior intervention (PBI)—is the proactive
prevention of negative behavior and systematic facilitation
of repertoires of positive behavior that render the negative
behavior irrelevant (Ducharme 2000; Carr et al. 2002). PBI
emphasize the management and modification of behavior
by manipulating antecedents, including both immediate and
remote setting events. In a planned environmental structure,
several different procedures are essential. These include
fading, shaping, feedback, prompting, stress inoculation
training, redirection and planned assurance of positive
communication. They are often used together with obser-
vational learning (modelling), and are based on systematic
analysis of the variables responsible for maintaining the
problem behavior. All these procedures are focused on skill
acquisition rather than problem behavior reduction, and
learning or relearning strategies for self-managing the
environment are the main goal of treatment (Ducharme
2000). For example, rather than trying to stop patients from
engaging in their disruptive behavior and inadvertently
reinforcing it with attention, the therapist and the other staff
professionals completely ignore disruptive outbursts and
systematically reward the patient with special attention for
positive and cooperative behavior. Patients should also
learn to reward themselves whenever they are successful in
expressing new and adequate reactions to crucial situations.

Interventions Based on Cognitive-Behavior Therapy
(CBT)

These interventions (which include education, cognitive
restructuring, self-monitoring, self-talk training, and sup-
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porting communication) are distinguished in this review
because some differences in treatment protocols were found
in the research literature. Although the studies using CBT
have a behavioral orientation, the approach highlights
internal setting events (e.g., emotional discomfort, loneli-
ness, low self-esteem) by integrated application of neuro-
psychological and psychodynamic theories as opposed to
the artificial rewards often associated with traditional
behavioral interventions (Dobson 2000; Leichsenring et al.
2006). While the latter rely on environmental antecedents
and consequences of behavior, CBT approaches emphasize
the therapeutic relationship as an active part of treatment.
The assumption is that cognitive functions, emotions, and
behavior are strictly interconnected (Langer and Padrone
1992; Chittum et al. 1996). By establishing and maintaining
a therapeutic relationship, as well as reinforcing alternatives
to disruptive behavior, the main goals of CBT applied to
people with ABI are the following: (1) to recognize illness-
perpetuating behavior, (2) to change dysfunctional thought
patterns, (3) to increase the use of effective coping
strategies, (4) to reduce levels of stress, (5) to teach skills
for preventing a relapse into emotional distress, and (6) to
help subjects cope with feelings of loss related to decreased
functioning (Giles and Manchester 2006).

Comprehensive-holistic Approaches

The comprehensive-holistic rehabilitation programs
(CHRPs) are typically designed to develop alternative or
compensatory behaviors rather than to restore the underly-
ing dysfunctional cognitive systems per se, which is the
main goal of traditional remedial interventions (Malec and
Basford 1996). CHRP generally is appropriated in the post-
acute environment to teach adaptive skills replacing
maladaptive psychosocial patterns, facilitating the estab-
lishment of a therapeutic alliance and enhancing coopera-
tion and motivation to address rehabilitation goals. Subjects
learn to self-manage difficult everyday situations without
external control by others. Positive changes in behavior
acquired with this type of intervention are more likely to
generalize outside the rehabilitation environment than those
achieved with approaches that do not involve skill
acquisition. Most comprehensive-holistic interventions are
based on a theoretical approach that recognizes the
contribution of both neuropsychological and psychological
elements in treating maladaptive psychosocial functioning.
Moreover, in the CHRP the milieu itself is recognized as an
active therapeutic factor in integrated cognitive, behavioral,
affective and positive psychosocial changes. Hence resi-
dential, planned, environmental structuring is necessary if a
comprehensive-holistic approach is to be useful. The
rationale of standard milieu-oriented rehabilitation pro-

grams is to help patients improve their level of insight,
realism, emotional adjustment and acceptance of brain-
injury-related deficits. The main focus is on life-style
change satisfactory to the individual and important others.
Integral to CHRP are the individual and group interventions
aimed at creating therapeutic alliance and issues related to
the cognitive, behavioral, psychosocial, and affective
components of recovery. Considering the overlapping of
cognitive and psychological disorders in maladaptive
psychosocial functioning, the key components can be
summarized as follows: (1) integrated trans-disciplinary
staff roles, (2) psychosocial and emotional adjustment as
main treatment goals, with the most important final step
that of regaining a level of community functioning and
productivity, (3) developing a positive working alliance
with patients and families, (4) active participation of family
members who have an integral role in planning and
monitoring the individualized rehabilitation programs, (5)
systematic feedback on group activities based on video-
taped records, (6) formal staff meetings four times a week,
(7) dedicated vocational and/or independent living trials
(Christensen and Uzzel 1994; Klonoff 1997).

The present review is concerned with the treatment efficacy
and clinical effectiveness of any of the above mentioned
intervention programs for adults with maladaptive behavior,
emotional disorders, or reduced psychosocial functioning
after moderate-to-severe acquired brain injury. In addition to
traumatic brain injury, other types of non-progressive brain
damage were also included: anoxia, cerebrovascular event
(subarachnoid haemorrhage, stroke), rupture of a cerebral
artery aneurysm, viral encephalitis, and brain tumour. Overall,
the aim was to evaluate the effectiveness of these interven-
tions and to provide evidence-based recommendations for
rehabilitation practice.

Method
Study Selection

The following databases were searched using combinations
of the terms ‘acquired brain injury’, ‘traumatic brain
injury’, ‘brain injury’, ‘behavior disorders’, ‘behavioral
problems’, ‘emotional disorders’, ‘psychosocial problems’,
‘treatment’, ‘intervention’, ‘rehabilitation’, ‘therapy’:
PubMed/Medline (1970-2008), PsycINFO (1970-2008),
EMBASE (1980-2008), CINAHL (1982-2008). Studies
cited in review articles or in selected study articles that
were not identified through the original literature search
strategy were also included. Studies in which participants
met our definition for ABI and which involved the
evaluation of a behavioral treatment with measurable
outcomes were selected. Once an article was selected for
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full review, it was rated by two blind, independent
reviewers (authors RC and MZ) who classified study
design, level of research and other review data. Disagree-
ments between reviewers were resolved by discussion or by
deferring to a third reviewer (author PZ).

Articles were excluded if: (1) they were case studies
without quantitative data; (2) they had theoretical focus
or were descriptive reports of treatment approaches; (3)
they had an epidemiological focus; (4) they were non-
peer-reviewed papers, expert or consensus opinions,
abstracts of presentations or book chapters; (5) partic-
ipants were younger than 16; (6) interventions did not
concern behavioral or emotional disorders or psychoso-
cial problems; (7) they dealt primarily with mild or mild-
to-moderate severity level of ABI; (8) they were based
exclusively on specific skills training, occupational
therapy, vocational rehabilitation, or job coaching; (9)
they described pharmacological interventions or alterna-
tive medicine approaches (such as acupuncture, music
and art therapy).

Evidence Levels

Level of evidence was determined by referring to the
neurological management guidelines of the European
Federation of Neurological Societies (Hughes et al. 2001)
and the rating systems used in previous reviews on
cognitive rehabilitation (Carney et al. 1999; Cicerone et
al. 2000; Cappa et al. 2003). Statistically homogeneous or
well-designed, prospective, randomized controlled trials
(RCTs) were considered Class I evidence. Well-designed
case-control studies or non-RCTs were considered Class 11
evidence. RCTs with clinically irrelevant design flaws were
considered Class II+evidence. Case series and case reports
of one or more single cases with adequate quantification
and analysis of results were considered Class III evidence.

Treatment efficacy is concerned with how successful a
particular treatment will be for a given patient. It refers to
internal validity, that is, the strength of an intervention as
assessed under highly controlled conditions such as those

Table 1 Definitions of the three-levels of clinical recommendations

found in experimental research trials (Rowland and Goss
2000; Chambless and Ollendick 2001).

The clinical effectiveness of behavioral changes (or the
external validity of a treatment) is concerned with their
practical significance and social validity. It does not just
refer to whether gains are generalized to a variety of natural
tasks and settings, but also whether they are maintained
over time in vocational, educational, or socially meaningful
daily living environments (Rowland and Goss 2000;
Chambless and Ollendick 2001).

Clinical recommendations were made by considering the
relative strength of the evidence, from the best supported
Practice Standard and Practice Guideline to the less evidenced
Practice Option (see Table 1 for definitions). The reference
for each rated article and a summary of the information
collected from each study are provided in the Appendix.

Results

The search identified 793 published articles for potential
inclusion. In the screening process, only the 63 papers
summarized in the Appendix fulfilled the criteria for
inclusion. Overall, 1,094 participants had received treat-
ment for neurobehavioral and psychosocial problems
following acquired brain injury.

Clinical Features of the Participants
Primary Diagnosis

In 33 studies reporting results on a total of 293 patients, the
primary diagnosis was traumatic brain injury (TBI). Three
studies (54 participants) reported strokes (Lincoln et al. 1997,
Lincoln and Flannaghan 2003; Gracey et al. 2007) and three
single-case studies reported encephalitis (McMillan et al.
1990; Alderman et al. 1995; Dewar and Gracey 2007). In
most cases (a total of 744 participants), mixed aetiologies
other than TBI or stroke were reported. They included the
following brain injury categories: anoxia, subarachnoid

Practice standard Practice guideline

Practice option

High degree of clinical certainty based on at
least one well-designed Class I study with an
adequate sample, with support from very
strong Class II evidence that directly addresses
the effectiveness of the treatment in question,
providing substantive evidence of
effectiveness to support a recommendation
that the treatment be specifically considered
for people with acquired neurobehavioral

impairments. impairments.

Moderate clinical certainty based on one or
more Class I studies with methodological
limitations, or well-designed Class II studies
with adequate samples, that directly address
the effectiveness of the treatment in question,
providing evidence of probable effectiveness
to support a recommendation that the
treatment be specifically considered for
people with acquired neurobehavioral

Unclear or conflicting clinical certainty
based on Class II or Class III studies,
providing evidence of possible
effectiveness to support a recommendation
that the treatment be specifically
considered for people with acquired
neurobehavioral impairments.
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haemorrhage, rupture of a cerebral artery aneurysm, brain
tumour, and acquired hydrocephalus.

Brain Injury Severity

Consistent with the exclusion/inclusion criteria, almost all
individuals had severe injuries. Nevertheless, criteria for
injury severity were most often described anecdotally and
not specified by clinical descriptions such as duration of the
acute period of confusion (unconsciousness and post-
traumatic amnesia), coma score and neuroimaging records.
In seven group studies (Ownsworth et al. 2000; Malec 2001;
Ownsworth and McFarland 2004; Niemeier et al. 2005;
Anson and Ponsford 2006b), 272 participants were described
with variable injury severity; however they were in a
predominantly moderate-to-severe range, thus matching the
inclusion criteria for severity.

Pathophysiological Features

Information on the site-of-lesion was included in only 28 out
of 63 studies (i.e., 44.4%) and referred nearly always to a
narrative description of the lesion, based on routine CT or MRI
scans. Based on this information, frontal lobe injuries
predominated; in a number of cases brain stem involvement
was also reported. When participants were well described
most had sensory-motor disabilities or cognitive and executive
system impairments (e.g., attention and/or memory problems,
poor planning and problem-solving) that were present in
various combinations with behavioral and psychosocial
disorders. However, in many cases there was insufficient
information to document associated psychiatric impairments.
Only four studies (Zencius et al. 1989b; Rothwell et al. 1999;
Giles et al. 2005; Cicerone et al. 2008) specified premorbid
conditions for 78 subjects that could have introduced a
confounding bias (e.g., substance abuse, attempted suicide,
mania, and other psychiatric disorders).

Behavioral Issues

Approximately two-thirds of the participants with specified
behavioral problems had predominantly externalizing symp-
toms such as irritability, impulsiveness, aggressive and
disinhibited behavior or sexually inappropriate activities.
Only nine studies described patients (2=150) with predom-
inantly internalizing disorders. All had depressive-type
symptoms (such as social withdrawal, reduced self-esteem,
anger, anxiety, and denial) associated with a broad range of
injury severity, ranging from mild-to-severe. All treatments
were based on cognitive-behavior therapy (CBT) except for
one comprehensive-holistic rehabilitation program (CHRP)
delivered to 11 participants with TBI (see Table 2 for
details).

Table 2 Results and outcome for treatments of predominantly internalizing disorders (depressive-type symptoms)

Results

Treatment type/duration

Treated individuals

Reference/class

No significant differences between groups in patients” mood, independence in IADLs,

CBT/3 months

34 Strokes; mean age 65 yrs

Lincoln and Flannaghan (2003) Class 1

handicap, or satisfaction with care

No significant differences between groups by KAS

CBT/8 weeks

12 TBIs; mean age 28 yrs

Ruff and Niemann (1990)/Class 11
Medd and Tate (2000)/Class 11+

Decreased anger but no transfer to self-esteem, anxiety, depression, and self-awareness

CBT/5-8 weeks

8 ABIs; mean age 35 yrs

Not clear anti-depressant effects; no significant changes in depression, anxiety,

CBT/10 weeks

31 TBIs; mean age 38 yrs

Anson and Ponsford (2006b)/Class 11+

self-esteem and psychosocial function

Beneficial treatment effects in four subjects; some benefit in six subjects, and no benefit

CBT/5-12 sessions

19 Strokes; mean age 67 yrs

Lincoln et al. (1997)/Class III

in nine subjects

Equivocal because of not clear anti-depressant effects, and light changes on self-rated

CHRP/18 months

11 TBIs; mean age 30 yrs

Walker et al. (2005)/Class III

depression, anxiety, stress, general well-being, and family ratings on overall difficulties

Significant variance in percentage change of depression. Better outcomes associated with

CBT/10 sessions

33 TBIs; mean age 38 yrs

Anson and Ponsford (2006a)/

greater self-awareness

Class III
Gracey et al. (2007)/Class 111

Reduced anxiety and depression symptoms, and frequency of avoidant behaviors but

CBT/10 weeks

1 Stroke 42 y/o

slight increasing at follow-up

Equivocal because of not clear anti-depressant effects; anxiety and depressive symptoms
remained elevated with anxiety levels increased at follow-up

weeks

CBT/24

1 Encephalitis 43 y/o
TBI Traumatic Brain Injury, CBT Cognitive-Behavior Therapy, CHRP Comprehensive-Holistic Rehabilitation Program, KAS Katz Adjustment Scale, JADL Instrumental Activities of Daily Living

Dewar and Gracey (2007)/Class IIT
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Chronicity

This was defined as the length of time from injury-onset to
initiation of treatment. Chronicity varied from studies in
which participants were within 1-4 weeks (a total of 133
participants) to more than 5 years post-onset, with most
individuals within 1-4 years from injury (351 participants).
Several group studies reported wide variability in chronic-
ity: four group studies (150 participants) reported chronicity
ranging from 1 month to 7, 10 or 30 years injury-to-onset.
Six group studies (100 participants) reported chronicity
ranging from 6-12 months to 10, 12, 21 or 36 years since

injury.
Treatment Type

As shown in Table 3, 33 studies reported results for a
total of 151 participants treated primarily with applied
behavior analysis: 11 studies (40 participants) used
traditional CMP procedures, four PBI (10 participants)
and 18 studies (101 participants) used a combination of
these two approaches. Most papers (31 studies) reported
results of Class III single-subject studies or case series
without experimental controls. Two RCTs-Class I studies
were rated (Carnevale et al. 2002, 2006); in both cases, a
combination of CMP and PBI procedures were used on a
total of 23 participants with ABI of mixed aetiology; no
substantial changes for treated disorders (aggressive and
disinhibited behavior) were detected.

Cognitive-behavior therapy (CBT) not included in a
comprehensive-holistic rehabilitation program was reported
in 13 papers involving 201 participants. Four-Class I and
Class II studies treated a total of 85 individuals with
behavioral disorders following TBI or brain injury of mixed
actiology; no substantial changes or mixed results were
reported (see Table 4).

As shown in Table 5, 17 studies reporting treatments
based on a comprehensive-holistic rehabilitation program
(CHRP) involving a total of 742 individuals with brain
injuries of mixed aetiology compared with 113 control
subjects. Two RCT-Class I studies were rated. Significant
treatment effects (improved community functioning, per-
ceived self-efficacy and quality of life) which were main-
tained at a 6-month follow-up were reported for 34 subjects
with mild-to-severe traumatic brain injury (Cicerone et al.
2008). Otherwise a 67-sample of military personnel with
moderate-to-severe traumatic brain injury compared with a
parallel group (53-blinded individuals) that received tele-
phone counselling at home did not report any treatment
effect in quality of life, return to employment, or fitness for
duty at 1 year post-treatment (Salazar et al. 2000). Two non-
RCT-Class II studies reported improvements in life func-
tioning, psychosocial competence, emotional adjustment and

No substantial changes for five subjects with traumatic brain injury (one study)
No substantial changes or equivocal results for 41 treated individuals with

Positive behavioral changes for seven treated individuals (five studies)
injuries of mixed aetiology (two studies)

No substantial changes for 23 treated individuals with injuries of mixed

Positive behavioral changes for five treated individuals (three studies)
aetiology (two studies)

Positive behavioral changes for 27 treated individuals (nine studies)

Mixed results for 10 treated individuals (five studies)

Mixed results for 33 subjects (six studies)

Results and outcome

Controls
=45
45

Participants
Treated individuals
n=151

10

40
23
78

Studies
=33
1

16

Class
1T
111
111

Table 3 Results and outcome for treatments based on applied behavior analysis

Contingency Management Procedures (CMP)
Positive Behavior Interventions (PBI)

Combined CMP and PBI

Treatment type
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employment for 36 treated subjects with brain injury of
mixed aetiology compared with 26 controls (Prigatano et al.
1984; Fryer and Haffey 1987).

Duration, Frequency and Intensity of Interventions

Treatment duration ranged widely, from a minimum of
2 weeks to a 10-year period reported in one single-case
study in which cognitive-behavior therapy carried out at
home (Williams et al. 2003). One study did not specify the
treatment duration (Malec and Moessner 2000); however
it was concerned with a comprehensive-holistic rehabili-
tation program (CHRP) then a treatment duration of at
least 3-to-6 months should be supposed. Six studies
reported interventions ranging from 10-126 sessions
rather than days or weeks. Most interventions lasted for
at least 1 month and generally ranged from 1 to 6 months
(42 studies); nevertheless, five single-case studies reported
treatment duration of less than 30 days in which primarily
CMP or PBI were used.

Information regarding frequency and intensity of inter-
ventions was omitted from approximately two-thirds of the
studies, and when specific information was provided
substantial variability was observed, ranging from intensive
treatments of several hours a day for several months (this
was the case in comprehensive-holistic approaches) to no
more than 30 min twice a week for 1 month.

Intervention Setting

One study did not specify the intervention setting (Medd
and Tate 2000). Most intervention settings included
residential rehabilitation services (acute, post-acute, and
long-term care facilities) and inpatient or outpatient-medical
day programs. Community-based rehabilitation or compre-
hensive day treatment was precisely the intervention setting
of comprehensive-holistic rehabilitation programs (CHRPs).
Family homes, educational environment, and other natural
settings were reported by a minority of studies for a total of 76
participants. Individual session was the intervention setting
reported by 35 studies: all but six cognitive-behavior therapies
(CBTs) were based on applied behavior analysis (CMP and
PBI).

Outcome Measures

Decreasing the intensity and frequency of specific exter-
nalizing behaviors (physical and verbal aggression, uncon-
trolled and disruptive behavior, self-injury or sexually
inappropriate behavior) was the primary outcome measure
applied in studies which reported CMP, PBI or combined
treatments. Productivity level, standardized functional
scales and customized rating scales or self-rated question-
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naires were generally used as primary or secondary
outcome measures to analyze behavioral and psychosocial
changes in the studies reporting CBT interventions and
comprehensive-holistic approaches (CHRP) (see the legend
of the Appendix).

Maintenance Over Time and Generalization/Social Validity
of Treatment Effects

Only 23 of the 63 reviewed studies included quantitative or
anecdotal follow-up reports. The length of time from
discharge/end of treatment ranged widely, from a minimum
of 1 or 2 months for the participants in three single-case
reports to at least 1 year (14 studies involving 509
participants). In the remaining seven studies (involving 87
participants), the follow-up ranged from 3 to 6 months.
Most studies reported at least some maintenance of the
gains recorded at discharge/end of treatment. Nevertheless,
mixed, equivocal, or no maintenance of treatment effects
over time was reported in 6 out 14 studies with at least 1-
year follow-up.

Countries of Origin of the Reviewed Studies

With respect to the countries of origin, 34 studies were
conducted in the United States, 22 in three European
countries: 17 in the United Kingdom, four in Denmark, and
one in The Netherlands. Seven studies originated from
Oceania: six from Australia and one from New Zealand.

Evidence-based Recommendations

Overall, 63 studies of treatments delivered to 1,094 adults for
challenging behavior and psychosocial problems following
moderate-to-severe acquired brain injury were selected and
rated to provide evidence-based recommendations.

Treatment Efficacy

The present review highlights omissions and methodolog-
ical weaknesses concerning (1) frequency and intensity of
interventions; (2) systematic measures of target behavior
before, during and after treatment; (3) clear information
about pre-injury skill levels and pre-existing psychopatho-
logical conditions; (4) detailed description of patients’
clinical picture (such as severity of neurological impairment
and profile of associated cognitive deficits); (5) rigorous
control of medications and pharmacological treatments
often administered as an adjunct to neuropsychological
rehabilitation. Consequently, although the reviewed studies
document benefits, it is difficult to establish how successful
a particular treatment will be for a patient due to the
heterogeneity of actiologies and range of severity associat-
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ed with ABI. Moreover, often behavioral changes and
psychosocial improvements cannot be clearly attributed to a
specific intervention, and the effects of the natural course of
healing or other confounding factors were not separated
out. This is especially true when behavioral treatment
occurs within the first year of injury.

Clinical Effectiveness of Behavioral and Psychosocial
Interventions

Only 23 of the 63 reviewed studies included quantitative or
(more often) anecdotal follow-up reports. Moreover, mixed,
equivocal, or no maintenance of beneficial effects was
reported in 6 of the 14 studies with at least a 1-year follow-
up, that is, approximately half of the patients receiving
treatment failed either to generalize or to maintain long-
lasting behavioral or psychosocial improvements.

Notwithstanding the above mentioned considerations,
following we provide separate evidence-based recommen-
dations for the different interventions considered.

Approaches Based on Applied Behavior Analysis

The results of the present analysis (summarized in Table 3)
indicate that most interventions based on CMP, PBI, or a
combination of both, demonstrated improvement in target
behaviors (i.e., internal validity or efficacy); however, the
absence of Class I and Class II studies suggests that
approaches based on applied behavior analysis for post-
injury behavior disorders should be viewed as Practice
Options and prevented us from reaching stronger recom-
mendations. This conclusion is consistent with that of
Ylvisaker et al. (2007) based on a smaller sample of
participants. Conclusions that treatments based on CMP
and PBI are only evidence-based practice options. It does
not mean that these treatments are not useful for the
management and modification of maladaptive behavior.
From a clinical point of view, the positive results (i.e.,
reduction of frequency and intensity of target behavior
disorders) reported by most single case-Class 111 studies on
individuals with predominantly impulse control disorders
and non-compliant or oppositional attitudes (including
impulsivity, irritability, aggression, disinhibition, and con-
fabulation) are of great interest. This highlights the
importance that improved methodologies have to be
considered in future studies using these approaches.

Cognitive-behavior Therapy

Difficulties in determining the level of evidence for the
effectiveness of contingency management procedures and
positive behavior interventions also apply to CBT. Most of
the reviewed studies based on this approach demonstrated

improvements (i.e., internal validity or efficacy) in at least
one dependent variable. However, due to the unsuccessful
or equivocal outcomes reported in RCT-Class I and cohort-
Class II studies (Ruff and Niemann 1990; Medd and Tate
2000; Lincoln and Flannaghan 2003) combined with the
negative or equivocal results raised from uncontrolled-Class
I studies (Ownsworth and McFarland 2004; Swan and
Alderman 2004; Dewar and Gracey 2007), it appears that
interventions promoting internalizing of self-regulation
strategies through self-instruction or self-monitoring and
integrated treatment of individualized cognitive and inter-
personal therapies should be considered as Practice Options
for persons with impaired executive functioning and
emotional self-regulation following TBI or stroke (see
Table 4). These conclusions are similar to those reached
in the reviews by Cicerone et al. (2000, 2005).

Comprehensive-holistic Rehabilitation Programs

One RCT-Class I and two Class II studies reported
significant treatment effects with CHRP on a total of 70
patients (Prigatano et al. 1984; Fryer and Haffey 1987;
Geurtsen et al. 2008) (Table 5). These results provide
evidence that CHRP can be recommended as practice
standard for the treatment of people with acquired neuro-
behavioral impairments and psychosocial problems. How-
ever, it should be noted that one RCT-Class I study
reviewed here (Salazar et al. 2000) provided no strong
clinical effectiveness for this type of treatment approach
(further comments on this study will be presented below).

A Comparison of the Different Types of Treatment

On the basis of these evidence-based recommendations, a
definite statement on the relative effectiveness of the different
types of treatment programs in relationship to patients with
different aetiology and severity appears premature given the
series of issues that need to be addressed. First, only a small
number of reported treatments were administered to individ-
uals whose brain damage had a different aetiology than TBI.
Further, 5 out of 10 RCT-Class I and Class II controlled group
studies examining participants with a pure aetiology referred
to CHRP or CBT interventions applied to individuals with
TBI, and only one RCT-Class I study reported data for CBT
applied to subjects with depressive symptoms after stroke.
This prevents us from reaching definite conclusions based on
patients’ aetiology.

Discussion

Overall, the present review synthesizes for the first time
findings of a large body of studies dealing with more

@ Springer



62

Neuropsychol Rev (2010) 20:52-85

than 1,000 patients with ABI and underscores the
considerable potentiality of developing neuropsychologi-
cal rehabilitation programs for behavioral and psychoso-
cial disorders. It must be stressed that behavioral
disturbances constitute a fundamental problem in the
management of patients with ABI; indeed, effective
intervention may have far-reaching effects on the inter-
personal relations and daily living activities of patients.
Therefore, it seems important that treatment of behavioral
disturbances be given a central place in rehabilitation
programs, not just an ancillary role in cognitive and
motor treatments. At the same time, the review highlights
a series of important limitations of the studies available
thus far that seriously limit the recommendations that can
be offered on the basis of empirical evidence. The
following issues spell out the challenges remaining for
researchers and clinicians in the field of neurobehavioral
and psychosocial rehabilitation:

(a) There is considerable heterogeneity in the reviewed
studies regarding individual variables, particularly in
studies with large samples. This variability arises from
demographic characteristics of participants, etiology
and site of brain damage, time since injury, severity of
target behavior, severity of associated cognitive
impairments and general clinical picture, confounding
bias of prior treatment history, pre-existing psychiatric
illness, and associated pharmacological therapies. The
goal of future studies should be to make a better
clinical and pathological definition of individuals
receiving treatment for neurobehavioral disorders
based on detailed descriptions of demographic and
clinical conditions. As suggested by Carney et al.
(1999), one solution might be to limit the range of
clinical severity, chronicity, premorbid factors and any
other source of individual differences so that each
study can specifically describe the category of indi-
viduals being treated and evaluated.

(b) Most studies omitted information on the site of the
brain injury or limited themselves to routine neurora-
diological examinations (i.e., CT or MRI). However, it
is well established that this type of analysis is
insufficient for adequately describing the nature of
damage particularly with traumatic brain injuries,
which represent most cases with behavioral and
psychosocial disorders. These patients may show focal
cortical contusions resulting from inertial forces
causing localized damage in ventral and polar frontal
and anterior temporal areas where the brain is confined
by bony ridges of the inner skull. However, the major
and most devastating consequence of the lesion is
commonly represented by diffuse axonal injury (DAI),
i.e., widespread disruption of axons occurring during
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abrupt acceleration or deceleration (Graham 1996).
Importantly, DAI is largely undetected by standard CT
or MRI examinations; however, a number of MRI
sequences sensitive to DAI have been developed. For
example, T2*-weighted gradient-recalled echo (GRE)
sequences detect field in homogeneities due to
paramagnetic blood breakdown products, such as
deoxyhemoglobin, methemoglobin, and hemosiderin
(Scheid et al. 2003). Effective results have also been
reported using turbo Proton Echo Planar Spectroscopic
Imaging (t-PEPSI), a very fast sequence that is
particularly suited to uncooperative and medically
unstable patients (Giugni et al. 2005). Recently, great
interest has been shown in diffusion tensor imaging
(DTI), an MRI modality that measures the microscopic
molecular motion of water in order to investigate
white matter microstructure. DTI is a potentially
important technique for identifying in vivo white matter
microstructural alterations following TBI (Garnett et al.
2001). It has not yet been used in the context of
rehabilitation trials; however, Sidaros et al. (2008) hold
that DTI repeated during rehabilitation may prove
particularly effective in capturing the relationship
between long-term clinical outcome and mechanisms
of neuroplasticity and repair during recovery from TBI.
Also functional imaging studies (based on SPECT, PET
or fMRI) may contribute important information on
brain-behavior relationships, particularly if tasks appro-
priate for detecting the behavioral changes are devel-
oped (for a review see Levine et al. 2006). For
example, Schmitz et al. (2006) used fMRI to test
patients with TBI on a task involving self-appraisal of
one’s traits and abilities. Increased activation associated
with self-evaluation was reported in the anterior
cingulate, right anterior temporal pole, and the precu-
neus. The authors concluded that post-injury level of
self-referential insight is related to a neural network that
includes the medial and right dorsal prefrontal cortices.
However, only a few studies have tackled rehabilitation
issues with functional neuroimaging (for a review see
Strangman et al. 2008) and they have been limited to
motor and cognitive deficits in stroke patients. Overall,
until now research on the rehabilitation treatments of
persons with behavioral disorders following ABI has
given little attention to the neural bases of recovery.
However, recent advances in neuroimaging (including
DTTI) will make it possible for rehabilitation studies to
directly consider the role of brain structures in recovery
after treatment.

Only three studies outlined a variety of premorbid
conditions that could have introduced a bias. However,
differentiating between maladaptive social competency
as an outcome of premorbid psychopathology and
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post-injury residual neuropsychological damage is
complicated, and it is often difficult to make a correct
differential diagnosis (Gagnon 2006). A broad range
of factors can play a role in maintaining problem
behavior after brain injury: the extent and nature of the
brain damage, premorbid personality traits, behavior
and skill level, and the physical, cognitive and
emotional sequelae of the injury. Thus, there are many
sources of diagnostic confusion. For example, much of
the cognitive and behavioral phenomenology typically
encountered in ABIs (e.g., difficulty with social
communication skills, poor quality of intellectual
functions and apathy) closely resembles developmen-
tal disabilities or other psychopathological disorders of
different etiology. Moreover, premorbid psychopatho-
logical traits and neuropsychologically based person-
ality changes may coexist, influencing each other thus
creating comorbidity. In this case, it may be difficult
for the clinician to determine which traits belong to the
basic character of the person and which maladaptive
behaviors are consequences of ABI.

Information regarding the treatment dosage (i.e.,
frequency and intensity of interventions) was omitted
from approximately two-thirds of the studies. Even
when information was provided, great variability was
observed ranging from intensive treatments of several
hours a day to no more than 30 min twice a week.
Frequency and intensity of intervention may not be
relevant in environmental approaches with multidisci-
plinary professionals and/or family members trained to
implement the intervention throughout the day; this
was the case in many of the 63 reviewed studies.
Nevertheless, knowing the frequency and intensity of
the intervention as well as its duration could contribute
to determining treatment effects.

Only nine studies examined individuals with pre-
dominantly internalizing disorders. In all cases
consisting of depressive-type symptoms and with a
great variability of injury severity, ranging from
mild-to-severe injuries (Table 2). Thus, the psycho-
genic background of their dysphoric mood disorder
might have confounded the participants’ clinical
conditions. All treatments were based on cognitive-
behavior therapy except for one comprehensive-
holistic program: all but one reported predominantly
equivocal or insubstantial beneficial treatment effects.
Based on these findings, some issues need to be
discussed. The first is why intervention studies have
targeted external rather than internal psychopatholo-
gy, given that persons with ABI are particularly prone
to defective or depressive-type problems (Finset and
Andersson 2000; Rao et al. 2007). Second, the
effectiveness of rehabilitation approaches based on

®

cognitive-behavior therapy, particularly if applied to
internal psychopathologies and depressive-type
symptoms, needs to be further investigated. Indeed,
cognitive-behavior therapy has beneficial results in
many specific psychiatric disorders of primary/psy-
chogenic nature, but the rates of positive outcomes
are still not satisfactory for diagnostic categories such
as social phobia or generalized anxiety disorder (for a
review see Leichsenring et al. 2006).

Evidence-based medicine is rooted in the belief that
the strongest evidence is based on RCTs, which
control for biases better than other methodologies.
Nevertheless, Kennedy and Turkstra (2006) noted
that even though the RCT framework has been
adopted by behavioral therapists it was originally
designed for clinical drug trials, many features of
which are not appropriate, practical, or relevant in
behavioral intervention research. Moreover, RCTs
were initially designed to measure change by using a
restricted number of primary outcome measures.
Thus, due to the wide individual variability among
clinical features following an ABI (with the conse-
quent need to include multiple outcome measures)
Kennedy and Turkstra (2006) concluded that a single-
case rather than an RCT approach might be useful to
gather evidence for effective interventions. In fact,
behavioral treatments applied during individually
tailored interventions should provide the best avail-
able advice, especially in an inpatient/residential
rehabilitation environment. However, there is a
problem with external validity. Nevertheless, sophis-
ticated single-subject experimental designs, which
use multiple baseline measures or counterbalanced
designs that allow attributing observed effects specif-
ically to the treatment or the component of treatment
of interest, should be encouraged. Also noteworthy
are Prigatano’s (1999, 2003) criticisms. He noted that
review studies often focus on methodology more than
on the phenomena under investigation, and that if not
properly used RCT designs may actually lead to
misleading findings. In his commentary, the author
discusses the study by Salazar et al. (2000)—one of
the only five RCTs-Class [ studies rated in the present
review—as an example of what he defines as the
“dogma that randomized controlled studies provide
the most convincing evidence regarding the efficiency
of an intervention”. Prigatano (2003) stated the
following reasons for the putatively misleading con-
clusions of Salazar et al. (2000) on the ineffectiveness
of MORP in TBI individuals: (1) the program was
designed for postacute rather than acute patients
(within the first month from injury in this study); (2)
the working alliance between the patient and the
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rehabilitation team as a predictive value for those
benefiting from such treatment was neither mentioned
nor studied; (3) the unusually high rate of return to
work (90%) may indicate that patients were much less
severely impaired than those reported in other studies.
Prigatano’s main conclusions were twofold: (1) a
potentially useful program (MORP) has been applied
inappropriately; (2) careful clinical observation of
patients who benefit from rehabilitation programs
compared with those who fail is the most important
method for advancing knowledge and aiding clinical
practice in this field. Prigatano’s opinion is synthe-
sized by his statement “first-class evidence is based
on first-class observation, not on randomized con-
trolled studies”.

(g) Unlike medical interventions, behavioral treatments
for individuals with ABI should always be primarily
aimed at promoting meaningful participation in
social, work and leisure activities (Sohlberg and
Mateer 2001). However, this does not mean that
interventions focused on reducing specific challeng-
ing behaviors (rather than promoting social partici-
pation) could not constitute a unique and reasonable
goal in individuals with severe clinical conditions and
very little chance of returning to school or work or
living independently. Apart from research reporting a
comprehensive-holistic approach or a community-
based intervention, few studies have evaluated main-
tenance over time and generalization of treatment
effects to everyday functioning and natural commu-
nity environments. The absence of follow-up reports
in 40 out of the 63 reviewed studies, with only 14
studies reporting the maintenance of treatment effects
for at least 1 year, is a substantial shortcoming of this
evidence base. Future efforts to validate the clinical
utility of rehabilitation treatments for behavioral and
psychosocial disorders resulting from ABI should
include systematic and valid outcome measures that
reflect levels of everyday functioning, community
integration and quality of life of the treated persons.
The use of reliable outcome measures might allow
evaluating the effect size of a treatment (Cohen 1988)
with regard to symptoms, social adjustment and other
outcome criteria, as has been done for other neuro-
psychological domains (Rohling et al. 2009).

Conclusions
Because outcomes of persons with ABI could be the result
of a combination of factors other than treatment, including

type and severity of brain injury, recovery level, premorbid
characteristics and subjects’ social conditions, it remains
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difficult to determine the role of these uncontrolled
factors in treatment effects. For ethical and practical
reasons, often the methodology in rehabilitation for
neurobehavioral and psychosocial disorders does not
fulfill the ideal of the double-blind, randomized control
study. Nevertheless, better-controlled research is needed,
with rigorous inclusion/exclusion criteria and greater
specification of the theoretical basis, design and contents
of treatments for interdisciplinary or traditional remedial
interventions and also for cognitive-behavior therapy. In
this regard, Malec and Basford’s (1996) indications for
increasing the quality of studies should be taken into
account: (1) using randomly assigned waiting-list controls
(rather than no-treatment controls) could represent a more
ethically accepted option; (2) carrying out large, multi-
center studies would allow gathering adequate data to
support estimates of benefits and cost-effectiveness; (3)
performing research based on experimental designs that
contrast different combinations of treatment procedures
should be incremented.

However, as pointed out by many researchers in the field
of clinical psychology and psychotherapy, the conflict
between evidence-based medicine and behavioral/psycho-
social rehabilitation and the controversies over efficacy,
evidence-based practice, and empirically supported psy-
chotherapies cannot be overcome only by methodological
advances or increasing pluralism in research. Indeed, they
are related to wider issues about the importance of the
professional judgment, the basis of knowledge and the very
nature of the phenomena under investigation or the treat-
ments adopted (e.g., Chambless and Ollendick 2001;
Bower 2003; Leichsenring and Leibing 2007).

Finally, as outlined by McGlynn (1990) and Prigatano
(2003), but rarely discussed in the rehabilitation literature,
the quality of the therapeutic relationship plays an impor-
tant role in every type of non-pharmacological treatment. A
patient who does not trust or respect the rehabilitation
therapist will be unlikely to cooperate and thus will not
benefit as much as a patient who has a positive attitude
toward the working relationship. This issue must be faced
to evaluate the effectiveness of rehabilitation programs
tailored for individuals with behavioral and psychosocial
disorders following acquired brain injury.
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