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ABSTRACT
Background
Cognitive impairment in people with traumatic brain injury (TBI) could affect multiple facets of their daily functioning. Cognitive
rehabilitation brings about clinically significant improvement in certain cognitive skills. However, it is uncertain if these improved
cognitive skills lead to betterments in other key aspects of daily living. We evaluated whether cognitive rehabilitation for people with
TBI improves return to work, independence in daily activities, community integration and quality of life.
Objectives
To evaluate the effects of cognitive rehabilitation on return to work, independence in daily activities, community integration (occupational outcomes) and quality of life in people with traumatic brain injury, and to determine which cognitive rehabilitation strategy
better achieves these outcomes.
Search methods
We searched CENTRAL (the Cochrane Library; 2017, Issue 3), MEDLINE (OvidSP), Embase (OvidSP), PsycINFO (OvidSP), and
clinical trials registries up to 30 March 2017.
Selection criteria
We identified all available randomized controlled trials of cognitive rehabilitation compared with any other non-pharmacological
intervention for people with TBI. We included studies that reported at least one outcome related to : return to work, independence in
activities of daily living (ADL), community integration and quality of life.
Data collection and analysis
Two review authors independently selected trials. We used standard methodological procedures expected by Cochrane. We evaluated
heterogeneity among the included studies and performed meta-analysis only when we could include more than one study in a comparison. We used the online computer programme GRADEpro to assess the quality of evidence, and generate ’Summary of findings’
tables.
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Main results
We included nine studies with 790 participants. Three trials (160 participants) compared cognitive rehabilitation versus no treatment,
four trials (144 participants) compared cognitive rehabilitation versus conventional treatment, one trial (120 participants) compared
hospital-based cognitive rehabilitation versus home programme and one trial (366 participants) compared one cognitive strategy versus
another. Among the included studies, we judged three to be of low risk of bias.
There was no difference between cognitive rehabilitation and no intervention in return to work (risk ratio (RR) 1.80, 95% confidence
interval (CI) 0.74 to 4.39, 1 study; very low-quality evidence). There was no difference between biweekly cognitive rehabilitation for
eight weeks and no treatment in community integration (Sydney Psychosocial Reintegration Scale): mean difference (MD) -2.90, 95%
CI -12.57 to 6.77, 1 study; low-quality evidence). There was no difference in quality of life between cognitive rehabilitation and no
intervention immediately following the 12-week intervention(MD 0.30, 95% CI -0.18 to 0.78, 1 study; low-quality evidence). No
study reported effects on independence in ADL.
There was no difference between cognitive rehabilitation and conventional treatment in return to work status at six months’ followup in one study (RR 1.43, 95% CI 0.87 to 2.33; low-quality evidence); independence in ADL at three to four weeks’ follow-up in
two studies (standardized mean difference (SMD) -0.01, 95% CI -0.62 to 0.61; very low-quality evidence); community integration at
three weeks’ to six months’ follow-up in three studies (Community Integration Questionnaire: MD 0.05, 95% CI -1.51 to 1.62; lowquality evidence) and quality of life at six months’ follow-up in one study (Perceived Quality of Life scale: MD 6.50, 95% CI -2.57 to
15.57; moderate-quality evidence).
For active duty military personnel with moderate-to-severe closed head injury, there was no difference between eight weeks of cognitive
rehabilitation administered as a home programme and hospital-based cognitive rehabilitation in achieving return to work at one year’
follow-up in one study (RR 0.95, 95% CI 0.85 to 1.05; moderate-quality evidence). The study did not report effects on independence
in ADL, community integration or quality of life.
There was no difference between one cognitive rehabilitation strategy (cognitive didactic) and another (functional experiential) for
adult veterans or active duty military service personnel with moderate-to-severe TBI (one study with 366 participants and one year’
follow-up) on return to work (RR 1.10, 95% CI 0.83 to 1.46; moderate-quality evidence), or on independence in ADL (RR 0.90,
95% CI 0.75 to 1.08; low-quality evidence). The study did not report effects on community integration or quality of life.
None of the studies reported adverse effects of cognitive rehabilitation.
Authors’ conclusions
There is insufficient good-quality evidence to support the role of cognitive rehabilitation when compared to no intervention or
conventional rehabilitation in improving return to work, independence in ADL, community integration or quality of life in adults
with TBI. There is moderate-quality evidence that cognitive rehabilitation provided as a home programme is similar to hospitalbased cognitive rehabilitation in improving return to work status among active duty military personnel with moderate-to-severe TBI.
Moderate-quality evidence suggests that one cognitive rehabilitation strategy (cognitive didactic) is no better than another (functional
experiential) in achieving return to work in veterans or military personnel with TBI.

PLAIN LANGUAGE SUMMARY
Cognitive rehabilitation for people with brain injury due to trauma to help them return to work
Background
Traumatic brain injuries (head injuries) are becoming increasingly common, and their impact on people’s lives can be devastating.
Depending on which part of the brain is injured and to what extent, impairments could be in physical functions such as walking, and
use of hands and legs, or in mental functions (also known as ’cognitive functions’). Problems with mental functions can be related to
memory, understanding language, using appropriate words to express oneself, analyzing options in a situation and making appropriate
decisions . Problems with mental functions could lead to difficulty in ’occupational activities’, a term that refers to employment,
pursuing education and managing daily routines. Limitations in these activities could lead to a poor quality of life and withdrawal from
social life.
Cognitive rehabilitation for adults with traumatic brain injury to improve occupational outcomes (Review)
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’Cognitive rehabilitation’ is the term used to refer to the training given to people with brain injury to address and improve the specific
mental abilities that are impaired. This is usually done to improve return to work, independence in managing daily routines, and quality
of life.
Review question
Does cognitive rehabilitation for people with traumatic brain injury improve their return to work, independence in daily activities,
community integration and quality of life?
Study characteristics
We included nine studies with 790 participants. Seven of the studies were conducted in the US, and one each in Australia and China.
Follow-up (monitoring) duration in the studies ranged between two weeks and two years.
Key findings
Cognitive rehabilitation compared to no treatment
There was insufficient evidence to conclude that cognitive rehabilitation, as compared to no other treatment, led to better return to
work, community integration or quality of life in adults with traumatic brain injury. We judged the quality of this evidence as low or
very low because of poor reporting of both the methods used and the results.
Cognitive rehabilitation compared to other conventional rehabilitation
There was inadequate evidence to conclude that adults with traumatic brain injury who received cognitive rehabilitation had better return
to work, independence in daily living, community integration or quality of life when compared to adults who received conventional
rehabilitation. We judged the quality of evidence for these outcomes to vary between moderate and very-low because of poor reporting
of the methods used, different types of ’conventional’ treatment and imprecise results.
Home-based cognitive rehabilitation training compared to hospital-based training
In one study on active military personnel, those who received a home programme for cognitive rehabilitation training had similar
return to work when compared to those who received cognitive rehabilitation training in a hospital. We judged this evidence to be of
moderate quality due to imprecise results.
Different types of cognitive rehabilitation compared against each other
One study compared trial-and-error type cognitive rehabilitation (cognitive didactic) to another type of cognitive rehabilitation that
provided cues to avoid errors (functional-experiential) for veterans or active military personnel with traumatic brain injury. The study
found no evidence to suggest one type of cognitive rehabilitation was better than the other in improving return to work or the ability to
live independently. We judged the quality of evidence to be of moderate (return to work) and low quality (ability to live independently)
because of imprecise results.
None of the studies reported information about harms from cognitive rehabilitation.
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S U M M A R Y O F F I N D I N G S F O R T H E M A I N C O M P A R I S O N [Explanation]

Cognitive rehabilitation compared to no treatment for occupational outcomes after traumatic brain injury
Patient or population: traum atic brain injury - m ild, m oderate or severe
Setting: outpatient centres in US and Australia
Intervention: cognitive rehabilitation
Comparison: no treatm ent
Outcomes

Anticipated absolute effects* (95% CI)

Relative effect
(95% CI)

No of participants
(studies)

Quality of the evidence Comments
(GRADE)

RR 1.80
(0.74 to 4.39)

50
(1 RCT)

⊕
Very low 1,2

-

Community integration The m ean com m unity M D 2.90 lower
Assessed with Syd- integration was 54.5
(12.57 lower to 6.77
ney Psychosocial Reinhigher)
tegration Scale (self -reported)
Scores range f rom 0
to 72, higher scores indicate better reintegration.
Follow-up: 1 m onth
(short-term )

12
(1 RCT)

⊕⊕
Low 1,3

-

Quality of life
Assessed with Lif e-3.
Follow-up: none

98
(1 RCT)

⊕⊕
Low 1,3

-

Risk with no treatment Risk with cognitive rehabilitation
Return to work
Study population
Assessed by attainm ent of work within 14
weeks (m edium -term )
of initiating interven- 278 per 1000
tion

500 per 1000
(206 to 1000)

The m ean quality of lif e M D 0.30 higher
was 4.0
(0.18 lower to 0.78
higher)
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* The risk in the intervention group (and its 95% conf idence interval) is based on the assum ed risk in the com parison group and the relative effect of the intervention (and its
95% CI).
CI: conf idence interval; M D: m ean dif f erence; RCT: random ized controlled trial; RR: risk ratio.
GRADE Working Group grades of evidence
High quality: We are very conf ident that the true ef f ect lies close to that of the estim ate of the ef f ect.
M oderate quality: We are m oderately conf ident in the ef f ect estim ate: The true ef f ect is likely to be close to the estim ate of the ef f ect, but there is a possibility that it is
substantially dif f erent.
Low quality: Our conf idence in the ef f ect estim ate is lim ited: The true ef f ect m ay be substantially dif f erent f rom the estim ate of the ef f ect.
Very low quality: We have very little conf idence in the ef f ect estim ate: The true ef f ect is likely to be substantially dif f erent f rom the estim ate of ef f ect
1

Downgraded by 1 level because the study was at high risk of bias.
Downgraded by 2 levels because of im precision. Conf idence interval overlapped with both 0.75 and 1.25.
3 Downgraded by 1 level because of im precision. Total population was size f ewer than 400.
2
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BACKGROUND

Description of the condition
Traumatic brain injury (TBI) is defined as an alteration in brain
function, or other evidence of brain pathology, caused by an external force (Menon 2010). TBI has become one of the leading
causes of death and disability worldwide (Gean 2010). The incidence is highest in people aged 16 to 60 years (Chesnut 1998).
Consequences of TBI range from physical disabilities to long-term
cognitive, social and behavioural deficits, resulting in family disruption, restriction in community participation, loss of earning
potential, considerable expense over a lifetime and poor quality of
life (Khan 2003).

Description of the intervention
Cognition is the process of knowing. Cognition includes the selection, acquisition, understanding and retention of information,
and the application of the knowledge thus acquired in appropriate
situations (Cicerone 2000). Cognitive dysfunction (or cognitive
impairment) can be defined as functioning below expected normative levels or loss of ability in any area of cognitive functioning.
Cognitive impairments include difficulties in arousal, attention,
memory, problem solving, decision making and insight. These impairments impede a person’s ability to perform their occupations
in everyday life (Toglia 1991). As defined by the American Occupational Therapy Association’s practice framework, and as referenced in other published literature, the term ’occupation’ refers
not just to paid employment, but also purposeful activities that
people perform in their daily life such as work, self-care (activities of daily living (ADL)), leisure activities or social participation
(AOTA 2014; Ibrahim 2015).
The term cognitive rehabilitation has been widely discussed and
used in a variety of contexts. However, there is no singular,
consensus-based definition. Cognitive rehabilitation refers to the
methods to restore cognitive functions and to the techniques
to compensate for the decline of cognitive functions (Sohlberg
1989). Various names have been used to describe cognitive rehabilitation strategies, including remedial, compensatory (Sarajuuri
2006), functional experiential, cognitive didactic (Vanderploeg
2008), errorless learning (Middleton 2012), multi-context treatment (Toglia 1991), and intensive cognitive rehabilitation programme (Cicerone 2008). Most of these intervention strategies
overlap, making it difficult to compare one strategy with another.

How the intervention might work
Cognitive rehabilitation refers to the therapeutic process of increasing or improving a person’s capacity to process and use information to allow increased functioning in everyday life. This

includes methods to restore cognitive functions, as well as techniques for compensating for the decline of cognitive functions.
This could be achieved by various approaches, including 1. reinforcing, strengthening, or re-establishing previously learned patterns of behaviour; 2. establishing new patterns through internal
compensatory mechanisms; 3. establishing new patterns of activity through external compensatory mechanisms such as environmental structuring and support and 4. enabling people to adapt to
their cognitive disability without establishing any new patterns of
activity but with the existing patterns. Review articles published
since the 2000s have suggested beneficial effects of cognitive rehabilitation strategies on specific cognitive aspects such as memory,
visuospatial abilities, apraxia and aphasia in people with acquired
brain injury (Cicerone 2000; Cicerone 2005; Cicerone 2011). Exact mechanisms of how each cognitive rehabilitation intervention
works have not been elucidated. It is likely that a combination of
the above factors might influence clinical improvements in cognitive functions.
Although focused interventions to improve specific cognitive aspects are commonplace, these programmes are geared towards
bringing about an improvement in the overall performance of people with brain injury in their daily lives. This would include the
ability to return to a vocation, to be independent in daily activities,
to be able to live independently and to engage in interactions with
the community. Neuropsychological tests for cognitive functions
could correlate with functional outcome measures in people with
TBI (Barman 2016). Considerable improvements in these aspects
of daily functioning are likely to lead to better satisfaction with
quality of life among people with brain injury (Juengst 2015).

Why it is important to do this review
Available systematic reviews on effectiveness of cognitive rehabilitation have looked at intermediate outcomes of cognitive performance and not definite endpoints such as return to work status.
Previous reviews have also included studies on non-traumatic brain
injuries (Cicerone 2000; Cicerone 2005; Cicerone 2011). Moreover, the authors did not do meta-analyses. In a related review,
while doing a meta-analysis on pre-existing reviews, the authors
reported limitations including reliance on a predominant number of single group pre-post studies, differing control groups, heterogeneity and confounders such as different aetiologies, age and
recovery levels (Rohling 2009). Several Cochrane Reviews on the
effectiveness of cognitive rehabilitation in people with acquired
brain injury caused by aetiologies such as stroke were unable to
obtain conclusive evidence supporting or refuting the usefulness of
such interventions in the short or long term (Bowen 2013; Chung
2013; Loetscher 2013). Given such conflicting conclusions from
related literature, it is imperative that we assess the effectiveness of
cognitive rehabilitation interventions on practically relevant occupational outcomes of return to work, independence in daily ac-

Cognitive rehabilitation for adults with traumatic brain injury to improve occupational outcomes (Review)
Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

6

tivities, ability to live independently, community integration and
quality of life in people with TBI.

OBJECTIVES
To evaluate the effects of cognitive rehabilitation on return to work,
independence in daily activities, community integration (occupational outcomes) and quality of life in people with traumatic brain
injury, and to determine which cognitive rehabilitation strategy
better achieves these outcomes.

Primary outcomes

1. Return to work.
2. Independence in ADL measured using standard tools (e.g.
Functional Independence Measure (FIM)) or the status of
independent living (or both).
3. Community integration measured using standard tools (e.g.
Community Integration Questionnaire).

Secondary outcomes

1. Quality of life measured using standard tools (e.g. Perceived
Quality of Life (PQOL) scale).

METHODS
Search methods for identification of studies
Criteria for considering studies for this review
Types of studies
We included all randomized controlled trials (RCT; including parallel, factorial, wait-list/cross-over trials) of cognitive rehabilitation
following TBI.
Types of participants
We included studies conducted with adults (aged 16 years and
above) who had sustained a TBI of any clinical severity. We excluded studies if participants with non-traumatic aetiology were
also recruited.
Types of interventions
We included studies with any type of non-pharmacological rehabilitation intervention aimed at improving cognitive functions.
We included studies with non-intervention controls or alternative
interventions as a control group, categorized into four comparisons:
1. cognitive rehabilitation versus no treatment;
2. cognitive rehabilitation versus conventional treatment
(conventional treatment included those rehabilitation
interventions that did not have a specific cognitive strategy);
3. hospital-based cognitive rehabilitation versus home
programme;
4. one cognitive strategy versus another cognitive strategy.

The Cochrane Injuries Group trials search co-ordinators conducted the following electronic searches.

Electronic searches
1. CENTRAL (the Cochrane Library; March 2017, Issue 3).
2. Ovid MEDLINE(R), Ovid MEDLINE(R) In-Process &
Other Non-Indexed Citations, Ovid MEDLINE(R) Daily and
Ovid OLDMEDLINE(R) 1946 to March 2017
3. Embase Classic + Embase (OvidSP) 1947 to March 2017
4. PsycINFO (OvidSP) 1806 to March 2017
5. Clinical trial register (www.clinicaltrials.gov).
6. Controlled Trials metaRegister (www.controlledtrials.com).
Search strategies are listed in Appendix 1; Appendix 2; Appendix
3 and Appendix 4.

Data collection and analysis

Selection of studies
Two sets of review authors (KSK) and (SS and AV worked in pair)
independently undertook a preliminary screen of titles and abstracts, applying the inclusion and exclusion criteria. We resolved
disagreements by mutual consent. We obtained the full-text of
these potentially relevant articles for further assessment. After the
secondary screening, we have two studies awaiting cassification
and we included nine studies in this review.

Types of outcome measures
We included studies that reported at least one of the primary or
secondary outcome measures.
We categorized outcomes into short term (less than three months),
medium term (three to 12 months) and long term (more than one
year).

Data extraction and management
Three review authors (KSK independently; SS and AV worked in
pair) extracted data on methods, participant characteristics, intervention characteristics and outcome measures of each trial.
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Assessment of risk of bias in included studies
Three review authors (KSK independently; SS and AV worked
in pair) assessed the risk of bias in the included trials as per the
Cochrane Handbook for Systematic Reviews of Interventions (Higgins
2011). If there was any disagreement, we discussed this, and where
necessary the fourth review author (AM) resolved the disagreement. For each study, we judged the following items as having a
high, low or unclear risk of bias: sequence generation; allocation
concealment; blinding of participants, personnel and outcome
assessors; incomplete outcome data; selective outcome reporting
and ’other’ identified potential sources of bias like rehabilitation
provider’s and assessor’s competency, their qualification and credentials, etc. We did not prespecify in our protocol the criteria to
judge the overall risk of bias of each study (K SK 2009). Since our
primary outcome, return to work, was an objective measure, we
decided to classify individual studies as having high risk of bias if
one or more of the domains of random sequence generation, allocation concealment and blinding of outcome assessment were at
high risk of bias. We supported our judgements with observations
and with direct quotes from the articles where possible.

one study contributing data for an outcome, and if we regarded
them to be sufficiently homogeneous, we performed a meta-analysis. All statistical analyses were performed using Review Manager
5 (RevMan 2014). When heterogeneity was indicated by an I²
statistic less than 50%, we used a fixed-effect model. We decided
to use a random-effects model when the I² statistic was greater
than 50%, and to not perform a meta-analysis if the I² statistic was
greater than 80%. We did not prespecify these I² statistic cutoffs
in our protocol (K SK 2009).
We used the online computer programme GRADEpro GDT to
assess the quality of evidence across studies and to generate ’Summary of findings’ tables for the comparisons (GRADEpro 2014).
We assessed the domains of limitations in study design, consistency of results, directness, precision and publication bias to determine the quality of study as per the guidelines to use GRADEpro.
We reported our justifications for judgement in each of these domains as footnotes in the ’Summary of findings’ tables. We judged
the study design to have limitations when the studies contributing
data to the outcome in a comparison had unclear or high risk of
bias for randomization, unclear allocation concealment or blinding of outcome assessment.

Measures of treatment effect
We calculated the treatment effects by using data tables in Review Manager 5 (RevMan 2014). We used risk ratios (RRs) for
dichotomous outcomes, and mean differences (MDs) or standardized mean differences (SMDs) for continuous outcomes and reported their 95% confidence intervals (CI).
Dealing with missing data
We contacted authors of included studies when necessary to clarify
study methodology and obtain missing numerical data.

Subgroup analysis and investigation of heterogeneity
We did not identify enough studies that could be included in the
analysis to warrant subgroup analysis at this time.
Sensitivity analysis
We performed sensitivity analyses to assess the robustness of our
conclusions from analyses by including only studies that we judged
to have a low risk of bias.

Assessment of heterogeneity
We considered similarity of participants, intervention, control and
outcomes of the included studies to assess homogeneity of the
results. We considered participants as homogeneous when they
were people with TBI. We considered interventions and controls
as homogeneous when they fitted the descriptions explained in
the Types of interventions section. We considered outcomes as
homogeneous when they fitted in the descriptions explained in
the Types of outcome measures section.
In analyses that included data from more than one trial, we used
the I² statistic to measure heterogeneity among the trials for each
analysis. We considered I² values more than 50% as substantial
heterogeneity.
Data synthesis
We pooled RRs for dichotomous outcomes and MDs for continuous outcomes. When studies reported a continuous outcome using different tools, we calculated SMDs. When we had more than

RESULTS

Description of studies
See: Characteristics of included studies; Characteristics of excluded
studies tables.
Results of the search
We identified 3369 records from our search. Of the 3369 records
retrieved, we identified 50 potentially relevant records after discarding reports that were duplicates and that were not relevant
to this review. We scrutinized the full texts of the 50 studies. Of
these 50 studies, we excluded 39 studies. Seven studies were nonrandomized/quasi-randomized studies, nine did not meet the inclusion criteria, five had an intervention that was not appropriate for this review, and 18 studies did not report the outcomes of
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interest for this review. There were 11 studies left for inclusion.
Of this 11, two studies are awaiting classification, nine RCTs met
the eligibility criteria and so we included them. We describe the
process of selecting the included trials in Figure 1.
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Figure 1. PRISMA study flow diagram.
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Included studies
We describe the nine included RCTs in detail in the Characteristics
of included studies table. The nine included trials randomized 790
participants.

(Cheng 2006; Goverover 2007). One study arm evaluated a categorization programme (Constantinidou 2008). Four study arms
in three studies assessed methods of comprehensive cognitive rehabilitation strategies (Cicerone 2008; Salazar 2000; Vanderploeg
2008).

Study designs

Nine of the included studies were RCTs. Seven trials had parallel
arm controls. Two studies that employed a wait-list control strategy, in which participants were randomly allocated to an immediate-intervention arm or to a control group that was placed on a
wait-list before they received the intervention, analysed data only
for the outcomes that were assessed immediately on completion
of the wait-list period (Bornhofen 2008a; Cantor 2014).

Country and time period

One of the included studies was conducted before the year 2000,
while the remainder were performed between 2000 and 2012.
Seven studies had been carried out in the US, and one each in
Australia and Hong Kong (China).

Type of settings and participants

Eight studies were conducted by rehabilitation centres, three of
which were US army centres. Four studies recruited inpatients,
while five used outpatient settings. Among the seven studies that
administered individual therapies, three had additional group therapy components.
Five studies recruited people with moderate-to-severe brain injury,
one severe brain injury, one moderate brain injury, one mild-tomoderate brain injury and one at least mild brain injury.

Sample sizes

The number of participants was fewer than 25 in three studies,
more than 25 but fewer than 75 in three studies, more than 75 but
fewer than 300 in two studies and more than 300 in one study.

Type of control group

Two studies used a wait-list control group (Bornhofen 2008a,
Cantor 2014). Four studies compared an active cognitive rehabilitation programme to a standard/conventional rehabilitation
programme (Cheng 2006; Cicerone 2008; Constantinidou 2008;
Goverover 2007). One study compared an inpatient programme
to a limited home programme (Salazar 2000). One study compared a combination of cognitive rehabilitation and supported
employment against a control group that received supported employment only (Twamley 2014). One study compared two active
interventions (Vanderploeg 2008).

Outcomes

Four studies reported return to work (Cicerone 2008; Salazar
2000; Twamley 2014; Vanderploeg 2008).
One study reported functional independence defined as the ability
to live independently with less than three hours of assistance in
one week (Vanderploeg 2008). One study reported independence
in ADL using FIM (Cheng 2006), and one study used Assessment
of Motor and Process Skills (AMPS) scale (Goverover 2007).
Three studies reported community integration as assessed
by Community Integration Questionnaire (Cicerone 2008;
Constantinidou 2008; Goverover 2007), and one study reported using the Sydney Psychosocial Reintegration Scale (SPRS)
(Bornhofen 2008a).
Two studies reported quality of life assessment using the PQOL
scale (Cantor 2014; Cicerone 2008).

Follow-up
Interventions

Ten study arms in nine included studies examined cognitive rehabilitation interventions. One study arm assessed interventions for
emotional perception (Bornhofen 2008a). One study arm assessed
the effect of a Short Term Executive Plus (STEP) programme
(Cantor 2014). One study arm assessed Cognitive Symptom Management and Rehabilitation Therapy (cogSMART) (Twamley
2014). Two study arms examined interventions for self-awareness

Short-term
There were five studies in which the last outcome measurement
was at the end of the intervention (Bornhofen 2008a; Cantor
2014; Cheng 2006; Constantinidou 2008; Goverover 2007). In
one study, the last outcome measurement was within two weeks
of completion of the intervention (Twamley 2014).
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Medium-term
In two studies, last follow-up measurement was six months to one
year after intervention (Cicerone 2008; Vanderploeg 2008).

Long-term
There was one study in which the last follow-up measurement was
more than one year after the intervention (Salazar 2000).

Excluded studies
We excluded 39 studies. See Characteristics of excluded studies
table for details.
1. Study design: seven studies were not RCTs (Braverman
1999; Culley 2010; Dawson 2013; Fish 2007; Man 2006a; Man
2006b; Tam 2004).
2. Participants: nine studies had recruited participants with
non-traumatic aetiology of brain injury such as stroke (Bertens

2015; Bjorkdahl 2013; Bovend’Eerdt 2010; Hallock 2016; Park
2015; Spikman 2010; Tlustos 2016; Tornas 2016; Yip 2013).
3. Intervention: five studies did not involve interventions that
could be categorized as cognitive rehabilitation (Bell 2005;
Lannin 2014; Niemann 1990; Tiersky 2005; Trexler 2016).
4. Outcomes: 18 studies did not report any of the primary or
secondary outcomes relevant for this review (Bornhofen 2008b;
Bourgeois 2007; Couillet 2010; Dahlberg 2007; Dirette 1999;
Dou 2006; Hewitt 2006; Hildebrandt 2006; Kaschel 2002;
Kurowski 2013; Neistadt 1992; Neumann 2015; Niemann
1990; Rath 2003; Richter 2015; Ryan 1988; Shum 2011;
Thickpenny-Davis 2007).

Risk of bias in included studies
Our judgements about overall risk of bias across all included studies are summarized in Figure 2. Our judgements about each risk of
bias item for each included study are depicted in Figure 3. Details
about each individual study are provided in the ’Risk of bias’ sections accompanying the Characteristics of included studies table.

Figure 2. Risk of bias graph: review authors’ judgements about each risk of bias item presented as
percentages across all included studies.
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Figure 3. Risk of bias summary: review authors’ judgements about each risk of bias item for each included
study.
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Allocation

Sequence generation

We judged four studies that explained the method of sequence
generation to have low risk of bias (Cicerone 2008; Salazar 2000;
Twamley 2014; Vanderploeg 2008). We judged the five studies
that did not adequately describe the method of random sequence
generation as having unclear risk of bias (Bornhofen 2008a; Cantor
2014; Cheng 2006; Constantinidou 2008; Goverover 2007).

Selective reporting
We were able to locate prospectively registered protocols of two
studies (Cantor 2014; Twamley 2014). We judged all the included
studies to have a low risk of bias with respect to selective reporting,
if either the studies reported all key intended outcomes mentioned
in the protocol, or in our judgement that all outcomes that would
be expected of such a study were reported.

Other potential sources of bias
Allocation concealment

Five studies reported methods to ensure concealment of allocation,
and we judged these as having low risk of bias for this item (
Bornhofen 2008a; Cicerone 2008; Constantinidou 2008; Salazar
2000; Vanderploeg 2008). We regarded the methodology used in
four studies as inadequate to ensure allocation concealment, and
judged them to have a high risk of bias (Cantor 2014; Cheng
2006; Goverover 2007; Twamley 2014).
Blinding
It is not possible to implement blinding of participants and personnel in wait-list controlled trials by design. Three studies described adequate methods for blinding of participants and outcome assessors (Cicerone 2008; Salazar 2000; Vanderploeg 2008).
Though Goverover 2007 and Twamley 2014 did not adequately
describe measures to ensure blinding of participants and personnel, we judged them as having low risk of bias for this item since the
key objective outcomes were unlikely to be influenced by blinding or the lack of it. We regarded four studies to have a high risk
of performance bias since self-reported outcomes are likely to be
influenced by the knowledge of the intervention arm to which the
trial participants belong (Bornhofen 2008a; Cantor 2014; Cheng
2006; Constantinidou 2008).
We judged blinding of outcome assessors as adequate and of low
risk of bias in all but one (Goverover 2007) studies.

We did not identify any other significant potential sources of bias
in the included studies.

Effects of interventions
See: Summary of findings for the main comparison Cognitive
rehabilitation compared to no treatment for occupational
outcomes after traumatic brain injury; Summary of findings
2 Cognitive rehabilitation compared to conventional treatment
for people with traumatic brain Injury; Summary of findings
3 Hospital-based cognitive rehabilitation compared to home
programme for people with traumatic brain injury; Summary of
findings 4 Cognitive didactic therapy compared to functional
experiential therapy for people with traumatic brain injury
We included data from nine studies and we present these within
four main comparisons:
1. cognitive rehabilitation versus no treatment (three studies,
160 participants);
2. cognitive rehabilitation versus conventional treatment (four
studies, 144 participants);
3. hospital-based cognitive rehabilitation versus home
programme (one study, 120 participants);
4. one cognitive strategy (cognitive didactic) versus another
cognitive strategy (functional experiential) (one study, 366
participants).

1. Cognitive rehabilitation versus no treatment
Incomplete outcome data
Two studies reported a high dropout rate of more than 30%,
and we judged these as having a high risk of attrition bias
(Constantinidou 2008; Twamley 2014). We judged all the other
included studies to have a low risk of bias with respect to incomplete outcome data because they reported dropout rates less than
20% of those recruited (Bornhofen 2008a; Cantor 2014; Cheng
2006; Cicerone 2008; Goverover 2007; Salazar 2000; Vanderploeg
2008). Details including the reasons participants dropped out were
also described adequately.

We found three studies comparing cognitive rehabilitation versus
no treatment (Bornhofen 2008a; Cantor 2014; Twamley 2014;
160 participants; Summary of findings for the main comparison).

1.1. Return to work

Twamley 2014 found no difference in return to work in 14 weeks
(medium-term) between cognitive rehabilitation and no intervention (RR 1.80, 95% CI 0.74 to 4.39; Analysis 1.1).
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1.2. Independence in activities of daily living

Sensitivity analysis: risk of bias

We found no studies reporting independence in ADL.

Removing the studies we judged as having an unclear or high risk of
bias for random sequence generation or allocation concealment left
only one study (Cicerone 2008; 68 participants), demonstrating
a similar direction of effect (MD 0.30, 95% CI -1.77 to 2.37).

1.3. Community integration

Bornhofen 2008a found no difference between cognitive rehabilitation and no treatment in community integration at one month
follow-up (short-term) measured using the SPRS (MD -2.90, 95%
CI -12.57 to 6.77; Analysis 1.2).

2.4. Quality of life

1.4. Quality of life

Cicerone 2008 found no difference between cognitive rehabilitation and conventional treatment in terms of quality of life measured by six months (medium-term) using the PQOL scale (MD
6.50, 95% CI -2.57 to 15.57; 68 participants; Analysis 2.4).

Cantor 2014 reported no difference in quality of life assessed with
Life-3 between cognitive rehabilitation and no intervention on
completion of 12 weeks of intervention without any follow-up
(MD 0.30, 95% CI -0.18 to 0.78; Analysis 1.3).

3. Hospital-based cognitive rehabilitation versus
home programme

2. Cognitive rehabilitation versus conventional
treatment
We found four studies comparing cognitive rehabilitation versus conventional treatment (Cheng 2006; Cicerone 2008;
Constantinidou 2008; Goverover 2007; 144 participants;
Summary of findings 2).

We found one study comparing hospital-based cognitive rehabilitation versus home programme (Salazar 2000; 120 participants;
Summary of findings 3).

3.1. Return to work

Salazar 2000 found no difference in rates of return to work between hospital-based cognitive rehabilitation and home cognitive
programme in follow-up assessment at two years (long-term) (RR
0.95, 95% CI 0.85 to 1.05; 120 participants; Analysis 3.1).

2.1. Return to work

Cicerone 2008 found no difference in return to work at six
months (medium-term) between cognitive rehabilitation and conventional treatment (RR 1.43, 95% CI 0.87 to 2.33; 68 participants; Analysis 2.1).

3.2. Independence in activities of daily living

We found no studies reporting independence in activities of daily
living.

2.2. Independence in activities of daily living

Cheng 2006 and Goverover 2007 found no difference between
cognitive rehabilitation and conventional treatment in improving
independence in ADL by four weeks (short-term), measured using
the FIM and AMPS (SMD -0.01, 95% CI -0.62 to 0.61; 41
participants; Analysis 2.2).

3.3. Community integration

We found no studies reporting community integration.

3.4. Quality of life

We found no studies reporting quality of life.
2.3. Community integration

Cicerone 2008, Constantinidou 2008 and Goverover 2007 found
no statistically significant effect of cognitive rehabilitation compared with conventional treatment on community integration
measured by six months (medium-term) with the Community Integration Questionnaire (MD 0.05, 95% CI -1.51 to 1.62; 123
participants; Analysis 2.3).

4. One cognitive strategy (cognitive didactic) versus
another cognitive strategy (functional experiential)
We found one study comparing one cognitive strategy (cognitive
didactic) versus another cognitive strategy (functional experiential
(Vanderploeg 2008; 366 participants; Summary of findings 4).
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4.1. Return to work

4.4. Quality of life

Vanderploeg 2008 showed no difference between one cognitive strategy (cognitive didactic) and another cognitive strategy
(functional experiential) in terms of return to work in one year
(medium-term) (RR 1.10, 95% CI 0.83 to 1.46; 366 participants;
Analysis 4.1).

We found no studies reporting quality of life.

4.2. Independence in activities of daily living

Vanderploeg 2008 found no difference in independent living status in one year (medium-term) when one cognitive strategy (cognitive didactic) was compared with another cognitive strategy (functional experiential) (RR 0.90, 95% CI 0.75 to 1.08; 366 participants; Analysis 4.2).

4.3. Community integration

We found no studies reporting community integration.

GRADE assessment
For all comparisons, we assessed the quality of the evidence using GRADE. We judged studies contributing data to the first and
second comparisons to have high risk of bias due to unclear random sequence generation, inadequate allocation concealment and
blinding, and we downgraded the quality of evidence by one level.
In all the comparisons, when there were fewer than 400 participants or if the meta-analysis results had wide CIs that introduced
uncertainty about appreciable clinical benefit or harm, we downgraded for imprecision. Overall, the quality of the evidence for
outcomes across all comparisons was moderate to very low. The
arguments on which we based our GRADE assessment decisions
for all the comparisons that reported the outcome of return to
work are given in Table 1. We report our assessment of the level
of evidence provided by all key outcomes in Summary of findings
for the main comparison; Summary of findings 2; Summary of
findings 3; and Summary of findings 4.
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A D D I T I O N A L S U M M A R Y O F F I N D I N G S [Explanation]

Cognitive rehabilitation compared to conventional treatment for people with traumatic brain injury
Patient or population: people with traum atic brain injury
Settings: inpatient and outpatient rehabilitation units in Hong Kong and the US
Intervention: cognitive rehabilitation
Comparison: conventional treatm ent
Outcomes

Illustrative comparative risks* (95% CI)

Assumed risk

Corresponding risk

Conventional
treatment

Cognitive
tion

Relative effect
(95% CI)

No of participants
(studies)

Quality of the evidence Comments
(GRADE)

RR 1.43
(0.87 to 2.33)

68
(1 study)

⊕⊕
L ow 1

-

⊕
Very low 2,3

Analysis conducted on
a standardized scale
with data f rom studies
that used dif f erent assessor-rated scales of
independence in daily
living (FIM and Assessm ent of M otor and
Process Skills (AM PS)
). The ef f ect size of
the m eta-analysis has
been back transf orm ed
to the FIM scale by using the m ean standard
deviation of the control

rehabilita-

17

Return to work
412 per 1000
Return to work status
Follow-up: 6 m onths
(m edium -term )

589 per 1000
(358 to 959)

Independence in ADL
FIM , with 18 item s in
basic and psychosocial f unctional activities. Score ranges f rom
0 to 126; higher scores
indicate higher f unctional independence
Assessm ent of m otor and process skills,
score ranges f rom 4 to
144; higher scores indicate better independence in ADL
Follow-up: 3-4 weeks
(short-term )

The m ean FIM score in SM D - 0.01 (-0.62 to 0. 41
the intervention group 61)
(2 studies)
at 4 weeks was 0.16
lower
(10.35 lower to 10.18
higher)

M ean FIM score in the
control group of the trial
reporting this scale was
100
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group of the study that
used FIM scale to report this outcom e
Community integration
Com m unity Integration
Questionnaire. Score
ranges f rom 0 to 29,
higher scores indicate
better com m unity integration
Follow-up: m ean 6
m onths (m edium -term )

The m ean com m unity integration ranged
across control groups
f rom
12.9 to 17.59 points4

The m ean com m unity integration in the intervention groups was
0.05 higher
(1.51 lower to 1.62
higher)

123
(3 studies)

⊕⊕
Low 3,5

-

Quality of life
Perceived Quality of
Lif e scale. Scores range
f rom 10 to 100, higher
scores indicate better
quality of lif e
Follow-up: 6 m onths
(m edium -term )

The m ean quality of lif e
in the control groups
was
59.6 points6

The m ean quality of lif e in the intervention
groups was
6.5 higher
(2.57 lower to 15.57
higher)

68
(1 study)

⊕⊕⊕
M oderate 3

-

* The basis f or the assumed risk (e.g. the m edian control group risk across studies) is provided in f ootnotes. The corresponding risk (and its 95% conf idence interval) is
based on the assum ed risk in the com parison group and the relative effect of the intervention (and its 95% CI).
ADL: activities of daily living; CI: conf idence interval; FIM : Functional Independence M easure; RR: risk ratio; SM D: standardized m ean dif f erence.
GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our conf idence in the estim ate of ef f ect.
M oderate quality: Further research is likely to have an im portant im pact on our conf idence in the estim ate of ef f ect and m ay change the estim ate.
Low quality: Further research is very likely to have an im portant im pact on our conf idence in the estim ate of ef f ect and is likely to change the estim ate.
Very low quality: We are very uncertain about the estim ate.
1

18

Downgraded by 2 levels because of im precision. Conf idence intervals overlapped 1 and 1.25. Num ber of events was f ewer
than 300.
2 Downgraded by 2 levels because of very serious risk of bias due to unclear random sequence generation, allocation
concealm ent and blinding in the two studies.
3 Downgraded by 1 level because of im precision. Total population size was f ewer than 400.
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4

Final scores using Com m unity Integration Questionnaire.
Downgraded by 1 level because of serious risk of bias in two of the three studies.
6 Final scores on Perceived Quality of Lif e scale.
5
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Hospital- based cognitive rehabilitation compared to home programme for people with traumatic brain injury
Patient or population: active duty m ilitary personnel within 3 m onths of m oderate-to-severe traum atic brain injury
Settings: arm y m edical centre, US
Intervention: hospital-based cognitive rehabilitation
Comparison: hom e program m e
Outcomes

Illustrative comparative risks* (95% CI)

Assumed risk

Corresponding risk

Home programme

Hospital- based cognitive rehabilitation

Return to work
943 per 1000
Return to work status
Follow-up: 24 m onths
(long-term )

896 per 1000
(802 to 991)

Relative effect
(95% CI)

No of participants
(studies)

Quality of the evidence Comments
(GRADE)

RR 0.95
(0.85 to 1.05)

120
(1 study)

⊕⊕⊕
M oderate 1

-

* The basis f or the assumed risk (e.g. the m edian control group risk across studies) is provided in f ootnotes. The corresponding risk (and its 95% conf idence interval) is
based on the assum ed risk in the com parison group and the relative effect of the intervention (and its 95% CI).
CI: conf idence interval; RR: risk ratio.
GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our conf idence in the estim ate of ef f ect.
M oderate quality: Further research is likely to have an im portant im pact on our conf idence in the estim ate of ef f ect and m ay change the estim ate.
Low quality: Further research is very likely to have an im portant im pact on our conf idence in the estim ate of ef f ect and is likely to change the estim ate.
Very low quality: We are very uncertain about the estim ate.
1

Downgraded by 1 level because of im precision. The num ber of events was f ewer than 300.
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Cognitive didactic therapy compared to functional experiential therapy for people with traumatic brain injury
Patient or population: adult veterans or active duty m ilitary service personnel with m oderate-to-severe traum atic brain injury
Settings: acute inpatient rehabilitation brain injury program m es at 4 Veterans Adm inistration m edical centres, US
Intervention: cognitive didactic therapy
Comparison: f unctional experiential therapy
Outcomes

Illustrative comparative risks* (95% CI)

Assumed risk

Relative effect
(95% CI)

No of participants
(studies)

Quality of the evidence Comments
(GRADE)

Corresponding risk

Functional experiential Cognitive
therapy
therapy

didactic

Return to work
354 per 1000
Return to work status
Follow-up:
1
year
(m edium -term )

389 per 1000
(294 to 516)

RR 1.10
(0.83 to 1.46)

366
(1 study)

⊕⊕⊕
M oderate 1

-

Independence in ADL 616 per 1000
Structured interview
Follow-up:
1
year
(m edium -term )

554 per 1000
(462 to 665)

RR 0.90
(0.75 to 1.08)

366
(1 study)

⊕⊕
Low 2

-

* The basis f or the assumed risk (e.g. the m edian control group risk across studies) is provided in f ootnotes. The corresponding risk (and its 95% conf idence interval) is
based on the assum ed risk in the com parison group and the relative effect of the intervention (and its 95% CI).
A DL: activities of daily living; CI: conf idence interval; RR: risk ratio.
GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our conf idence in the estim ate of ef f ect.
M oderate quality: Further research is likely to have an im portant im pact on our conf idence in the estim ate of ef f ect and m ay change the estim ate.
Low quality: Further research is very likely to have an im portant im pact on our conf idence in the estim ate of ef f ect and is likely to change the estim ate.
Very low quality: We are very uncertain about the estim ate.
1
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Downgraded by 1 level because of im precision. Conf idence interval overlapped with both 1 and 1.25. The total num ber of
events was f ewer than 300.
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2

Downgraded by 2 levels because of im precision. Conf idence interval overlapped with both 0.75 and 1.25. The total num ber
of events was f ewer than 300.
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DISCUSSION

Summary of main results
Cognitive rehabilitation when compared to no intervention did
not lead to better return to work. Evidence for this was of very
low quality. Cognitive rehabilitation did not result in better community integration or quality of life, as supported by low-quality
evidence.
There was no difference between cognitive rehabilitation and a
conventional rehabilitation programme for return to work (lowquality evidence), independence in ADL (very low-quality evidence) and community integration (low-quality evidence). There
was no difference in quality of life between cognitive rehabilitation
and conventional rehabilitation. Evidence for this was of moderate
quality.
For active duty military personnel with moderate-to-severe closed
head injury, there was no difference between eight weeks of cognitive rehabilitation provided as a home programme and hospitalbased cognitive rehabilitation in achieving return to work at one
year. This was supported by moderate-quality evidence.
There was no difference between one intervention strategy (cognitive didactic) and another (functional experiential) for adult veterans or active duty military service personnel with moderate-tosevere TBI in return to work (moderate-quality evidence) or in
independent living (low-quality evidence).

Overall completeness and applicability of
evidence
Due to the absence of accepted standardizations for many cognitive intervention strategies, the included studies used various terminologies to describe the type of interventions, such as awareness
training, categorization programme and holistic neuropsychological rehabilitation programme. Similarly, components of ’conventional treatment’ varied between different trials. The term ’conventional treatment’ could not be generalized, since each rehabilitation centre would have its own ’convention’.
There was no consistent rationale reported for a few aspects of
interventions in the included studies, such as individual therapy
versus group therapy; daily therapy versus intermittent therapy;
varying length of interventions (ranging from a few weeks to a few
months) and home-based versus hospital-based cognitive rehabilitation.
The outcomes assessed in the included studies varied too, ranging from assessment of one specific domain of cognition such as
’attention span’, to categorical endpoints such as ’return to work’.
There was reasonable uniformity in the scales used to report functional independence and community integration.
Seven of the included studies were performed in the US, and one
each in Australia and China (Hong Kong). Consequently, there is

an absence of data from low- and middle-income regions of the
world.
There was no uniformity of inclusion criteria throughout, with
different screening tools used including Glasgow Coma Score
(GCS), Rancho Los Amigos (RLA) and post-traumatic amnesia.
Three studies recruited participants based on RLA stages ranging from 5 to 7. One study included high functioning people
(Cicerone 2008); one study included people with GCS 15/15
(Cheng 2006); and one study recruited people with severe chronic
brain injury with apparent disregard or lack of awareness of social
cues (Bornhofen 2008a).
There was a considerable difference among the studies in terms
of chronicity of brain injury at the time of recruitment. Only one
study specifically included those within three months of injury
(Salazar 2000).

Quality of the evidence
Quality of evidence for most of the outcomes was low to very low,
overall. Many studies did not adequately report the methodology
used. Random sequence generation and allocation concealment
were commonly not reported. Imprecision of the results and risk
of bias were the most common causes for downgrading the level of
evidence. Assessment of precision for continuous outcomes that
were measured by scores was challenging due to the lack of proven
or cursory estimates of minimally important clinical benefits or
harms.
Description of rationale for choice of interventions, intensity and
duration was generally lacking. Sample size determination was not
explained in most studies.
Fewer than half of the included studies had reported return to
work. Many outcomes that we assessed were reported by single
studies only, thus precluding meta-analysis.

Potential biases in the review process
Though the search strategy included various terms used to mean
’cognitive rehabilitation’, it is possible that some studies might
have been missed since there is no globally accepted definition
for what constitutes cognitive rehabilitation. Also, there are other
existing Cochrane Reviews that focus on specific subdomains of
cognition such as memory and executive functions. It is likely that
our use of the wider terminology of ’cognitive rehabilitation’ might
not have covered all studies that have evaluated these subdomains.
Publication bias could not be studied with funnel plot asymmetry
since we could only include very few studies in each comparison.
However, such bias is unlikely because none of the interventions
had evidence of significant effects (Dwan 2013).
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Agreements and disagreements with other
studies or reviews
One narrative systematic review of cognitive rehabilitation interventions in brain injury and stroke assessed various components
of cognitive functions, but did not include occupational outcomes
(Cicerone 2011). Moreover, the review included non-randomized
studies, and the authors reported that biases of included studies
were not analysed. A meta-analysis of the data from an earlier
version of the review also did not report occupational outcomes
(Rohling 2009). Though these two reviews indicated a possible
beneficial effect of cognitive rehabilitation strategies in improving
specific aspects of cognition, there is a complete lack of reporting
of objective outcomes such as return to work.
It is possible that focused cognitive rehabilitation strategies bring
about beneficial effects in one or more individual cognitive functions. These are probably not translated into significant, appreciable changes in return to work status or daily activities and other
occupational outcomes that are reported in this review. If such a
lack of causal effect could be confirmed, it might have significant
implications for the goal setting process, and shared decision making in rehabilitation of people with TBI.

AUTHORS’ CONCLUSIONS
Implications for practice
There is low- to very low-quality evidence that cognitive rehabilitation does not result in better return to work, community integration or quality of life in short- to medium-term follow-up
when compared to no treatment for people with traumatic brain
injury.
There is moderate- to very low-quality evidence that cognitive rehabilitation when compared to conventional rehabilitation treatment does not result in better return to work, independence in
activities of daily living, community integration or quality of life
in short- to medium-term follow-up for people with traumatic
brain injury.
There is moderate-quality evidence that hospital-based cognitive
rehabilitation is similar to home-based rehabilitation in improving
return to work among active duty military personnel with moderate-to-severe traumatic brain injury at long-term follow-up.
There is moderate- to low-quality evidence that one cognitive strategy (cognitive-didactic) is no different from another (functional
experiential) in improving return to work and independent living
at medium-term follow-up.

Implications for research
The current evidence does not conclusively support or refute the
effectiveness of any particular form of cognitive rehabilitation

strategy. Further trials are therefore warranted to arrive at conclusive evidence. We suggest the following factors be considered in
future trials to improve the evidence base.
Recruitment: recruiting participants who have similar characteristics of severity and duration of brain injury, or factoring the baseline differences by stratification at the time of recruitment, is likely
to improve the robustness of the results. Considering return to
work as the primary outcome, if the control group return to work
rate with just the conventional rehabilitation treatment is 35%,
to be able to detect an increased return to work rate of least 55%
with cognitive rehabilitation intervention, assuming α = 0.05 and
β = 0.80, a sample size of 212 would be needed.
Outcomes: participant-reported outcome measures and outcomes
that are practically relevant occupational endpoints should be
given priority over surrogate or intermediate measures while assessing outcomes of rehabilitation programmes. Longer-term outcomes measured in follow-up durations of more than one year are
needed.
Setting: trials need to validate evidence for potential advantages
of home- and community-based cognitive rehabilitation interventions as against hospital-based cognitive rehabilitation. Effects of
such interventions in resource-constrained settings (that include
high-, low- and middle-income country settings) should also be
studied.
Reporting: interventions should be clearly defined and reported
using the TIDieR checklist (Hoffmann 2014) so that homogeneity of similar trials can be assessed. The population sampled, content of interventions and outcome measures should be detailed
systematically to enable replication and comparison of outcomes
across studies.
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CHARACTERISTICS OF STUDIES

Characteristics of included studies [ordered by study ID]
Bornhofen 2008a
Methods

Design: randomized, 2-arm, wait-list control trial.
Duration of study: December 2003 to May 2004.

Participants

Number randomized: 12. 6 in each arm (outpatient volunteers with severe, chronic
TBI)
Gender: 11 men, 1 woman.
Age range: 20-57 years.
Inclusion criteria:
1. severe TBI (based on post-traumatic amnesia);
2. observed chronic social difficulty or isolation;
3. awkwardness in social interactions;
4. apparent disregard or lack of awareness of social cues;
5. inappropriate social responding.
Exclusion criteria:
1. history of depression or psychosis;
2. scores below borderline for premorbid cognitive functioning (Wechsler Test of
Adult Reading);
3. postinjury period < 9 months.

Interventions

Intervention: remedial cognitive programme.
Designed to address emotion perception with 2 techniques Errorless Learning and Self Instruction Training. Emphasis was on graduated practice of increasingly complex, guided
tasks relevant to perception of static and dynamic emotion cues. Greater independence
was promoted as ability improved. Task requirements included group activities, notebook maintenance and home practice tasks
Duration: 1.5-hour sessions, biweekly, for 8 weeks.
Control: wait-list.
1 week after the completion of 8 weeks of treatment for intervention group, the waitlist group received the same treatment

Outcomes

Generalization measures: SPRS (self-reported).
Identification of Static Emotions: 2 facial expression tasks (labelling and matching emotions from Ekman and Friesen’s photographs)
Labelling of dynamic audio-visual emotional displays: TASIT, Part 1
Identification of social inferences based on emotional demeanour: TASIT Parts 2 and 3

Notes

Setting: outpatient services, Liverpool Hospital Brain Injury Rehabilitation Unit, Sydney
Country: Australia.
Duration of follow-up: 1 month following treatment.
Dropouts: 1 dropout from intervention group before completing post-test assessment. 1
further dropout in the wait-list group after completing assessment at the post-treatment
phase for the treatment group but prior to completing wait-list treatment
Funding: project grant from National Medical and Research Council of Australia
Comments: at baseline, SPRS scores were significantly different between the groups,
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Bornhofen 2008a

(Continued)
hence, results to be interpreted with caution. Long term maintenance of treatment effects
cannot be observed/compared due to wait-list control design

Risk of bias
Bias

Authors’ judgement

Support for judgement

Random sequence generation (selection Unclear risk
bias)

Comment: unclear method of random sequence generation.

Allocation concealment (selection bias)

Quote: “random allocation to treatment or
wait-list group was completed off-site by
an independent person unfamiliar with the
individuals.”

Low risk

Blinding of participants and personnel High risk
(performance bias)
All outcomes

Comment: no details provided in the report regarding blinding of participants and
personnel. Self-reported outcome (SPRS)
likely to be influenced by lack of blinding
of participants

Blinding of outcome assessment (detection Low risk
bias)
Objective outcomes

Comment: no details provided in the report regarding blinding of outcome assessors. Since the primary outcome was a selfreported scale, lack of blinding of outcome
assessment was unlikely to influence the
outcome the study

Incomplete outcome data (attrition bias)
All outcomes

Low risk

Comment: 1 dropout in each arm. No
reason for dropout provided. No significant differences in the pretest scores of the
dropouts except in TASIT Part 1 scores
where they performed poorer when compared with those who completed the treatments

Selective reporting (reporting bias)

Low risk

Comment: all stated outcomes were reported.

Other bias

Low risk

No other bias detected.

Cantor 2014
Methods

Design: randomised, wait-list controlled trial with minimization and blinded outcome
assessment
Duration of study: January 2008 to June 2012.
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Cantor 2014

(Continued)

Participants

Number randomized: 80 participants randomized and 18 participants directly grouped
for study convenience, resulting in 49 people in each group
Inclusion criteria:
1. aged > 18 years;
2. history of TBI that met, at minimum, American Congress of Rehabilitation
Medicine criteria for mild TBI: a blow to the head followed by 1 of the following: loss
of consciousness, period of being dazed and confused, period of post-traumatic
amnesia or clinical signs of altered neurological function;
3. ≥ 3 months’ post-injury;
4. English speaking;
5. executive dysfunction (Frontal Systems Behavior Scale T score >64 or Wisconsin
Card Sort Test-4 < 4 categories completed);
6. oriented to time, place and person (Galveston Orientation and Amnesia Test >
75);
7. at least a 6th-grade reading level;
8. sufficient intelligence to benefit from treatment (full-scale intelligence quotient >
75).
Exclusion criteria:
1. lack of mental capacity to give informed consent (measured using the Aid to
Capacity Evaluation);
2. active substance abuse, psychosis, or suicidality (assessed using the Structured
Clinical Interview for Diagnostic and Statistical Manual of Mental Disorders, 4th
edition);
3. other behaviour that precluded group participation (e.g. offensive behaviour,
assessed through clinical interview);
4. concurrent participation in other cognitive rehabilitation.

Interventions

Intervention: Short Term Executive Plus (STEP) programme
2 × 45-minute group sessions (emotional regulation and problem solving) and 1 × 60minute individual session (attention training and advising) per day, 3 days per week, for
12 weeks, for a total of 108 sessions. Rolling admissions was used with a monthly start
date for new group members. Group size was generally 4-6 people
Control: wait-list.
Duration: 2 × 45-minute group sessions, 1 × 60-minute individual session per day, 3
days per week for 12 weeks

Outcomes

Quality of life: Life-3.
Participation: Participation Objective Participation Subjective (POPS)
Executive function: composite score.
Problem Solving Inventory.
Self-efficacy questionnaire.

Notes

Setting: community dwelling participants, institutional intervention
Country: US.
Duration of follow-up: 12 weeks of intervention followed by assessment.
Dropouts: 9. In the treatment arm, 8 withdrew prior to completion of 12 weeks, and 1
did not start treatment
Funding: Supported by the Centers for Disease Control and Prevention (grant no.
1R49CE001171-01)
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Cantor 2014

(Continued)

Risk of bias
Bias

Authors’ judgement

Support for judgement

Random sequence generation (selection Unclear risk
bias)

Quote: “Although the study used random
assignment with minimization and some
participants were assigned to groups based
on group size, we have used the term randomization throughout because this was
the principal mode of group allocation.”
“We allocated 18 participants without randomization when this was necessary to keep
the size of the treatment group between 3
and 8; these participants were allocated in
strict order of qualification.”
Comment: method of random sequence
generation not specified. Unclear whether
minimization method of allocating 18 participants had introduced bias in random allocation

Allocation concealment (selection bias)

High risk

Quote: “We entered scores into the Minim
program to determine treatment allocation.”
Comment: authors using the software was
likely to have unblinded the allocation sequence

Blinding of participants and personnel High risk
(performance bias)
All outcomes

Comment: though the wait-list control design made it impossible to blind the participants, we rated this at high risk of bias since
the self-reported outcomes were likely to be
influenced by the knowledge of allocation
to active intervention group or the wait-list
group

Blinding of outcome assessment (detection Low risk
bias)
Objective outcomes

Quote: “Assessors were blind to allocation
at all assessments conducted after randomization.”

Incomplete outcome data (attrition bias)
All outcomes

Low risk

Comment: 9 dropouts from intervention
arm were not due to treatment-related reasons

Selective reporting (reporting bias)

Low risk

Comment: all key outcomes mentioned in
the protocol published in the clinical trials
registry were reported
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Cantor 2014

Other bias

(Continued)

Unclear risk

Quote: “Another limitation is the reliance
on self-report measures of function.” “narrative reports from STEP participants to
the treatment team suggested the presence
of benefits of treatment that we did not
measure.”
Comment: unclear whether reliance on
self-report measures for functional outcomes instead of using objective real-life
measures would impact the internal and external validity of the interpretations from
this trial

Cheng 2006
Methods

Design: randomized, parallel-group control (pretest-post-test control group design)
Duration of study: September 2004 to March 2005.

Participants

Number randomized: 21. 11 allocated to intervention group, 10 to control group
Inclusion criteria:
1. impaired self-awareness;
2. stable and alert mental state, with GCS 15/15;
3. appropriate communication skill, normal range in language subset of
Neurobehavioral Cognitive Status Examination.
Exclusion criteria:
None reported.

Interventions

Intervention: Awareness Intervention Programme (AIP).
Individual therapy. Content of AIP included:
1. awareness of knowledge about deficits;
2. application of knowledge on real world;
3. practice of neuropsychological functions of self-performance predictions and goal
settings.
Duration: 2 sessions per day, 5 days per week for 4 weeks
Control: conventional rehabilitation programme.
Group therapy. 2 or 3 sessions every day including physical, functional and cognitive
aspects of occupational therapy, for 4 weeks

Outcomes

FIM.
Lawton IADL score.
Self-Awareness of Deficits Interview (SADI).

Notes

Setting: inpatients at MacLehose Medical Rehabilitation Center, Hong Kong
Country: China.
Duration of follow-up: none.
Dropouts: none.
Funding: none declared.
Comment: return to work status and community integration not reported. Long-term
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(Continued)
maintenance of treatment effects could not be studied as there was no follow-up evaluation

Risk of bias
Bias

Authors’ judgement

Support for judgement

Random sequence generation (selection Unclear risk
bias)

Quote: “Ten of the participants were randomly assigned to a control group and 11
were allocated to the experimental group
according to their admission sequence.”
Comment: in view of the potential nonrandom component (admission sequence)
in the sequence generation process, we
judged this to be of unclear risk of bias

Allocation concealment (selection bias)

High risk

Quote: “Allocation according to admission
sequence.”
Comment: allocation by admission sequence is likely to have unblinded the allocation

Blinding of participants and personnel High risk
(performance bias)
All outcomes

Quote: “limitation is that this was not a
blinded study.”
Comment: self-reported outcomes are
likely to be influenced by the knowledge of
allocation

Blinding of outcome assessment (detection Low risk
bias)
Objective outcomes

Quote: “Scoring was primarily conducted
by a therapist who was not involved in the
programme implementation.”

Incomplete outcome data (attrition bias)
All outcomes

Low risk

Comment: no dropouts reported.

Selective reporting (reporting bias)

Low risk

All 3 rating scales listed in methods were
reported.

Other bias

Low risk

Comment: no other sources of bias detected.
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Methods

Design: prospective, randomized clinical trial.
Randomization: 2-arm, block randomization, with stratification for referral source as
either clinical or community
Duration of study: January 2003 to December 2006.

Participants

Number randomized: 68 participants, 34 received the intervention and 34 received
control
Inclusion criteria:
1. medical documentation of TBI based on a primary source within 24 hours of
injury (e.g. emergency medical services or hospital admission records);
2. ≥ 3 months postinjury;
3. aged 18-62 years;
4. adequate language expression and comprehension (with or without assistive
device) to participate in verbally based group interventions (i.e. participants had to be
English speaking and could not be severely aphasic);
5. judged to require ≥ 4 months of comprehensive treatment;
6. clinically appropriate for either arm of treatment;
7. capable of attending treatment 3 days per week;
8. capable of giving informed consent.
Exclusion criteria:
1. active psychiatric illness, substance abuse or pain considered at the time of
enrolment to prevent their compliance with treatment.

Interventions

Intervention: Intensive Cognitive Rehabilitation Programme
Individual and group therapy. Intervention based on principles of comprehensive holistic
neuropsychiatric rehabilitation emphasizing the integration of interventions for cognitive
deficits, emotional difficulties, interpersonal behaviours and functional skills within the
context of a therapeutic environment
Duration: 16 weeks, with 15 hours of therapy 3 days per week, that included 11 hours of
group therapy, 3 hours of individual therapy and 1 hour of individual neuropsychological
treatment
Control: standard neurorehabilitation.
Predominantly individual therapy. Comprehensive interdisciplinary day treatment programme, consisted of physical occupational and speech therapies, along with neuropsychological treatment
Duration: 16 weeks. Amount and combination of specific treatments for each participant
in the standard neurorehabilitation programme condition varied based on person’s needs
and routine clinical decision making, but group treatments were limited to no more than
3 hours per week

Outcomes

Community Integration Questionnaire (CIQ) and Perceived Quality of Life (PQOL)
scale
Vocational and educational outcomes measured by Vocational Integration Scale, ratings
of which were collapsed into a dichotomous variable to classify participants as either
engaged in community-based employment (Vocational Integration Scale levels 3-5) or
unemployed (Vocational Integration Scale levels 1-2)
Other secondary outcome measures were neuropsychological functioning and perceived
self-efficacy
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Notes

Setting: Department of Cognitive Rehabilitation and Department of Physical Medicine
and Rehabilitation, JFK-Johnson Rehabilitation Institute, Edison, New Jersey
Country: US.
Duration of follow-up: 6 months.
Dropouts: of the 34 allocated to each arm, 2 from the intervention group and 4 from
the control group did not complete the protocol. On completion of the protocols, 2
from each arm did not respond to requests for 6-month follow-up evaluation
Funding: National Institute on Disability and Rehabilitation Research

Risk of bias
Bias

Authors’ judgement

Support for judgement

Random sequence generation (selection Low risk
bias)

Quote: “Randomization was conducted
through the web-based interactive statistical calculation pages,” “randomisation occurred in unequal blocked multiples of 4.”

Allocation concealment (selection bias)

Low risk

Quote: “The allocation of participants to
treatment condition was concealed by placing the individual randomized assignments
in sequentially numbered, opaque, sealed
envelopes.”

Blinding of participants and personnel Low risk
(performance bias)
All outcomes

Quote: “participants and therapists had
knowledge that both treatments were clinically established programs that were expected to be beneficial, with no assumption
regarding differential benefits and no further information about the specific intent
of the study.”

Blinding of outcome assessment (detection Low risk
bias)
Objective outcomes

Quote: “Data entry and scoring for these
measures were conducted by a research assistant who was blind to treatment condition.”

Incomplete outcome data (attrition bias)
All outcomes

Low risk

Dropouts reported, 2 in each arm, and included in the final analysis

Selective reporting (reporting bias)

Low risk

Published report contained all expected
outcomes including subgroup analysis of
certain outcome measures

Other bias

Low risk

None identified.
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Methods

Design: prospective randomized controlled trial.
Randomization: 2-arm, parallel group, multi-centre trial.
Duration of study: 2004-2008.

Participants

Number randomized: 49 people undergoing rehabilitation following TBI. 29 assigned
to intervention group, 20 to control group
Inclusion criteria:
1. aged 18-55 years;
2. moderate-to-severe closed head injury;
3. Ranchos Los Amigos scale score ≥ 6;
4. no aphasia;
5. resolved post-traumatic amnesia;
6. enrolment in a residential postacute rehabilitation programme;
7. participants within 4 years of brain injury.
Exclusion criteria:
1. penetrating head injuries;
2. diagnosis of stroke;
3. premorbid central nervous system disorder or learning disability;
4. premorbid psychiatric disorder;
5. active alcohol abuse;
6. deficits in auditory comprehension;
7. English as second language;
8. colour blind;
9. diagnosis of depression.

Interventions

Intervention: categorization programme
Intervention consisted of 2 types of tasks:
1. object categorization tasks consisted of 5 different levels. Tasks began with
teaching perceptual features to describe objects or living things and move to higher
levels of cognition including analyses, synthesis, linguistic flexibility and abstract
reasoning;
2. new category learning tasks consisted of 3 levels. Under each level, there were 5
steps that increasingly demanded a higher level of rule-governed responses. Errorless
learning principles and cueing hierarchies were applied under each step.
Duration: mean of 13 weeks to complete categorization programme. Participants received approximately 57 hours of individual cognitive treatment, averaging 2-3 hours
per week on the categorization programme-related tasks, for a total of 27 hours of categorization programme treatment and about 4.5 hours of total individual therapy per
week
Control: standard rehabilitation programme at each rehabilitation centre
1. retraining therapy programmes to improve attention, memory and problem
solving and also integrated functional skills such as time and money management and
psychosocial training as part of their treatment regimens.
Duration: mean 80 hours of individual cognitive treatment over an 18-week period,
averaging 4.5 hours of individual therapy per week

Outcomes

Community Integration Questionnaire (CIQ) along with the following cognitive assessment tools:
Wechsler Abbreviated Scale of Intelligence, Scales of Cognitive Ability for Traumatic
Brain Injury, Rey Complex Figure Test, Trail Making Tests, Wechsler Memory Scale
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III, California Verbal Learning Test II, Wisconsin Card Sorting Test, The Booklet Category Test, Symbol Digits Modalities Test, Control Oral Word Association, subsets from
Woodcock-Johnson III, Mayo-Portland Adaptability Inventory III (MPAI-3)

Notes

Setting: 5 residential brain injury rehabilitation centres.
Country: US.
Duration of follow-up: none.
Dropouts: intervention group: 2 discontinued rehabilitation, 2 developed complications, 5 discharged due to insurance-related issues. Control group: 6 discharged due to
insurance-related issues
Funding: grants from the National Institute of Child Health and Human Development,
National Institutes of Health, and the Center for NeuroSkills, Bakersfield, CA

Risk of bias
Bias

Authors’ judgement

Support for judgement

Random sequence generation (selection Unclear risk
bias)

Quote: “Randomly assigned by project investigators who were off location and did
not have direct contact with participants.”
Comment: method of random sequence
generation not reported. Author could not
provide specific details to clarify this

Allocation concealment (selection bias)

Quote: “Randomly assigned by project investigators who were off location and did
not have direct contact with participants.”
Comment: allocation concealment was adequate since it was performed off-location

Low risk

Blinding of participants and personnel High risk
(performance bias)
All outcomes

Comment: not blinded, self-reported outcomes are likely to be influenced by the
knowledge of allocation

Blinding of outcome assessment (detection Low risk
bias)
Objective outcomes

Quote: “The functional outcome measures
in most cases were conducted by the case
management staff who was not involved in
patient training and, therefore, was not informed of the participant’s group assignment.”

Incomplete outcome data (attrition bias)
All outcomes

Quote: “Data from patients unable to complete the assigned treatment regimen were
included in the analyses to the fullest extent possible. If partial data were useful
for certain analyses, then those data were
analysed. Therefore, the intention-to-treat
principle was followed.”
Comment: we rated this as high risk of bias

High risk

Cognitive rehabilitation for adults with traumatic brain injury to improve occupational outcomes (Review)
Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

38

Constantinidou 2008

(Continued)
because there were 15 dropouts (31%)

Selective reporting (reporting bias)

Low risk

Comment: published report contains all
expected outcomes.

Other bias

Low risk

Comment: no additional biases detected.

Goverover 2007
Methods

Design: single-blind (participants) randomizedd clinical trial.
Randomization: 2-arm parallel group.
Duration of study: not reported.

Participants

Number randomized: 20 participants living in community with moderate-to-severe
acquired brain injury, aged 18-55 years
Inclusion criteria:
1. medically stable;
2. oriented to person, time and community;
3. independent in basic self-care tasks as determined by FIM;
4. problems with self-awareness identified by treating therapist.
Exclusion criteria:
1. participants with aphasia, severe visual problems, primary psychiatric problems/
substance abuse diagnosis based on reports by treating physicians and therapists.

Interventions

Intervention: self-awareness training.
Performance of instrumented activities of daily living:
1. prepare a birthday gift;
2. prepare a lunch box;
3. pay a telephone bill;
4. make a doctor appointment;
5. arrange tablets in a tablet organizer;
6. prepare a birthday cake.
Participants were asked to predict the performance before completing each task and then
asked to assess their performance immediately following the completion of each task. If
a participant identified a specific problem, he/she was asked to think of a strategy for
better and easier task performance
Duration: 6 individualized treatment sessions over 3 weeks, 1 session per day on 2 or 3
days every week. Each session consisted of a maximum of 45 minutes
Control: same ADL task as the treatment group, but participants were not given specific
self-awareness intervention by the therapist. They were given conventional practice of
corrective feedback from the therapist
Duration: same as intervention group.

Outcomes

Community Integration Questionnaire (CIQ); Assessment of Motor and Process Skills
(AMPS) to assess ADL and IADL
Awareness Questionnaire, Assessment of Awareness of Disability, Self-Regulation Skills
Inventory, Satisfaction with quality of care
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Notes

Setting: Cognitive Remediation Program at Kessler Institute for Rehabilitation, New
Jersey
Country: US.
Duration of follow-up: none.
Dropouts: none.
Funding: National Institute on Disability and Rehabilitation Research; Mary E. Switzer
Research Fellowship Program (Grant Award Number: H133F0400180)

Risk of bias
Bias

Authors’ judgement

Support for judgement

Random sequence generation (selection Unclear risk
bias)

Quote: “Participants were then randomly
assigned to either the control or experimental group by the second author of this paper.”
Comment: insufficient information about
the method of randomization. The author
could not provide further details

Allocation concealment (selection bias)

Quote: “Participants were then randomly
assigned to either the control or experimental group by the second author of this paper.”
Comment: insufficient allocation concealment since 1 of the authors was involved in
the allocation process, and method of allocation concealment could not be verified

High risk

Blinding of participants and personnel Low risk
(performance bias)
All outcomes

Quote: “Participants remained blind to the
group membership.”
Comment: blinding of participants was adequate. Blinding of personnel not reported

Blinding of outcome assessment (detection High risk
bias)
Objective outcomes

Comment: blinding of outcome assessment not reported.

Incomplete outcome data (attrition bias)
All outcomes

Low risk

Comment: no dropouts.

Selective reporting (reporting bias)

Low risk

Comment: none identified.

Other bias

Low risk

Comment: no additional biases were detected.
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Methods

Design: single-centre, parallel group, randomized trial (not blinded)
Randomization: 2-arm parallel group.
Duration of study: January 1992 to February 1997.

Participants

Number randomized: 120 participants randomized. 67 assigned to intervention and
53 to control using blocked randomization by an independent study statistician
Inclusion criteria:
1. moderate-to-severe closed head injury manifested by GCS score of ≤ 13 or
posttraumatic amnesia of ≥ 24 hours or focal cerebral contusion or haemorrhage on
computerized tomography or magnetic resonance imaging;
2. head injury within 3 months of randomization;
3. Rancho Los Amigos scale stage 7;
4. active duty military personnel;
5. accompanied home setting with ≥ 1 responsible adult available;
6. ability to ambulate independently;
7. no prior severe TBI or other severe disability.
Exclusion criteria:
1. people with mild TBI.

Interventions

Intervention: in-hospital rehabilitation.
Physical fitness training and group and individual cognitive, speech, occupational and
coping skills therapies. Specific group therapies were planning and organization, cognitive
skills, pragmatic speech, milieu, psychotherapy and community re-entry
Duration: 8 weeks of standardized, protocol-defined structured daily routine
Control: home rehabilitation.
TBI education and individual counselling from a psychiatric nurse. Education materials
were given and strategies recommended for enhancing cognitive and organizational skills.
They were trained in various number and card game exercises, were encouraged to watch
news programmes and read magazines and books
Duration: 8 weeks. Weekly 30-minutes telephone call from the psychiatric nurse inquiring about the week’s events and offering support and advice in addressing problems.
Daily physical exercises at own pace

Outcomes

Return to work and fitness for military duty at 1-year post-treatment as determined by
interview, military records or both
’Work’ defined as either full time (≥ 35 hours per week) or part time (≤ 35 hours per
week) gainful military or civilian employment
’Fitness for duty’ included all people who were still on active military duty or had received
a normal discharge from service but excluded people who had a medical discharge or
whose discharge was pending

Notes

Setting: Walter Reed Army Medical Center (WRAMC), Washington, DC.
Country: US.
Duration of follow-up: 24 months.
Dropout: 7 withdrew from hospital rehabilitation (2 medical reasons, 5 voluntary nonmedical); 6 from home rehabilitation group received supplemental therapy and were
excluded
Funding: Defense and Veterans Head Injury Program and Medical Research Service of
the Department of Veterans Affairs
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Risk of bias
Bias

Authors’ judgement

Support for judgement

Random sequence generation (selection Low risk
bias)

Quote: “Blocked randomisation was done
by an independent study statistician using
variable-sized blocks to prevent investigators from guessing the code.”

Allocation concealment (selection bias)

Low risk

Quote: “Blocked randomisation was done
by an independent study statistician using
variable-sized blocks to prevent investigators from guessing the code.”

Blinding of participants and personnel Low risk
(performance bias)
All outcomes

Quote: “Programs were implemented by
separate teams of therapists who generally
functioned independently of each other
and of the outcome evaluation personnel,
although complete blinding was not possible.”
Comment: no blinding but study outcomes unlikely to be influenced by lack of
blinding

Blinding of outcome assessment (detection Low risk
bias)
Objective outcomes

Quote: “Programs were implemented by
separate teams of therapists who generally
functioned independently of each other
and of the outcome evaluation personnel,
although complete blinding was not possible.”
Comment: no blinding but study outcomes unlikely to be influenced by lack of
blinding

Incomplete outcome data (attrition bias)
All outcomes

Quote: “Seven patients failed to complete
the full hospital program, 2 for medical
reasons and 5 who voluntarily withdrew
an average of 3 weeks into the program.
Likewise, 6 patients in the home treatment
group required supplemental therapy because of persistent behavioural or mood
problems, 4 of them after completing the
home program. All these randomized patients were included in the principal intentto-treat analysis. However, excluding them
from repeat analysis did not change the results substantially.”

Low risk
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Selective reporting (reporting bias)

Low risk

Quote: “Forty-seven eligible patients who
refused to participation were similar to the
120 study participants in demographics,
injury severity, and clinical status at study
entry. Data were analysed using the intentto-treat analysis that included all randomized patients.”

Other bias

Low risk

Comment: no additional biases detected.

Twamley 2014
Methods

Design: randomized controlled, trial comparing 2 alternative TBI treatment approaches
Randomization: computerized randomization in 1 block, 2-arm, parallel group
Duration of study: September 2008 to February 2012.

Participants

Number randomized: 50 adult veterans with mild-to-moderate TBI.
Inclusion criteria:
1. Operation Enduring Freedom or Operation Iraqi Freedom veteran;
2. history of mild-to-moderate TBI (loss of consciousness < 6 hours; post-traumatic
amnesia < 7 days) according to the Clinical Practice Guideline, documented in a prior
clinical neuropsychological evaluation and confirmed by a structured interview;
3. documented impairment (> 1 standard deviation below the mean) in at least 1
neuropsychological domain (i.e. attention, processing speed, working memory,
learning, memory, executive functioning), as determined by valid clinical
neuropsychological testing by a Veterans Affairs or Department of Defense
neuropsychologist using at least 1 effort test (e.g. Test of Memory Malingering,
California Verbal Learning Test - 2nd edition (CVLT-II) Forced Choice); and
4. unemployed, but stating a goal of work.
Exclusion criteria:
1. current alcohol or substance abuse (or both) or dependence or who were
participating in other intervention studies.

Interventions

Intervention: supported employment + cognitive Symptom Management and Rehabilitation Therapy (cogSMART)
Portable and practical intervention designed to be implemented without extensive training. 12-week, multi-modal compensatory cognitive training intervention emphasizing
habit learning and compensatory strategies in prospective memory, attention, learning,
memory and executive functioning. The treatment manual was informed by consultation with the acquired brain injury programme at Mesa College in San Diego, CA, and
other cognitive remediation experts
Control: enhanced supported employment without cogSMART.
Duration: 12 weeks. 1 employment specialist delivered CogSMART for 1 hour per week
in addition to 1 hour of standard supported employment, to make it 2 visits per week.
For the control group, another employment specialist delivered enhanced supported
employment, making it 2 visits per week
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Outcomes

Return to work: data on attainment of competitive work by 14 weeks collected on a
weekly basis
QUality Of Life Interview - Brief version (QUOLI-Brief ).
Wide Range Achievement Test 3rd edition (WRAT-3) Reading test
Prospective memory - Memory for Intentions Screening Test (MIST)
Wechsler Adult Intelligence Scale - 3rd edition.
California Verbal Learning Test - 2nd edition.
Delis-Kaplan Executive Function System (D-KEFS).
Wisconsin Card Sorting Test.
Postconcussive symptoms - Neurobehavioral Symptom Inventory (NSI)
Clinician Administered PTSD (post-traumatic stress disorder) scale (CAPS)
Hamilton Depression rating scale (HAM-D).

Notes

Setting: hospital rehabilitation centre.
Country: US.
Duration of follow-up: up to 2 weeks after completion of 12 weeks’ intervention.
Dropouts: of the 50 randomized, 8 (4 from each arm) reported to have dropped out.
Post-intervention data available only for 34 participants, 16 in the intervention arm and
18 in the control arm
Funding: project was “based on work supported by the Department of Defense (award
W81XWH-08-2-0193).”

Risk of bias
Bias

Authors’ judgement

Support for judgement

Random sequence generation (selection Low risk
bias)

Quote: “Randomization was carried out
by the principal investigator using a randomisation scheme generated by Randomization.com, with 50 participants in one
block.”

Allocation concealment (selection bias)

Comment: concealment of allocation
could not have been plausible since the
principal investigator carried out randomization using an online generator

High risk

Blinding of participants and personnel Low risk
(performance bias)
All outcomes

Comment: though the participants and
personnel were not blinded, this is unlikely
to introduce bias in the objective outcome
of return to work

Blinding of outcome assessment (detection Low risk
bias)
Objective outcomes

Quote: “Outcome assessment was not
blinded; however, most of our outcome
measures were either objective (neuropsychological test performance, attainment of
competitive work) or reported by the participant.”
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Incomplete outcome data (attrition bias)
All outcomes

High risk

Quote: “Fifty Veterans receiving healthcare
at the VA San Diego Healthcare System
enrolled in the study”. “Eight participants
dropped out, four from each group (two
decided not to pursue work, one moved,
and five were lost to follow-up). Posttreatment data were available for 34 participants
at 3 mo [months].”
Comment: of the 16 dropouts (32% of the
participants initially randomized), only 8
were accounted for

Selective reporting (reporting bias)

Low risk

Comment: though no details were available regarding prospective registration of
the trial protocol, the outcomes reported
were adequate from a trial of this nature

Other bias

Low risk

Comment: no other bias detected.

Vanderploeg 2008
Methods

Design: randomized, controlled, intention-to-treat trial comparing 2 alternative TBI
treatment approaches. Single blind (outcome assessors)
Randomization: 2-arm, parallel group, stratified by centre, blocked in randomly ordered
block sizes
Duration of study: not reported.

Participants

366 adult veterans or active duty military service personnel with moderate-to-severe
TBI. 184 in the cognitive didactic rehabilitation arm and 182 in functional experiential
rehabilitation arm
Inclusion criteria:
1. moderate-to-severe non-penetrating TBI within preceding 6 months manifested
by a postresuscitation GCS score ≤ 12, or coma ≥ 12 hours, or post-traumatic
amnesia ≥ 24 hours, or focal cerebral contusion or haemorrhage on computerized
tomography or magnetic resonance imaging.
2. Rancho Los Amigos scale stage 5-7.
3. aged ≥ 18 years;
4. active duty military personnel or veteran;
5. anticipated length of needed acute interdisciplinary rehabilitation ≥ 30 days.
Exclusion criteria:
1. history of prior inpatient rehabilitation for current TBI;
2. history of prior moderate-to-severe TBI, or other preinjury severe neurological or
psychiatric condition such as psychosis, stroke, multiple sclerosis or spinal cord injury.

Interventions

Intervention 1: cognitive-didactic.
4 cognitive domains targeted: attention, memory, executive functions and pragmatic
communication. Paper and pencil, or computerized cognitive tasks in 1 to 1 cognitive
therapy sessions given. Trial-and-error learning approach used. Therapists frequently
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asked questions calling attention to participant’s self-awareness
Intervention 2: functional-experiential rehabilitation therapy.
Real-life performance situations and common tasks were used to remediate or compensate
for functional deficits after brain injury. Functional protocol treatment interventions
occurred in group setting and natural environments. Treatment focused on learning
and doing functional daily activities using an errorless treatment strategy. Therapists
emphasized instructional cues and attempted to anticipate and minimize participant
errors by providing structure or directions
Duration: 1.5-2.5 hours’ daily of protocol-specific therapy in addition to 2-2.5 hours
daily of occupational therapy and physiotherapy to both groups. Duration of protocol
treatment days varied from 20 to 60 days depending on the clinical needs and progress
of each participant

Outcomes

Functional independence (ability to live independently with < 3 hours of assistance per
week)
Return to work or school (current status of paid employment or school enrolment either
full or part time, not sheltered workshop)
These were determined by structured interview questions.
Secondary outcomes were FIM, Disability Rating Scale score and items from the Present
State Exam, Apathy Evaluation Scale and Neurobehavioral Rating Scale

Notes

Setting: acute inpatient rehabilitation brain injury programmes at 4 participating Veterans Administration Medical Centres in Minneapolis, Palo Alto, Richmond and Tampa
Country: US.
Duration of follow-up: 1 year.
Dropouts: cognitive didactic group, 3 rescinded consent before protocol treatment began, 13 lost to follow-up. Functional experiential group, 2 rescinded consent before protocol treatment began, 16 lost to follow-up. 1-year analysis on 360 participants
Funding: Defense and Veterans Brain Injury Center, Uniformed Services University of
the Health Sciences, Bethesda, MD, the Department of Veterans Affairs, Veterans Health
Administration, and a Department of Defense award administered through the Henry
Jackson Foundation (grant no. MDA 905-03-2-0003)

Risk of bias
Bias

Authors’ judgement

Random sequence generation (selection Low risk
bias)

Support for judgement
Quote: “Participants were randomized to
the comparative treatments by an independent study statistician using random number tables. Randomization was stratified by
centre and blocked in randomly ordered
block sizes. This method provides approximately even group assignments across centres and is recommended for multicenter
clinical trials.”
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Allocation concealment (selection bias)

Low risk

Quote: “Participants were randomized to
the comparative treatments by an independent study statistician using random number tables. Randomization was stratified by
centre and blocked in randomly ordered
block sizes. This method provides approximately even group assignments across centres and is recommended for multicenter
clinical trials.”

Blinding of participants and personnel Low risk
(performance bias)
All outcomes

Quote: “The interactive nature of the experimental conditions precluded subject
blinding. Independent teams of therapists
functioned at each site to deliver the separate treatments, and by necessity were not
blinded to treatment.”
Comment: no blinding but study outcomes unlikely to be influenced by lack of
blinding

Blinding of outcome assessment (detection Low risk
bias)
Objective outcomes

Quote: “Given the interactive nature of the
interventions, patients and treating clinicians could not remain blinded. However,
independent evaluators collected the outcome data and were blinded to treatment
arm assignment.”

Incomplete outcome data (attrition bias)
All outcomes

Low risk

Quote: “366 subjects consented and were
randomized. Five subjects rescinded consent before study procedures began, and 1
withdrew consent later, leaving 360 subjects, 180 in each treatment arm. Data were
analysed using an intent-to-treat analysis
including all randomized patients.”

Selective reporting (reporting bias)

Low risk

Quote: “All preplanned and exploratory
analyses are reported.”

Other bias

Low risk

None identified.

ADL: activities of daily living; FIM: Functional Independence Measure; GCS: Glasgow Coma Score; IADL: Instrumental Activities of
Daily Living; SPRS: Psychosocial Reintegration Scale; TASIT: The Awareness of Social Inferences Test; TBI: traumatic brain injury.
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Characteristics of excluded studies [ordered by study ID]

Study

Reason for exclusion

Bell 2005

No specific cognitive rehabilitation component in the telephonic intervention

Bertens 2015

Population included non-TBI.

Bjorkdahl 2013

Population included non-TBI.

Bornhofen 2008b

No occupational outcome measured.

Bourgeois 2007

No occupational outcome measured.

Bovend’Eerdt 2010

Population included non-TBI.

Braverman 1999

No control group - intervention arm of another randomized controlled trial described in this paper

Couillet 2010

No occupational outcome measured.

Culley 2010

Non-randomized study design.

Dahlberg 2007

Participants with impairment in communication skills due to TBI. Intervention was targeted at improving
communication skills

Dawson 2013

> 50% of participants were not allocated randomly.

Dirette 1999

No occupational outcome measured (only computer tasks).

Dou 2006

No occupational outcome measured.

Fish 2007

Non-randomized study design.

Hallock 2016

Systematic review of randomized and non-randomized studies.

Hewitt 2006

No occupational outcome measured.

Hildebrandt 2006

No occupational outcome measured.

Kaschel 2002

No occupational outcome measured.

Kurowski 2013

No occupational outcome measured.

Lannin 2014

Intervention did not include a component of cognitive rehabilitation

Man 2006a

Quasi-experimental design.

Man 2006b

Quasi-experimental design.
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(Continued)

Neistadt 1992

No occupational outcome measured.

Neumann 2015

No occupational outcome measured.

Niemann 1990

No occupational outcome measured.

Niemeier 2010

No specific cognitive rehabilitation component in the vocational intervention

Park 2015

Population included non-TBI.

Rath 2003

No occupational outcome measured.

Richter 2015

No occupational outcome measured.

Ryan 1988

No occupational outcome measured.

Shum 2011

No primary occupational outcome measured.

Spikman 2010

Population included non-TBI.

Tam 2004

Quasi-experimental design.

Thickpenny-Davis 2007

No occupational outcome measured.

Tiersky 2005

No specific cognitive rehabilitation component in the (combined CBT and Cognitive rehabilitation)
intervention

Tlustos 2016

Participants were adolescents.

Tornas 2016

Population included non-TBI.

Trexler 2016

Intervention did not include any component of cognitive rehabilitation

Yip 2013

Population not specified as traumatic aetiology for brain injury

TBI: traumatic brain injury. ABI: acquired brain injury
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Characteristics of studies awaiting assessment [ordered by study ID]
Twamley 2015
Methods

Design: randomized controlled, trial comparing 2 alternative TBI treatment approaches
Randomization: computerized randomization in 1 block, 2-arm, parallel group
Duration of study: 12 month trial

Participants

Number randomized: 50 adult veterans with mild-to-moderate TBI.
Inclusion criteria:
1. Operation Enduring Freedom or Operation Iraqi Freedom veteran;
2. history of mild-to-moderate TBI (loss of consciousness < 6 hours; post-traumatic amnesia < 7 days) according
to the Clinical Practice Guideline, documented in a prior clinical neuropsychological evaluation and confirmed by a
structured interview;
3. documented impairment (> 1 standard deviation below the mean) in at least 1 neuropsychological domain (i.
e. attention, processing speed, working memory, learning, memory, executive functioning), as determined by valid
clinical neuropsychological testing by a Veterans Affairs or Department of Defense neuropsychologist using at least
1 effort test (e.g. Test of Memory Malingering, California Verbal Learning Test - 2nd edition (CVLT-II) Forced
Choice); and
4. unemployed, but stating a goal of work.
Exclusion criteria:
1. current alcohol or substance abuse (or both) or dependence or who were participating in other intervention
studies.

Interventions

Intervention: supported employment + cognitive Symptom Management and Rehabilitation Therapy (cogSMART)
Portable and practical intervention designed to be implemented without extensive training. 12-week, multi-modal
compensatory cognitive training intervention emphasizing habit learning and compensatory strategies in prospective
memory, attention, learning, memory and executive functioning. The treatment manual was informed by consultation
with the acquired brain injury programme at Mesa College in San Diego, CA, and other cognitive remediation
experts
Control: enhanced supported employment without cogSMART.
Duration: 12 weeks. 1 employment specialist delivered CogSMART for 1 hour per week in addition to 1 hour of
standard supported employment, to make it 2 visits per week. For the control group, another employment specialist
delivered enhanced supported employment, making it 2 visits per week

Outcomes

Return to work: data on attainment of competitive work by 14 weeks collected on a weekly basis
Quality Of Life Interview - Brief version (QOLI-Brief ).
Prospective memory - Memory for Intentions Screening Test (MIST)
Wechsler Adult Intelligence Scale - 3rd edition.
California Verbal Learning Test - 2nd edition.
Delis-Kaplan Executive Function System (D-KEFS).
Wisconsin Card Sorting Test.
Postconcussive symptoms - Neurobehavioral Symptom Inventory (NSI)
UCSD Performance-Based Skills Assessment (UPSA).

Notes

Corresponding author is contacted to provide more details related to the following:
1. Is this the same study published in 2014 or a different study?
2. ARe the participants different?
3. Is this an extended follow-up of the same participant?
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Vas 2011
Methods

Design: single blinded randomized control trial
Randomization: 2-arm parallel group.
Duration of study: not mentioned

Participants

Number randomized: 28 participants with Chronic TBI
Inclusion criteria:
1. participants with TBI
2. chronic stages posttraumatic brain injury (2 years or more)
3. only native English speakers with at least a high school education who scored a minimum of ninth grade
equivalency on vocabulary and comprehension on the Nelson-Denny reading test and had a minimum premorbid
estimate of verbal intellectual functioning of 90 as measured by the North American Adult Reading Test
4. participants should be either independent drivers, able to use public transport, or had other means to attend
the sessions
Exclusion criteria:
1. participants with pre-TBI histories of stroke, learning disability, communication disorder, substance abuse or
major psychiatric disorder
2. depression status, as determined by the Beck depression Inventory (BDI-II) score above 9
3. participants who received cognitive treatment(s) at the time of the assessment

Interventions

Intervention 1: strategy-based strategic memory and reasoning training (SMART program)
Intervention 2: information-based Brain Health Workshop (BHW).
Duration: Participants in both groups received a minimum of 15 hours of training over 8 weeks. Both SMART and
BHW programs offered a total of 18 hours of training during 12 group sessions (1.5 hours each
session) conducted over 8 weeks. The first 15 hours of training over 10 sessions were conducted in the first 5 weeks
(ie, 2 sessions per week). The final 3 hours of training, over 2 booster sessions, took place at spaced intervals over
the next 3 weeks (ie, session 11 during week-6 and session 12 in the eighth-week). Two trained clinicians (a speech
pathologist and an occupational therapist) who had experience in TBI rehabilitation led each group. Each group
consisted of 4 to 5 participants

Outcomes

Test of strategic learning (TOSL)
Wechler adult intelligence scale (WAIS III)
Delis-Kaplan Executive Function System (DKEFS)
Glasgow outcome scale - extended (GOS-E),
Functional status examination (FSE)
Community Integration Questionnaire (CIQ)

Notes

Corresponding author is contacted to provide more details related to the following:
1. majority of the participants sustained their injury in their preteen, teen, or early adulthood years
2. reliable documentation of acute severity of TBI amonmg participants not available. Documenting initial injury
severity is critical to accurately establish the relation between initial injury severity, later recovery level, and response
to cognitive treatment protocol
3. the study examined functional gains on self-rated questionnaires that may represent one’s perception of gains made
post training. This could be even more complex if its TBI participants with cognitive dysfunctions
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DATA AND ANALYSES

Comparison 1. Cognitive rehabilitation versus no treatment

Outcome or subgroup title
1 Return to work
2 Community integration
3 Quality of life

No. of
studies

No. of
participants

1
1
1

Statistical method
Risk Ratio (M-H, Fixed, 95% CI)
Mean Difference (IV, Fixed, 95% CI)
Mean Difference (IV, Fixed, 95% CI)

Effect size
Totals not selected
Totals not selected
Totals not selected

Comparison 2. Cognitive rehabilitation versus conventional treatment

Outcome or subgroup title
1 Return to work
2 Independence in activities of
daily living
3 Community integration
4 Quality of life

No. of
studies
1
2
3
1

No. of
participants

41
123

Statistical method

Effect size

Risk Ratio (M-H, Fixed, 95% CI)
Std. Mean Difference (IV, Fixed, 95% CI)

Totals not selected
-0.01 [-0.62, 0.61]

Mean Difference (IV, Fixed, 95% CI)
Mean Difference (IV, Fixed, 95% CI)

0.05 [-1.51, 1.62]
Totals not selected

Comparison 3. Hospital-based cognitive rehabilitation versus home programme

Outcome or subgroup title
1 Return to work

No. of
studies

No. of
participants

1

Statistical method
Risk Ratio (M-H, Fixed, 95% CI)

Effect size
Totals not selected

Comparison 4. One cognitive strategy versus another cognitive strategy

Outcome or subgroup title
1 Return to work
2 Independent living

No. of
studies
1
1

No. of
participants

Statistical method
Risk Ratio (M-H, Fixed, 95% CI)
Risk Ratio (M-H, Fixed, 95% CI)
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ADDITIONAL TABLES
Table 1. GRADE assessment for return to work
Comparison

Risk of bias

Inconsistency

Indirectness

Imprecision

Publication bias

Level of evidence

Cognitive reha- 1 study, down- N/A
bilitation vs no graded by 1 level
treatment

No

50 participants. CI N/A
overlapped with
RR 0.75 and RR
1.25: downgraded
by 2 levels

Very low quality

Cognitive reha- 1 study, not N/A
bilitation vs con- downgraded
ventional treatment
6 months’ follow-up

No

68 participants. CI N/A
overlapped
with RR 1 and RR
1.25: downgraded
2 levels

Low quality

Hospi1 study, not N/A
tal-based cogni- downgraded
tive
rehabilitation vs home
programme
24 months’ follow-up

No

120 participants, N/A
downgraded by 1
level

Moderate quality

Cognitive didac- 1 study, not N/A
tic therapy vs downgraded
functional experiential
1 year’ follow-up

No

366
par- N/A
ticipants. CI overlapped with RR
1 and RR 1.25:
downgraded by 1
level

Moderate quality

CI: confidence interval; N/A: not available; RR: risk ratio.
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DIFFERENCES BETWEEN PROTOCOL AND REVIEW

Author
We added Anand Viswanathan onto the author team following the publication of our protocol (K SK 2009).

Objectives
We included the word ’Adult’ in the title and objectives of the review to be specific about the age group we looked at.
In the objectives, we have now specified the following as occupational outcomes (AOTA 2014): return to work, independence in daily
living and community integration. In the protocol, we just mentioned “occupations refers to all the things that people do in their
everyday life, not just paid employment.”
We dropped the following secondary objective that was mentioned in the protocol: to evaluate the effectiveness of cognitive rehabilitation
interventions aimed at improving cognitive functions for people with traumatic brain injury. We did this since we realized that cognitive
functions are intermediate measures, whereas the primarily focus of this review is on practically relevant occupational outcomes. We
have specified community integration as a primary outcome measure, because social participation is within the domain of ’occupation’
(K SK 2009).
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Search
We did not search the following databases as intended in our protocol due to limitations in accessing them at the review stage (K SK
2009).
• CINAHL;
• ISI Web of Science: Science Citation Index Expanded (SCI-EXPANDED);
• ISI Web of Science: Social Science Citation Index Expanded (SCI-EXPANDED);
• ISI Web of Science: Conference Proceedings Citation Index-Science (CPCI-S);
• ZETOC.

Interventions
We had not defined in the protocol what the control groups and the comparisons would be. Hence, to categorize the screened studies
objectively, we specified the four comparisons that we agreed would be clinically relevant.
In studies that employed a wait-list control design, we analysed outcomes after the initial wait-list period only, and not at the end of the
entire follow-up duration. We had not specified this in the protocol and all authors agreed on this decision to analyse the differences
in outcomes between the intervention arm and the non-intervention control arm.
We have used the term ’conventional treatment’ in the review, instead of the term ’standard care’ described in the protocol to refer to
the interventions in the control arm that did not have a specific cognitive strategy. We made this change since we realized that ’standard’
norms would vary between different institutions and health systems, and that any existing standard of care in a system could be better
described as ’conventional’.
We decided to label individual studies as having high risk of bias if one or more of the domains random sequence generation, allocation
concealment and blinding of outcome assessment were judged to have a high risk of bias. We had not prespecified this in the protocol
(K SK 2009).

Results
We used RR instead of OR for dichotomous results. We did not compare trials that used an ITT analysis with those that did not use
an ITT analysis due to lack of data (K SK 2009).
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