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Objective: To describe the development of structure, process and outcome indicators that will advance the
quality of walking rehabilitation for Canadians with spinal cord injury or disease (SCI/D) by 2020.
Method: A framework for the evaluation of the quality of walking rehabilitation was developed by experts in
walking after SCI/D. A systematic literature review identified factors influencing walking outcomes and
potential walking indicators. A Driver diagram analysis summarized the factors affecting walking outcomes
and subsequently informed the selection of structure and process indicators. Psychometric properties and
clinical utility of potential walking indicators were considered during the selection of outcome indicators.
Results: The structure indicator is the number of physical therapists using evidence-based walking
interventions per number of ambulatory individuals with SCI/D. The process indicator is the number of
received hours of walking interventions during inpatient rehabilitation per number of ambulatory individuals
with SCI/D. The intermediary outcome indicator, which is collected at discharge from inpatient
rehabilitation, is either the modified Timed Up and Go or the 10-Meter Walk Test, the choice of measure is
dictated by the stage of walking recovery, as defined by the Standing and Walking Assessment Tool. The
final outcome indicator, collected at 18 months post-discharge, is the Spinal Cord Independence Measure
III-Mobility subscale.
Conclusion: The selected indicators align with current clinical practice in Canada. The indicators will direct the
timing and enhance the volume of walking therapy delivered, to ultimately increase the proportion of patients
who achieve their walking potential by 18 months post-rehabilitation.
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Introduction
Regaining the ability to walk is a prime concern for indi-
viduals living with spinal cord injury or disease (SCI/
D), especially among those with incomplete injuries.1,2

Walking is reported to be a higher priority among
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individuals early after SCI (i.e. <2 years post-injury)
than among those with more chronic injuries (i.e. ≥5
years post-injury).2 The likelihood of return to walking
after SCI is largely dependent upon injury severity
(neurological level of injury (NLI) and American
Spinal Injury Association Impairment Scale (AIS)
grade).3–5 Return to walking is a realistic goal for
those with motor incomplete SCI (AIS grades C and
D and lower extremity motor score (LEMS) more
than 20),6 as up to 75% of these individuals will regain
some walking ability in the first year after injury.3

Conversely, the proportion who regain walking is
much smaller among those with motor complete
injury (i.e. AIS A and B); 20–50% of individuals diag-
nosed with AIS B injuries in acute care walk to some
extent at one-year post-injury, while those with AIS A
injuries rarely do.3 Early intervention to promote the
recovery of walking is desirable to leverage the heigh-
tened potential for neuroplasticity7,8 and augment the
natural recovery that occurs during the first year post-
injury.9

With respect to walking, recovery is greatest during
the first 9–12 months after injury onset and plateaus at
around 12–18 months.3 Given that the mean duration
of inpatient rehabilitation is 78 days (IQR 64 days) in
Canada,10 this is the optimal time for individuals with
SCI to participate in individually customized walking
training regimens. Presently, walking rehabilitation
after SCI/D is focused on those with the greatest poten-
tial to walk. A large multi-site study in the United States
reported that 36% of inpatients with SCI participated in
interventions targeting walking.11 A majority (96%) of
whom had AIS D impairment received, on average,
7.5 ± 6.1 h of walking training during their inpatient
stay.11 The mean time spent on walking was 60 min
per week; this training time exceeded the mean time
spent on other activities, such as bed mobility, stretch-
ing, strengthening and transfers.11

In Canada, interventions targeting walking have simi-
larly focused on inpatients with SCI/D who are ambu-
latory (i.e. AIS D) or have the potential to become
ambulatory. These individuals were observed to
engage in high-intensity activities during inpatient phys-
ical therapy, such as walking and leg cycling.12 In a
single physical therapy session, participants took a
median of 51 steps (interquartile range: 0–176 steps) at
admission to inpatient rehabilitation, and this volume
of training increased to a median of 115 steps (inter-
quartile range: 21–313 steps) by discharge.13 Metrics
such as the duration of walking training (minutes) and
the number of steps per training session facilitate evalu-
ation of therapy intensity or volume. Despite the

potential clinical utility of these metrics, the number of
steps or the duration of walking training are not cur-
rently collected using systematic, standardized
methods in Canadian SCI/D rehabilitation clinical set-
tings; although they are routinely used in research set-
tings in Alberta, British Colombia, Ontario, and
Quebec.
In addition to the aforementioned therapy metrics, psy-

chometrically sound measures of walking are important
for accurate monitoring and intervention selection
during inpatient SCI/D rehabilitation, and monitoring
individuals with SCI/D as they transition to outpatient
and/or community rehabilitation services. Incorporation
of these measures supports the notion that service delivery
models should be data-driven, and not dictated by inpati-
ent rehabilitation length of stay.14

Walking assessment in SCI rehabilitation and related
research settings has focused on timed measures of
walking, such as the 6-minute walk test (6MWT) and
10-meter walk test (10MWT).15,16 The 6MWTmeasures
the distance walked overground in six minutes, while the
10MWT measures the time taken to walk 10 m over-
ground. In Canada, the 6MWT and 10MWT are two
walking measures included in the Standing and
Walking Assessment Tool (SWAT).17 The SWAT has
been implemented at a national level through the Rick
Hansen SCI Registry (RHSCIR)18,19 as current best
practice for walking assessment during inpatient SCI
rehabilitation. The SWAT was developed to address
the need for a standardized approach to the assessment
of walking during inpatient SCI rehabilitation.20 The
SWAT is a staging tool routinely completed at rehabili-
tation admission and discharge, or when a patient
changes stage on the SWAT; whereby, a patient’s stage
of walking recovery is used to inform the selection of
walking measures to describe and evaluate walking
ability during inpatient rehabilitation.17 The SWAT
data elements are included in RHSCIR 2.0 and 3.0,
enabling site-specific and national-level evaluation of
walking outcomes after SCI.21 Implementation of
SWAT in clinical practice, however, has been incom-
plete,21 and further attention is required to support the
implementation of walking assessment during inpatient
SCI/D rehabilitation.
The Spinal Cord Injury Rehabilitation Care High

Performance Indicators (SCI-High) Project provided
an opportunity to address a priority domain of rehabili-
tation care related to walking during and following inpa-
tient SCI/D rehabilitation. The overarching aim of the
SCI-High Project is to advance SCI/D rehabilitation
care, both inpatient and outpatient, for Canadians in
the first 18 months after inpatient rehabilitation
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admission by the year 2020 through the development
and implementation of indicators prioritized by clini-
cians, researchers and individuals living with chronic
SCI/D. Quality of care indicators are widely used to
identify trends, inform priority setting and policy for-
mulation, and monitor rehabilitation programs and
care processes at macro (health system), meso (organiz-
ation) and micro (patient) levels. Indicators can measure
the structure, process or outcome of health care services
and their evaluation can facilitate the sustainability of a
high-quality health care delivery system that is based on
evidence-informed programs and services.22 Structure
indicators are defined by the properties of the setting
in which the health care services occur23 while a
process indicator describes the specific activities in pro-
viding and receiving of care.24 Finally, an outcome indi-
cator evaluates health improvements (or deterioration)
attributable to the health care or therapy provided,
such as mortality, morbidity, health status, health-
related quality of life and patient/family/provider satis-
faction as a result of the care.24 Indicator data can
inform comparisons across different health care settings
and systems to ensure continuous quality improvement
and the establishment of benchmarks for superior
organizations.25,26 This paper describes the context
and approach to the development of the Walking indi-
cators for application during the first 18 months after
SCI/D rehabilitation admission. The Working
Group’s objective was to establish a comprehensive fra-
mework of structure, process and outcome indicators
specific to the domain construct of Walking for
implementation in the Canadian rehabilitation health
system environment.

Methods
The SCI-High Project aims to select, implement and
evaluate indicators of quality care for 11 domains of
SCI rehabilitation in Canada by 2020. A detailed
description of the overall SCI-High Project methods
and process for identifying Walking as a priority
domain for SCI/D rehabilitation care are described in
related manuscripts in this issue.27,28 In addition to the
Project Team (www.sci-high.ca), an External Advisory
Committee, National Data Strategy Committee, and a
local quality committee consisting of spinal cord rehabi-
litation leadership supported the global project goals
and provided oversight regarding the context for pilot
implementation of planned indicators.
In brief, the approach to developing the Walking

Domain structure, process and outcome indicators fol-
lowed a modified, but substantially similar, approach
to that described by Mainz et al.,25 which included the

following planning and development phases: (a) for-
mation and organization of the national and local
Working Groups; (b) defining and refining the key
domain and specific target construct; (c) providing an
overview or summary of existing evidence and practice;
(d) developing and interpreting a Driver diagram; (e)
selecting indicators; and (f) pilot testing and refinement
of the domain-specific structure, process and outcome
indicators. Throughout these processes, a facilitated dis-
cussion occurred amongst the domain-specific Working
Group and the SCI-High Project Team to utilize rel-
evant expertise on the topic, while ensuring the
broader goals of the SCI-High Project were aligned
across the other 10 domain Working Groups (as
appropriate).
Experts in walking and relevant stakeholders were

invited to participate in the SCI-High Project as
members of the domain-specific Working Group based
on their practical or empirical knowledge of SCI/D
rehabilitation, walking, and patient care. The group
was composed of physiotherapists, physiatrists, rehabili-
tation scientists and postdoctoral fellows. Four meetings
of the Walking Working Group were held between
February 2016 and June 2017 via conference call, total-
ing four hours of discussion when developing the indi-
cators, and for an additional two hours thereafter, to
refine the indicators and discuss manuscript prep-
aration. The efforts of this Working Group were boot-
strapped by the existing SWAT Working Group and
their clinical and research activities.29 In addition, indi-
vidual members of the Working Group completed their
own independent review of the prepared materials,
shared resources and/or practice standards, with one
another, or conducted independent evaluations of the
proposed indicators via email or teleconference outside
of the formal scheduled meetings.
The Working Groups were asked to develop/select at

least one structure, process and outcome indicator
related to the Walking Domain. The Project Team stipu-
lated that the indicators must be relevant, concise
(10 min or less to implement), feasible, and aligned
across the structure, process and outcome indicator in
achieving a single substantive advance in SCI/D rehabi-
litation care. The indicators could be measured using
established or new measurement tools (i.e. question-
naires, data collection sheets, laboratory exams,
medical record data), depending on the requirements
and feasibility of a given indicator.

Domain-specific Working Group meetings
A national Working Group of subject matter experts
was assembled to identify quality indicators for
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walking rehabilitation after SCI/D. The meetings were
organized to frame the context for clinical decision
making using an, “eliminate and concentrate”
decision-making approach to review the key constructs
related to Walking, review available outcome indicators
and develop an evidence-informed Driver diagram to
establish three indicators of the quality of walking reha-
bilitation for implementation from the time of rehabili-
tation admission to 18 months post-injury. Initially,
the Working Group used a systematic method that com-
bined scientific evidence and expert consensus for devel-
oping a construct definition for walking after SCI/D. In
addition, a small number of fundamental and strategi-
cally important indicators for the construct of
Walking, which were deemed feasible to collect at a
clinical level, were selected via consensus. The selection
of structure, process and outcome indicators involved a
literature search followed by consideration of the factors
affecting walking rehabilitation using an Ishikawa (fish-
bone) or Driver diagram.30

Literature search
A comprehensive literature search using MEDLINE,
CINAHL and EMBASE applying the MeSH terms
“walking” and “spinal cord injury” was conducted by
two members of the Project Team independently (MA,
MO). The search aimed to identify potential outcome
indicators for Walking, as well as the factors that influ-
ence walking outcomes in SCI/D rehabilitation. Non-
English manuscripts and inappropriate study designs
were excluded.

Driver diagram
Following the literature search, the challenge of select-
ing quality indicators was facilitated by creation of a
Driver diagram, which has been reported to enable a
root cause analysis of a given problem or situation.30

As part of the analysis, a graphic illustration was con-
structed to convey the relationships between SCI/D
rehabilitation care related to walking, and factors that
influence walking outcomes. Following review of the lit-
erature search results, the Walking Working Group
engaged in a mind-mapping exercise to identify the
factors that affect walking. Subsequently, the identified
factors were grouped into categories (Fig. 1). Guided
by the Driver diagram using RAND/UCLA31 method-
ology, the Walking Working Group proposed structure,
process and outcome (intermediary and final) indicators
for the quality of walking rehabilitation to be pilot tested
for feasibility at the Lyndhurst Centre, Toronto
Rehabilitation Institute-University Health Network,
Toronto Canada.

Results
Construct definition
The following construct definition was developed by the
Walking Working Group to guide the selection of
quality indicators:

Walking is the ability to move forward over ground
using voluntary lower limb movement while con-
trolling one’s balance in an upright posture. Safe
and efficient walking allows individuals to move
purposefully from place to place to explore and
participate in their external environments, with
or without the assistance of others and/or assistive
technologies – in other words, to be independent
moving about their home and community, and in
their life activities.

The Walking Working Group further delineated ambu-
latory individuals with SCI/D as those individuals who
were staged at 2A on the SWAT stages: maximum assist
for therapeutic walking indoors17 (Table 1).

Driver diagram
Using the comprehensive search strategy, potential
outcome indicators were identified (Table 2), as well as
factors that influence walking (Fig. 1). Overall, numer-
ous factors influence walking outcomes during SCI/D
rehabilitation, with impairment-related factors being
the most frequent. The Walking Working Group
arranged the factors that influence the outcome of
walking into eight categories: Impairment, Muscle
Mechanics, Drug Therapy for Spasticity, Training
Type, Comorbidity, Psychosocial, Environmental, and
Assistive Device. Figure 1 shows the Driver diagram
for walking among individuals with SCI/D within
these categories.

Selected indicators
Structure indicator: This indicator reflects the delivery of
walking rehabilitation. As suggested by the “Training”
backbone in the Driver diagram (Fig. 1), walking train-
ing after SCI/D consists of task-specific and repetitive
practice.36 All walking training methods listed on the
“Training” branch of the Driver diagram embody
these training principles. The literature on walking train-
ing after SCI/D, however, does not support one mode of
training over another.36 For this reason, rather than
selecting a physical structure or piece of equipment as
the structure indicator, the Walking Working Group
chose to describe the physical therapy expertise. The
selected structure indicator is the number of physical
therapists at a given rehabilitation site, whom demon-
strate regular use of evidence-based interventions for
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walking rehabilitation (see “Training” branch, Fig. 1)
after SCI/D, per total number of physical therapists
participating in walking intervention service provision
at each site in a fiscal year. Here ‘regular use’ means
that evidence-based walking interventions are used with
all patients with SCI/D who are ambulatory. The struc-
ture indicator is to be collected and reported annually.
Process indicator: This indicator reflects the appropri-

ateness of the health care received with respect to
walking rehabilitation. Given that walking gains are
typically dose-dependent (i.e. the greater the amount
of walking practice, the greater the gains),7,37 the
process indicator is the total number of hours of evi-
dence-based walking training received. Physical thera-
pists will enter the total number of minutes spent on
walking training as part of their daily workload docu-
mentation. This indicator is to be calculated (sum of
training minutes) for each patient with SCI/D who
meet the requirements of SWAT [stage 2a or higher
(Table 1)] at the time of discharge from inpatient rehabi-
litation. Integral to the accurate reporting of this quality
indicator is a clear guideline of what therapeutic inter-
ventions are considered to be walking interventions.
The Walking Working Group agreed upon two criteria
for therapists to consider when determining whether a
therapeutic activity could count as part of the process
of walking rehabilitation. First, the therapeutic activity

must be undertaken with the goal of walking in mind.
Second, the therapeutic activity must involve whole-or
part-practice of walking as task-specificity is deemed a
training parameter associated with gains in overground
walking function.7,36 To facilitate the reporting of the
process indicator (i.e. minutes spent engaged in
walking training), the Walking Working Group
adapted the Physical Therapy Taxonomy created by
the SCIRehab Project.38 The time spent on each of the
19 activities listed in the Taxonomy was used as a
measure of intensity by the SCIRehab researchers and
clinicians.38 For the purposes of the SCI-High process
indicator for walking, 12 activities listed in the
SCIRehab Taxonomy were removed as they did not
involve whole- or part-practice of walking (e.g. bed
mobility, wheelchair mobility, range of motion/stretch-
ing, airway/respiratory management, education). Other
activities were modified to increase the task-specificity
for walking. For example, transfers between sitting
and standing were deemed important for the task of
walking, while other transfer types found in the
SCIRehab Taxonomy were excluded. Further, while
the SCIRehab Taxonomy included stair-climbing
under the activity of Gait, the Walking Working
Group chose to list Stairs as an independent activity,
as ascending and descending steps or stairs are commonly
performed in daily life.39 Lastly, the aquatic environment

Figure 1 Walking Domain Driver diagram. UEMS: Upper-Extremity Motor Score; LEMS: Lower-Extremity Motor Score; NLI:
Neurological Level of Injury; AIS: ASIA Impairment Scale; HR: Heart Rate; BP: Blood Pressure; 4-AP: 4-Aminopyridine; FES:
Functional Electrical Stimulation; FET: Functional Electrical Training; PSW: Personal Support Worker.
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was not listed as an independent activity as it is in the
SCIRehab Taxonomy, but rather it was considered as
another medium for walking training. Thus, six thera-
peutic activities were included in the SCI-High taxonomy
of walking interventions to support documentation of the
process indicator (Table 3).

Intermediary outcome indicators: The literature review
revealed multiple walking measures that have been used
with the SCI/D population. The list of measures was
reduced by identifying those with high clinical utility
and strong psychometric properties in individuals with
SCI/D. Factors contributing to a measure’s clinical

Table 1 Canadian SCI Standing and Walking Assessment Toolkit (SWAT) Stages of Walking Recovery ©RHSCIR Canadian SCI
Standing and Walking Module Group on behalf of Rick Hansen Institute, 2014.

Stage Classification Definition

0.0 No independent sitting capacity Patient is unable to sit independently of a seating system on a firm surface with hips and
knees at 90 degrees and feet on the floor for 60 s without using arms to stabilize.

0.5 Independent sitting capacity Patient is able to sit independently of a seating system on a solid surface with hips and
knees at 90 degrees and feet on the floor for 60 s without using arms to stabilize.

1 No walking capacity Patient cannot ambulate but may be able to stand with total assistance

1A No lower extremity movement Unable to stand without total assistance of gait aid and/or orthoses and/or therapist(s).
No voluntary LE functional movement (L/E MMTs Gr 1 or less in: Tib. Ant and soleus,
Quads, and Gluteus.)

1B Voluntary non-functional lower
extremity movement

Unable to stand independently/Needs partial assistance of gait aid and/or orthoses
(except bilateral KAFOs) and/or therapist(s) to stand. The use of Bilateral KAFOs is not
allowed. Voluntary L/E Movement (L/E MMTs of Gr 1+/2- to Gr3- in anti-gravity
muscles*).

1C Voluntary functional lower extremity
movement

Able to stand independently with minimal assistance of gait aid for limited amount of time
(less than 30 secs). Orthoses are allowed except for Bilateral KAFOs. Voluntary L/E
Movement. (L/E MMTs of Gr 3 or higher in most anti-gravity muscles* except Gr 1 Tib.
Ant with an orthoses would fit this group.)

2 Therapeutic walking capacity
(Indoors)

Patient is starting to ambulate with Therapist Assistance and Gait Aids/Orthoses and
progresses toward Minimal Assistance.

2A Maximum assistant Ability to stand and initiate reciprocal steps through voluntary L/E movement but requires
maximal physical assistance (>50% of total effort) of at least one person and may
include use of assistive devices and/or orthoses with the exception of bilateral KAFOs.

2B Moderate assistant Ability to stand and initiate reciprocal steps through voluntary L/E movement but requires
moderate physical assistance (25–50% of total effort) of one person and may include use
of assistive devices and/or orthoses with the exception of the bilateral KAFOs

2C Minimum assistant Ability to stand and initiate reciprocal steps through voluntary L/E movement but requires
minimal physical assistance (<25% of total effort) of one person and may include use of
assistive devices and/or orthoses with the exception of the bilateral KAFOs.

3 Functional walking capacity
(outdoors)

Patient is starting to ambulate without Therapist Assistance but still requires Gait Aids/
Orthoses. Patient progresses to ambulating in the Community.

3A Supervised household ambulator Ability to ambulate daily using reciprocal steps over ground for short distances
(10–100 m) with supervision. Person may use assistive devices and /or orthoses with the
exception of bilateral KAFOs.

3B Independent household ambulator Ability to ambulate daily using reciprocal steps over ground for short distances
(10–100 m) independently. Person may use assistive devices and/or orthoses with the
exception of the bilateral KAFOs.

3C Community ambulator Ability to ambulate daily using reciprocal steps over ground for long distances (>100 m)
independently. Person may use assistive devices and/or orthoses with the exception of
the bilateral KAFOs.

4 Full walking capacity Patient ambulates independently without Therapist Assistance or Gait Aids/Orthoses.
Independent Ambulator – ability to ambulate full time daily at home and in the community
without assistive devices, orthoses, or physical assistance.
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utility include the time, expense and training required to
administer the measure.40 Six measures of walking were
identified as having high clinical utility and established
psychometric properties in individuals with SCI/D
(Table 2). From this list of six measures, the 10MWT
(completed at a comfortable speed) and the modified
Timed Up and Go (mTUG) were selected as the inter-
mediary outcome indicators. These measures will be
completed within the five days prior to discharge from
inpatient SCI/D rehabilitation. The 10MWT has been
recommended previously for use with individuals with
SCI/D by numerous groups of expert clinicians and
researchers.15,17,41 Further, it is a walking measure that
has been reported to change in response to inpatient
SCI rehabilitation.42 The disadvantage of the 10MWT,

however, is that it is appropriate only for those individ-
uals with SCI who can walk without the assistance of
another person (i.e. stage 3B or greater on the
SWAT).17 Hence the mTUG,34 which accounts for the
level of physical assistance in the scoring, was included
as an intermediary outcome indicator for those individ-
uals unable to walk without the physical assistance of
another person (i.e. SWAT stages 2A, 2B, 2C and 3A).
Final outcome indicator: The main consideration

when selecting the final outcome indicator was the feasi-
bility of completion. Since this quality indicator is eval-
uated at 18 months post-discharge from inpatient
rehabilitation, a measure that can be completed via
survey from the patients’ home environments was
desired. Therefore, the SCIM III Mobility sub-scale
was selected because, as a self-report measure, it can
be completed over the phone.43,44 Table 4 summarizes
the selected structure, process and outcome indicators
for the Walking Domain.
The identified outcome indicators are appropriate for

use with individuals who are ambulatory (i.e. SWAT
stage 2A or higher). For non-ambulatory individuals
(i.e. SWAT stages 1A, 1B and 1C), the wheelchair mobi-
lity indicators will be used.45 As some individuals with
SCI/D will be wheeling and walking, the Walking

Table 2 List of walking outcome measures.

Acronym Measurement tool

10MWT 10-Meter Walk Test32

6MWT 6-Minute Walk Test32

SCIM III Spinal Cord Independence Measure III (Mobility
Subscale)33

mTUG Modified Timed Up & Go Test34

WISCI II Walking Index for Spinal Cord Injury II35

SCI-FAP Spinal Cord Injury Functional Ambulation Profile34

Table 4 Selected structure, process and outcome indicators for the Walking Domain, and the related denominator for calculating
the indicator and the time of collection.

Indicator Denominator Indicator type Time of measurement

Number of therapists who demonstrate
regular use* of evidence-based walking
interventions

Total number of therapists participating in
walking intervention service provision at
each site per FY

Structure Annual

Total hours of received interventional
therapies contributing to walking

Number of ambulatory individuals with
SCI/D (SWAT Levels 2A or higher)

Process Rehabilitation discharge

Proportion of ambulatory individuals with
SCI/D* that completed a mTUG or 10MWT

Number of ambulatory individuals with
SCI/D (SWAT Levels 2A or higher)

Outcome –

Intermediary
Within 5 days prior to
rehabilitation discharge

SCIM III Self-Report, Mobility subscale Number of ambulatory patients with
SCI/D (SWAT Levels 2A or higher)

Outcome – Final 18 months post
rehabilitation admission

*Regular use implies use of evidence-based walking interventions with all patients with SCI/D who are ambulatory.
FY = Fiscal Year; SWAT = Standing and Walking Assessment Tool; mTUG = modified Timed Up and Go Test; 10MWT = 10 Meter
Walk Test; SCIM III = Spinal Cord Independence Measure, Version III.

Table 3 Taxonomy of walking interventions for process indicator tracking.

Walking interventions*

Transfers Between sitting and standing
Pre-gait activities Part-practice of gait events & Standing activities
Gait Whole practice of gait
Balance Challenged during whole-gait
Endurance Challenged during whole-gait
Stairs Part or whole practice of ascending or descending stairs

*Interventions may include use of orthoses, electrical stimulation, gait aids, body weight support,
physical assistance and the aquatic environment.
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Working Group consulted with clinicians to define
when: (a) wheelchair mobility indicators should be col-
lected, (b) patients had progressed sufficiently to collect
indicators for both wheeling and walking, and (c)
walking indicators alone are appropriate to collect.
The thresholds for which domain indicators should be
collected (i.e. walking or wheeling) are based on the
SWAT stages (Fig. 2).

Discussion
A comprehensive framework of structure, process and
outcome indicators for the quality of walking rehabili-
tation, as measured during inpatient rehabilitation and
post-discharge in the community, was developed

(Table 4). The structure, process and outcome indi-
cators were selected in part due to their likelihood
of implementation and sustainability. This emphasis
on clinical feasibility was a strength of the approach
used by the Walking Working Group and the SCI-
High Project Team. The intermediary and final
outcome indicators (i.e. 10MWT, mTUG and SCIM
III Mobility subscale) are commonly used measures
in physical therapy practice in Canada. Workload
documentation, albeit not specific to walking interven-
tions, is also familiar to physical therapists working in
publicly-funded rehabilitation hospitals and clinics.
Implementation of the Walking Domain indicators
in clinical practice will be facilitated through

Figure 2 SCI-HighWalking andWheeled Mobility Domain indicator decision tree. Appropriate indicator data collection in based on
the patient’s stage of standing and walking recovery ascertained using the Canadian SCI Standing and Walking Assessment Tool.17

The Figure is intended to help clinicians decide when it is appropriate or not to collect Walking or Wheeled Mobility indicators, or
both, based on the individual’s stage of standing and walking recovery.

Musselman et al. Development of walking indicators to advance the quality of spinal cord injury rehabilitation

The Journal of Spinal Cord Medicine 2019 VOL. 42 NO. S1S126



standardized timing for collection of the process and
outcome indicators using established documentation
tools. Implementation may be further facilitated by
accessing pre-existing SCI/D networks or commu-
nities of practice, such as the Canadian SCI Walking
and Standing Module Group, to assist with the disse-
mination of knowledge concerning the SCI-High
Walking Domain indicators.
Implementation of the structure, process and outcome

indicators for walking will impact Canadian SCI/D
rehabilitation practices. Through collection and analysis
of the Walking indicator data, rehabilitation administra-
tors will have site-specific metrics concerning the quality
of walking rehabilitation that can be compared to
national-level benchmarks. This information may be
used to modify site-specific practices, as well as inform
provincial-level funding policy decisions and advances
in care nationally. For example, the Walking indicators
will provide objective data concerning the amount of
evidence-based walking interventions received by indi-
viduals with SCI/D. Short lengths of hospital stay are
known to impact the type and intensity of walking inter-
ventions delivered in the USA.2 During these short hos-
pital stays, instead of focusing on walking, the frequent
priority in rehabilitation was wheeled mobility, a skill
which enables sufficient independence for discharge.2

The reader is encouraged to review the related manu-
script describing the indicators associated with
wheeled mobility.45 Likewise, collection and analysis
of intermediary and final outcome indicators will
provide an objective description of the trajectory of
walking recovery after inpatient rehabilitation among
ambulatory individuals with SCI/D, providing insight
into whether the current duration of inpatient rehabilita-
tion in Canada10 is optimal or sub-optimal to address
walking deficits in this population. Health system bar-
riers, such as length of stay, are difficult to overcome;
however, the Walking indicators may provide valuable
data that contributes to future policy discussions.
Collection of the Walking indicators will be under-

taken by physical therapists working within inpatient
SCI/D rehabilitation settings, consequently impacting
their workload. The burden of the documentation
requirements for the Walking indicators has not yet
been evaluated; however, based on previous initiatives
and literature concerning the use of standardized
outcome measures by physical therapists, we may antici-
pate some barriers to implementation of the Walking
indicators. Previous initiatives involving the implemen-
tation of outcome measures by physical therapists have
identified the following barriers: a perceived lack of con-
fidence in using outcome measures, constraints of the

clinical environment (i.e. lack of space, time and
measurement tools), and the challenges associated
with changing behavior.46,47 Specific to use of the
SWAT during inpatient SCI rehabilitation in Canada,
the following factors were identified as barriers to
implementation: lack of time, unfamiliarity with the
tool, lack of workplace policy requiring completion of
the SWAT, lack of applicability to patients who are out-
liers with respect to walking recovery and reluctance to
complete in patients with poor gait quality.21 As the
indicators of walking rehabilitation quality are
implemented at Canadian SCI/D rehabilitation sites,
ongoing training sessions and support for inpatient
physical therapists will be offered by the SCI-High
Project Team to discern when wheeled mobility or
Walking indicators should be collected. These sessions
will address barriers to implementation through joint
problem-solving. Similar targeted knowledge trans-
lation activities have resulted in increased use and
interpretation of standardized outcome measures by
physical therapists in acute care settings.48

Selection of the Walking Domain indicators involved
consideration of Canadian SCI/D rehabilitation prac-
tice context; hence, the generalizability of the framework
of structure, process and outcome indicators for
Walking to other clinical settings outside Canada may
be limited. For example, physical therapy expertise
was selected as the structure indicator; however, in
other parts of the world, other health care professionals
and/or support workers may be the drivers of walking
recovery after SCI/D. In addition, the timing of
measurement of Walking indicators that is outlined
here (Table 4) also may not align with health care prac-
tices outside of Canada, due to varying lengths of hospi-
tal stay and access to rehabilitation after SCI/D.
Implementation of a similar framework of quality indi-
cators for walking rehabilitation outside of Canada
would require modification of the framework to match
the local health care practice and health system design.

Conclusion
We have described the process for the identification of
the Walking Domain quality indicators for inpatient
SCI/D rehabilitation in Canada. Structure, process
and outcome indicators that reflect, at a high level, the
quantity and quality of therapeutic interventions target-
ing walking have been selected. Standardized timing for
documentation of walking interventions and outcomes
will be used to optimize rehabilitative care and
promote enhanced walking ability after SCI/D.
Facilitation of clinician-, site-, and national-level reflec-
tion of current practices, coupled with ongoing review of
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the collated indicators and related practices will be per-
formed to transform health service delivery for individ-
uals with SCI/D.
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