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Higher levels of mobility are associated with greater societal
participation and better quality-of-life
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Abstract
Introduction: Participation rates and quality-of-life (QoL) have been a major focus of rehabilitation programmes and
outcome studies following traumatic brain injury (TBI). The extent to which mobility limitations impact on participation
rates and QoL has not been thoroughly explored. The main aim of this study was to investigate the relationship between
mobility limitations, participation rates and QoL following TBI.
Methods: Thirty-nine people who had sustained an extremely severe TBI were recruited from a major rehabilitation facility.
Mobility was quantified using the high-level mobility assessment tool (HiMAT). The Brain Injury Community
Rehabilitation Outcome (BICRO-39) and Community Integration Questionnaire (CIQ) were used to measure participation
rates and the shorter version of the World Health Organization Quality of Life (WHOQoL-BREF) and Assessment of
Quality-of-Life (AQoL-2) were used to measure QoL.
Results: Mobility was most strongly correlated with the total BICRO-39 score (r¼�0.60, p< 0.001) and the mobility
domain (r¼�0.59, p< 0.001) of the BICRO-39. Although mobility had a significant relationship with health-related QoL,
AQoL-2 (r¼ 0.60, p< 0.001), it was most strongly related to the AQoL-2 independent living domain (r¼ 0.79, p< 0.001).
Conclusion: Greater capacity to mobilize was associated with higher participation rates and better QoL.

Keywords: Mobility limitation, activities of daily living, social participation, quality-of-life

Introduction

The main cause of death and disability for people
aged 18–45 years is traumatic brain injury (TBI) [1].
Although the majority of people sustain a mild TBI,
mobility limitations are common following moder-
ate–severe TBI. The physical sequelae resulting from
TBI have been under-studied relative to cognitive
and psychosocial domains [2]. Little is known about
the nature of mobility limitations following TBI [3]
and the contribution of mobility limitations to
participation rates and quality-of-life (QoL) is largely
unknown.

Participation rates and QoL have been a major
focus of rehabilitation programmes and outcome
studies following TBI [4–8]. The term

‘participation’ relates to the extent to which a
person engages in life situations such as household
and domestic chores, shopping, social outings,
employment and relationships [9]. The diverse
nature of TBI may result in restrictions to some,
none or all of these domains. To a large extent, the
success of a rehabilitation programme relates to the
degree to which people with TBI can return to their
pre-accident activities. Quality-of-life is a broad
ranging concept which includes physical and psy-
chological health, independence, relationships and
how these domains interact with the persons own
environment. Therefore, the assessment and mea-
surement of QoL often relates to factors associated
with participation rates.
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Following TBI, the factors associated with higher
QoL relate to employment [5, 7,10–12], relation-
ships [8, 10, 13, 14], higher levels of independence
and social participation [8, 10, 13, 15] and mental
health status [10, 13]. Problems with cognition and
psychological and emotional health are prevalent
following moderate-to-severe TBI and impact on
participation and QoL. However, mobility is also a
pre-requisite for independence in many day-to-day
activities and higher levels of mobility are important
for many of the social, leisure, sporting and employ-
ment roles of young people with TBI. Nevertheless,
the extent to which mobility limitations impact on
participation rates and QoL has not been thoroughly
explored.

Very limited data exists on the relationship
between physical capacity to mobilize, participation
and QoL. Morris et al. [16] conducted an 8-week
progressive resistance strength training programme
for seven people with very severe TBI. Although all
participants made strength gains, no change in
mobility (10 metre walk) or participation (Brain
Injury Community Rehabilitation Outcome:
BICRO-39) was identified. Reavenall and Blake
[15] investigated the determinants of physical
activity participation for 63 people with TBI. No
standardized measure of mobility or participation
was used. Participants self-reported physical activity
and were coded as active or inactive depending on
whether they performed 30 minutes of physical
activity for at least 5 days each week. The main
finding was self-efficacy (a person’s belief in their
own ability to achieve an outcome) for exercise was
the only significant predictor of participation in
physical activity. In the context of this investigation,
participation was used to describe involvement in an
exercise programme rather than the broader defini-
tion used to describe taking part in day-to-day
activities. The independent contribution of mobility
limitations to participation rates and QoL remains
unclear.

The main aim of this study was to investigate the
relationship between mobility, participation rates
and QoL. The secondary aim was to determine
which aspects of participation and QoL higher levels
of mobility were most strongly related to. It was
hypothesized that there would be a moderately
strong relationship between mobility and participa-
tion and between mobility and QoL.

Methods

This project was conducted in conjunction with a
larger study into gait disorders following TBI. The
recruitment and inclusion criteria were patients who:
(a) had sustained a TBI; (b) were attending

physiotherapy for mobility limitations; (c) were
able to walk without assistance of a therapist or
gait assistive device over a distance of 20 metres; and
(d) provided informed consent. Exclusion criteria
were patients who: (a) were unwilling or unable to
provide informed consent; (b) presented with a pre-
existing central nervous system disorder; and (c) had
severe cognitive or behavioural problems that pre-
vented assessment. All subjects who were invited to
participate consented to do so. This project was
approved by Epworth Hospital’s HREC (study
number 34006) and the University of Melbourne
(Ethics ID: 060496.1).

Mobility

Mobility performance was measured using the high-
level mobility assessment tool (HiMAT). The
HiMAT was selected as a clinical measure of
mobility because it is more responsive to change
and less susceptible to a ceiling effect for people with
TBI who can walk independently of gait aids [17,
18]. It measures a range of mobility skills, such as
walking under various conditions, stair use, running,
skipping, hopping and jumping. These abilities may
be required for participation in many social, leisure,
sporting and employment activities which are impor-
tant for better QoL. Higher scores indicate better
performance (maximum score¼ 54). It has high
inter-rater and re-test reliability [19]. Self-selected
10 metre walk speed was also recorded so the
physical capacity of this cohort could be compared
to other studies, as self-selected gait speed is one of
the more commonly reported measures of mobility.
Self-selected gait speed can also be used to predict
the functional implications of walking speed [20].
Perry et al. [20] were able to determine whether 147
people recovering from stroke were, for example,
limited or unlimited household ambulators or lim-
ited or unlimited community ambulators, based on
self-selected walking speed.

Participation

Two measures of societal participation were used.
The Community Integration Questionnaire (CIQ)
[21] is one of the most frequently used measures of
societal participation following TBI. The CIQ is
comprised of 15 items divided into three sub-scales
which quantify home integration, social integration
and participation in productive activities. Scores can
range from 0–29, with higher scores indicating
greater participation. The CIQ can be accurately
reported by patients and their family members [22],
has good inter-rater reliability, but may be insensi-
tive to change [23].

The Brain Injury Community Rehabilitation
Outcome (BICRO-39) [24] comprises 39 items
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across six domains (personal care, mobility, self-
organization, socializing, productive employment
and psychological well-being). The BICRO-39 is
scored out of 195, with higher scores indicating
worse societal participation. It has good re-test
reliability [24] and appears to be sensitive to
change, particularly the mobility domain [25].
Although it has been less frequently used to measure
participation following TBI than the CIQ, it was
selected due to the larger number of items and
response categories which may allow greater
discriminative ability and responsiveness.

Quality-of-life

Two measures of QoL were also used. The shorter
version of the World Health Organization Quality-
of-Life (WHOQoL-BREF) [26] was developed as a
short form field version of the WHOQoL-100. It
comprises 26 questions in four domains (physical
health, psychological, social relationships and envi-
ronment). Raw scores are converted to transformed
scores ranging from 0–100, with higher scores
indicating better QoL. It has very good re-test
reliability and appears to be responsive to change
in TBI [27, 28]. The WHOQoL-BREF was selected
for this study as it has a domain specifically
designated to physical health. The Assessment of
Quality-of-Life (AQoL-2) [29] was also selected.
The AQoL-2 comprises 20 questions across six
domains (independent living, social, mental health,
coping, pain and sensory perception). An algorithm
is used to convert AQoL raw scores to a scale
ranging from �0.04–1.00. Higher scores indicate
better QoL. It has recently been validated in
TBI [4].

Data analysis

Summary statistics were generated for all of the
variables of interest (see Table I). All variables of
interest were assessed for distribution normality.
Pearson correlation coefficients were calculated to
determine the strength of the relationship between
mobility and the measures of participation and QoL.
Bonferroni corrections were made for the multiple
correlations performed between mobility and the
participation and QoL domains. Using Cohen’s
guidelines, a moderate relationship will be inter-
preted as r¼ 0.30–0.50 and a strong relationship as
r� 0.50 [30].

Results

Participants

This group of 39 people were primarily young
(27.7� 10.7 years) and male (n¼ 29). The majority

had sustained a very severe TBI, the median length
of PTA was 40 days (inter-quartile range 18–74
days). The length of time post-injury varied consid-
erably, the median was 9.2 months (inter-quartile
range 3.2–24.5). Fourteen of the participants had
also sustained lower limb fractures, eight of them
bilaterally. Only nine of the 39 participants reported
they had returned to work or study (if they were
students) to any extent. Thirty-three of the 37
participants who were driving at the time of their
accident were still unable to drive at the time of
assessment. Thirty-one participants reported they
required some level of assistance for day-to-day
activities.

Mobility

Although several participants had normal or near-
normal self-selected gait speeds (Table I), all had
mobility limitations when higher levels of mobility
were assessed. HiMAT scores obtained in this
sample were well below normative values for young
adults [31], indicating mobility limitations were
likely to restrict participation rates.

All participants in this study were independently
mobile, yet capacity to mobilize varied considerably
in this sample. According to Perry et al.’s [20]
classification of self-selected walking speed, the
majority (74.4%) of participants would be classified
as ‘community walkers’ (i.e. self-selected walking
speed > 0.8 m s�1) (see Table II). However, a
smaller number only had capacity for indoor walking
with little or no ability to walk in the community.

Participation

Mobility (HiMAT score) had a strong negative
relationship (r¼�0.60, p<0.001) with the total
BICRO-39, and its mobility domain (r¼�0.59,
p< 0.001), indicating greater capacity to mobilize
was associated with higher rates of participation. No
significant relationship was identified between
mobility and the personal care, self-organization,
productive employment, socializing or psychological
well-being domains.

Table I. Summary data for mobility, participation and QoL
(n¼ 39).

Mean (SD) Range

Gait speed (m s�1) 0.97 (0.38) 0.05–1.42
HiMAT 20.3 (13.3) 1–45
CIQ 12.8 (6.2) 7–20.75
BICRO-39 62.7 (23.2) 24–124
WHOQoL-BREF

(Physical Health)
50.8 (13.3) 25–75

AQoL 0.72 (0.22) 0.26–1.00
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A moderate relationship was identified between
mobility and the participation in productive activities
domain (r¼0.42, p¼ 0.01) on the CIQ; however, no
significant relationship was identified between
mobility and the overall CIQ (r¼0.33, p¼ 0.06).

QoL

The mean AQoL-2 scores obtained for this cohort
were significantly lower than aged matched popula-
tion norms [32]. Mobility had a strong relationship
with the total AQoL-2 (r¼ 0.60, p< 0.001). It also
had a strong correlations with the independent living
(r¼ 0.79, p< 0.001) and social (r¼0.63, p< 0.001)
domains and a moderate correlation with the coping
domain (r¼ 0.36, p¼ 0.03). No significant relation-
ships were identified for the mental health, pain or
sensory perception domains. In relation to the
WHOQoL-BREF, no significant relationship was
identified between mobility in any of the domains.

Although this clinical cohort varied considerably
in the length of time to testing post-injury, post-hoc
testing demonstrated no significant difference
between acute (�1 year) and chronic (>1 years)
participants for all measures of mobility, participa-
tion and QoL.

Discussion

Although intuitive, this study is the first to find that
greater capacity to mobilize was associated with
higher rates of participation and better QoL. The
relationship between higher rates of participation
(employment, greater independence and socializa-
tion) and QoL has been well established [10–13].
However, the extent to which mobility contributed
to participation rates and subsequent reporting of
QoL was unknown. This finding suggests that
people with greater ability to mobilize report better
QoL. Although employment, mental health, per-
sonal independence and relationship status have
established links with QoL following TBI, mobility
may need to be included in future studies in order to
determine whether it improves prediction of
participation and QoL outcomes.

The results obtained in this study indicate that
higher participation rates in satisfying life roles are
facilitated by greater capacity to mobilize. Higher
self-selected walking speed has been used as a
predictor for community mobility [20]. Recently,
Alzahrani et al. [33] found ability to negotiate stairs
was the strongest predictor of physical activity in 42
community-dwelling participants with stroke.
Higher-levels of mobility, i.e. faster gait speed and
ability to negotiate stairs, are required for commu-
nity access and are directly measured by the
HiMAT. Although participation is dependent upon
the complex interactions of cognitive, emotional,
behavioural and physical domains, it seems that
higher levels of mobility are associated with greater
participation rates in day-to-day life roles. High-level
mobility may be successfully trained for people with
acute and chronic TBI [34] and may require greater
prioritization in outpatient and community settings
where resources tend to be limited.

The positive relationship between greater capacity
to mobilize, higher participation rates and better
QoL suggests that rehabilitation programmes
designed to train advanced or high-level mobility
skills may have important wider implications.
Physical activity is very important for general
health [35]. Reduced cardiovascular fitness,
increased susceptibility to fatigue and reduced ability
to exercise aerobically following TBI have been well
documented and are associated with limited mobility
[35–42]. Many methods for improving cardiovascu-
lar fitness following TBI based on mobility training
have been described. These methods include
walking [37, 38, 42, 43] and running [37, 43, 44].
Greater mobility and activity levels following TBI
may lead to better cardiovascular health and health-
related QoL.

The main finding by Reavenall and Blake [15] was
that self-efficacy for exercise was the strongest
predictor for physical activity participation.
Although self-efficacy for exercise and participation
in exercise programmes are important, they differ
from the constructs measured in this study. This
study measured mobility, which is a measure of
capacity or ability, as distinct from activity, which
measures how often a person engages in an activity
they have the capacity to perform. The results
obtained in this study indicate greater capacity to
mobilize was associated with higher participation
rates and better QoL. Future studies may need to
quantify capacity to mobilize, self-efficacy for exer-
cise and actual activity levels using accelerometer-
type activity monitors in order to determine which
factors are most important for participation, cardio-
vascular fitness and QoL following TBI.

A further finding of this study was the stronger
relationship of mobility to the BICRO-39 rather

Table II. Functional classification of gait speed according to
Perry et al. [20].

Gait classification Gait speed (m s�1) n

Physiological walker 0.10 3
Limited household walker 0.23 –
Unlimited household walker 0.27 1
Most-limited community walker 0.40 2
Least-limited community walker 0.58 4
Community walker 0.80 29
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than the CIQ as a measure of participation and to
the AQoL-2 rather than the WHOQoL-BREF (or its
physical health domain) as a measure of QoL. The
significance of these relationships may be a reflection
of the types of items within the domains on the
different measures. For example, one would expect
mobility to impact on all items of the Independent
Living domain of the AQoL-2, but the Physical
Capacity domain of the WHOQoL-BREF includes
items such as ‘energy and fatigue’ and ‘sleep and
rest’ which may not necessarily be influenced by
capacity to mobilize. Further, issues related to
fatigue, energy levels and sleep are prevalent follow-
ing TBI and may disproportionately influence ‘phys-
ical capacity’ as measured by the WHOQoL-BREF.
Although an alternate version of the AQoL was used,
the overall utility score in this TBI cohort
(Mean¼ 0.74, SD¼ 0.19) was very similar to that
reported in another Australian TBI sample
(Mean¼ 0.63, SD¼ 0.29) [4], supporting the mea-
sure as a valid indicator of health-related QoL
following TBI.

Limitations

This study has several limitations. First, only a
relatively small sample was selected for this study.
However, this study is the first to investigate the
impact of mobility limitations on participation and
QoL. It has identified several significant relation-
ships between mobility and participation and mobil-
ity and QoL following TBI. Further, the results
assist clinicians and researchers as to which measures
may be more appropriate for use in studies related to
mobility outcomes following TBI.

Although all the people in this study were inde-
pendently ambulant, several of the participants were
barely able to walk independently whilst others were
able to run and jump. The relationship between
mobility, participation and QoL identified in this
study may have been different if people who required
use of gait assistive devices to mobilize, or who were
wheelchair-dependent, were included in this study.
Although many in this study walked well below the
normal walking speeds for healthy adults, the results
indicate that, once able to walk independently, there
is a strong relationship between mobility and partic-
ipation and a moderate relationship between mobil-
ity and QoL.

Participants in this study were recruited from a
rehabilitation facility, yet this is unlikely to have
skewed the type of patients recruited. Although
receiving therapy for mobility limitations, many had
chronic conditions and were not in the acute
recovery phase following TBI. However, it may be
possible that the nature of this TBI cohort led to
insufficient variability on some dimensions.

For example, only nine of the 39 participants in
this study had returned to work or study, which may
impact on the results obtained on domains such as
‘Productive Employment’ on the BICRO-39. Also,
even though the mean gait speed for this cohort of
people with TBI (0.97 m s�1) was well below that of
healthy young adults (�1.3–1.4 m s�1), it was
slightly faster but generally equivalent to that
required for community mobility (>0.8 m s�1) [20].
It may be possible that the average gait speed for this
sample provided greater a likelihood of engaging in
day-to-day community-based activities because
many participants walked at a speed above the
threshold required for community mobility. Data
from this study may be used to inform future
projects aimed at comparison of sub-groups
within TBI.

Conclusion

Greater capacity to mobilize was associated with
higher participation rates and better QoL. Mobility
had stronger relationships to the BICRO-39 and the
AQoL-2, indicating they may be better suited for
measuring participation rates and health-related
QoL following TBI.
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