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A Falls Concern Scale for people with spinal cord injury (SCI-FCS)
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Study design: Observational study and cross-sectional survey.
Objectives: To develop a scale assessing concern about falling in people with spinal cord injuries who
are dependent on manual wheelchairs, and to evaluate psychometric properties of this new scale.
Setting: Community and hospitals, Australia.
Methods: The Spinal Cord Injury-Falls Concern Scale (SCI-FCS) was developed in consultation with
SCI professionals. The SCI-FCS addressed concern about falling during 16 activities of daily living
associated with falling and specific to people with SCI. One hundred and twenty-five people with either
acute or chronic SCI who used manual wheelchairs were assessed on the SCI-FCS and asked questions
related to their SCI and overall physical abilities. A subgroup of 20 people was reassessed on the SCI-FCS
within 7 days.
Results: The SCI-FCS had excellent internal and test–retest reliability (Cronbach’s a¼ 0.92, intra-class
correlation coefficient (ICC)¼0.93). Factor analysis revealed three underlying dimensions of the SCI-
FCS addressing concern about falling during activities that limit hand support and require movement of
the body’s centre of mass. The discriminative ability of the SCI-FCS between different diagnostic groups
indicated good construct validity. Subjects with a high level of SCI, few previous falls, dependence in
vertical transfers and poor perceived sitting ability demonstrated high levels of concern about falling.
Conclusions: This study suggests that the SCI-FCS is a valid and reliable tool for assessing concern
about falling in people with SCI dependent on manual wheelchairs. The SCI-FCS could also assist in
determining the effectiveness of fall minimization programs.
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Introduction

Falls are common in people with a spinal cord injury (SCI)

who are wheelchair dependent. About 40–60% of people

using manual wheelchairs report falls.1–4 Falls represent

60–80% of the non-fatal accidents in wheelchair users,5,6 and

often result from the wheelchair tipping or the person

slipping while transferring.1,3 Typical injuries resulting from

falls include contusions (40%), fractures (10%), strains (10%)

and lacerations (10%).1,5,7,8 It is our clinical observation and

hypothesis that many people with SCI have concerns about

falling, some of which are warranted and some of which are

not. Unwarranted concerns interfere with a person’s ability

to participate and achieve independence in activities of daily

living. Warranted concerns are also a problem because they

indicate safety issues that need to be addressed. To date,

research investigating concerns about falling in people with

SCI are lacking, primarily because no tool is available to

quantify these perceptions.

Most of the work on concern about falling has been

performed in the area of gerontology.9 Several questionnaires

have been developed over the years,10–12 but recently the

Falls Efficacy Scale International (FES-I) has become the gold

standard for assessing concern about falling in older

people.11 The FES-I is principally designed for ambulating

elderly people, thus in its current format it is not appropriate

for assessing concern about falling in people with SCI.

Therefore, the purpose of this study was to develop a

questionnaire assessing concern about falling in people

with SCI. Specifically, the objectives were twofold: (1) to

appropriately modify the existing FES-I for people with

SCI dependent on manual wheelchairs; and (2) to evaluate

psychometric properties of the new scale including internal

reliability, test–retest reliability and construct validity.
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Quantifying concern about falling in people with SCI is

important for developing effective intervention strategies.

Methods

Development of the scale

The Spinal Cord Injury-Falls Concern Scale (SCI-FCS) was

designed to assess concern about falling during common

activities of daily living in people with SCI. Fourteen health

professionals (physiotherapists, occupational therapists, re-

habilitation nurses and physicians) experienced and working

in specialized SCI hospitals within Australia were consulted

to select appropriate activities. They were asked to ‘name the

10 most important activities essential to independent living

(indoors or outside) that, while requiring some positional

change or mobilization, would be safe and non-hazardous to

most people with C7 to T12 SCI.’ A second group of eight

therapists and nurses were asked whether they agreed or

disagreed with the choice of activities. The final set of

activities was chosen by taking the highest ranked activities

based on an agreement of 475% between the two groups of

professionals. Five additional activities were chosen based on

expert opinion to ensure a range of both easy and challen-

ging tasks were included where people with SCI would have

the potential to fall. This resulted in 16 items scored on a

4-point scale (1¼not at all concerned to 4¼ very concerned;

see Appendix) similar to the FES-I.11 The total score was

calculated by summing the scores for each activity, with a

possible range between 16 and 64.11

Participants

A total of 125 people were recruited from the community

and local hospitals specializing in SCI. Participants were

included if they were over 18 years of age, had a SCI and used

a manual wheelchair for at least 75% of their mobility needs.

The demographics of all the participants are reported in

Table 1. The collection of the data formed part of a larger

trial.13 We certify that all applicable institutional and

governmental regulations concerning the ethical use of

human volunteers were followed during this research.

Informed consent was obtained from all participants.

Scale administration

All measures were administered during structured telephone

or face-to-face interviews by the same physiotherapist. To

assist validation of the scale, subjects were assessed, in

addition to the SCI-FCS, on their self-perceived fear of falling

and their ability to sit supported and unsupported. These

were assessed on a 5-point Likert scale. Possible response

choices for fear of falling ranged from ‘not at all’ to

‘extremely’ and response choices for perceived sitting ability

ranged from ‘poor’ to ‘excellent’. Participants were also asked

about the number of times they had fallen since their SCI, if

they suffered any injury as a result of the fall that affected

their mobility and if they were able to perform an

independent vertical (floor-to-wheelchair) transfer.

The test–retest reliability of the SCI-FCS was evaluated on a

subgroup of 20 participants with a mean (s.d.) of 3.5 (1.4)

days between tests. On both occasions, the SCI-FCS was

administered by the same assessor using the same protocol

(face-to-face or telephone interview). The demographics for

this subgroup are reported in Table 1.

Statistical analysis

The questionnaire structure was evaluated using Rasch

modeling (item response theory; Winsteps, John M Linacre).

Rasch modeling concentrates on the probability that an

individual with a certain level of concern will answer each

item in a given way to match that level of concern.14 Fit

statistics were used to examine how well the data from

participants and items met the model assumptions.15 The

item-respondent map was inspected to evaluate content

representation of each item to ensure items and respondents

were appropriately targeted.15 Further analyses were per-

formed using SPSS for Windows (Version 17, SPSS, Inc.,

Chicago, IL, USA). Factor analysis was performed to assess

the unidimensionality of the SCI-FCS and to identify under-

lying dimensions of concern about falling in people with SCI.

Principal component analysis with Varimax rotation was used

to determine the number of factors with an eigenvalue41. An

extraction using oblique rotation was then performed to assess

the correlation between the factors and a single-factor solution

was specified to determine the unity of the scale. Internal

reliability of the SCI-FCS was evaluated by calculating the

Cronbach a for the whole scale, by checking whether

consecutive activities consistently increased the Cronbach a
and by examining changes in the Cronbach awhen individual

activities were added or removed from the scale. In addition,

Spearman Rho correlations were calculated between activities.

Test–retest reliability was assessed using Kendall’s Tauc for

individual activities and intra-class correlation coefficients

(ICC2,1) for the total SCI-FCS score.

Independent sample t-tests were used to examine con-

struct validity of SCI-FCS, with P-values of o0.05 considered

significant. In these analyses, group differences in total

SCI-FCS scores were examined according to selected partici-

pant characteristics dichotomized by: the presence or

absence of self-reported fear of falling; above or below the

median perceived sitting ability; falling more or less than

once a year (falls per year was calculated by the number of

reported falls since injury divided by the time since injury);

independence in vertical transfers; above or below mean age;

presence or absence of voluntary motor power below T6

(reflecting abdominal muscle innervation); and more or less

than 1-year post injury.16

Table 1 Demographic data presented as mean (s.d.) unless otherwise
stated

All
participants

Test–retest reliability
subgroup

Number of participants 125 20
Age (years) 41 (14) 42 (13)
Male:female (ratio) 101:24 14:6
Time since injury (years) 9 (12) 15 (15)
ASIA motor score 51 (12) 50 (16)
ASIA sensory score 123 (44) 124 (45)
ASIA classification A:B:C:D (number) 77:30:13:5 10:7:2:1
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Results

Development of the scale

The list of activities nominated by the first group of

experienced SCI professionals is presented in Table 2. The

second group of professionals agreed with 60% of the

nominated activities. Those activities with 475% agreement

were included in the SCI-FCS. Five additional activities were

selected from the list by SCI experts to add more physically

challenging activities, thus creating a 16-item scale (see

Appendix). The scores for the individual SCI-FCS activities

ranged from 1 to 4. The total score for the SCI-FCS ranged

from 16 to 59. The median (interquartile) total SCI-FCS was

24 (20–33) and the Skewness was 1.144 (s.e.¼0.217). No

substantial floor or ceiling effects were noted with only 7 and

1% of scores at theminimum andmaximum ends of the range.

Questionnaire structure

A bubble chart was inspected to ascertain the overall fit of

the scale. The item fit indices revealed that all items were

good measures of concern about falling (weighted mean

square values between 0.77 and 1.31). The weighted t

statistic was slightly outside the acceptable range for item

10 (t Outfit Zstd¼2.35) (Figure 1). The item-respondent map

showed that all items were located between �1.1 and þ0.84

logits. Items assessing higher levels of concern (positive

logits) were items 2, 4–8, 10, 11 and 15. Items assessing

lower levels of concern (negative logits) were items 1, 3, 9,

12–14 and 16. The principal component analysis revealed

the greatest eigenvalue was 2.8, supporting the unidimen-

sionality of the scale, with 50% of the variance in the data

explained by the model (50% empirical). Factor analysis

revealed three dimensions (defined in bold in Table 3). The

first factor explained 46% of the variance and was character-

ized by activities that required minimal movements of the

body’s centre of mass, such as cooking or dressing. The second

factor explained a further 10% of the variance and was

characterized by activities that involved a large shift of the

body’s centre of mass, such as moving around the bed or

transferring from one surface to another. The third factor

explained a further 9% of the variance and was characterized

by activities that required pushing a wheelchair under

different conditions, which required additional shifts of the

body’s centre of mass outside the base of support, such as

pushing the wheelchair up a curb. All factors had a fair level of

correlation of �0.411 between factors one and two, �0.331

between factors two and three and 0.430 between factors one

and three. When a single-factor solution was specified, all

activities loaded strongly on a distinct element, explaining

46% of the variance.

Reliability

Internal reliability of the SCI-FCS was excellent (Cronbach

a¼0.92). The addition of activities sequentially increased

the Cronbach a from 0.63 to 0.92, whereas the removal of

one activity at a time (with replacement) did not result in a

Cronbach a o0.91. The mean of the inter-activity correla-

tions was 0.42 (range 0.10–0.77). Test–retest reliability for

the total score was outstanding with ICC2,1 of 0.93 (95% CI:

0.84–0.97). On the basis of the criteria defined by Landis and

Koch,17 most items had moderate to outstanding test–retest

reliability (TaucX0.40) (Table 4). Low reliability may have

been due to the small test–retest subgroup sample.

Construct validity

Participants who fell once or less per year had significantly

higher total SCI-FCS scores than those who fell more than

once a year (see Table 5). Participants with the following

characteristics also reported significantly higher levels of

concern on the SCI-FCS: high level injuries, dependent in

vertical transfers, self-reported fear of falling and poor or fair

sitting ability (Table 5).

Discussion

The SCI-FCS is the first scale assessing concern about falling

in people with SCI dependent on manual wheelchairs. This

study shows that the SCI-FCS has a good overall structure

covering a wide range of activities that people with SCI need

to perform. Both internal and test–retest reliability were

excellent. The validity analyses indicate a strong relationship

between self-perceived fear of falling and SCI-FCS score. On

the basis of this initial validation study, the SCI-FCS could be

used as a screening tool for concern about falling in people

with SCI for both research and clinical purposes. SCI-FCS

may assist in the rehabilitation of people with SCI by guiding

Table 2 Activities selected by experienced professionals in SCI

Activity Number
(percentage)

who nominated
the activity
(n¼14)

Number
(percentage)
who confirmed
the nominated
activity (n¼8)

Wheelchair to bed transfer 13 (93%) 6 (75%)
Wheelchair to toilet/commode transfer 10 (71%) 5 (63%)
Wheelchair to car transfer 10 (71%) 6 (75%)
Washing self on commode/showering 10 (71%) 6 (75%)
Inserting enema/toileting/
self-catheterizing

10 (71%) 6 (75%)

Dressing self 9 (64%) 8 (100%)
Pushing wheelchair up/down
gutters and curbs

8 (57%) 3 (38%)

Shopping/community ambulation 8 (57%) 8 (100%)
Sitting self up in bed/bed mobility 8 (57%) 8 (100%)
Picking objects up from floor 6 (43%) 5 (63%)
Mobility/pushing wheelchair
on flat ground

5 (36%) 8 (100%)

Reaching for objects above/behind self 5 (36%) 7 (88%)
Cooking or food preparation 5 (36%) 7 (88%)
Outdoor wheelchair mobility on
uneven terrain

4 (29%) 6 (75%)

Pressure lifts 4 (29%) 1 (13%)
Pushing wheelchair up/down ramps 4 (29%) 0 (0%)
Other 1–3 each

(7–21%)
4 nominated

(13%)

Abbreviation: SCI, spinal cord injury.

Other activities nominated: floor-to-chair transfer; stair/escalator use; feeding

oneself; standing if appropriate; working; exercising; socializing; wheelchair to

lounge transfer; hoist transfer; assisted transfer; maintaining long sitting

position; maintaining short sitting position; uneven surface transfer; perform-

ing a wheel-stand; lifting heavy objects across the body; driving.
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professionals in the implementation of tailored intervention

strategies aimed at addressing excessive levels of concern

about falling and enhancing mobility and community

participation.

Responses to individual activities covered the full range of

categories available (1–4) and total SCI-FCS scores had a wide

spread from 16 to 59 (highest possible score being 64). The

activities on the SCI-FCS address a wide range of situations

common to people with SCI and necessary for indepen-

dence,18 with seven items addressing lower levels of concern

and nine items addressing higher levels of concern (Figure 1).

Moving around the bed was associated with the least

concern, whereas pushing a wheelchair on uneven surfaces

was associated with the most concern. These activities

correspond with some of the most basic and complex skills

a person can learn. This item distribution indicates that the

scale has a good content representation of the construct, and

will allow scoring of people with different levels of concern,

as there is a potential for falling in each activity.

Factor analysis identified three underlying dimensions in

concern about falling for people with SCI. The factors were

segregated by the size of the base of support during the

activity as well as the amount of movement of the arms and

centre of mass. The first dimension addressed concern during

activities requiring minimal movement of the body’s centre of

mass. Interestingly, some activities grouped in this first factor

Less
concerned
about
falling

More
concerned
about
falling t = -2 t = +2
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12

13

16

2
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Figure 1 Bubble chart for the SCI-FCS as a graphical representation of measure and fit value. Bubbles are named after the item as presented in
the Appendix and sized by their standard errors. Items assessing ‘lower levels of concern about falling’ are at the top of physical activity
continuum (positive logits) and items assessing ‘higher levels of concern about falling’ are at the bottom (negative logits).

Table 3 Means, s.d., medians and factor loadings of activities in the SCI-FCS

SCI-FCS activity Mean (s.d.) Median Three-factor solution Single-factor solution
Factor loading

Factor 1
loading

Factor 2
loading

Factor 3
loading

4. Washing or showering self 1.6 (0.8) 1 0.72 �0.55 0.30 0.70
8. Reaching for high objects 1.6 (0.8) 1 0.75 �0.41 0.43 0.70
9. Picking objects up from the floor 1.7 (1.0) 1 0.67 �0.48 0.60 0.76
10. Cooking or food preparation 1.5 (0.9) 1 0.87 �0.27 0.36 0.68
15. Shopping 1.5 (0.9) 1 0.79 �0.30 0.49 0.70
16. Lifting heavy objects across body 1.9 (1.0) 2 0.82 �0.34 0.32 0.67
1. Getting dressed or undressed 1.5 (0.9) 1 0.67 �0.64 0.42 0.76
2. Moving around the bed 1.4 (0.8) 1 0.42 �0.74 0.17 0.59
3. Inserting enema or toileting 1.6 (1.0) 1 0.47 �0.70 0.32 0.65
5. Transferring on/off a commode or toilet 1.9 (1.0) 2 0.27 �0.83 0.32 0.61
6. Transferring in/out of bed 1.7 (0.9) 1 0.34 �0.87 0.37 0.68
7. Transferring in/out of a car 1.8 (1.1) 1 0.56 �0.71 0.56 0.79
11. Pushing wheelchair on flat ground 1.2 (0.7) 1 0.36 �0.07 0.74 0.48
12. Pushing wheelchair on an uneven surface 2.1 (1.1) 2 0.45 �0.37 0.86 0.70
13. Pushing wheelchair up/down gutters or curbs 2.6 (1.2) 3 0.31 �0.53 0.78 0.67
14. Pushing wheelchair up/down a slope 2.1 (1.1) 2 0.44 �0.37 0.87 0.70

Abbreviation: SCI-FCS, Spinal Cord Injury-Falls Concern Scale.
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require large movements, for example picking up objects from

the floor. However, we acknowledge that these activities could

be modified to necessitate less movement by using assistive

devices, such as an ‘easy reach’ stick. Activities included in the

second and third dimension involved large shifts of the body’s

centre of mass, with the third dimension also involving

frequent movement of the arms and hands, reducing a

person’s ability to use the hands to stabilize the body.

Significantly higher levels of concern were reported by

participants with partial or full paralysis of the abdominal

muscles, self-reported fear of falling, poor or fair supported

and unsupported sitting ability, and by participants

dependent in vertical transfers. These significant associa-

tions indicate that SCI-FCS has good construct validity.

Although not significant, there was a trend towards those

participants with an acute injury having a greater concern

about falling than participants with a chronic injury

(P¼ 0.062). This is to be expected because people with recent

injury are less skilled at moving and generally more

concerned about falling.

Interestingly, and in contrast to older people,19,20 those

who suffered more falls reported significantly less concern.

This suggests that many participants may have learnt through

experience how to reduce the impact of falls from their

wheelchairs. Indeed in this study, no participant reported

suffering an injury from a fall that affected their mobility.

Unwarranted fear of falling is detrimental to independence

because it limits a person’s willingness to move and

participate. It is therefore important to identify those people

concerned about falling and to ascertain whether the concern

is justified or not. The SCI-FCS can be used in rehabilitation to

identify levels of concern about falling in relation to specific

activities, such as negotiating a wheelchair down a slope. In

this way, the SCI-FCS can assist in guiding tailored interven-

tions for addressing warranted and unwarranted concerns,

thus maximizing mobility and independence to enable

greater community participation.

This study is not without its limitations. We used face-

to-face, telephone interviews and a convenience sample.

We also relied on participants to recall the number of falls

Table 4 Mean (s.d.), range of test scores for individual activities and corresponding Kendall’s Tauc; mean (s.d.) total score of the SCI-FCS and
corresponding intra-class correlation coefficient (ICC2,1) for the test–retest reliability subgroup (n¼20)

SCI-FCS activity Test 1 Mean (s.d.) Test 1 Range Test 2 Mean (s.d.) Test 2 Range Kendall’s Tauc

1. Getting dressed or undressed 1.1 (0.3) 1–2 1.0 (0.0) 1 Fa

2. Moving around the bed 1.2 (0.4) 1–2 1.1 (0.3) 1–2 0.14
3. Inserting enema or toileting 1.2 (0.5) 1–3 1.1 (0.3) 1–2 0.16
4. Washing or showering self 1.3 (0.5) 1–2 1.4 (0.5) 1–2 0.72 b

5. Transferring on/off a commode or toilet 1.6 (0.8) 1–4 1.7 (0.9) 1–4 0.64 b

6. Transferring in/out of bed 1.5 (0.6) 1–3 1.6 (0.8) 1–4 0.59 b

7. Transferring in/out of a car 1.4 (0.6) 1–3 1.4 (0.5) 1–2 0.72 b

8. Reaching for high objects 1.5 (0.5) 1–2 1.5 (0.7) 1–3 0.44 b

9. Picking objects up from the floor 1.4 (0.8) 1–4 1.4 (0.8) 1–4 0.56 b

10. Cooking or food preparation 1.1 (0.3) 1–2 1.2 (0.5) 1–3 0.13
11. Pushing wheelchair on flat ground 1.1 (0.2) 1–2 1.0 (0.0) 1 F a

12. Pushing wheelchair on an uneven surface 1.9 (1.0) 1–4 1.7 (0.8) 1–4 0.68 b

13. Pushing wheelchair up/down gutters or curbs 2.5 (1.2) 1–4 2.4 (1.1) 1–4 0.61b

14. Pushing wheelchair up/down a slope 1.8 (1.1) 1–4 1.6 (0.9) 1–4 0.65b

15. Shopping 1.1 (0.3) 1–2 1.0 (0.0) 1 Fa

16. Lifting heavy objects across body 1.7 (0.7) 1–3 1.6 (0.6) 1–3 0.47b

Total score 23.0 (5.5) 16–35 22.5 (5.8) 16–36 0.93b,c

Abbreviations: ICC, intra-class correlation coefficient; SCI-FCS, Spinal Cord Injury-Falls Concern Scale.
aNo variance associated with the mean score at Test 2 thus correlation coefficient unable to be calculated.
bIndicates significance at Po0.05.
cICC2,1 calculated for the total score.

Table 5 Means and s.d. on total SCI-FCS score for participant characteristics

Characteristics Group 1 Group 2 Group 1 Group 2 Mean (95% CI)
between-group difference

N
Mean
score s.d. N

Mean
score s.d.

Age Under 40 40 and over 59 28 10 66 28 10 0 (�4 to 4)
Level of injury T6 and above Below T6 61 32 11 64 24 9 8 (4–12)a

Time since injury Acute (o1 year) Chronic (X1 year) 51 30 11 74 26 9 4 (1–8)
Falls per year One or less Greater than one 56 31 12 69 25 8 6 (2–10)a

Vertical transfer Independent Dependent 43 23 6 82 30 11 7 (3–11)a

Self-reported fear of falling Absent Present 59 24 10 66 31 10 7 (3–11)a

Supported sitting ability Very good to excellent Poor to good 77 24 8 48 33 11 9 (6–12)a

Unsupported sitting ability Good to excellent Fair to poor 60 23 7 65 32 11 9 (6–12)a

Abbreviations: CI, confidence interval; SCI-FCS, Spinal Cord Injury-Falls Concern Scale.
aSignificant mean between-group difference at the level of Po0.05.
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they had experienced and the questionnaire item order was

not varied. In addition, we retested a small sample of people

with chronic injuries within a few days to assess reliability.

These participants may not fully reflect the target population

and may have remembered their responses. Further valida-

tion of the SCI-FCS is needed to address these limitations. In

addition, it will be necessary to examine the predictive

validity of the SCI-FCS and its sensitivity to change following

interventions. It may also be interesting to examine the

relation of the SCI-FCS with measurements of depression,

anxiety, positive affect, physical ability and participation.

Possibly, all are adversely affected by concern with falling or

even a cause of unwarranted concern. The falls concern scale

described in this study paves the way to explore these and

other related issues of importance to people with SCI.
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Appendix

Spinal Cord Injury-Falls Concern Scale (SCI-FCS)

We would like to ask some questions about how concerned you are about the possibility of falling. For each of the following

activities, please circle the opinion closest to your own to show how concerned you are that you might fall if you did this

activity. Please reply thinking about how you usually do the activity. If you currently do not do the activity (for example if

someone does your shopping for you), please answer to show whether you think you would be concerned about falling IF you

did the activity.

Not at all
concerned 1

Somewhat
concerned 2

Fairly
concerned 3

Very
concerned 4

1 Getting dressed or undressed 1 2 3 4
2 Moving around the bed (including sitting up) 1 2 3 4
3 Inserting enema or toileting 1 2 3 4
4 Washing or showering self 1 2 3 4
5 Transferring on/off a commode or toilet 1 2 3 4
6 Transferring in/out of bed 1 2 3 4
7 Transferring in/out of a car 1 2 3 4
8 Reaching for high objects (e.g. pressing button on a lift, reaching to a high shelf) 1 2 3 4
9 Picking objects up from the floor (e.g. clothes, pet bowl, pen) 1 2 3 4
10 Cooking or food preparation (e.g. making a sandwich, stirring food on the stove) 1 2 3 4
11 Pushing wheelchair on flat ground 1 2 3 4
12 Pushing wheelchair on an uneven surface (e.g. rocky ground, irregular pavement) 1 2 3 4
13 Pushing wheelchair up/down gutters or curbs 1 2 3 4
14 Pushing wheelchair up/down a slope 1 2 3 4
15 Shopping 1 2 3 4
16 Lifting heavy objects across body (e.g. shopping bags, wheelchair into the car) 1 2 3 4
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