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Abstract

Objectives This study aimed to evaluate the mediational role of change in psychosocial abilities, adjustment and participa-
tion on change in motor and cognitive function from admission to discharge from a staged community-based brain injury
rehabilitation (SCBIR) service in Western Australia, 2011-2020.

Methods A retrospective cohort study of n =324 adults with ABI enrolled in SCBIR using routinely collected rehabilitation
outcome measures data. Motor and cognitive function were assessed with the UK Functional Independence and Assessment
Measure and psychosocial function with the Mayo-Portland Adaptability Inventory-4. Six multilevel mediation regression
analyses were conducted to determine whether change in psychosocial function (abilities, adjustment and participation)
mediated change in motor and cognitive function from admission to discharge.

Results Participants demonstrated clinically significant improvements in both motor (+11.8, p <0.001) and cognitive (+9.5,
p<0.001) functioning from admission to discharge. Statistically significant improvements in psychosocial abilities (—4.8,
p<0.001), adjustment (—2.9, p=0.001) and participation (— 2.5, p <0.001) were also seen but were not clinically significant.
Mediation analyses showed that participation accounted for 81% of improvements in motor function at discharge and 71%
of cognitive function improvements. Adjustment accounted for 26% and 32% of change in motor and cognitive function,
respectively. Abilities accounted for 60% of change in cognitive function but did not significantly influence change in motor
function. Changes in psychosocial participation fully mediated change in motor function during neurorehabilitation.
Conclusions Psychosocial function, particularly participation, is an important driver of motor and cognitive recovery through-
out neurorehabilitation. Functional rehabilitation programs should target psychosocial improvement as an important mecha-
nism of change.
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Acquired brain injury (ABI) is a leading cause of death and
disability in Australia [1]. ABI can result from physical
trauma (TBI) from an external source such as an assault, or
b4 Georgina Mann non-traumatic causes (NTBI), such as stroke and hypoxia.
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rehabilitation programs still remains motor and cognitive
improvement [5, 6, 13], with psychosocial rehabilitation con-
sidered secondary.

Poor psychosocial function has a major impact on reha-
bilitation outcomes. Anxiety and depression after ABI has
been linked with poorer participation [14, 15] and quality
of life [16, 17]. Irritability and aggression have been associ-
ated with higher support needs [11]. Individuals with ABI
and psychiatric comorbidity have also been shown to make
poorer motor and cognitive improvement at rehabilitation
discharge [8], despite remaining in services 6.5 months
longer on average, compared to those without psychiatric
comorbidity [8].

Psychosocial function is therefore intrinsically linked to
functional recovery and should also be considered a pri-
mary target of neurorehabilitation [5]. However, while asso-
ciations between poor psychosocial functioning, increased
intervention needs and poorer rehabilitation outcomes have
been established, research is yet to examine the specific
role that psychosocial functioning plays in overall func-
tional improvement post-ABI in terms of theoretical causal
pathways and mechanisms of change [18]. This research is
critical to allow researchers and clinicians to identify “active
ingredients” of rehabilitation, establish causal pathways
and design effective interventions. In particular, predictive
mediation analysis is a statistical approach that can be used
to identify mechanisms believed to underlie established rela-
tionships. Mediator variables lie along the pathway between
a predictor and an outcome variable, explaining a proportion
of the variance along that pathway and thus the nature of the
relationship [18].

As part of the ABI-RESTaRT research program [19],
this study aimed to investigate psychosocial functioning as
a mediator of change in motor and cognitive function from
admission to discharge in a retrospective cohort of adults
with ABI undergoing staged community-based brain injury
rehabilitation (SCBIR) [5] in Western Australia (WA),
2011-2020. We investigated two central questions: (1) Does
change in psychosocial function mediate change in motor
function from admission to discharge during post-acute
rehabilitation? and (2) Does change in psychosocial func-
tion mediate change in cognitive function from admission
to discharge during post-acute rehabilitation?

Hypothesis

Two hypotheses were generated, each with three sub-hypoth-
eses to allow testing:

Hypothesis 1: Change in psychosocial function through-

out rehabilitation mediates change in motor functional
independence.
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H1.1 Change in psychosocial abilities mediates
motor change.
H1.2 Change in psychosocial adjustment mediates
motor change.
H1.3 Change in psychosocial participation mediates
motor change.

Hypothesis 2: Change in psychosocial function through-
out rehabilitation mediates change in cognitive func-
tional independence.

H2.1 Change in psychosocial abilities mediates cog-
nitive change.

H2.2 Change in psychosocial adjustment mediates
cognitive change.

H2.3 Change in psychosocial participation mediates
cognitive change.

Method
Ethics

Data were anonymised and collected as part of routine service
provision, with clients providing prior written consent. Ethics
approval was granted by the University of Western Australia
Human Research Ethics Committee (HREC; RA/4/1/9232)
and the Western Australia Department of Health HREC
(RGS0000002894).

Study design and cohort definition

ABI-RESTaRT is a retrospective whole-population cohort of
adults aged 18-65 enrolled in post-acute community-based neu-
rorehabilitation and support services (excluding respite) through
the Brightwater Care Group in WA from 15 March 1991 to 31
December 2020 (n=1011) [19]. Inclusion required a diagnosis
of TBI, NTBI or eligible degenerative and non-degenerative
neurological conditions defined by the Australian Rehabilitation
Outcomes Centre (AROC) impairment codes [20].

This study evaluates functional outcomes for ABI-
RESTaRT members enrolled in SCBIR between 1 January
2011 and 31 December 2020, when standardised outcome
measures were introduced (n=324). Of these, 211 clients
(65%) had completed the Mayo-Portland Adaptability Inven-
tory-4 (MPAI-4) and UK Functional Independence Measure
and Functional Assessment Measure (FIM + FAM) at admis-
sion and discharge and were included for analysis. No signifi-
cant differences in age, gender, time since injury or length of
hospitalisation were identified between participants with and
without outcome measure data.
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Setting

SCBIR is a multidisciplinary post-acute neurorehabilitation
program [5] delivered at the 43-bed Oats Street rehabilita-
tion centre in Perth [21]. SCBIR provides person-centred
neurorehabilitation focusing on functional recovery. Cli-
ents are allocated to group homes of 4-5 residents based
on functional capacity at admission. Houses range from
24-h support to independent living, supporting all stages
of neurorehabilitation, from profound physical disability to
higher level cognitive disability. Residents graduate through
houses towards greater independence and reduced support as
functional needs change (Figure S1). The program duration
is 12-24 months.

Data sources and extraction

Outcome measures were extracted through internal electronic
medical records (EMRs). Clinical and demographic data were
extracted from EMRs and probabilistically linked through the
WA Data Linkage System [22] to a number of administrative
data collections. Full details are elsewhere [19].

Key measures
Demographic and clinical variables

Demographic and clinical data were extracted from EMRs
and linked data including age, gender, relationship status,
ABI diagnosis, injury date, cause of injury, acute hospitali-
sation dates, prior ABI, Australian Statistical Geography
Standard (ASGS) Remoteness Area score [23] and Index of
Relative Socioeconomic Disadvantage (IRSD) score [24].
Pre-admission residential postcodes were used to generate
ASGS and IRSD scores, measuring geographical remoteness
based on access to services from 1 (Major Cities) to 5 (Very
Remote) and disadvantage based on education, employment
and income across five quintiles from 1 (most disadvan-
taged) to 5 (least disadvantaged).

UK Functional Independence Measure and Functional
Assessment Measure (FIM+FAM) Functional independence
was measured with the UK Functional Independence Meas-
ure and Functional Assessment Measure (FIM+FAM).
FIM + FAM [25] is a 30-item measure of functional disabil-
ity used to measure injury severity and rehabilitation sup-
port requirements. FIM + FAM measures functioning across
two major domains: motor (16 items, e.g. self-care, trans-
fers) and cognitive (14 items, e.g. communication, social
cognition). Items are rated on a 7-point scale from 1 (fotal
assistance) to 7 (complete independence) and summed to
produce total scores, with higher scores representing greater
independence. Clinically significant change was evaluated

against published minimum clinically important difference
(MCID) values [26]. MCID thresholds are 8.0 (motor), 7.0
(cognitive) and 15.0 (total FIM +FAM).

Mayo-Portland Adaptability Inventory-4 (MPAI-4) Psy-
chosocial functioning was measured using the Mayo-Port-
land Adaptability Inventory-4 (MPAI-4). MPAI-4 [27] is
a 29-item measure of psychosocial disability, examining
common sequelae of ABI across three major domains (see
Table S1): abilities (12 items focused on functional dis-
ability across motor, cognitive and sensory domains, e.g.
mobility, memory, vision), adjustment (12 items focused
on emotional and behavioural sequelae of ABI, e.g. depres-
sion, aggression, impaired self-awareness) and participation
(8 items focused on community participation and activities
of daily living, e.g. initiation, transportation, social and rec-
reational activities) on a scale ranging from O (no limitation)
to 4 (severe limitation). Complete items in each domain can
be seen in Table S1. Raw scores are calculated for the three
domains and the total score, and then converted to stand-
ardised transformed scores (7-scores) based on normative
data evaluating individuals undergoing community neurore-
habilitation for ABI [27]. Higher T-scores indicate more
severe psychosocial difficulties. The MCID is 5 T-score
points for total MPAI-4 [28]. The MPAI-4 is a widely used
and well-validated instrument for the evaluation of psycho-
social functioning in both TBI and stroke samples [27, 29]
and displays adequate psychometric properties both for the
use of the total score and the three major domains [27, 30].
Individual items within the scale are also considered valid
for analysis [27].

Statistical analysis

Data were analysed using STATA 16.1. Statistical signifi-
cance was tested against alpha <0.05 (uncorrected, two-
tailed). Descriptive statistics are presented as mean (standard
deviation), median (interquartile range) or count (percent-
age). Independent and paired-samples #-tests compared dif-
ferences in continuous variables.

The mediational effect of psychosocial function
on functional independence

To test the mediational effect of psychosocial function on
functional independence over time (admission vs discharge),
three-level multilevel mediation regression models were
analysed. Multilevel models were used to control for poten-
tial bias in the longitudinal data, such as service delivery
changes or random individual variation over time. Level 1
(lower level) data consisted of outcome measures during
rehabilitation (FIM + FAM, MPAI-4) and was nested within
level 2 data (participants), nested within level 3 data (service
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delivery period). An a priori power analysis was conducted,
which indicated that the sample (n=211) was sufficient to
detect an anticipated medium effect (f=0.25) at a power
level of 0.8 with a design effect of 1.74 and 2 predictors,
n="74[31].

Mediation pathways and criteria

Four statistical criteria must be present to establish media-
tion (Fig. 1) in accordance with Baron and Kenny’s guide-
lines [32, 33]:

1) The predictor (X) must be significantly related to the
mediator (M) (path a).

2) The predictor (X) must be significantly related to the
outcome (Y) (path c).

3) When the outcome, predictor and mediator are included
in the model, the mediator must be significantly related
to the outcome (path b).

4) The relationship between predictor and outcome with
the mediator in the model (path c”) must be significantly
reduced compared to when the outcome was regressed
only on the predictor (path c).

Hypothesis testing

Six mediation models tested the hypothesised mediational
role of each MPAI-4 domain (abilities, adjustment, par-
ticipation) on change in FIM + FAM Motor (Hypothesis
1.1-1.3) and Cognitive (Hypothesis 2.1-2.3) scores through-
out rehabilitation. Time (admission vs discharge) was the

Fig. 1 Generic mediation model
indicating the relationships and

predictor variable (X). FIM + FAM score (motor and cogni-
tive) was the outcome variable (Y). MPAI-4 scores (abilities,
adjustment, participation) were the mediators (M).

The direct relationship between time (X) and FIM + FAM
Motor and Cognitive was tested first to investigate whether
functional independence changed from admission to dis-
charge, and the direct path was significant (path c). Then,
the mediator (MPAI-4; abilities, adjustment, participation)
was added to test the indirect path (path ab) to determine
whether the direct path significantly changed (path c’).

The strength of the mediation (and significance of the indi-
rect pathway) was assessed using two methods. First, the Sobel
test was used to measure the significance of the reduction in
path ¢ following the addition of the mediator (path ¢’), with
an alpha <0.05 indicating a significant reduction [33]. Second,
the percentage of the total effect accounted for by the indirect
path was examined [32]. In a single level model, the total effect
is calculated as ab+c¢’. However, for multilevel mediation, the
total effect includes the covariance between paths a and b in the
calculation of the total effect, e.g. Total effect=ab+c’ +cova
riance(ab) [32] (Fig. 1). Therefore, the percent mediation was
calculated as 100 x total effect—c’/total effect, or 100X (ab+c’
+ covariance(ab))—c’/(ab+ ¢’ 4 covariance(ab)).

Exploratory analyses

To evaluate the role of specific subdomains of psychosocial
function on change in functional independence, exploratory
analyses were conducted. In these analyses, individual items
on the MPAI-4, evaluating specific domains of psychoso-
cial function, were conducted using raw, non-transformed

paths between predictor (X), X
outcome (Y) and mediator (M)
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MPAI-4 scores. Each individual item was included in a
mediation analysis, evaluating the effect of change in psy-
chosocial function on change in motor and cognitive func-
tional over time. The items used are detailed in Table S1.
The analyses used were identical to those described above,
but as the analyses were exploratory, all values should be
interpreted with caution. No correction to the alpha level
was used; therefore, results for the exploratory analyses were
tested against an alpha <0.05. The MPAI-4 was developed
to allow the examination of the constructs measured as indi-
vidual items [27]; therefore, this analysis was considered
appropriate at the item level.

Results
Cohort characteristics

Characteristics of the SCBIR cohort are presented in
Table 1. The majority were male (67.6%) with a mean age

of 45.4 years (SD=12.5 years). The most common diagno-
sis was NTBI (66.4%) followed by TBI (32.4%) and neuro-
logical conditions (1.2%). The median time from injury to
admission was 8.7 months (IQR 5.3-17.6).

Change in functional independence
and psychosocial function at discharge

Admission, discharge and unadjusted change in
FIM + FAM and MPAI-4 scores are presented in Table 2.
Moderate limitations in cognitive and motor function
were evidenced at admission. Participants were most
impaired in abilities and adjustment domains (moderate-
to-severe limitations), with mild-to-moderate limitations
in participation. At discharge, participants showed clini-
cally and statistically significant improvements in total
FIM + FAM, motor and cognitive domains. Significant
psychosocial improvements were also demonstrated in all
four domains although improvements were not clinically
significant.

Table 1 Clinical and sociodemographic characteristics for ABI-RESTaRT clients in SCBIR (n=324), stratified by diagnosis group

Total, TBI, NTBI Neurologic, n=4
n=324 n=105
Stroke, Other,
n=137 n=78

Sex, n (%)

Male 219 (67.6) 85 (81.0) 95 (69.3) 37 (47.4) 2 (50.0)

Female 105 (32.4) 20 (19.1) 42 (30.7) 41 (52.6) 2 (50.0)
Age at admission, M (SD) 45.4 (12.5) 38.8 (13.4) 51.0 (9.3) 44.4 (12.2) 44.1 (6.6)
Age at injury, M (SD) 43.6 (13.4) 36.0 (13.9) 50.3 (9.5) 42.0 (13.1) 37.6 (5.1)
Aboriginal and/or Torres Strait Islander, n (%) 18 (5.6) 10 (9.5) 7(5.1) 1(1.3) -
Resides in metropolitan area 257 (84.3) 82 (82.0) 109 (83.2) 62 (88.6) 4 (100)
IRSD disadvantage score Q4 or Q5 50 (15.4) 17 (16.2) 18 (13.1) 14 (18.0) 1(25.0)
Partnered, n (%) 95 (29.3) 22 (21.0) 43 (31.4) 29 (37.2) 1(25.0)
Time since injury, median [IQR] months 8.7[5.3,17.6] 12.4[7.6,20.5] 6.5[4.6,13.3] 8.4 (5.5, 12.7] 46.6 [9.2, 84.0]
Time since injury, n (%)

Early: <1 year 192 (60.6) 45 (42.9) 97 (71.3) 49 (66.2) 1 (50.0)

Middle: 1-2 years 59 (18.6) 31 (29.5) 21 (15.4) 7(9.5) -

Late: > 2 years 66 (20.8) 29 (27.6) 18 (13.2) 18 (24.3) 1 (50.0)
Injury location

Bilateral 146 (45.1) 64 (61.0) 19 (13.9) 59 (75.6) 4 (100)

Left hemisphere 92 (28.4) 22 (21.0) 66 (48.2) 4(5.1) -

Right hemisphere 70 (21.6) 16 (15.2) 46 (33.6) 8 (10.3) -

Unilateral-hemisphere unspecified 6(1.9) 1(1.0) 3(2.2) 2 (2.6) -

Unknown 10 (3.1) 2(1.9) 3(2.2) 5(6.4) -
Previous ABI, n (%) 37 (11.4) 8(7.6) 24 (17.5) 5(6.4) 0
Acute hospital admission length of stay, median 5.0[2.8,7.4] 5.3 2.0, 8.6] 4.91[2.9,6.7] 5.0[3.1,7.5] 7.0[4.7,9.2]

[IQR] months

Post-acute rehabilitation length of stay, median [IQR]
months

19.6 [9.9, 33.3]

20.2[9.7,34.9] 22.8[10.4,30.7]

17.5[10.6, 34.3]

15.1[6.3,33.2]

SCBIR staged community-based brain injury rehabilitation, 7B/ traumatic brain injury, NTBI non-traumatic brain injury, SD standard deviation,

IOR interquartile range
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Table 2 Unadjusted baseline

Outcome measure Admission Discharge Change Clinically
FIM + FAM .and MPAI—4 scores significant
from admission to discharge
(n=211) M SD M SD
FIM + FAM Motor 72.9 30.8 84.8 28.8 11.8%* Yes
Cognitive 54.7 19.0 64.2 19.4 9.5%* Yes
Total 127.7 454 149.0 454 21.3%* Yes
MPAI-4 Abilities 54.2 11.6 494 11.7 —4.8%* -
Adjustment 52.3 9.1 49.3 9.4 —-2.9% -
Participation 43.1 3.7 40.6 4.9 —2.5%% -
Total 49.2 8.5 45.4 9.2 —3.8%%* No

FIM + FAM Functional Independence Measure and Functional Assessment Measure, MPAI-4 Mayo-Port-

land Adaptability Inventory-4
*Significant to p=0.001
*Significant to p <0.001

Hypothesis 1: Mediators of change in motor
function

Table 3 presents the results of the mediational analyses
for change in motor function. Time significantly predicted
motor function (path c), with participants showing signifi-
cant motor gains throughout neurorehabilitation (B=11.83,
p<0.001).

Hypothesis 1.1: Abilities

Psychosocial abilities significantly improved throughout
rehabilitation (path a; B= —4.79, p<0.001). Psychoso-
cial abilities significantly predicted motor function (path
b: B= —1.65, p<0.001), indicating that those with better
psychosocial abilities demonstrated greater motor function.

With psychosocial abilities included, the coefficient for
time predicting motor function reduced but remained sig-
nificant (path ¢’; B=3.92, p=0.002). Sobel’s test was non-
significant (path ab=7.91), Z=1.64, p=0.10, indicating
that change in psychosocial abilities did not significantly
explain the relationship between time and motor function.
Therefore, mediation was not present, and Hypothesis 1.1
was not supported.

Hypothesis 1.2: Adjustment

Psychosocial adjustment significantly improved throughout
rehabilitation (path a; B= —2.91, p<0.001). Psychosocial
adjustment significantly predicted motor function (path b:
B=—-1.07, p<0.001), indicating participants with better
psychosocial adjustment demonstrated greater motor gains.

Table 3 Summary of level 1 regression for the mediation model for the cohort (n=211) testing motor functional independence

Path Predictor variable Outcome variable B SEB 95% CI Sobel Z Path ab
C Time Motor function 11.83%* 1.24 9.41, 14.25

Model 1: Change in motor function over time via psychosocial abilities

A Time Psychosocial abilities —4.79%* 0.51 -5.78,-3.79 1.64 791

B Psychosocial abilities Motor function —1.65%* 0.99 —1.85,—1.46

C Time Motor function 3.92% 1.25 1.46, 6.37

Model 2: Change in motor function over time via psychosocial adjustment

A Time Psychosocial adjustment —2.91%%* 0.54 —-3.97,—-1.86 4.51%* 3.12%*
B Psychosocial adjustment Motor function — 1.07%* 0.13 —1.32,-0.83

C Time Motor function 8.71%* 1.24 6.28,11.13

Model 3: Change in motor function over time via psychosocial participation

A Time Psychosocial participation —2.54%% 0.23 —-2.99,-2.08 8.56%* 9.62%*
B Psychosocial participation Motor function —3.79%%* 0.28 —4.33,-3.25

C Time Motor function 2.21 1.40 —0.53,4.95

“Significant to p=0.002
**Significant to p <0.001
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When controlling for psychosocial adjustment, the coeffi-
cient for time predicting motor function was reduced but
remained significant (path ¢’; B=8.71, p<0.001). Sobel’s
test was significant (path ab=3.12), Z=4.51, p<0.001,
indicating that improvements in psychosocial adjustment
partially mediated gains in motor function, with 26.5% of
the relationship between time and motor function mediated
by changes in psychosocial adjustment. Therefore, Hypoth-
esis 1.2 was partially supported.

Hypothesis 1.3: Participation

Psychosocial participation significantly improved through-
out rehabilitation (path a; B= —2.54, p <0.001). Psycho-
social participation significantly predicted motor function
(path b: B=—3.79, p<0.001), indicating those with better
psychosocial participation demonstrated significant motor
gains controlling for time. Controlling for psychosocial par-
ticipation, time did not significantly predict motor function
(path ¢’; B=2.21, p=0.114). Sobel’s test was significant
(path ab=9.63), Z=8.56, p <0.001, indicating that improve-
ments in psychosocial participation fully mediated gains in
motor function, with 81.3% of the relationship between time
and motor function explained by changes in psychosocial
participation. Therefore, Hypothesis 1.3 was supported.

Hypothesis 2: Mediators of change in cognitive
function

Table 4 shows the results of the mediational analyses for
change in cognitive function. Time significantly pre-
dicted cognitive function (path c), with participants

making significant cognitive gains during neurorehabilita-
tion (B=9.47, p<0.001).

Hypothesis 2.1: Abilities

Psychosocial abilities significantly improved throughout
rehabilitation (path a; B= —4.79, p<0.001). Psychosocial
abilities significantly predicted cognitive function (path
b; B=—1.18, p<0.001), indicating that participants with
greater psychosocial abilities demonstrated greater cogni-
tive function. Controlling for psychosocial abilities, time
remained a significant predictor of cognitive function (path
c’; B=3.84, p<0.001). Sobel’s test was significant (path
ab=15.65), Z=8.48, p <0.001, indicating that improvements
in psychosocial abilities partially mediated gains in cog-
nitive function over time. Psychosocial abilities explained
59.4% of the relationship between time and cognitive func-
tion. Therefore, Hypothesis 2.1 was partially supported.

Hypothesis 2.2: Adjustment

Psychosocial adjustment significantly improved throughout
rehabilitation (path a; B= —2.91, p<0.001). Psychosocial
adjustment also significantly predicted cognitive function
(path b: B= —1.04, p<0.001), indicating participants with
better psychosocial adjustment demonstrated greater cogni-
tive gains. Controlling for psychosocial adjustment, the coef-
ficient for time predicting cognitive function was reduced
but remained significant (path c’; B=6.45, p<0.001).
Sobel’s test was significant (path ab=3.02), Z=4.98,
p<0.001, indicating that improvements in psychosocial
adjustment partially mediated gains in cognitive function,
with 31.9% of the relationship between time and cognitive

Table 4 Summary of the level 1 regression results for the mediation model for the cohort (n=211) testing cognitive functional independence

Path Predictor variable Outcome variable B SEB 95% CI Sobel Z Path ab
C Time Cognitive function 9.47%* 0.87 7.717,11.16

Model 4: Change in cognitive function over time via psychosocial abilities

A Time Psychosocial abilities —4.79%* 0.51 -5.78,-3.79 8.48%+* 5.63%%*
B Psychosocial abilities Cognitive function —1.18%%* 0.06 -1.29,-1.06

C Time Cognitive function 3.84%* 0.87 2.14,5.53

Model 5: Change in cognitive function over time via psychosocial adjustment

A Time Psychosocial adjustment —2.91%%* 0.54 —-3.97,-1.85 4.98%* 3.02%*
B Psychosocial adjustment Cognitive function — 1.04%* 0.08 —1.19,-0.88

C Time Cognitive function 6.45%* 0.81 4.87,8.03

Model 6: Change in cognitive function over time via psychosocial participation

A Time Psychosocial participation —2.54%%* 0.23 —2.99,-2.08 9.00%* 6.70%*
B Psychosocial participation Cognitive function —2.64%%* 0.17 —-2.97,-2.31

C Time Cognitive function 2.77* 0.91 0.98, 4.56

“Significant to p=0.002
**Significant to p <0.001
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function explained by psychosocial adjustment. Therefore,
Hypothesis 2.2 was partially supported.

Hypothesis 2.3: Participation

Finally, psychosocial participation significantly improved
throughout rehabilitation (path a: B= —2.54, p<0.001).
Psychosocial participation significantly predicted cogni-
tive function (path b: B= —2.64, p <0.001), indicating that
participants with better psychosocial participation demon-
strated greater cognitive function. Controlling for psycho-
social adjustment, time significantly predicted cognitive
function (path ¢’; B=2.77, p<0.001), with the path coef-
ficient reduced but remaining significant. Sobel’s test was
significant (path ab=6.70), Z=9.00, p <0.001, indicating
that improvements in psychosocial participation partially
mediated gains in cognitive function, explaining 70.7% of
the relationship between time and cognitive function. This
partially supported Hypothesis 2.3.

Exploratory analyses

Appendix 1 presents the results for the exploratory anal-
yses. There was no evidence of full mediation for any
MPAI-4 item, though a number of the individual items
partially mediated the relationship between time and
motor and cognitive functional independence. Results
indicated that Motor function was most strongly par-
tially mediated by mobility from the abilities domain
(path ab=16.89, Sobel Z=6.94, p <0.001), fatigue from
the adjustment domain (path ab=1.93, Sobel Z=2.84,
p=0.005) and self-care from the participation domain
(path ab=7.89, Sobel Z=6.27, p<0.001). Cogni-
tive function was most strongly partially mediated by
novel problem-solving from the abilities domain (path
ab=3.68, Sobel Z=5.51, p<0.001), fatigue from the
adjustment domain (path ab=1.25, Sobel Z=2.83,
p=0.005) and residence from the participation domain
(path ab=5.26, Sobel Z=7.04, p <0.001).

Discussion

This study tested the mediational relationship between psy-
chosocial functioning and motor and cognitive recovery in
aretrospective cohort undergoing post-acute neurorehabili-
tation in WA. Overall, significant improvements in motor,
cognitive and psychosocial function were seen at discharge.
While improvements in psychosocial function were small,
findings provide evidence that psychosocial function,
particularly participation, plays a key role in functional
improvement in neurorehabilitation.

@ Springer

Across all hypotheses, psychosocial participation demon-
strated the greatest role in both motor and cognitive func-
tional change throughout neurorehabilitation. Participation
fully mediated motor functional change, explaining 81.3%
of motor improvements, and partially mediated cognitive
functional change, explaining 70.7% of cognitive improve-
ments. Next, psychosocial adjustment partially mediated
both motor functional change (explaining 26.3% of improve-
ments) and cognitive functional change (explaining 31.9%
of improvements). Finally, psychosocial abilities partially
mediated cognitive change (explaining 59.4% of improve-
ments), but did not mediate motor change. Our findings sug-
gest that psychosocial function plays a greater role in motor
and cognitive recovery than previously considered and that
rehabilitation programs aiming to improve functional inde-
pendence should target psychosocial function as an impor-
tant mechanism of change. However, as no MPAI-4 domain
explained 100% of change in motor or cognitive function,
other mechanisms certainly influence functional improve-
ment throughout neurorehabilitation.

Functional independence has long been a primary tar-
get of neurorehabilitation and commonly used to evaluate
intervention effectiveness [5, 6, 13] and support require-
ments [5, 25]. However, psychosocial functioning is also
crucial to consider in rehabilitation. Particularly, assessment
of psychosocial functioning is critical to align rehabilita-
tion interventions to client emotional status and readiness to
ensure maximal participation based on impairment [5, 11].
Overall, our study supports prior research recommendations
that psychosocial function and functional independence are
both important targets in neurorehabilitation, as functional
independence alone may not be sensitive to an individual’s
changing needs [5]. The exact mechanism remains unclear;
however, it is likely that poorer psychosocial function,
including impaired social interaction and self-awareness,
maladaptive emotional responses, withdrawal and low moti-
vation [9, 16, 34-37], impacts readiness, engagement and
tolerance of rehabilitation interventions, leading to poorer
outcomes.

Our study highlights the particular importance of psycho-
social participation in functional recovery after ABI. Individu-
als with initiation and motivation impairment, an important
component of participation, report difficulties with goal-
directed behaviours and apathy, leading to reduced engage-
ment [36]. Consistent social and therapeutic participation
enables individuals to learn and understand their own cog-
nitive impairments, which may underlie improved cognitive
functioning. Social contact, leisure and recreation activities
are also important dimensions of participation that could drive
cognitive and motor function. Engagement with recreational
activities often declines following ABI [34], but maintenance
and engagement with these activities is associated with better
sense of self, mood, and quality of life [38]. Cognitive and
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physical skills are required to plan, engage and complete rec-
reation activities, improving both cognitive and motor func-
tion. Participation in self-care (e.g., eating, grooming) is also
frequently rehearsed throughout neurorehabilitation, involving
repetition of cognitive and physical skills.

The relationship between psychosocial participation
and functional gains in this cohort may directly reflect the
SCBIR model, in which participation and integration into
the local community is central [21]. This model focuses on
creating an environment in which functional skills are learnt
through real-world participation such as shopping, meal
preparation, public transport training, social groups and
engagement in community-based volunteering and employ-
ment. Additionally, the residential premises and group
houses [21] provide opportunities for social participation
and the practice of appropriate social skills.

Psychosocial adjustment partially mediated both cogni-
tive and motor functional change, suggesting adjustment is
an important driver of functional change in conjunction with
other factors. Prior research has recognised psychosocial
adjustment and emotional wellbeing as important contribu-
tors to change in neurorehabilitation [14, 39, 40]. Individuals
with better emotional adjustment post-injury (e.g. low anxi-
ety and no/reduced mood disturbance) demonstrated better
clinical and medical outcomes following rehabilitation [15,
16, 35]. Specifically, emotional adjustment has been linked
with rehabilitation readiness, a crucial factor in recovery.
Impaired insight or denial of disability can impact realistic
goal setting, adoption of compensatory strategies and moti-
vation [40, 41], impacting rehabilitation outcomes. Adjust-
ment to ABI can take years, may be non-linear and is some-
times never achieved. However, as adjustment improves,
engagement may also improve, likely due to acceptance of
changed functioning and the emergence of compensatory
strategies. Interventions targeting different facets of adjust-
ment, for example, improving mood, providing education
about ABI, teaching emotion regulation and coping skills,
are important for adjustment.

Psychosocial abilities partially mediated cognitive func-
tion but not motor function. The MPAI-4 psychosocial abili-
ties domain primarily consists of items measuring executive
functions (e.g. memory, attention) and therefore may have
greater predictive value for cognitive outcomes than motor
outcomes Overall, while participants made clinically mean-
ingful functional gains from admission to discharge in our
cohort, gains in psychosocial function did not reach clinical
significance [28]. This indicates that psychosocial rehabilita-
tion needs improvement to allow more meaningful gains to
be achieved and, in turn, drive even greater improvements
in functioning.

Finally, exploratory analyses identified mobility, fatigue
and self-care as the individual psychosocial items which
had the largest mediational effect on motor functional

independence. This indicates that these areas are important
rehabilitation targets to maximise motor functional improve-
ment. Mobility is a core component of motor functioning as
assessed by the FIM + FAM, with several items dedicated to
the assessment of mobility, so it is unsurprising that change
in mobility as assessed by the MPAI-4 is associated with
change in mobility as assessed by the FIM + FAM. The self-
care item evaluates an individual’s capacity to eat, dress and
bathe, which is also assessed at length in the motor scale of
the FIM + FAM across the first 6 items of the instrument.
Therefore, it is possible that improvements in self-care are
measured across both the MPAI-4 and the FIM + FAM.
Fatigue is a common sequelae of ABI and has been associ-
ated with impaired executive functioning and quality of life
[42]. These findings indicate that improvements in fatigue
over time are associated with the capacity to make greater
gains in both motor and cognitive function throughout neu-
rorehabilitation, suggesting that improvements in fatigue
may be associated with both alleviated cognitive dysfunc-
tion and reduced physical disability.

Novel problem-solving and residence were identified,
along with fatigue, as the psychosocial items with the largest
mediational effects on cognitive functional independence,
indicating that these items are important targets for max-
imising cognitive functioning. Problem-solving is a com-
plex activity involving numerous other cognitive processes,
and so the improvement in problem-solving seen through-
out neurorehabilitation is likely to be associated with more
widespread cognitive gains, as seen in the present study.
The residence item assesses an individual’s capacity to man-
age a household, including meal planning and medication
management. This is a global cognitive function, requiring
numerous skills such as attention and memory. Therefore,
improvements in residence over time may be a driver of
cognitive improvement through neurorehabilitation and an
individual’s increasing independence. It is important to note
that these findings were exploratory, and caution should be
exercised in the interpretation of these results.

Clinical implications

Psychosocial participation appears to drive both cognitive
and motor functional independence in neurorehabilitation,
supporting the use of rehabilitation models with built-in par-
ticipation, like SCBIR. Community integration is critical to
the development of psychosocial participation, with social
activities involving engagement with both motor (e.g. using
public transport) and cognitive (e.g. planning and remem-
bering route) functioning. Findings also highlight the impor-
tance of targeting psychosocial adjustment in rehabilitation,
as those with improved adjustment may be more receptive to
interventions supporting functional gains. Changes in psy-
chosocial adjustment occur slowly, evidenced by the small
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change seen in the sample, and should be targeted by reha-
bilitation clinicians as early as possible.

Limitations

There are several limitations of the current study. Analyses did
not adjust for clinical and demographic covariates that may
impact neurorechabilitation outcomes, and a single mediator
was tested in each model, preventing identification of other
mechanisms of change. The inclusion of a single mediator
allowed the hypotheses at test to be examined; however, this
does not allow an understanding of the way these mediators
influence one another throughout neurorehabilitation, and
future research should aim to answer this question. Data was
collected during routine clinical assessment, not under con-
trolled settings. Therefore, while these findings are consistent
with a causal explanation of the role of psychosocial function
in functional change, other factors may be responsible. Finally,
65% of neurorehabilitation clients had complete data. While
there were no significant differences in demographic or clini-
cal characteristics between participants with and without data,
there may be other differences between these two groups.

Conclusions

Change in psychosocial participation fully mediates change
in motor function and partially mediates change in cogni-
tive function. Psychosocial adjustment and abilities explain
a smaller proportion of variance in change in cognitive and
motor function, suggesting neurorehabilitation should target
psychosocial participation as a key mechanism of change.
Future research should investigate the mechanisms by which
psychosocial participation influences functional independence
and develop programs to support psychosocial participation
and improve outcomes from neurorehabilitation for ABIL.
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